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Background: Patients with unstable angina or myocardial infarction are at risk of acute kidney 

injury, which may be aggravated by the iodine-containing contrast agent used during coronary 

angiography; however, the relationship between these two conditions remains unclear.

Objective: The current study investigated the relationship between acute kidney injury and 

coronary heart disease prior to coronary angiography.

Methods: All patients were evaluated after undergoing coronary angiography in the cardiac 

catheterization laboratory of the Vinzentius Hospital in Landau, Germany, in 2011. The study 

group included patients with both acute coronary heart disease and acute kidney injury (as defined 

according to the classification of the Acute Kidney Injury Group); the control group included 

patients without acute coronary heart disease. Serum creatinine profiles were evaluated in all 

patients, as were a variety of demographic and health characteristics.

Results: Of the 303 patients examined, 201 (66.34%) had coronary artery disease. Of these, 

38 (18.91%) also had both acute kidney injury and acute coronary heart disease prior to and 

after coronary angiography, and of which in turn 34 (16.91%) had both acute kidney injury and 

acute  coronary heart disease only prior to the coronary angiography. However, the occurrence 

of acute  kidney injury was not significantly related to the presence of coronary heart disease 

(P = 0.95, Chi-square test).

Conclusion: The results of this study indicate that acute kidney injury is not linked to acute 

coronary heart disease. However, physicians should be aware that many coronary heart patients 

may develop kidney injury while hospitalized for angiography.

Keywords: acute kidney injury, acute coronary heart disease, myocardial infarction, angina 

pectoris, incidence, association

Introduction
Physicians often ignore increases – especially minor ones – in the serum creatinine 

levels of patients with angina pectoris or myocardial infarction.1 However, such 

increases may be indicative of acute kidney injury, and may therefore be important 

to investigate in further detail. Unfortunately, there has been little, if any, research on 

either the relationship between acute kidney injury and acute coronary heart disease 

or the frequency of acute kidney injury in patients with acute coronary syndrome and 

acute myocardial infarction.1

Because the diagnosis of acute renal failure has not been standardized, it is dif-

ficult to study the outcomes of this condition.1 Rodrigues et al recently reported 

finding more than 30 definitions of “acute renal failure” in the medical literature;1 

this variety causes confusion and makes it difficult to compare the results of multiple 
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studies by different authors.1 For example, although acute 

renal  failure has been described as a complex, multicausal 

dysfunction with clinical features ranging from small changes 

in serum creatinine to anuric renal failure, it has also been 

defined using absolute values or percentile increases in 

serum creatinine levels or different rates of reduction in 

urine output.1 Recently, new definitions have been proposed 

to standardize the diagnosis of acute renal failure.1,2 These 

establish the concept of acute kidney injury1 by emphasizing 

the subtle but important differences between the terms “acute 

kidney injury” and “acute renal failure.”1 One important 

distinction between these is that injury precedes failure.1 

Several studies have shown that small increases in serum 

creatinine levels during hospitalization are associated with 

a worse prognosis for the patient.1

The Acute Kidney Injury (AKIN) group developed a 

classification system that allows the observation of small 

changes in serum creatinine over a short period of time to 

be used in the early diagnosis and treatment of acute kidney 

injury.1,2 Specifically, the group defined acute kidney injury 

as a state marked by one of the following three criteria: an 

absolute increase in serum creatinine level, to .0.3 mg/dL 

($26.4 µmol/L); an increase of more than 50% (or 1.5 times) 

from baseline over a 48-hour period; or documented oliguria 

of ,0.5 mL/kg/h for .6 hours.1,2 One important feature of 

this new definition is the concept of staging the severity of 

acute kidney injury.1

The purpose of the present investigation was to determine 

the association between the onset of acute kidney injury and 

acute coronary heart disease. All patients underwent coronary 

angiography and provided multiple blood samples that could 

be subjected to a variety of tests, including evaluation of 

serum creatinine levels, to find out acute kidney injury prior 

coronary angiography.

Methods
I conducted a retrospective study of all patients (N = 303) 

admitted to the Vinzentius Hospital (Landau, Germany) in 

2011 after undergoing coronary angiography in the cardiac 

catheterization laboratory. In all, 201 patients were diagnosed 

with coronary artery disease. The remaining 102 individuals 

served as the control population; only 19 of these patients 

suffered from acute kidney injury. Among individuals in 

the study population, 38 had acute coronary heart disease 

and were diagnosed with acute kidney injury prior or after 

to their coronary angiography.

For this study, acute kidney injury was defined in one 

of two ways, both according to the AKIN classification. For 

patients whose baseline creatinine levels were known, acute 

kidney injury was defined as an increase of more than 50% 

(or 1.5 times) within a 48-hour time frame. For patients 

with unknown baseline creatinine levels, acute kidney 

injury was defined as an absolute increase of $0.3 mg/dL 

($26.4 µmol/L) from the upper-limit value of the normal 

range of serum creatinine (0.6–1.2 mg/dL) stated in the 

Clinical Laboratory and Standards Institute guidelines.3 Prior 

to normalization, serum creatinine was measured several 

times in patients in whom levels were elevated. The number 

of different measurements of serum creatinine obtained for 

each patient was compared in all patients. Thus, the profile 

of the serum creatinine was controlled for all patients from 

admission to discharge from the hospital. By monitoring 

the course of serum creatinine, I was able to determine 

whether acute kidney injury occurred before or after coronary 

angiography.

Chronic renal failure was defined and classified based 

on the Guidelines of the National Kidney Foundation.4 The 

glomerular filtration rate was used to calculate the level of 

kidney function and determine the stage of kidney disease. 

When possible, the glomerular filtration rate was evaluated 

three times per patient: before hospitalization, on admis-

sion, and prior to discharge from the hospital. Patients with 

poor kidney values received intravenous infusion therapy 

with 1000 mL 0.9% sodium chloride both before and after 

coronary angiography.

Iopamidol (Solutrast® , ALTANA Pharma AG, Konstanz, 

Germany) was used as a contrast medium during coronary 

angiography. Both the amount of contrast agent used and the 

duration of the coronary angiography were measured for each 

patient. The most recent version of the International Classi-

fication of Diseases (ICD) was used to define the symptoms 

and treatments of stable angina, acute coronary syndrome, 

ST segment elevation myocardial infarction (STEMI), 

non-STEMI, and chronic coronary heart disease. Patient 

electrocardiograms were recorded in the emergency room. 

Changes to these patterns, such as ST-segment elevation, ST-

segment depression, left bundle branch block, R-regression, 

T-negativity, and presence or absence of cardiac markers in 

the blood, were used to identify myocardial infarctions.

Coronary angiography, which most often combines 

diagnosis with percutaneous coronary intervention (ie, angio-

plasty and stenting), was examined in both groups after past 

and present coronary angiography with the number of stents 

in each patient and former bypass surgery. The indication for 

stent or bypass surgery was placed during coronary angiog-

raphy by the examiner. Coronary heart disease lesions were 
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classified as being 1-, 2-, or 3-vessel; further, examiners visu-

ally estimated the extent of stenosis diameter (as a percent-

age of the cardiac catheter), as per the stenosis morphology 

classification recommendations of the American College of 

Cardiology/American Heart Association.5

For all patients, possible adverse events were  documented 

during the coronary angiography. Angiography was 

obtained urgently for patients with STEMI, persistent chest 

pain despite maximal medical therapy, or complications 

(eg, markedly elevated cardiac markers, the presence of 

 cardiogenic shock, acute mitral regurgitation, and unstable 

arrhythmias). Patients with uncomplicated non-STEMI or 

unstable angina whose symptoms have resolved typically 

undergo angiography within the first 24 to 48 hours of 

 hospitalization to detect lesions that may require treatment. 

After initial evaluation and therapy, coronary angiography 

was used in patients with stable angina after a positive 

ergometric evaluation or for assessment of valvular heart 

diseases. A cardiac ultrasound was used to assess systolic 

left ventricular function in all patients.

Basic demographic and health information was collected 

for each patient at the time of admission and of discharge 

from the hospital; this included age, gender, whether the 

patient was taking an angiotensin-converting enzyme inhibi-

tor (ACE), duration of hospital stay, and door-to-needle time 

for the coronary angiography. Because oliguria was not a 

problem for any of the patients included in this study, this 

symptom was not closely examined. However, data were 

 collected on the presence of specific cardiovascular risk 

factors (CVRFs) such as elevated blood pressure, diabetes 

mellitus, hyperlipidemia, obesity, smoking, and family 

 history of cardiovascular disease.

For the statistical analysis, I calculated the odds ratio 

and prior probability (odds) that a patient would have both 

acute kidney and acute coronary syndrome. All results are 

expressed as means and standard deviations (SDs). A Mann-

Whitney U-test was used to investigate differences between 

the two treatment groups (in age, total number of diagnoses, 

indications for coronary angiography, heart rhythm, changes 

in electrocardiogram, use of ACE inhibitors, serum creatinine 

levels, total number of CVRFs, length of hospital stay, dura-

tion of coronary angiography, amount of contrast medium, 

door-to-needle time, total number of pretreatments, heart 

failure, ventricular dysfunction, stenting, presence coronary 

heart disease, and presence of acute kidney injury).

A Chi-square test was used to investigate the  differences 

in gender distribution, number of diagnoses,  indications 

for coronary angiography, heart rhythm, changes in 

 electrocardiogram, use of ACE inhibitors, CVRF, stages of 

chronic renal failure, number of pretreatments, heart failure, 

ventricular dysfunction, stenting, coronary heart disease, and 

acute kidney injury between study and control group.

I also calculated the overall incidence of acute kidney 

injury associated with coronary artery disease, as well as 

associated 95% confidence intervals. Survival rates for both 

treatment groups were calculated using the Kaplan-Maier 

method. Significance was defined as P , 0.05.

Results
There were 303 patients included in the current study: 191 

(63.04%) men and 112 (36.96%) women. The average age 

across all study participants was 69.64 ± 12.12 years.

The study group comprised 38 (12.54%) patients who 

were, on average, 76.90 ± 7.64 years old and who had both 

acute kidney injury and acute coronary disease during the 

whole hospital stay. Thirty-four patients (16.91%) had both 

acute kidney injury and acute coronary disease prior to 

undergoing a coronary angiography (N = 201). Over half the 

patients (163, or 53.80%) had acute coronary disease without 

acute kidney injury; 108 (66.26%) of these were men and 55 

(33.74%) were women.

A total of 102 patients (or 33.66%) composed the control 

group (N = 303). The average age of the control patients was 

69.08 ± 13.09. The average age was significantly higher in 

the study group than in the control group (P = 0.002), but 

the gender distribution was similar in both groups (P = 0.18) 

(Figure 1).

The prior probability (odds) for the occurrence of acute 

kidney injury in coronary heart disease was found to be 66% 

(95% CI, 64%–69%). The odds ratio for the occurrence of 

acute kidney in acute coronary syndrome was 1.0184 (95% 

CI, 0.5529–1.8759; P = 0.95). No statistical association 

was found between acute kidney injury and acute coronary 

syndrome (χ2 = 0.0034, df = 1, P = 0.95).

Stable angina pectoris, sinus rhythm, and T-negativity 

were more commonly found on the electrocardiograms 

of patients in the control group than on those of patients 

in the study group (P = 0.0002, P = 0.02, and P = 0.013, 

respectively) (Table 1). There was only a marginal statisti-

cal difference in the number of CVRFs reported for the two 

groups (P = 0.041) (Table 2).

Patients in both groups had similar numbers of pretreat-

ments, heart failure, ventricular function, stenting, and 

acute kidney injury (all P . 0.11) (Table 3). However, acute 

coronary heart disease was more common in the study group 

(P , 0.01), while patients in the control group were more 
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Figure 1 Gender distribution in the study and control groups. 
Note: Lavender indicates male patients and burgundy indicates female patients.

Table 1 Diagnoses and clinical and medical characteristics of 
patients in the study and control groups

Study group 
N (%)

Control group 
N (%)

P

Diagnosis
 stable angina pectoris 10 (15.63) 55 (42.97) 0.0002
  Acute coronary  

syndrome
29 (45.31) 43 (33.59) 0.11

 nsTEMI 20 (31.25) 27 (21.09) 0.12
 sTEMI 5 (7.81) 3 (2.34) 0.07
  Total number  

of diagnoses
64 128 0.49

Other indications for coronary angiography
 Vitium 5 (71.43) 10 (41.67) 0.17
 Ergometry 2 (28.57) 14 (58.33) 0.17
 Total number 7 24 0.33
Heart rhythm
 sinus rhythm 27 (71.05) 89 (87.25) 0.02
 Atrial fibrillation 8 (21.05) 9 (8.82) 0.049
 Atrial fluttering 1 (2.63) 0 0.10
 Ventricular fibrillation 2 (5.26) 4 (3.92) 0.73
 Total number 38 102 0.89
Changes in electrocardiogram
 T-negativity 4 (26.67) 15 (68.18) 0.013
 sT-segment depression 1 (6.67) 2 (9.09) 0.79
 sT-segment elevation 3 (20.00) 1 (4.55) 0.14
 Left bundle branch block 4 (26.67) 1 (4.55) 0.053
 r-regression 3 (20.00) 3 (13.64) 0.61
 Total number 15 22 0.55
ACE inhibitor
  ACE-taking before  

this stay
9 (29.03) 23 (30.67) 0.87

  ACE-taking during  
this stay

22 (70.97) 52 (69.33) 0.87

 Total number 31 75 0.33

Note: P-values in bold font are those indicating significant differences between the 
two groups.
Abbreviations: ACE, angiotensin converting enzyme; sTEMI, myocardial infarction 
with sT elevation; nsTEMI, non-sT segment myocardial infarction.

Table 2 Cardiovascular risk factors (CVrF) and their distribution 
across the study population

CVRF Study group 
N (%)

Control group 
N (%)

P

Hypertension 34 (35.42) 79 (34.05) 0.81
Diabetes 24 (25.00) 38 (16.38) 0.07
Hyperlipidemia 18 (18.78) 48 (20.69) 0.69
Obesity 6 (6.25) 18 (7.76) 0.63
nicotine habit 11 (11.46) 26 (11.21) 0.95
Family history of  
cardiovascular disease

3 (3.13) 23 (9.91) 0.038

Total cases of diagnosis  
(n = 328)

96 232 0.041

Note: P-values in bold font are those indicating a significant difference between the 
study and control groups.

likely to have chronic coronary heart disease or no heart 

disease at all (P , 0.01) (Table 3).

Patients in the study group had significantly higher levels 

of serum creatinine (1.98 ± 0.92 mg/dL) than those in the 

control group (1.23 ± 0.57 mg/dL) (P , 0.001) (Figures 2 

and 3). The mean value of the number of controls of serum 

creatinine was 5.67 (SD = 3.89) times in the study group and 

3.97 (SD = 4.93) times in the control group. More controls 

of serum creatinine for each patient were conducted in the 

study group (P , 0.01).

Chronic renal failure was equally common in the control 

and study groups at admission (Stage 1: P = 0.43; Stage 2: 

P = 0.06; Stage 3: P = 0.25; Stage 4: P = 0.32; Stage 5: 

P = 0.10) and during previous hospital stays with statistically 

signif icant difference in Stage 2 (Stage 1: P = 0.40; 

Stage 2: P = 0.03; Stage 3: P = 0.11; Stage 4: P = 0.97; 

Stage 5: P = 0.40). Statistically significant difference between 
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the groups was found at discharge from the hospital; specifi-

cally, the study group had higher levels of Stage 4 chronic 

renal failure (Stage 1: P = 0.40; Stage 2: P = 0.23; Stage 3: 

P = 0.72; Stage 4: P = 0.022; Stage 5: P = 0.97) (Figure 4). 

No patients suffered an oliguria of ,0.5 mL/kg/h for more 

than 6 hours.

Length of hospital stay was significantly greater for 

patients in the study group (9.45 ± 6.28 days) than for 

those in the control group (7.24 ± 6.03 days) (P = 0.01). 

Likewise, door-to-needle time was longer in the study 

group (52.30 ± 66.24 hours) than in the control group 

(22.84 ± 39.18 hours) (P = 0.0016).

No adverse events were observed in any of the patients 

examined. Although more contrast agent was required for 

patients in the study group (108.37 ± 53.37 mL) than in the 

control group (93.19 ± 33.67 mL), this difference was not 

significant (P = 0.32). Also nonsignificant was the difference 

in duration of coronary angiography (P = 1.0), which was 

the same, up to 120 minutes, in both groups.

Three patients died during the study; one of these was 

from the study group (2.63% of the total), and the other two 

were from the control group (1.96% of the total). Mortality 

rates were similar in the two groups (P = 0.81). However, 

survival rates were better in the control group (98.04% [95% 

CI, 95.32–100.76%]) than in the study group (97.37% [95% 

CI, 92.21%–102.53%]).

Discussion
Among the patients examined in the current study, one in 

five suffered from both acute coronary heart disease and 

acute kidney injury. Nearly all individuals were hypertensive, 

and many patients displayed multiple risk factors for acute 

coronary heart disease. Patients in the study group were more 

likely to have myocardial infarction and acute coronary heart 

disease. Further, study individuals possessed significantly 

higher levels of serum creatinine, though the only significance 

in chronic renal failure was found at hospital discharge and 

previous hospital stay, and only for individuals with Stage 2 

and 4 failure. Cumulatively, these results indicate that kidney 

damage is a real threat for angina pectoris and heart attack 

patients, and that care must be taken to minimize risk to these 

individuals during medical treatment.

In a prospective study of STEMI patients, Goldberg et al 

found that 9.6% of individuals suffered worsening renal 

injury (defined arbitrarily as a .0.5 mg/dL elevation of the 

serum creatinine level at any point during the hospital stay) 

during their hospital stay.6 In the current study, however, the 

incidence of STEMI was only slightly higher among patients 

with acute kidney injury and coronary heart disease, indicating 

that there is no association between acute kidney injury and 

acute coronary heart disease. This apparent lack of associa-

tion between the two diseases, one linking acute renal injury 

and acute heart disease, was also suggested by the results of 

a Chi-square analysis (P = 0.95). The discrepancies between 

this and the Goldberg et al study6 may stem from the fact that 

the previous work did not use AKIN criteria for classifying 

acute kidney injury and, further, there was no specific period 

of time during which worsening renal function or acute kidney 

injury were evaluated. The absence of a defined focal period 

Table 3 Heart and kidney characteristics of patients in the study 
and control groups

Study  
group 
N (%)

Control  
group 
N (%)

P

Pretreatments
  Coronary angiography  

previously
16 (53.33) 43 (52.44) 0.93

  Coronary angiography  
prior to this stay

11 (36.67) 24 (29.27) 0.45

 Bypass surgery 3 (10.00) 15 (18.29) 0.29
 Total cases 30 82 0.2
Ventricular function
 Heart failure 14 (26.92) 26 (20.31) 0.33
  Good systolic left ventricular  

function
24 (46.15) 76 (59.38) 0.11

  slightly reduced left ventricular  
function

6 (11.54) 8 (6.25) 0.23

  Moderately reduced left  
ventricular function

7 (13.46) 13 (10.16) 0.52

  Greatly reduced left ventricular  
function

1 (1.92) 5 (3.91) 0.50

 Total cases 52 128 0.42
  Percutaneous interventional  

angiography
21 (47.73) 6 (50.00) 0.89

 1-stent 17 (38.64) 4 (33.33) 0.74
 2-stent 4 (9.09) 0 0.28
 Indication for bypass surgery 2 (4.55) 2 (16.67) 0.15
 Total cases 44 12 0.34
Presence/absence of coronary heart disease
 Acute coronary heart disease 38 (84.44) 0 0.0001
 no coronary heart disease 0 48 (48.48) 0.0001
 Chronic coronary heart disease 7 (15.56) 51 (51.52) 0.0001
 Total cases 45 99 0.4
Type of coronary heart disease
 1-vessel coronary heart disease 8 (20.51) 6 (12.00) 0.27
 2-vessel coronary heart disease 11 (28.21) 14 (28.00) 0.98
 3-vessel coronary heart disease 20 (51.28) 30 (60.00) 0.41
 Total cases 39 50 1.0
 Acute kidney injury 38 (39.58) 19 (39.58) 0.99
  Acute kidney injury prior  

coronary angiography
34 (35.42) 17 (35.42) 0.99

  Acute kidney injury after  
coronary angiography

24 (25.00) 12 (25.00) 0.99

 Total cases 96 48 0.1

Note: P-values in bold are those indicating significant differences between the two 
groups.
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The profile of serum creatinine in the control group on admission to
discharge from hospital 
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Figure 3 Serum creatinine profiles of patients in the control group, from admission to discharge from hospital.
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Figure 2 Serum creatinine profiles of patients in the study group, from hospital admission to discharge.

increases the potential for other, unrelated, causes of acute 

renal injury (such as sepsis during hospitalization) to affect 

the results.1 In addition, Goldberg et al6 did not routinely 

collect creatinine measurements after the third day of hospi-

talization, which may have led to an underestimation of acute 

kidney injury.1 Goldberg et al6 reported a higher incidence of 

kidney problems than was found in the current study; thus, 

they underestimated kidney injury. They collected additional 

 creatinine measurements – and therefore they potentially iden-

tified more kidney injuries – so actually their results are even 

more different from this study than they already seem.

Among elderly patients discharged after hospitaliza-

tion for acute myocardial infarction, small changes in 

serum creatinine levels have previously been associated 

with a higher risk of end-stage renal disease and death.7 

Unfortunately, as in the Goldberg et al study,6 the authors 

of this work did not use AKIN criteria for diagnosing acute 

kidney injury.1 Thus, it is difficult to compare these previous 

results with those found in the current study. Further, while 

all patients in the current study underwent an immediate 

coronary angiography and tended to be elderly, neither of 

these conditions was true in the research performed by 
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Newsome et al.7 Another group evaluated the clinical and 

prognostic relevance of acute kidney injury (defined as 

a 25% increase over baseline serum creatinine levels) in 

STEMI complicated by cardiogenic shock. In their study, 

55% of patients developed acute kidney injury during their 

stay in the intensive care unit.8 Again, it is difficult to com-

pare these results to those of the current study, as AKIN 

criteria were not used to diagnose acute kidney injury.1 

Additionally, cardiogenic shock was not observed in any 

of the patients studied here.

Rather than employing AKIN criteria, Parikh et al 

defined acute kidney injury as an absolute change in serum 

creatinine levels;9 they classified the resulting injury as 

mild (0.3–0.4 mg/dL), moderate (0.5–0.9 mg/dL), or severe 

(.1.0 mg/dL). Using these criteria, they identified acute 

kidney injury in 19.4% (7.1% mild, 7.1% moderate, 5.2% 

severe) of their patients.9 However, the validity of these 

results has been questioned because the left ventricular 

 ejection fraction was unavailable in 39.4% of the patients 

without acute kidney injury; multivariate analysis has 
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Figure 4 stages of chronic renal failure in the study (A) and control (B) groups, from admission to discharge from hospital.
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demonstrated that the ventricular ejection fraction is a strong 

predictor of long-term survival after an acute myocardial 

infarction.1,10 In the present investigation, heart failure was 

more commonly observed in patients with both acute kidney 

injury and acute coronary heart disease.

Acute kidney injury increases morbidity and mortality, 

particularly in patients who are critically ill.11 Recognition 

of this has led to recent efforts (eg, AKIN and RIFLE12 [risk, 

injury, failure, loss, and end-stage renal failure]) to standard-

ize definitions of acute kidney injury; one particularly impor-

tant goal has been the identification of biomarkers of early 

kidney injury, as these should facilitate early interventions 

and prevention of progression to the acute stage of kidney 

injury.10 Unfortunately, there are currently no data compar-

ing the use of RIFLE and AKIN criteria in patients with 

acute coronary syndrome or myocardial infarction; further, 

it is difficult to compare these classification schemes, since 

the RIFLE criteria, unlike those in the AKIN classification, 

involve five stages.1 It is also important to note that, while 

the RIFLE and AKIN criteria are easy to use in a variety of 

clinical and research settings, they have several limitations.11 

For instance, both sets of criteria focus on increases in serum 

creatinine levels from a hypothetical baseline value, in 

conjunction with a decrease in urine output. However, these 

surrogate markers of renal impairment manifest relatively 

late, after injury has occurred; further, they do not reflect 

the nature or site of the kidney injury.12

Conclusion
This study shows that acute kidney injury occurs relatively 

frequently in patients with coronary heart disease, but that 

the association between these diseases is not statistically 

significant. However, physicians should still monitor their  

patients – especially those with angina pectoris and 

myocardial infarction – for acute kidney injury after the 

administration of contrast medium.
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