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ABSTR ACT 

Background We assessed the value of cystatin C for improvement of risk strati-
fication in patients with non–ST elevation acute coronary syndrome (nSTE-ACS) 
and increased cardiac troponin T (cTnT), and we compared the long-term effects 
of an early invasive treatment strategy (EIS) with a selective invasive treatment 
strategy (SIS) with regard to renal function. 

Method Patients (n = 1128) randomized to an EIS or an SIS in the ICTUS trial were 
stratified according to the tertiles of the cystatin C concentration at baseline. 
The end points were death within 4 years and spontaneous myocardial infarc-
tion (MI) within 3 years. 

Results Mortality was 3.4%, 6.2%, and 13.5% in the first, second, and third ter-
tiles, respectively, of cystatin C concentration (log-rank P < 0.001), and the  
respective rates of spontaneous MI were 5.5%, 7.5%, and 9.8% (log-rank P = 
0.03). In a multivariate Cox regression analysis, the cystatin C concentration in 
the third quartile remained independently predictive of mortality [hazard ratio 
(HR), 2.04; 95% CI, 1.02–4.10; P = 0.04] and spontaneous MI (HR, 1.95; 95% CI, 
1.05–3.63; P = 0.04). The mortality rate in the second tertile was lower with the 
EIS than with the SIS (3.8% vs 8.7%). In the third tertile, the mortality rates with 
the EIS and the SIS were, respectively, 15.0% and 12.2% (P for interaction = 0.04). 
Rates of spontaneous MI were similar for the EIS and the SIS within cystatin C 
tertiles (P for interaction = 0.22). 

Conclusions In patients with nSTE-ACS and an increased cTnT concentration, 
mild to moderate renal dysfunction is associated with a higher risk of death 
and spontaneous MI. Use of cystatin C as a serum marker of renal function may 
improve risk stratification. 
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I NTRODUCTION

Reduced glomerular filtration rates (GFRs) are strongly associated with the risk of new-
onset coronary artery disease (CAD), as well as with the risk of death following an 
initial myocardial infarction (MI).1,2 Even minor changes in the GFR are associated with 
marked increases in cardiovascular morbidity and mortality.3,4 Cystatin C is a novel en-
dogenous marker of kidney function that may be more sensitive for detecting mild to 
moderate decrements in the GFR than creatinine-based estimating equations. Several 
studies have suggested that the serum concentration of cystatin C may be a better 
predictor of outcomes of cardiovascular disease than GFR estimates based on the se-
rum creatinine concentration2,4,5,6; however, extensive evaluations are still necessary 
to assess the long-term prognostic impact of mild renal dysfunction in patients with 
non–ST elevation acute coronary syndrome (nSTE-ACS) and an increased cardiac tro-
ponin T (cTnT) concentration. 

Improved risk stratification may help identify patients with an increased risk of fu-
ture cardiac events, but the question of how to select the most appropriate treatment 
strategy for these patients remains problematic. An early invasive treatment strategy 
(EIS) consisting of early angiography and subsequent revascularization in nSTE-ACS 
has been recommended with a I-a level of supporting evidence.7 An EIS is associated 
with a reduction of adverse cardiac events, compared with a selective invasive treat-
ment strategy (SIS) consisting of initial medical therapy, especially in patients with an 
intermediate or high risk for adverse cardiovascular events.8 Therefore, patients with 
mild renal dysfunction may derive greater absolute benefit from an EIS than patients 
with a nonpathologic renal function by virtue of their higher baseline risk; however, 
the risk of complications associated with invasive procedures is higher in patients 
with renal dysfunction. Exposure to the contrast medium and cholesterol embolism 
during coronary angiography induce acute renal failure (an event associated with 
death) more frequently in patients with renal dysfunction than in those without renal 
dysfunction.9,10 Given the altered risks and benefits of coronary angiography in nSTE-
ACS patients, it is unclear whether such patients benefit from an EIS. Until now, only 
one randomized study has evaluated the long-term effects of revascularization with 
regard to renal function in patients with nSTE-ACS.11 In this study, Johnston et al. found 
mild to moderate renal dysfunction to be associated with a higher risk of subsequent 
cardiac events. Interestingly, intervention was more beneficial in patients with mild 
renal dysfunction than in patients with nonpathologic renal function.11 
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Materials and Methods

Between July 2001 and August 2003, the ICTUS trial enrolled 1200 patients from 42 
Dutch hospitals, 12 of which were high-volume centers with facilities for percutaneous 
intervention and on-site cardiac surgery. Patients were randomly assigned to an EIS or 
an SIS. The details of the study methods, the design, and short and long-term results 
have previously been published.12,13 In brief, eligible patients had to meet 3 criteria: 
(a) symptoms of ischemia that were increasing or occurring at rest, with the last epi-
sode occurring no more than 24 h before randomization; (b) an increase in the serum 
cTnT concentration of ≥0.03 µg/L; and (c) either of the following: ischemic changes on 
the electrocardiogram (defined as ST depression or transient ST elevation ≥0.05 mV or  
T-wave inversion ≥0.2 mV in 2 contiguous leads) or a documented history of CAD. The 
primary exclusion criteria were an age <18 years or >80 years, ST-elevation MI in the 
preceding 48 h, an indication for reperfusion therapy, hemodynamic instability or 
overt congestive heart failure, and an increased risk of bleeding. 

Patients assigned to the EIS were scheduled to undergo angiography within 24–48 h af-
ter randomization and to undergo percutaneous revascularization when the coronary 
anatomy indicated such action was appropriate. Cardiac surgery was recommended in 
cases of extensive 3-vessel disease or substantial left main stem disease and was to 
be performed as soon as possible during the initial hospitalization. Patients assigned 
to the SIS were managed medically. These patients were to undergo angiography and 
subsequent revascularization only in cases of refractory unstable angina despite opti-
mal medical treatment, hemodynamic or rhythmic instability, or substantial ischemia 
on the predischarge exercise test. Coronary angiography and revascularization after 
the initial hospital phase were performed if severe anginal symptoms remained (Ca-
nadian Cardiovascular Society class III or IV) despite optimal antianginal medication or 
when ischemia was present in an ischemia-detection test. This study complied with 
the principles set forth in the Declaration of Helsinki and was approved by all the local 
institutional review boards. All patients gave written informed consent. 

In the present substudy of the Invasive vs Conservative Treatment of Unstable Coro-
nary Syndromes (ICTUS) trial, we evaluated the prognostic value of cystatin C in nSTE-
ACS patients, and we assessed the effect of an EIS vs that of an SIS with regard to renal 
function among nSTE-ACS patients with an increased cTnT concentration. 
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Cystatin C and other biomarkers

Baseline samples were obtained at admission and were stored for central analyses 
of cystatin C, creatinine, N-terminal pro–B-type natriuretic peptide (NT-proBNP),  
C-reactive protein, and cTnT. Blood samples were collected in tubes without anticoag-
ulant, and the samples were centrifuged. The serum was then aliquoted and stored at  
–20 °C to –70 °C at the enrolling site until shipment to the clinical chemistry core labo-
ratory at the Academic Medical Center in Amsterdam, where they were maintained at  
–80 °C. Cystatin C concentrations were measured on a ProSpec analyzer (Dade Beh-
ring). Cystatin C and C-reactive protein were measured on a BNII nephelometer (Sie-
mens). Creatinine was measured on the Modular P800 System (Roche Diagnostics). 
The creatinine clearance rate was calculated with the equation of Cockcroft and Gault 
and was corrected for body surface are.14 cTnT and NT-proBNP were measured on an 
Elecsys 2010 instrument (Roche Diagnostics). The details of these assay methods are 
fully described in the Data Supplement that accompanies the online version of this 
article at http://www.clinchem.org/content/vol55/issue6. 

Other examinations

In patients randomized to the EIS, the extent of CAD was assessed from the first coro-
nary angiogram. Stenosis of ≥70% in diameter in at least one of the segments in the 
pertinent vessel area (right coronary artery, left anterior descending artery, and diago-
nal artery, and circumflex artery) was considered substantial with respect to the tra-
ditional 1-vessel, 2-vessel, and 3-vessel classification of disease. Left main stenosis was 
considered substantial if the reduction in artery diameter exceeded 50%. 
definitions of end points

The main outcomes in this study were the incidence of death within 4 years and recur-
rent spontaneous MI within 3 years after randomization. Secondary outcomes were 
the incidences of the first procedure-related MI and the first MI (first spontaneous or 
procedure-related MI) within 3 years. We defined MI as documented myocardial ne-
crosis either in the setting of myocardial ischemia or in the setting of percutaneous 
revascularization, according to the consensus committee recommendations of the 
Joint European Society of Cardiology/American College of Cardiology Committee for 
the Redefinition of Myocardial Infarction.15 Details of data collection in the long-term 
follow-up study of the ICTUS trial have previously been published.12 All end points 
were adjudicated by members of an independent clinical end point committee who 
were unaware of the patients’ treatment assignments. 
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Statistical analyses

Patients were grouped according to cystatin C tertile: <0.86 mg/L, 0.86–1.01 mg/L, and 
>1.01 mg/L. Continuous variables with a normal distribution at baseline are expressed 
as the mean (SD), and data with a nonnormal distribution are given as the median 
(25th–75th percentile). The Kruskal–Wallis rank sum test was used for continuous vari-
ables in a comparison of baseline characteristics and the severity of CAD; the Mantel–
Haenszel χ2 test was used for categorical variables. 
Event rates according to cystatin C tertiles were estimated from the Kaplan–Meier 
curve. The statistical significance of differences in event rates between cystatin C ter-
tiles was assessed by means of the log-rank test. Univariate and multivariate Cox re-
gression analysis was performed to identify the value of cystatin C concentration for 
predicting death within 4 years and spontaneous MI within 3 years. Model 1 describes 
the value of cystatin C for predicting death within 4 years and spontaneous MI within 
3 years, with no adjustments for other covariates. Model 2 includes adjustment for 
the following: sex; age >65 years; hypertension; diabetes; smoking status; hypercho-
lesterolemia; family history of CAD; history of MI; percutaneous coronary interven-
tion or coronary artery bypass grafting (CABG); use of aspirin, statins, β-blockers, and  
angiotensin-converting enzyme inhibitors before randomization; NT-proBNP≥1170 
ng/L in men and ≥2150 ng/L in women16; C-reactive protein ≥10 mg/L; cTnT ≥0.3 µg/L; 
and the presence of an ST deviation ≥0.1 mV on the admission electrocardiogram. Al-
though this study was not powered to assess the association of treatment strategy 
with morta lity and spontaneous MI, we performed an exploratory survival analysis 
with regard to cystatin C concentration for illustrative purposes. Event rates were es-
timated from the Kaplan–Meier curve, and a univariate Cox regression analysis was 
performed. Statistical analysis was performed with the Statistical Package for Social 
Sciences (SPSS 16.0 for Windows; SPSS). 
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RESU LTS
  
General findings

Serum samples for the measurement of cystatin C and creatinine concentrations were 
available for 1128 of the 1200 patients. The median cystatin C concentration was 0.93 
mg/L (25th–75th percentile, 0.82–1.09 mg/L; range, 0.55–6.63 mg/L). Patients were 
grouped according to cystatin C tertile. In patients with cystatin C concentrations 
<0.86 mg/L (first tertile), the median creatinine clearance was 102 mL/min/1.73m2 
[25th–75th percentile, 87–118 mL/min/1.73 m2]. In patients with cystatin C concentra-
tions of 0.86–1.01 mg/L (second tertile), the median creatinine clearance was 87 mL/
min/1.73 m2 [25th–75th percentile, 75–102 mL/min/1.73 m2]. In patients with cystatin C 
concentrations >1.01 mg/L (third tertile), the median creatinine clearance was 68 mL/
min/1.73 m2 [25th–75th percentile, 56–82 mL/min/1.73 m2]. 

Table 1 presents the patient characteristics according to cystatin C tertile. Higher 
baseline concentrations of cystatin C were associated with older age, a history of MI, 
previous CABG, hypertension, and high NT-proBNP concentrations. At the time of ran-
domization, patients with cystatin C >1.01 mg/L were more often being treated with 
aspirin, β-blockers, and angiotensin-converting enzyme inhibitors than were patients 
who had lower cystatin C concentrations. Medical therapies after discharge were simi-
lar across cystatin C tertiles. 
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Table 1. Patient characteristics according to the tertiles of cystatin C. 

Tertiles of cystatin C 

 

 
<0.86 mg/L 

first tertile 

n=378 

0.86–1.01 mg/L 

second tertile 

n=365 

>1.01 mg/L 

third tertile 

n=385 

 

p-value 

Age (years)  57 (10) 62 (10) 67 (9)  <0.001 

Females   88 (23%) 107 (29%) 113 (29%)  0.06 

Clinical history       

 Myocardial infarction  71 (19%) 77 (21%) 114 (30%)  <0.001 

 Percutaneous coronary intervention  47 (12%) 37 (10%) 48 (12%)  0.98 

 Coronary-artery bypass grafting  21 (6%) 35 (10%) 44 (11%)  0.004 

Risk factors       

 Hypertension  136 (36%) 115 (32%) 188 (49%)  <0.001 

 Diabetes Mellitus  50 (13%) 44 (12%) 66 (17%)  0.12 

 Hypercholesterolemia  133 (35%) 111 (30%) 149 (39%)  0.30 

 Current cigarette smoking  160 (42%) 149 (41%) 151 (39%)  0.38 

 Family history of CAD  166 (44%) 162 (44%) 150 (39%)  0.17 

Drug therapy prior to admission       

 Aspirin  112 (30%) 132 (36%) 188 (49%)  <0.001 

 ACE inhibitors  41 (11%) 43 (12%) 75 (19%)  0.001 

 Beta-blockers  106 (28%) 111 (30%) 180 (47%)  <0.001 

 Statins  101 (27%) 93 (25%) 119 (31%)  0.19 

Abnormalities on the admission ECG       

 ST-segment deviation ! 0.1mV#  200 (55%) 173 (49%) 173 (48%)  0.04 

Biomarkers at admission       

 Cardiac troponin T (µg/L)  0.26 (0.11–0.75) 0.30 (0.13–0.78) 0.32 (0.14–0.73)  0.27 

 NT-proBNP (ng/L)  432 (183–880) 477 (222–1072) 1082 (467–2324)  <0.001 

 C-reactive protein (mg/L)  3.1 (1.3–8.3) 4.1 (1.9–9.6) 5.3 (2.3–13.2)  <0.001 

 Creatinine clearance ml/min/1.73m
2
  102 (87–118) 87 (75–103) 68 (56–82)  <0.001 

Drug therapy at discharge*       

 Aspirin  352 (93%) 338 (93%) 337 (90%)  0.08 

 ACE inhibitors  112 (30%) 104 (28%) 128 (34%)  0.19 

 Beta-blockers  333 (88%) 314 (86%) 321 (86%)  0.27 

 Statins  355 (94%) 333 (91%) 342 (91%)  0.13 

Invasive procedures at 30 days after 

randomization 

      

 Coronary angiography  307 (81%) 290 (79%) 288 (75%)  0.03 

 Percutaneous coronary intervention  195 (52%) 182 (50%) 142 (37%)  <0.001 

 Coronary-artery bypass grafting  53 (14%) 49 (13%) 61 (16%)  0.47 

 
Data are number of patients (%), means (SD) or median (25

th
 and 75

th
 percentile)  

CAD = coronary artery disease, ECG = electrocardiogram, NT-proBNP= N-terminal pro-B-type 
Natriuretic Peptide 
.  
# No ECG were missing in the first tertile. In the second terile 8 and in the third tertile 23 ECGs were 
missing. 
* In patients discharged alive 
 
 

Table 1. Patient characteristics according to the tertiles of cystatin C.
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 Creatinine clearance ml/min/1.73m
2
  102 (87–118) 87 (75–103) 68 (56–82)  <0.001 

Drug therapy at discharge*       

 Aspirin  352 (93%) 338 (93%) 337 (90%)  0.08 

 ACE inhibitors  112 (30%) 104 (28%) 128 (34%)  0.19 

 Beta-blockers  333 (88%) 314 (86%) 321 (86%)  0.27 

 Statins  355 (94%) 333 (91%) 342 (91%)  0.13 

Invasive procedures at 30 days after 

randomization 

      

 Coronary angiography  307 (81%) 290 (79%) 288 (75%)  0.03 

 Percutaneous coronary intervention  195 (52%) 182 (50%) 142 (37%)  <0.001 

 Coronary-artery bypass grafting  53 (14%) 49 (13%) 61 (16%)  0.47 

 
Data are number of patients (%), means (SD) or median (25

th
 and 75

th
 percentile)  

CAD = coronary artery disease, ECG = electrocardiogram, NT-proBNP= N-terminal pro-B-type 
Natriuretic Peptide 
.  
# No ECG were missing in the first tertile. In the second terile 8 and in the third tertile 23 ECGs were 
missing. 
* In patients discharged alive 
 
 Figure 1 summarizes the angiographic findings with respect to baseline cystatin C con-
centrations in patients randomized to the EIS. The cystatin C tertiles were similar with 
respect to percentages of multivessel disease (P = 0.12). 

Table 1 continued

Figure 1. Severity of CAD at angiography according to cystatin C tertile in patients randomized to the EIS 
(P = 0.12). 1 VD, 1-vessel disease.

Data are number of patients (%), means (SD) or median (25th and 75th percentile) 
CAD = coronary artery disease, ECG = electrocardiogram, NT-proBNP= N-terminal pro-B-type Natriuretic Peptide. 
# No ECG were missing in the first tertile. In the second terile 8 and in the third tertile 23 ECGs were missing.
* In patients discharged alive
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Patients in the third cystatin C tertile were less likely to undergo percutaneous coro-
nary intervention within 30 days after randomization than patients in the first and 
second tertiles (37% in the third tertile, 50% in the second tertile, and 52% in the first 
tertile; P < 0.001). The incidences of CABG were similar across cystatin C tertiles (16%, 
13%, and 14% in the third, second, and first tertiles, respectively; P = 0.47). 

Clinical outcomes

The median follow-up time from randomization was 2.7 years for spontaneous MI and 
3.4 years for mortality. Table 2 summarizes long-term outcomes according to cystatin 
C tertile. Eighty-one patients (7.8%) died within 4 years (3.4% in the first cystatin C ter-
tile, 6.2% in the second tertile, and 13.5% in the third tertile; P < 0.001). 

Table 2. Long-term outcome according to tertiles of cystatin C. 

 

  Tertiles of cystatin C 

 

  <0.86 mg/L 

first tertile 

n=378 

 0.86–1.01 mg/L 

second tertile 

n=365 

 >1.01 mg/L 

third tertile 

n=385 

 Log-rank  

p-value 

Death within 4 years  3.4% (12) 6.2% (21) 13.5% (48)  <0.001 

Spontaneous MI within 3 years  5.5% (19) 7.5% (22) 9.8% (36)  0.03 

Procedural related MI within 3 years  8.0%(30) 11.8% (43) 7.9% (30)  0.10 

MI (spontaneous or procedural 

related) within 3 years 

 12.6% (46) 18.1% (61) 16.3% (61)  0.17 

 

Data are percentages from the Kaplan-Meier curves at long term follow-up with number of events 

between brackets. 

MI = myocardial infarction 

 

Table 2. Long-term outcome according to tertiles of cystatin C.

Data are percentages from the Kaplan-Meier curves at long term follow-up with number of events between brackets.
MI = myocardial infarction
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During clinical follow-up, 77 patients (7.6%) had a spontaneous MI. The rate of spon-
taneous MI was 5.5% in the first cystatin C tertile, 7.5% in the second tertile, and 9.8% 
in the third tertile (P = 0.03). No association was found between renal function and 
the incidence of procedure-related MI within 3 years. The cystatin C concentration was 
strongly associated with mortality within 4 years [hazard ratio (HR) for third vs first 
tertile, 4.07; 95% CI, 2.16–7.66; P < 0.001]. In a Cox regression analysis that adjusted 
for predictors of 4-year mortality, the cystatin C concentration in the third tertile re-
mained an independent predictor of 4-year mortality (HR, 2.04; 95% CI, 1.02–4.10; P = 
0.04). We also observed an association between high cystatin C concentrations and 
spontaneous MI (HR for third tertile vs first tertile, 2.06; 95% CI, 1.17–3.63; P = 0.01). 
When adjusted for these baseline characteristics, the third cystatin C tertile was still 
associated with recurrent spontaneous MI at 3 years (HR, 1.95; 95% CI, 1.05–3.63; P = 
0.04) (Table 3). 

 30 

Table 3. Hazard ratios and 95% confidence intervals for death at 4 years and spontaneous MI at 3 years 
according to baseline cystatin C concentrations 
 

  Tertiles of cystatin C 

 
  <0.86 mg/L 

first tertile 

 0.86–1.01 mg/L 

second tertile 

 >1.01 mg/L 

third tertile 

 p-value third vs. 

first tertile 

Death within 4 years       

Model 1  1 1.81 (0.89 – 3.67) 4.07 (2.16 – 7.66)  <0.001 

Model 2  1 1.41 (0.68 – 2.94) 2.04 (1.02 – 4.10)  0.04 

Spontaneous MI within 3 years 
      

Model 1  1 1.26 (0.67 – 2.35) 2.06 (1.17 – 3.63)  0.01 

Model 2  1 1.32 (0.70 – 2.50) 1.95 (1.05 – 3.63)  0.04 

 
 
Model 1 describes the predictive value of cystatin C without any adjustments for other co-variates.  
Model 2 includes adjustment for all baseline characteristics listed in table 1 (age, gender, clinical history, risk factors, 
drug therapy prior to admission, ST-segment deviation!0.1 mV and biomarkers at admission). 

Table 3. Hazard ratios and 95% confidence intervals for death at 4 years and spon-
taneous MI at 3 years according to baseline cystatin C concentrations

Model 1 describes the predictive value of cystatin C without any adjustments for other co-variates. 
Model 2 includes adjustment for all baseline characteristics listed in table 1 (age, gender, clinical history, risk factors, drug 
therapy prior to admission, ST-segment deviation≥0.1 mV and biomarkers at admission).
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Treatment strategy

For illustrative purposes, we compared the effect of an EIS to an SIS in each cystatin 
C tertile (Table 4). A comparison of treatment strategies within cystatin C tertiles re-
vealed similar rates of spontaneous MI in the EIS and the SIS (P for interaction = 0.22); 
however, we did observe a lower death rate among patients with cystatin C concen-
trations in the second tertile (0.86–1.01 mg/L) randomized to the EIS, compared with 
those randomized to the SIS (3.8% vs 8.7%). In patients with cystatin C >1.01 mg/L, an 
inverse trend was observed. The death rate in the EIS was 15.0%, compared with 12.2% 
in the SIS (P for interaction = 0.04). 

 31 

Table 4: The effect of treatment strategy on outcome for tertiles of cystatin C 
 

 early invasive 

strategy 

selective invasive 

strategy 

Hazard ratio 

(95% CI) 

p-value 

(interaction) 

Mortality within 4 years     

  Cystatin C <0.86 mg/l 4.2% (7/186) 2.6% (5/192) 1.45 (0.46-4.55) 0.04* 

  Cystatin C 0.86–1.01 mg/L 3.8% (6/185) 8.7% (15/180) 0.38 (0.15-0.98)  

  Cystatin C >1.01 mg/L 15.0% (30/200) 12.2% (18/185) 1.58 (0.88-2.84)  

Spontaneous MI within 3 years     

  Cystatin C <0.86 mg/l 5.2% (8/186) 5.8% (11/192) 0.74 (0.30-1.83) 0.22* 

  Cystatin C 0.86–1.01 mg/L 5.8% (9/185) 9.2% (13/180) 0.65 (0.28-1.51)  

  Cystatin C >1.01 mg/L 11.7% (22/200) 7.8% (14/185) 1.53 (0.79-3.00)  

 
Data are percentages from the Kaplan-Meier curves with number of events and total number of patients in brackets. 

*Significance of interaction for cystatin C in three groups. 
MI = myocardial infarction 

Table 4. The effect of treatment strategy on outcome for tertiles of cystatin C

Data are percentages from the Kaplan-Meier curves with number of events and total number of patients in brackets.
*Significance of interaction for cystatin C in three groups.
MI = myocardial infarction
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Discussion  

In the present study, cystatin C was considered as a marker for improving risk stratifi-
cation in nSTE-ACS patients with an increased cTnT concentration. We observed incre-
mental increases in mortality and spontaneous MI with increasing cystatin C concen-
tration. After adjustment for baseline characteristics (including NT-proBNP), cystatin C 
was found to be independently associated with mortality and spontaneous MI. These 
findings are in accordance with those of several previous studies and confirm the im-
portance of renal function as a marker of increased risk.2,4,5,6,17,18 The strong associa-
tion between renal function and mortality can be explained in several ways. First, mild 
renal dysfunction is associated with generalized atherosclerosis and vascular dam-
age.19 Second, mild renal dysfunction is associated with a higher incidence of known 
cardiovascular risk factors. In the present study, patients with mild renal dysfunction 
were older and more often had a history of MI, previous CABG, and hypertension. Such 
patients also presented more often with high-risk features, such as higher NT-proBNP 
concentrations, reflecting more severe left ventricular dysfunction. Third, patients with 
ACS and renal dysfunction have been demonstrated to be less likely to receive ade-
quate treatment than those without renal dysfunction.18 In our study, patients with 
high cystatin C concentrations were less likely to undergo percutaneous coronary in-
tervention, but medical therapies at discharge in patients with high cystatin C concen-
trations were similar to those in patients with lower concentrations of cystatin C. 

Patients with renal disease are often excluded from major randomized cardiovascular 
trials. Consequently, there is a lack of evidence concerning the potential benefit of in-
terventions for this growing, high-risk population.20 Little is known about the effect 
of treatment strategy on outcome in patients with renal dysfunction, because all ma-
jor strategy trials, including the ICTUS trial, have excluded patients with severe renal 
dysfunction. 

We compared the effect of an EIS with that of an SIS in each cystatin C tertile for de-
scriptive purposes. Although we observed a lower event rate in the middle tertile for 
an EIS, we can draw no definite conclusions, given the relatively small sample size. In 
the third tertile, a nonsignificant trend was seen in favor of the SIS. The Fast Revas-
cularisation during Instability in Coronary Artery Disease (FRISC-II) substudy of John-
ston et al. is the only randomized study that has reported on the long-term effects 
of revascularization with regard to renal function in patients with nSTE-ACS.11 In this 
study, nSTE-ACS patients were randomized to a noninvasive or an invasive treatment 
strategy and were stratified by tertile of creatinine clearance (<69 mL/min, 69–90 mL/
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min, and >90 mL/min). The patients were followed for 2 years for the occurrence of 
death and/or MI. There was a trend toward a higher mortality in patients with lower 
creatinine clearance among the patients randomized to the invasive treatment strat-
egy. These findings suggest an altered risk-to-benefit ratio in nSTE-ACS patients who 
have impaired renal function and undergo invasive procedures. 

There are several limitations to the present study. Admission samples for cystatin C 
and creatinine measurements were not available for 72 patients. Another limitation 
was the lack of measurements of urinary albumin excretion, so we cannot compare 
albuminuria and cystatin C as markers of preclinical kidney disease. In this study, pa-
tients were divided into cystatin C tertiles to achieve equally large groups for statisti-
cal comparisons. An alternative might have been to use the National Kidney Founda-
tion criteria for the staging of chronic kidney disease; however, this classification is 
not easily applicable in a cohort of patients with nonpathologic renal function or mild 
renal dysfunction. The comparison of an EIS with an SIS was made only for illustrative 
purposes because the study had insufficient power. Finally, no information on renal 
function was available during follow-up. 

In conclusion, in patients with nSTE-ACS who have an increased cTnT concentration, 
mild to moderate renal dysfunction is associated with a higher risk of death and spon-
taneous MI during long-term follow-up. We have shown cystatin C to be a potential 
marker for enhancement of risk stratification to identify nSTE-ACS patients with a 
higher risk of death and spontaneous MI. Additional studies are needed to provide 
information regarding optimal treatment strategies in nSTE-ACS patients with mild to 
moderate renal dysfunction.
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