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agent administration.3 Depending on the crite‑
ria applied and population, CI‑AKI was associat‑
ed with short- and long‑term prognosis, both in 
patients with stable angina3 and those with acute 
coronary syndromes (ACSs).4-5 Patients with CAD 
and chronic kidney disease (CKD) were charac‑
terized by an even higher risk associated with 

INTRODUCTION  Prognosis of patients with cor‑
onary artery disease (CAD) can be improved not 
only by advances in pharmacology and stent de‑
sign, but also by the detection and management 
of periprocedural complications.1-2 Contrast
‑induced acute kidney injury (CI‑AKI) represents 
one of the major detrimental sequelae of contrast 
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ABSTRACT

INTRODUCTION  Contrast‑induced nephropathy is associated with worse prognosis in patients with 
coronary artery disease (CAD); however, the prognostic role of urinary biomarkers of renal injury has 
not been fully established.
OBJECTIVES  We evaluated the clinical utility of urinary biomarkers for the prediction of major adverse 
cardiac and cerebrovascular events (MACCEs) in patients undergoing coronary angiography.
PATIENTS AND METHODS  This prospective study included 95 consecutive patients with stable and 
unstable CAD (men, 69.5%; median age, 65 years), referred for coronary angiography and monitored for 
MACCEs during 12‑month follow‑up. MACCEs were defined as cardiovascular death, myocardial infarc‑
tion, myocardial revascularization, or stroke. Urine samples were collected 24 hours before and 6 hours 
after coronary angiography and assayed for kidney injury molecule type 1 (KIM‑1), interleukin 18, liver 
fatty acid‑binding protein, and renalase, using an enzyme‑linked immunosorbent assay. The results were 
adjusted for urinary creatinine concentration.
RESULTS  MACCEs occurred in 10 patients (10.5%). These patients had a higher rate of postprocedural 
contrast‑induced acute kidney injury than patients without MACCEs (30.0% vs 7.1%, P = 0.02), higher 
median SYNTAX score (25.5 points vs 11.5 points, P = 0.04), higher postprocedural KIM‑1 concentra‑
tions (0.45 ng/mg vs 0.21 ng/mg, P = 0.03), and a larger absolute increase of urinary KIM‑1  levels 
(∆KIM‑1; 0.41 ng/mg vs 0.10 ng/mg, P = 0.01). Preprocedural values of KIM‑1 and other biomarkers 
were comparable between groups. Patients with ∆KIM‑1  levels above the 75th percentile had worse 
12‑month prognosis (P = 0.0004). ∆KIM‑1 levels were an independent predictor of 12‑month MACCEs 
(P = 0.001). MACCEs were accurately predicted by ∆KIM‑1 levels exceeding 0.093 ng/mg (area under 
the curve, 0.752; P = 0.0001).
CONCLUSIONS  Excessive increase of urinary KIM‑1 levels after coronary angiography may help identify 
CAD patients with poor 12‑month prognosis.
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primary endpoint of MACCE consisted of cardio‑
vascular death, myocardial infarction, urgent cor‑
onary revascularization, or ischemic stroke. Ur‑
gent revascularization was defined as hospitaliza‑
tion due to unstable angina leading to urgent PCI.

Inclusion and exclusion criteria  The inclusion cri‑
teria were stable angina with high pretest proba‑
bility confirmed using a noninvasive stress test, 
or non–ST‑segment elevation ACS (NSTE‑ACS) 
in line with the 2011 European Society of Cardi‑
ology guidelines.21 On admission, patients were 
assessed for the possible exclusion criteria includ‑
ing acute or chronic respiratory failure, severe val‑
vular heart disease, active thyroid disease, preg‑
nancy, allergy to iodine‑based contrast agents, 
CKD with an estimated glomerular filtration rate 
(eGFR) of less than 50 ml/min/1.73 m2 or protein‑
uria higher than 500 mg/l, active urinary tract in‑
fection, or renal artery stenosis.

Laboratory tests  Venous blood samples were ob‑
tained prior to coronary angiography, as well as 
24 and 48 hours after the procedure. Blood sam‑
ples collected at baseline were tested for a set 
of basic laboratory data and SCr levels, where‑
as 24‑hour and 48‑hour specimens were assayed 
only for SCr levels.

Midstream urine samples were acquired with‑
in 24 hours preceding the procedure and 6 hours 
after the procedure. The samples were centri‑
fuged for 15 minutes at 1000 × g at a tempera‑
ture of 2°C to 8°C within 15 minutes after acqui‑
sition and deposited at a temperature of –80°C 
with no freeze–thaw incidents. The urinary con‑
centrations of KIM‑1 and L‑FABP (both using 
an enzyme‑linked immunosorbent assay [ELISA] 
kit by EKF Diagnostics, Cardiff, United King‑
dom), IL‑18 (eBioscience, San Diego, California, 
United States), and renalase (Cloud‑Clone Corp, 
Houston, Texas, United States) were evaluated 
within 3 months after the collection of speci‑
mens. All the ELISA‑based measurements were 
performed according to the manufacturers’ in‑
structions. Furthermore, the creatinine concen‑
tration was measured in all urine samples, us‑
ing a colorimetric assay (Oxford Biomedical Re‑
search, Oxford, Michigan, United States). The 
levels of urinary biomarkers were then expressed 
as a biomarker-to-creatinine ratio. The concen‑
trations of all urinary biomarkers were thus ex‑
pressed as a biomarker‑to‑creatinine ratio.

Follow‑up  At 12 months after the procedure, we 
collected data concerning the onset of MACCEs. 
The follow‑up was conducted using a structured 
telephone interview and verified on the basis of 
data derived from recurrent hospitalizations in 
the same hospital and information provided by 
the national health care provider. The follow‑up 
was completed by all patients.

Management of patients  Both pharmacothera‑
py and procedural management of all the study 

postprocedural worsening of kidney function, 
reflected by higher in‑hospital and long‑term 
mortality.6,7

Although the prognostic role of CI‑AKI itself 
remains undisputed, its diagnosis is precluded 
by delayed accumulation of routinely utilized se‑
rum creatinine concentrations.8 For this purpose, 
numerous serum and urinary biomarkers were 
proposed for an early and effective identifica‑
tion of patients with CI‑AKI.9 Accordingly, circu‑
lating serum levels of biomarkers such as inter‑
leukin 18 (IL‑18)10-12 and cystatin C13 accurate‑
ly stratified the risk of adverse cardiovascular 
events in patients with CAD. However, it is un‑
clear whether also urinary levels of biomarkers 
could serve as reliable predictors of poor cardio‑
vascular outcome in patients with CAD. Urinary 
proteome and certain biomarkers were associat‑
ed with the risk of adverse cardiovascular events 
in long‑term follow‑up.14-15 Of note, in a large co‑
hort of patients with CKD, urinary levels of kid‑
ney injury molecule type 1 (KIM‑1) were inde‑
pendently associated with adverse cardiovascu‑
lar events, heart failure, and death.16

Based on the above findings, we decided to con‑
tinue our previous research in which we evaluat‑
ed the urinary concentrations of KIM‑1, IL‑18, 
liver fatty acid‑binding protein (L‑FABP),17 and 
renalase18 as possible diagnostic markers of CI
‑AKI. The aim of the current study was to estab‑
lish the clinical utility of these urinary biomark‑
ers for the prediction of major adverse cardiac and 
cerebrovascular events (MACCEs) in patients with 
CAD undergoing coronary angiography.

PATIENTS AND METHODS  In this study, we fo‑
cused on the survival analysis of patients enrolled 
in our previous study of different urinary bio‑
markers used for diagnosis of CI‑AKI.17,18 The de‑
tailed characteristics of the study population can 
be found in the previous report concerning dif‑
ferent preprocedural and ultrasound markers of 
CI‑AKI.19 The research was conducted in adher‑
ence with the Declaration of Helsinki. The study 
protocol was approved by the local ethics com‑
mittee, and all patients gave written informed 
consent to participate in the study.

In the present study, 95 patients with the sus‑
picion of (CAD) were referred for elective or ur‑
gent coronary angiography or percutaneous cor‑
onary intervention (PCI). Data concerning clin‑
ical and demographic parameters were collect‑
ed on admission. Apart from routine laboratory 
tests, urine samples were obtained 24 hours be‑
fore and 6 hours after coronary angiography and 
assayed for KIM‑1, IL‑18, L‑FABP, and renalase. 
Directly after the procedure, the rate of CI‑AKI 
was established based on the definition of Acute 
Kidney Injury Network criteria, namely, ≥50% 
relative or ≥0.3 mg/dl absolute increase of se‑
rum creatinine (SCr) concentration at 48 hours 
after the procedure.20

Patients were then followed for 12 months 
to establish the rate of MACCEs. The composite 
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12 hours before to 24 hours after coronary an‑
giography, while patients with an eGFR exceed‑
ing 60 ml/min/1.73 m2 received 500 ml of 0.9% 
saline prior to the procedure. The use of bigua‑
nides was discontinued 1 day before the proce‑
dure and restarted 48 hours after the procedure, 
once the SCr level was considered stable based on 
laboratory test results.

Statistical analysis  Statistical analysis was per‑
formed using the MedCalc v.14.8.1 software (Med‑
Calc, Ostend, Belgium). Quantitative variables 
were reported as mean and SD or median and 
interquartile range (IQR), whereas qualitative 
variables were presented as number and percent‑
age. Distribution of variables was verified using 
the Shapiro–Wilk test. The t test for unpaired 
samples was applied for normally distributed vari‑
ables, and the Mann–Whitney test was used for 
nonnormally distributed variables. The univariate 
Cox analysis of different predictors of MACCE oc‑
currence was used to calculate hazard ratios (HRs) 
with 95% confidence intervals (CIs). All the vari‑
ables with a P value of less than 0.1 in the univar‑
iate model were included in the Cox proportional 
hazards model. The receiver operating character‑
istic (ROC) curve analysis was performed for all 
4 biomarkers. The diagnostic threshold of differ‑
ent variables was established using the Youden’s J 
statistic. The Kaplan–Meier survival curves and 
log‑rank tests were established for all the dichot‑
omous variables with a P value of less than 0.1 in 
the univariate analysis. A P value of less than 
0.05 was considered significant.

RESULTS  General characteristics of the study popu-
lation  The study population consisted of 95 pa‑
tients with CAD, who were admitted to the de‑
partment of cardiology with the diagnosis of ei‑
ther NSTE‑ACS (56.8% of patients) or stable an‑
gina (43.2% of patients). Most participants were 
men (69.5%) at a median age of 65 years (IQR, 
59–71). The primary aim of this study was to es‑
tablish reliable risk factors of CI‑AKI; detailed 
characteristics of the study group were reported 
previously.19 The relationship between periproce‑
dural variables and urinary biomarkers and CI
‑AKI was also described previously.17

Primary endpoint  At 12 months, MACCEs were re‑
ported in 10 patients (10.5%). None of the study 
participants died. Myocardial infarction was re‑
ported in 3 patients, 6 patients required urgent 
myocardial revascularization, and 1 patient had 
ischemic stroke.

The differences in clinical parameters between 
MACCE and non–MACCE groups are shown in 
TABLE 1. The MACCE group was characterized by 
a higher rate of postprocedural CI‑AKI and left 
main disease, as well as greater extra‑medial 
thickness. A trend towards a higher SYNTAX score 
was reported in the MACCE group. The groups did 
not differ in terms of age, sex, or cause of inter‑
vention (stable angina vs NSTE‑ACS).

participants was based on the European Society 
of Cardiology Non‑ST‑elevation‑Acute Coronary 
Syndromes (NSTE‑ACS) guidelines.21 The preven‑
tion of CI‑AKI entailed the use of low‑osmolar or 
iso‑osmolar contrast media at the lowest possi‑
ble dose. Patients with mild impairment of re‑
nal function (eGFR, 50–60 ml/min/1.73 m2) 
were pretreated with an intravenous infusion of 
0.9% saline at a rate of 1 ml/kg/h, starting from 

TABLE 1  Clinical and demographic parameters depending on the presence of major 
adverse cardiac and cerebrovascular events during 12‑month follow‑up

Parameter No MACCE 
(n = 85)

MACCE 
(n = 10)

P value

Age, y 65 (60–70) 68.5 (57–74) 0.55a

BMI, kg/m2 28.4 (26.1–32.8) 27.5 (24.8–30.1) 0.28a

Male sex 58 (68.2) 8 (80.0) 0.36c

Current smoking 51 (60.0) 7 (70.0) 0.40c

Arterial hypertension 81 (95.3) 10 (100.0) 0.64c

Type 2 diabetes / IFG / IGT 32 (37.7) 5 (50.0) 0.33c

Previous MI 36 (42.4) 5 (50.0) 0.45c

Peripheral artery disease 13 (15.3) 3 (30.0) 0.22c

Atrial fibrillation 20 (23.5) 1 (10.0) 0.30c

Former TIA or stroke 7 (8.2) 0 (0.0) 0.45c

CI‑AKI onset 6 (7.1) 3 (30) 0.02c

Baseline eGFR by MDRD,  
ml/min/1.73 m2

81.0 (20.50) 77.6 (24.58) 0.62b

Baseline SCr, mg/dl 0.93 (0.79–1.11) 1.025 (0.84–1.25) 0.31a

SCr at 48 hours, mg/dl 1.00 (0.80–1.17) 1.30 (0.86–1.50) 0.05a

∆SCr, mg/dl 0.03 (–0.02 to 0.09) 0.075 (0.01–0.46) 0.08a

Hemoglobin, g/dl 14.0 (1.21) 13.3 (1.32) 0.12b

Platelet count, 1000/mm3 197 (175–233) 201.0 (186–265) 0.31a

Hs‑TnT, ng/ml 0.02 (0.01–0.03) 0.02 (0.01–0.15) 0.52a

IMT, mm 0.09 (0.03) 0.10 (0.03) 0.28b

EMT, mm 0.06 (0.05–0.08) 0.08 (0.06–0.09) 0.04a

LVEF, % 55 (50–60) 50 (48–55) 0.25a

E/e’ ≥12 21 (25.0) 1 (10.0) 0.27c

Mitral valve insufficiency 
(mild‑moderate)

57 (67.1) 4 (40.0) 0.09c

NSTE‑ACS 46 (54.1) 8 (80.0) 0.11c

NSTEMI 24 (28.2) 4 (40) 0.44c

Left main disease 5 (5.9) 5 (50.0) 0.001c

SYNTAX score, points 11.5 (4–24) 25.5 (8–36) 0.08a

Ad hoc PCI 38 (44.7) 4 (40.0) 0.53c

Referral for CABG 11 (12.9) 3 (30.0) 0.16c

Data are presented as number (percentage) of patients or median (interquartile range).

a  Mann–Whitney test;     b  t test;     c  Fisher exact test or Pearson χ2 test

SI conversion factors: to convert SCr to μmol/l, multiply by 88.42.

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CI‑AKI, 
contrast‑induced acute kidney injury; eGFR, estimated glomerular filtration rate; EMT, 
extra‑medial thickness; hs‑TnT, high‑sensitivity troponin T; IFG, impaired fasting 
glucose; IGT, impaired glucose tolerance; IMT, intima–media thickness; LVEF, left 
ventricular ejection fraction; MACCE, major adverse cardiovascular and cerebral event; 
MDRD, Modification of Diet in Renal Disease; MI, myocardial infarction; NSTE‑ACS, 
non–ST‑segment elevation acute coronary syndrome; NSTEMI, non–ST‑segment 
elevation myocardial infarction; PCI, percutaneous coronary intervention; SCr, serum 
creatinine; TIA, transient ischemic attack
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elevation myocardial infarction (NSTEMI) and 
those with negative troponin levels (14.3% vs 
9.0%; P = 0.44), and between patients undergo‑
ing PCI and those managed conservatively (9.5% 
vs 11.3%, P = 0.78).

Data on urinary biomarkers are presented in 
TABLE 2. Patients with confirmed primary endpoint 
were characterized by higher postprocedural KIM
‑1 concentrations (0.45 ng/mg vs 0.21 ng/mg, P = 
0.03) and both absolute and relative increase of 
KIM‑1 concentrations (0.41 ng/mg vs 0.10 ng/mg, 
P = 0.01 and 659.5% vs 187.5%, P = 0.04, respec‑
tively) in comparison with the  non–MACCE 
group. Preprocedural KIM‑1  concentrations 
were similar between groups. The remaining uri‑
nary biomarkers, including IL‑18, renalase, and 
L‑FABP, were comparable between groups both 
at baseline and after the procedure (TABLE 2).

Univariate Cox proportional hazards model  
The results of the univariate analysis of differ‑
ent predictors of MACCE occurrence during 
the follow‑up are shown in TABLE 3. In the univari‑
ate Cox analysis, MACCE was accurately predicted 
by the onset of postprocedural CI‑AKI (HR, 4.399; 
P = 0.03), left main disease (HR, 9.9; P = 0.0003), 
higher SYNTAX score (unit HR, 1.041 per 1 point; 
P = 0.045), and the highest quartile of an absolute 
increase of urinary KIM‑1 concentrations (∆KIM
‑1 >75 percentile; HR, 10.7; P = 0.003). The pres‑
ence of NSTE‑ACS (HR, 3.209; P = 0.14), NSTEMI 
(HR, 1.639; P = 0.44), PCI during index hospital‑
ization (HR, 0.832; P = 0.78), or referral for cor‑
onary artery bypass grafting (CABG; HR, 2.636; 
P = 0.16) were not associated with the 12‑month 
MACCE (TABLE 3).

The multivariable Cox proportional hazards 
model indicated that left main disease (HR, 25.8; 
95% CI, 3.71–179.0; P = 0.001), onset of CI‑AKI 
after the procedure (HR, 2.94; 95% CI, 1.45–8.42; 
P = 0.04), and the highest quartile of ∆KIM‑1 con‑
centrations (HR, 18.74; 95% CI, 2.67–131.7; P = 
0.003) were independent predictors of MACCE 
(overall model fit P = 0.0001).

Receiver operating characteristic curve analysis  
The results of the ROC curve analysis are present‑
ed in TABLE 4. Renalase, L‑FABP, and IL‑18 were not 
predictors of MACCE in the 12‑month follow‑up. 
Conversely, although baseline KIM‑1 levels failed 
to predict the onset of cardiovascular events, both 
postprocedural KIM‑1 concentrations exceed‑
ing 0.184 ng/mg (area under the curve [AUC], 
0.725; P = 0.001) and ∆KIM‑1 concentrations ex‑
ceeding 0.093 ng/mg (AUC, 0.752; P = 0.0001; 
FIGURE 1) predicted the occurrence of MACCE. SCr 
levels at 48 hours postprocedure (AUC, 0.688; 
P = 0.07) and ∆SCr levels (AUC, 0.672; P = 0.07) 
showed a trend towards prediction of the prima‑
ry endpoint.

Kaplan–Meier survival analysis  Patients who expe‑
rienced an increase in KIM‑1 levels in the fourth 
quartile (∆KIM‑1 >0.412 ng/mg) after coronary 

The subanalysis revealed that the rate of pri‑
mary endpoint did not differ between patients 
with ACS and those with stabile angina (14.8% vs 
4.9%, P = 0.12). The rate of MACCEs was also com‑
parable between patients with non–ST-segment 

TABLE 2  Preprocedural and postprocedural urinary biomarker concentrations 
depending on the presence of major adverse cardiac and cerebrovascular events during 
12‑month follow‑up

Variable No MACCE 
(n = 85)

MACCE 
(n = 10)

P value

Baseline L‑FABP, ng/mg 0.30 (0.15–0.75) 0.30 (0.15–0.452) 0.64a

L‑FABP at 6 hoursa, ng/mg 0.30 (0.15–0.90) 0.45 (0.15–0.45) 0.96a

∆L‑FABP, ng/mg 0.00 (–0.30 to 0.45) 0.08 (–0.53 to 0.34) 0.76a

Relative ∆L‑FABP, % 0.00 (–66.6 to 113.8) 58.4 (–67.8 to 200.3) 0.93a

Baseline IL‑18, pg/mg 50.5 (32.6–73.4) 55.1 (38.7–59.1) 0.80a

IL‑18 at 6 hoursa, pg/mg 81.9 (61.5–105.6) 94.5 (75.6–94.5) 0.96 a

∆IL‑18, pg/mg 24.9 (11.7–58.2) 35.4 (14.5–56.8) 0.76a

Relative ∆IL‑18, % 62.8 (15.9–197.2) 65.6 (34.2–128.9) 0.93a

Baseline renalase, ng/mg 3.73 (3.24–4.44) 3.43 (3.13–4.55) 0.49a

Renalase at 6 hoursa, pg/mg 2.1 (1.93–2.34) 2.3 (1.93–2.34) 0.56a

∆Renalase, pg/mg –1.5 (–2.24 to –1.04) –1.1 (–2.44 to –0.85) 0.27a

Relative ∆ renalase, % –43.5 (–51.4 to –33.7) –37.1 (–53.6 to –26.1) 0.35a

Baseline KIM‑1, ng/mg 0.07 (0.04–0.19) 0.05 (0.04–0.124) 0.49a

KIM‑1 at 6 hoursa, ng/mg 0.21 (0.12–0.51) 0.45 (0.32–0.94) 0.03a

∆KIM‑1, ng/mg 0.10 (0.04–0.34) 0.41 (0.20–0.89) 0.01a

Relative ∆KIM‑1, % 187.5 (28.1–540.0) 659.5 (209.5–1772.0) 0.04a

Data are presented as median (interquartile range).

a  After coronary angiography

Abbreviations: IL‑18, interleukin 18; KIM‑1, kidney injury molecule type 1; L‑FABP, liver 
fatty acid‑binding protein; others, see TABLE 1

TABLE 3  Univariate Cox proportional hazards analysis of different predictors of major 
adverse cardiac and cerebrovascular events during 12-month follow-up

Variable HR 95% CI P value

Age, per 1 year 1.025 0.953–1.103 0.51

BMI, per 1 kg/m2 0.933 0.819–1.063 0.30

Male sex 1.856 0.397–8.674 0.43

Hemoglobin, per 1 g/dl 0.686 0.419–1.122 0.14

∆SCr, per 1 mg/dl 5.750 0.99–33.32 0.05

CI‑AKI onset 4.399 1.142–16.947 0.03

NSTE‑ACS 3.209 0.687–14.992 0.14

NSTEMI 1.639 0.466–5.772 0.44

Left main disease 9.952 2.886–34.323 0.0003

SYNTAX score, per 1 point 1.041 1.001–1.081 0.045

Ad hoc PCI 0.832 0.236–2.928 0.78

Referral for CABG 2.636 0.686–10.130 0.16

KIM‑1 at 6 hoursa, per 1 ng/mg 1.698 0.656–4.396 0.28

∆KIM‑1, per 1 ng/mg 2.068 0.756–5.659 0.16

∆KIM‑1 >75 percentile 10.754 2.247–51.474 0.003

a  After coronary angiography

Abbreviations: HR, hazard ratio; others, see TABLES 1 and 2
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The onset of postprocedural CI‑AKI and ∆SCr 
levels exceeding 0.05 mg/dl were also associated 
with a higher risk of MACCE in 12‑month follow
‑up (CI‑AKI vs non–CI‑AKI, 33.3% vs 8.14%, log
‑rank P = 0.02, FIGURE 3, and ∆SCr >0.05 mg/dl vs 
≤0.05 mg/dl, 18.9% vs 5.2%; log‑rank P = 0.04; 
FIGURE 4). Finally, the risk of MACCE was higher 

angiography were characterized by worse prognosis 
reflected by a higher rate of MACCE (31.8% vs 4.1%; 
log‑rank P = 0.0004; FIGURE 2). Patients with ∆KIM
‑1 above the Youden threshold of 0.093 ng/mg and 
those with postprocedural KIM‑1 levels exceeding 
0.184 ng/mg also showed a higher rate of MACCE 
(20.9% vs 1.9%, log‑rank P = 0.005 and 19.2% vs 
3.2%, log‑rank P = 0.01, respectively).

TABLE 4  Receiver operating characteristic curve analysis of different laboratory predictors of major adverse cardiac and cerebrovascular event 
occurrence at 12 months

Variable Criterion Sensitivity Specificity AUC P value

SCr, mg/dl Baseline >1.12 50.0 77.6 0.601 0.30

At 48 hoursa >1.26 60.0 87.1 0.688 0.07

∆ >0.05 70.0 64.7 0.672 0.07

Renalase, pg/mg Baseline ≤3.43 55.6 63.2 0.573 0.51

At 6 hoursa >2.29 55.6 70.2 0.561 0.60

∆ >-1.17 66.7 68.7 0.615 0.36

L‑FABP, ng/mg Baseline ≤1.506 100.0 17.4 0.549 0.4

At 6 hoursa ≤0.753 88.9 25.7 0.520 0.86

∆ >0.151 50.0 68.1 0.513 0.91

IL‑18, pg/mg Baseline ≤67.29 100.0 28.4 0.527 0.74

At 6 hoursa >92.97 55.6 64.9 0.506 0.95

∆ >29.85 66.7 56.2 0.533 0.74

KIM‑1, ng/mg Baseline ≤0.063 66.7 55.3 0.572 0.46

At 6 hoursa >0.184 100.0 44.1 0.725 0.001

∆ >0.093 100.0 50.0 0.752 0.0001

a  After coronary angiography

Abbreviations: AUC, area under the curve; others, see TABLES 1 and 2

FIGURE 1�  Receiver 
operating characteristic 
curve: prediction of major 
adverse cardiac and 
cerebrovascular events 
(MACCEs) at 12 months 
by an absolute increase of 
kidney injury molecule 
type 1 (∆KIM‑1)
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coronary angiography, the onset of MACCEs 
in the 12‑month follow‑up was linked to high‑
er postprocedural urinary KIM‑1 concentrations 
at 6 hours after the procedure and a greater ab‑
solute and relative increase of KIM‑1 concentra‑
tions. To our knowledge, our study is the first to 
evaluate the urinary biomarkers KIM‑1, IL‑18, 
L‑FABP, and renalase as predictors of compos‑
ite endpoint in a broad population of patients 

in patients with left main disease compared with 
those without (50% vs 5.9%; log‑rank P = 0.0001).

The risk of MACCE was not associated with 
referral for CABG (P = 0.14), referral for PCI (P = 
0.78), presence of NSTE‑ACS (P = 0.12), or pres‑
ence of NSTEMI at baseline (P = 0.44).

DISCUSSION  In the analyzed cohort of patients 
with stable angina or NSTE‑ACS undergoing 

FIGURE 2�  Kaplan–Meier survival curve of major adverse cardiac and cerebrovascular event (MACCE) occurrence at 12 months depending on 
the increase of postprocedural urinary kidney injury molecule type 1 events (KIM‑1) concentration: ≥75 and <75 percentile

FIGURE 3�  Kaplan–Meier survival curve of major adverse cardiac and cerebrovascular event (MACCE) occurrence at 12 months depending on 
the presence of postprocedural contrast‑induced acute kidney injury (CI-AKI; defined according to Acute Kidney Injury Network criteria20)
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KIM‑1 is expressed in the luminal part of proxi‑
mal tubular cells, it can be detected exclusively in 
urine. KIM‑1 was found to be a reliable diagnos‑
tic marker of acute kidney injury, given its uri‑
nary surge occurring as early as 12 hours follow‑
ing contrast agent administration.26 In a previ‑
ous paper reporting results from the same cohort 
of patients, we demonstrated that the increase 
of urinary KIM‑1 levels 6 hours after the pro‑
cedure also identified patients with contrast
‑induced nephropathy.17 Of note, in the present 
study the highest postprocedural increase of KIM
‑1 levels and the onset of CI‑AKI were indepen‑
dently associated with MACCE onset in 12‑month 
follow‑up, as revealed by the Cox proportional 
hazards model. Therefore, it may be speculated 
that the value of KIM‑1 for predicting the onset 
of MACCE is only partially related with its asso‑
ciation with CI‑AKI.

The mechanism underlying the observed rela‑
tionship between KIM‑1 and adverse cardiovascu‑
lar events remains unknown. In a rat model of car‑
diorenal syndrome, tubular KIM‑1 expression was 
upregulated after myocardial infarction and corre‑
sponded with gradual impairment of renal func‑
tion mediated via the Smad2‑signaling pathway,27 
suggesting a more profound interplay between 
the kidney and heart in cardiorenal syndrome. In 
our previous study, we confirmed a higher post‑
operative increase of KIM‑1 and ∆KIM‑1 levels 
among patients with NSTE‑ACS in comparison 
with patients with stable angina.17 Yet, NSTE
‑ACS was not associated with the onset of MAC‑
CE in the current study.

The prognostic value of CI‑AKI for the pre‑
diction of MACCE in the present analysis is not 

with CAD. It provided evidence for the prognos‑
tic significance of urinary KIM‑1 levels. Since no 
studies so far have assessed urinary KIM‑1 in 
CAD patients, our results cannot be directly com‑
pared with other reports. However, in a previ‑
ous high‑volume research based on the Chron‑
ic Renal Insufficiency Cohort study (CRIC), Park 
et al16 revealed that the highest quintile of urinary 
KIM‑1 levels was independently associated with 
the development of heart failure (HR, 1.73) and 
death (HR, 1.56), as well as the composite end‑
point of myocardial infarction, ischemic stroke, 
and peripheral artery disease (unit HR, 1.18 per 
log SD) among 2466 patients with the diagnosis 
of CKD, followed for a median time of 6.5 years.16 
Unlike participants in our study, those patients 
had CKD, had no CAD, and were not adminis‑
tered a contrast agent. Unlike the CRIC cohort, 
in our study only postprocedural and an abso‑
lute increase of urinary KIM‑1 levels was predic‑
tive of MACCE, while baseline KIM‑1 concentra‑
tions prior to contrast agent use were not linked 
to prognosis.

In another study, urinary KIM‑1 concentra‑
tions were demonstrated to correlate with carotid
‑femoral pulse wave velocity in patients with CAD, 
but not among healthy controls.22 This report pro‑
vided evidence for the relationship between KIM
‑1 concentrations and arterial stiffness on appla‑
nation tonometry, a well‑established marker of 
subclinical organ damage.22

KIM‑1 belongs to adhesion glycoproteins ex‑
pressed in proximal tubular cells, primarily in re‑
sponse to cellular injury.23 Its biological function 
consists in restoration of integrity of proximal tu‑
bular cells in the aftermath of injury.24,25 Since 

0 2 4 6 8 10 12

85

90

80

95

100

Su
rv

iv
al

 p
ro

ba
bi

lit
y,

 %

Follow-up, mo

Log-rank P = 0.04

∆SCr >0.05.mg/dl
              0
              1

FIGURE 4�  Kaplan–Meier survival curve of major adverse cardiac and cerebrovascular event (MACCE) occurrence at 12 months depending on the 
absolute increase of serum creatinine (SCr) concentration (>0.05 mg/dl)
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towards a higher rate of MACCE in the acute set‑
ting, which was probably caused by a small sam‑
ple size. Yet, the highest quartile of the ∆KIM
‑1 concentration predicted MACCE irrespective 
of admission type.

Our findings show that urinary KIM‑1 may be 
used as a combined biomarker of renal function 
worsening and long‑term cardiovascular morbidi‑
ty and mortality in patients referred for coronary 
angiography. Patients with the postprocedural in‑
crease of urinary KIM‑1 could be followed more 
carefully after the initial procedure to exclude 
possible disease progression. Still, larger studies 
are needed to fully validate the application of this 
kidney biomarker in patients with CAD.

In conclusion, an excessive increase of urinary 
KIM‑1 concentrations after coronary angiography 
may help identify patients with worse 12‑month 
prognosis. Patients with postprocedural CI‑AKI 
are characterized by a considerably higher risk 
of MACCE.
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