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 Abstract 
  Background:  Contrast-induced nephropathy (CIN) has been traditionally associated with in-
creased mortality and adverse cardiovascular events. We sought to determine whether CIN 
has a negative impact on the long-term outcome of patients with non-ST segment elevation 
myocardial infarction (NSTEMI).  Methods:  A total of 312 consecutive patients (mean age 59 
years, 76% male) who presented with NSTEMI and had undergone an early invasive procedure 
were retrospectively included. CIN was defined as either a 25% or 0.5-mg/dl increase in base-
line serum creatinine (Cr) 72 h after the procedure. The primary endpoint of the study was 
mortality in the long-term follow-up (38 months, interquartile range 30–40). The secondary 
endpoint consisted of mortality and myocardial infarction (MI).  Results:  CIN developed in 30 
(9.6%) patients. Independent predictors of CIN were the contrast volume-to-Cr clearance ra-
tio, left ventricular ejection fraction and hemoglobin concentration. The primary (20 vs. 8.5%, 
p = 0.042) and secondary endpoints (33.3 vs. 17%, p = 0.029) were observed more frequent-
ly in patients with CIN during long-term follow-up. The unadjusted odds ratio (OR) of CIN was 
2.55 [95% confidence intervals (CI) 1.04–6.24, p = 0.040] for mortality and 2.15 (CI 1.09–4.25, 
p = 0.028) for mortality/MI. However, after adjustment for confounding factors, CIN was not 
an independent predictor of either mortality (OR 1.62, CI 0.21–12.57, p = 0.646) or mortality/
MI (OR 1.12, CI 0.31–4.0, p = 0.860).  Conclusion:  The effect of CIN on the long-term outcome 
of patients with NSTEMI was substantially influenced by confounding factors. CIN was a mark-
er, rather than a mediator, of increased cardiovascular risk, and the baseline renal function 
was more conclusive as a long-term prognosticator.  © 2015 S. Karger AG, Basel 

 Received: November 8, 2014 
 Accepted: December 28, 2014 
 Published online: February 28, 2015 

 Burak Turan 
 Turgut mah. Hayat cad. Tokuştepe sok. No. 103/7 
 TR–41200 İzmit, Kocaeli (Turkey) 
 E-Mail drburakturan   @   gmail.com 
  

www.karger.com/crm

 DOI: 10.1159/000371900 



117Cardiorenal Med 2015;5:116–124

 DOI: 10.1159/000371900 

 Turan et al.: Effect of Contrast-Induced Nephropathy on the Long-Term Outcome of 
Patients with Non-ST Segment Elevation Myocardial Infarction 

www.karger.com/crm
© 2015 S. Karger AG, Basel

 Introduction 

 Contrast-induced nephropathy (CIN) has been traditionally associated with permanent 
renal dysfunction, longer hospital stay, increased adverse cardiovascular events (ACEs) and 
mortality  [1, 2] . Whether after diagnostic or interventional, elective or emergent procedures, 
the majority of studies about long-term outcome of patients with CIN reported that devel-
opment of CIN was one of the independent predictors of mortality and ACEs  [3–6] . It is 
remarkable that the predictive power of CIN on outcome is relevant with different definitions. 
However, CIN is known to be a self-limiting condition, and transformation to permanent renal 
dysfunction is seldom, especially in patients with normal renal function  [7, 8] . The aim of the 
present work is to investigate whether CIN has a negative impact on the long-term outcome 
of patients with non-ST elevation myocardial infarction (NSTEMI) which is characterized by 
comorbidities and recurrent ACEs in the long term.

  Methods 

 Patients 
 We retrospectively enrolled consecutive patients admitted with a NSTEMI diagnosis between January 

2009 and December 2011. Patients who underwent coronary angiography (CA) and intervention (if nec-
essary) as a part of an early invasive strategy were included. Exclusion criteria were (1) chronic hemodialysis 
therapy for end-stage renal failure, (2) presentation with acute renal failure (ARF), (3) previous exposure to 
a contrast agent within 7 days, and (4) patients with unstable hemodynamics or requiring an emergency 
coronary intervention.

  In order to be included in the analysis, patients must have had one creatinine (Cr) value before and one 
Cr value within 72 h after the coronary procedure. Creatinine clearance (CrCl) was calculated by the Cock-
roft-Gault formula: [140 age] × weight (kg) / Cr (mg/dl) × 72 (corrected by 0.85 for females). Prophylactic 
hydration or other preventive measures (N-acetyl cysteine, sodium bicarbonate) were used at the clinicians’ 
discretion. Low osmolar contrast agents (iopamidol or iopromide) were used throughout the study, and the 
choice of the contrast agent was determined by availability in our institution. The total amount of contrast 
media used during all procedures was recorded. Ad hoc percutaneous coronary intervention (PCI) was 
performed if clinically indicated. CIN was defined as either a 25% or 0.5-mg/dl increase in baseline Cr concen-
tration. The study was approved by the local ethics committee (Clinical Research Ethics Committee of the 
Faculty of Medicine of Kocaeli University, No.: KOÜ KAEK 2013/19). 

  Follow-Up Definitions 
 In-hospital clinical events such as development of acute heart failure, hemodialysis, bleeding requiring 

transfusion, cerebrovascular accidents, re-infarction, intra-aortic balloon pump use, cardiopulmonary resus-
citation and death as well as total length of hospital stay were obtained from hospital records. Long-term 
follow-up data was obtained from either hospital records or phone calls carried out for patients who did not 
attend regular outpatient visits. Patients not contacted despite of best effort were excluded from the analysis. 
The primary endpoint of the study was long-term all-cause mortality. The secondary endpoint consisted of 
mortality and nonfatal myocardial infarction (MI). All cases of MI were source-documented. Long-term 
follow-up ended in December 2013, and patients were considered censored if no mortality or MI was 
observed during the follow-up period. 

  Statistical Analysis 
 Continuous variables were presented as means (standard deviations) or medians (interquartile ranges) 

if they did not show normal distribution. Categorical variables were presented as percentages. Patients were 
divided into two groups according to the development of CIN after the coronary procedure. Comparison of 
the groups was performed by independent samples t test or Mann-Whitney U test for continuous variables. 
Categorical variables were compared by the χ 2  or Fisher’s exact test. Independent predictors of CIN were 
analyzed using multivariate logistic regression analysis. Comparison of in-hospital events was performed 
using the χ 2  test. Long-term survival was evaluated with the Kaplan-Meier survival analysis. Differences 
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between two groups were measured with the log-rank test. Independent correlates of long-term ACEs were 
analyzed using Cox-regression analysis. Results were tabulated as odds ratios (OR) with 95% confidence 
intervals (CI). A two-sided p value <0.05 was considered significant. 

  Results 

 Patients 
 A total of 520 patients were admitted with a diagnosis of NSTEMI between January 2009 

and December 2011, and 446 (86%) patients were managed with early invasive management. 
There were 11 patients with unstable hemodynamics who required an emergency inter-
vention, 23 patients without baseline Cr, 3 patients with previous exposure to contrast agent 
within 1 week and 6 patients with end-stage renal failure. Fifty-nine patients had no Cr follow-
up within 72 h after coronary intervention. The remaining 346 patients were included in the 
study. Thirty-four of them neither had hospital follow-up records nor could be contacted by 
phone call and were excluded from the analysis. Baseline demographics and clinical charac-

 Table 1.  Baseline demographics and clinical characteristics of the study population

All patients 
(n = 312)

Patients with CIN 
(n = 30)

Patients without CIN 
(n = 282)

p

Demographics
Age, years 59 (12) 61 (13) 59 (12) 0.409
Male gender, % 76.0 70.0 76.6 0.422
Hypertension, % 62.5 73.3 63.3 0.197
Diabetes, % 29.6 36.7 28.8 0.371
Smoking, % 43.2 44.8 43.1 0.855
Dyslipidemia, % 51.8 43.3 52.7 0.331
Body mass index 28.3 (4.5) 27.7 (3.9) 28.4 (4.6) 0.411
Previous CABG, % 10.6 13.3 10.3 0.606
Previous PCI, % 14.1 13.3 14.2 0.899

Clinical findings
Duration of chest pain, h 2 (0.5 – 3.1) 2 (0.75 – 4.5) 1.5 (0.5 – 3) 0.488
Peak troponin I, ng/ml 0.69 (0.18 – 2.71) 1.05 (0.13 – 3.14) 0.66 (0.18 – 270) 0.397
LVEF, % 52 (10) 47 (10) 53 (10) 0.006
ST segment depression, % 26.4 33.3 25.6 0.362
Left bundle branch block, % 5.5 6.7 5.4 0.768
Killip class >1, % 4.5 6.7 4.3 0.544
SBP, mm Hg 130 (19) 129 (18) 131 (21) 0.467
DBP, mm Hg 76 (11) 77 (12) 74 (14) 0.642

Laboratory findings
Serum Cr, mg/dl 1.04 (0.90 – 1.22) 1.05 (0.84 – 1.42) 1.04 (0.90 – 1.21) 0.194
Glucose, mg/dl 112 (95 – 150) 120 (93 – 167) 110 (95 – 147) 0.320
Total cholesterol, mg/dl 189 (49) 182 (59) 189 (48) 0.491
LDL cholesterol, mg/dl 114 (37) 108 (42) 115 (37) 0.354
HDL cholesterol, mg/dl 40 (10) 44 (13) 40 (10) 0.024
Triglyceride, mg/dl 153 (106 – 210) 139 (94 – 173) 154 (108 – 210) 0.335
Hemoglobin, g/dl 13.3 (12.0 – 14.5) 12.2 (10.5 – 13.7) 13.3 (12.1 – 14.5) 0.001
WBC, 103/ml 8.6  (7.0 – 10.6) 8.6 (6.5 – 12.2) 8.6 (7.0 – 10.4) 0.212
Platelets, 103/ml 244 (71) 254 (103) 243 (66) 0.590

Continuous variables are means (standard deviations) or medians (interquartile ranges). 
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teristics of patients without follow-up data were comparable to the main study population. 
Finally, the study population consisted of 312 patients with long-term follow-up data.

  Incidence and Predictors of CIN 
 Baseline demographic and clinical characteristics of the patients are presented in  table 1 . 

Thirty (9.6%) patients developed CIN according to the definition. Patients who developed CIN 
had  significantly lower left ventricular ejection fraction (LVEF) and hemoglobin concen-
tration. Baseline Cr and CrCl were not different between the two groups ( table 2 ). However, 
patients with a baseline CrCl <60 ml/min and CrCl <30 ml/min were more common in the CIN 
group. Both groups received similar amount of contrast agent during the intervention, but the 
contrast volume-to-CrCl ratio was significantly higher in patients developing CIN. The sever-
ity of the coronary artery disease and the subsequent management of patients were com-
parable between the two groups ( table 3 ).

  Predictors of CIN were evaluated with multivariate logistic regression analysis. The 
stepwise model (p > 0.10 for exclusion, p < 0.05 for inclusion at each step) included baseline 
characteristics (age, sex, diabetes, hypertension, smoking, systolic blood pressure, baseline 
Cr, baseline CrCl, and LVEF) and significant variables in univariate analysis (HDL cholesterol, 
contrast volume-to-CrCl ratio, and hemoglobin, p < 0.05 for all). The contrast volume-to-CrCl 
ratio (OR 1.294, CI 1.062–1.577, p = 0.011), LVEF (OR 0.950, CI 0.911–0.990, p = 0.015) and 
hemoglobin concentration (OR 0.755, CI 0.601–0.949, p = 0.016) were independent predictors 
of CIN.

Patients 
with CIN

Patients 
without CIN

p

Baseline Cr, mg/dl 1.05 (0.84 – 1.42) 1.04 (0.90 – 1.21) 0.194
Baseline CrCl, ml/min 65 (44 – 113) 84 (63 – 105) 0.180

CrCl <90 ml/min, % 60.0 57.1 0.759
CrCl <60 ml/min, % 40.0 22.7 0.036
CrCl <30 ml/min, % 20.0 1.8 0.001

Maximum Cr, mg/dl 1.59 (1.06 – 3.99) 1.14 (0.98 – 1.29) 0.003
Cr at discharge, mg/dl 1.33 (1.02 – 2.70) 1.07 (0.92 – 1.23) 0.001

Continuous variables are medians (interquartile ranges).

 Table 2. Pre- and postprocedural 
renal functions

Patients 
with CIN

Patients 
without CIN

p

Contrast volume, ml 200 (100 – 275) 150 (120 – 215) 0.246
Contrast volume/CrCl 2.5 (1.2 – 4.2) 1.8 (1.3 – 2.9) 0.024
One-vessel disease, % 20.0 22.3 0.769
Two-vessel disease, % 26.7 25.2 0.828
Three-vessel disease, % 30.0 31.2 0.892
Ad hoc PCI, % 33.3 30.1 0.538
Total PCI, % 33.3 34.4 0.618
CABG, % 26.7 21.2 0.367
Medical treatment, % 40 33.6 0.452

Continuous variables are medians (interquartile ranges).

 Table 3. Angiographic findings 
and subsequent management of 
the study population
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  In-Hospital and Long-Term Events 
 CIN patients experienced more clinical events and stayed longer in hospital compared to 

patients without CIN ( table 4 ). The median follow-up time was 38 months (interquartile 
range 30–40). Mortality was observed in 20% of patients with CIN the in long-term follow-up, 
whereas it was 8.5% in patients without CIN (p = 0.042). Nonfatal MI was seen more frequent-
ly in patients with CIN compared to patients without CIN as well (23.3 vs. 10.6%, p = 0.041). 
When two hard endpoints were considered together, death or nonfatal MI was more frequent 
in patients with CIN compared to patients without CIN (33.3 vs. 17%, p = 0.029). The Kaplan-
Meier survival analysis of two endpoints of the study was presented in  figure 1 . Time to death 
(log-rank test, χ 2 : 4.6, p = 0.033) and time to death or MI (log-rank test, χ 2 : 5.1, p = 0.023) were 
significantly shorter in patients with CIN.

Patients 
with CIN

Patients 
without CIN

p

Death, % 3.3 1.1 0.334
Reinfarction, % 0 2.5 1.000
Cardiopulmonary resuscitation, % 10 1.4 0.022
Supraventricular arrhythmia, % 6.7 4.6 0.645
Pulmonary edema, % 20 4.3 <0.001
Intra-aortic balloon pump use, % 3.3 0.4 0.183
Bleeding requiring transfusion, % 13.3 3.9 0.045
Cerebrovascular accident, % 3.3 0.7 0.262
Hemodialysis, % 6.7 0 0.009
Length of hospital stay, days 9 (7 – 16) 7 (5 – 9) 0.001

Continuous variables are medians (interquartile ranges).

 Table 4. In-hospital clinical 
events

log-rank test, p = 0.033
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  Fig. 1.  Kaplan-Meier survival analysis of patients with and without CIN.  
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  Predictors of Long-Term Outcome 
 Independent predictors of mortality and mortality or MI were analyzed using Cox 

regression analysis. The stepwise model included age, sex, diabetes, hypertension, smoking, 
previous CABG, previous PCI, cholesterol (total, LDL and HDL), duration of chest pain, peak 
troponin level, ST segment depression, left bundle branch block, LVEF, presence of multi-
vessel disease, baseline Cr, CrCl, Cr at hospital discharge, CrCl at hospital discharge, hemo-
globin concentration and CIN. Again p >0.100 and p <0.050 were selected for exclusion and 
inclusion of variables at each step, respectively. The results of the Cox-regression analysis for 
each endpoint are presented in  table 5 . While the development of CIN was associated with 
mortality (OR 2.550, CI 1.042–6.240, p = 0.040) and mortality or MI (OR 2.148, CI 1.087–
4.247, p = 0.028) in univariate analysis, after adjustment for confounding factors, it was not 
independently associated with mortality and mortality or MI, suggesting that a causal rela-
tionship does not exist.

  Discussion 

 This study was composed of consecutive NSTEMI patients with all stages of renal function 
(CrCl <60 ml/min in 24% of patients). CIN occurred in about 10% of the study population (8% 
of patients with CrCl >60 ml/min, 15% of patients with CrCl <60 ml/min, p = 0.096). It is about 
in the middle of the published rates of CIN after coronary procedures which is as low as 2% 
for patients with normal renal function  [2]  and up to 20–30% for patients with moderate to 
severe renal function  [7] . 

  Previous studies have shown that CIN was associated with increased in-hospital mortality 
and morbidity  [3–6] . We confirmed that patients with CIN suffered from more clinical events 
and stayed longer in hospital compared to patients without CIN. All complications of NSTEMI 
except reinfarction were seen more frequently in patients with CIN. However, adverse events 
during hospitalization or short-term follow-up should be viewed as consequences of ARF, not 

 Table 5. Independent correlates of long-term outcomes and the adjusted effect of CIN

Wald χ2 OR 95% CI p

Death
LVEF 10.3 0.948 0.918 – 0.980 0.001
CrCl 10.3 0.979 0.967 – 0.992 0.001
Duration of chest pain 6.5 1.018 1.004 – 1.033 0.011
Multivessel disease 4.6 4.992 1.535 – 16.237 0.032
Hypertension 2.9 2.606 0.877 – 7.744 0.085
CIN 0.2 1.616 0.208 – 12.568 0.646

Death/MI
LVEF 17.0 0.947 0.922 – 0.972 <0.001
Hypertension 9.0 3.485 1.539 – 7.889 0.003
Previous PCI 8.0 2.383 1.303 – 4.358 0.005
Baseline Cr 7.3 2.702 1.311 – 5.566 0.007
Hemoglobin 4.6 0.862 0.752 – 0.987 0.031
CrCl at discharge 4.5 0.990 0.980 – 0.999 0.034
LDL cholesterol 4.3 1.008 1.000 – 1.015 0.038
Duration of chest pain 3.9 1.011 1.000 – 1.021 0.049
CIN 0.031 1.121 0.313 – 4.018 0.860
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the contrast exposure per se. In fact, short-term outcome can be explained by acute kidney 
injury of any etiology  [9] . Additionally, poor short-term prognosis is related to common 
clinical conditions predicting both CIN and ACEs (e.g., left ventricular dysfunction, anemia, 
renal insufficiency). In agreement with these findings, observational studies demonstrated 
that acute coronary syndrome patients with chronic kidney disease (CKD) were less likely to 
undergo CA compared to patients without CKD  [10–12] . Concern about the adverse conse-
quences of CIN leads providers to a suboptimal use of interventional strategies in these 
patients. Moreover, patients developing CIN after CA were treated rather conservatively to 
avoid further deterioration in renal function in observational studies as well as in daily 
practice. This results in a suboptimal performance of interventional procedures that can 
affect long-term survival adversely.

  On the contrary, long-term cardiovascular risks associated with CKD are well established. 
Patients with CKD have more cardiovascular risk factors; however, renal insufficiency is asso-
ciated with increased cardiovascular risk independent of all other measured variables  [13, 
14] . Nonetheless, it is less clear how transient decline in renal function might increase the 
long-term risks aside from the fact that CIN is a marker of total burden of comorbidities. 
Numerous studies have associated long-term outcome with acute kidney injury after contrast 
exposure. Rihal et al.  [15]  reported that ARF after PCI was an independent correlate of 
in-hospital mortality. Additionally, patients with ARF after PCI showed a higher rate of 
mortality or MI in the 4-year follow-up. One-year ACEs were found to be significantly higher 
in patients with CIN in the Cardiac Angiography in Renally Impaired Patients (CARE) study 
which defined CIN as an increase of 25% in cystatin C, and the authors proposed a causal role 
for CIN  [16] . Similarly, CIN was found to be one of the most powerful predictors of 1-year 
mortality after PCI regardless of the baseline renal functional status  [17] .

  We have observed that in consecutive patients with NSTEMI, CIN was associated with 
higher long-term mortality and/or nonfatal MI. However, after adjustment for baseline 
clinical characteristics, CIN was not an independent predictor of mortality and/or nonfatal 
MI. We have also found that baseline renal function or renal function at hospital discharge 
was more important than the development of CIN with regard to long-term risks. The majority 
of previous studies, as well as the present study, which investigate long-term outcome, eval-
uated serum Cr only at 24–72 h or at hospital discharge. However, a study reported that 19% 
of CIN patients developed permanent renal dysfunction when evaluated at 3 months  [18] . 
Other studies reported that renal function (or renal dysfunction) at 1–6 months after coronary 
procedures was a predictor of higher mortality  [19, 20] . It seems that evaluation of renal 
function within 72 h is too early to estimate its impact on the long-term outcome. We have 
found that CrCl at hospital discharge (median of 7 days in our study) could predict death/MI 
independently from other factors. Nevertheless, for mortality it was the baseline renal 
function (either Cr or CrCl) that predicted the long-term outcome. Without the knowledge of 
where the renal function settles after contrast exposure, proposition of predictive power of 
CIN is largely indirect. In our study group, we found that baseline renal function instead of 
CIN was predominant in determining long-term risks, possibly because the minority of 
patients have developed a worsening of renal function over the long-term follow-up. What 
we were not able to show was the temporal evolution of renal function, as the study was a 
retrospective analysis. We suggest that an increased incidence of CIN in high-risk patients 
and the fact that CIN may lead to a worse renal function over the long term underlies the 
predictive power of CIN on long-term outcomes described in previous studies. Alternatively, 
prospective studies of interventions preventing CIN that reduces the long-term consequences 
should demonstrate a causal relationship. 

  In a meta-analysis of observational studies, both mortality and ACEs were reported to be 
significantly higher in CIN patients after coronary procedures whether unadjusted or adjusted 
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for baseline comorbidities  [21] . In addition, the predictive power was relevant across different 
definitions (increase in serum Cr by 0.5 mg/dl or 25% vs. 1.0 mg/dl or 50%). Results were 
also similar between different clinical situations: CA, PCI, or STEMI. Pooled adjusted RR of 
mortality and ACEs were reported as 1.79 (CI 1.47–2.18) and 1.98 (CI 1.62–3.64), respec-
tively. Nevertheless, the meta-analysis concluded that although a significant relationship 
exists between CIN and subsequent clinical outcomes, it is substantially influenced by 
confounding factors, and that the risk attributable to CIN is much lower than widely antici-
pated. Adjusted OR of death in our study (1.616, CI 0.208–12.568) was similar to what was 
reported in the meta-analysis, but statistically insignificant. We can propose that the effect of 
CIN on long-term outcomes is either absent or too small to be observed clinically.

  Study Limitations 
 The retrospective design of this single-center study represents a limitation for several 

reasons: (i) kidney functions were not systematically followed in the long term. (ii) The revas-
cularization decision might have had a big impact on the survival of patients. Especially, 
patients who received medical therapy alone could be regarded as such because of a poor 
renal function. (iii) Deterioration of renal function after CABG or PCI during follow-up could 
contribute to an adverse long-term outcome. (iv) The proportion of patients treated with 
optimal medical treatment or adherence to given medical treatment during follow-up was 
unknown.

  Conclusion 

 Although CIN was associated with long-term outcomes in NSTEMI, its effect is substan-
tially influenced by confounding factors. A causal relationship with long-term mortality or MI 
was either absent or too small to be clinically important in this study. CIN seems to be a 
marker, rather than a mediator, of increased cardiovascular risk, and the baseline renal 
function (serum Cr or CrCl) was a more conclusive long-term prognosticator. Permanent 
disturbance of kidney function, either chronic or acquired after contrast exposure, is more 
important than transient deterioration for long-term outcomes. Potential consequences of 
CIN should not preclude the performance of clinically indicated invasive procedures in high-
risk patients.
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