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Background: The prognostic value of cardiac troponins (cTn) in patients with non-ST-segment elevation acute
coronary syndromes (NSTE ACS) and chronic kidney disease (CKD) is debated.
Hypothesis:We tested the performance of cTnI and cTnT for risk stratification in patients with CKD and
evaluated the prognostic significance of cTnI and cTnT elevations by their magnitude across the range of CKD
severity.
Methods:We examined correlations among cTn elevation, CKD, and in-hospital mortality in 31,586 high-risk
patients with NSTE ACS included in the Can Rapid Risk Stratification of Unstable Angina Patients Suppress
ADverse Outcomes with Early Implementation of the American College of Cardiology/American Heart
Association Guidelines initiative (CRUSADE). Cardiac tropinins I and T levels were categorized as ratios of
each site’s upper limit of normal (ULN) for myocardial necrosis: normal (cTn ratio �1 × ULN), mild (cTn ratio
>1–3 × ULN), and major (cTn ratio >3×ULN) elevation. Estimated glomerular filtration rate (eGFR) was
calculated using the abbreviated Modification of Diet in Renal Disease equation. Stages of CKD were
categorized as normal to mild (eGFR >60 mL/min), moderate (eGFR 30–60 mL/min), or severe (eGFR
<30 mL/min).
Results:Mortality increased more steeply across CKD stages (2.0%–12.9%) than across cTn ratio categories
(2.7%–5.4%). In normal or mild CKD, mortality was low regardless of cTn elevations. In moderate CKD,
mortality increased incrementally with cTnI (3.3% versus 5.4% versus 7.4%) and cTnT (3.7% versus 5.3%
versus 7.3%) elevation. Among severe CKD patients, only major cTn elevations further distinguished risk
(cTnI: 10.1% versus 9.7% versus 14.6%; cTnT: 7.0% versus 5.7% versus 14.0%).
Conclusions: In patients with CKD, cTnI and cTnT perform equally in differentiating short-term prognosis
following NSTE ACS; however, the prognostic impact of cTn is dependent upon the degree of CKD severity.
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Introduction
Cardiac troponins (cTn) are specific markers of myoc-
ardial necrosis—are powerful tools for risk stratification
and therapeutic decision-making in patients with non-ST-
segment elevation acute coronary syndromes (NSTE ACS).1
Chronic kidney disease (CKD) is increasingly common2

and is also an independent predictor of adverse outcomes
in NSTE ACS patients.3,4 The interpretation of cTn levels
in the setting of CKD is controversial, leaving uncertainty
regarding the degree of cTn elevation indicative of increased
risk and the clinical significance of minor cTn elevations.5–7

The relative prognostic value of cTnI versus cTnT and
the clinical significance of troponin elevation continue to be
elusive in CKD patients.8 Therefore, among patients with

NSTE ACS enrolled in the Can Rapid Risk Stratification of
Unstable Angina Patients Suppress ADverse Outcomes with
Early Implementation of the American College of Cardiol-
ogy/American Heart Association Guidelines (CRUSADE)
initiative, we tested the relative performance of cTnI and
cTnT for risk stratification in patients with CKD and evalu-
ated the prognostic significance of cTnI and cTnT elevations
by their magnitude across the range of CKD severity. We
sought to clarify the nature of the association between
troponin elevation, CKD, and the risk of short-term death
following NSTE ACS.

Methods
The CRUSADE initiative is an observational registry of
patients with high-risk NSTE ACS admitted to US hospitals
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Clinical Investigations continued

since November 2001. Data collection in CRUSADE is
described elsewhere.9

Inclusion criteria are acute ischemic symptoms at rest
�10 min within 24 h of hospital arrival and 1 of the follow-
ing high-risk features: ST-segment depression �0.5 mm,
transient ST-segment elevation 0.5–1.0 mm (lasting for
<10 min), and/or positive cardiac markers (elevated cTnI
or T and/or creatine kinase-MB >upper limit of normal
[ULN] for the local laboratory assay).

Study Population
Overall, 31,586 patients of the 38,331 CRUSADE patients
admitted at 404 hospitals from 3/2003 through 3/2005
were included. We excluded 696 patients who transferred
out, 2,952 who transferred in from another hospital, 1,038
with inadequate troponin data, and 2,059 with missing
data for variables (age, sex, race, creatinine level) used to
calculate estimated glomerular filtration rate (eGFR) with
the Modification of Diet in Renal Disease (MDRD) formula.

Categorization of Troponin Data
The CRUSADE initiative collects cTn data including assay
type (I or T), ULN for determining definite myocardial
necrosis, and absolute cTn value. Sites document cTn
values at baseline (first troponin sample drawn after
presentation) and peak troponin level (maximum value
recorded during hospitalization). Troponin values were
categorized according to multiples of the ULN defined
by the maximum troponin ratio (highest recorded troponin
value/ULN) as follows: �1 × ULN (normal), >1–3× ULN
(minor troponin elevation), and >3 × ULN (major troponin
elevation). If the peak troponin value was captured >24 h
from hospital presentation, the baseline value was used for
determining maximum troponin ratios.

Categorization of Chronic Kidney Disease
The abbreviated MDRD formula was used to calculate the
eGFR ([mL/min/1.73 m2 of body surface area] = 186 ×
[serum creatinine in mg/dL]−1.154 × [age in years]−0.203×
[0.742 if female] × [1.210 if African-American]).10 Patients
were divided into groups: stage 1–2 (eGFR >60 mL/min,
normal and mild CKD), stage 3 (eGFR 30–60 mL/min,
moderate CKD), and stage 4–5 (eGFR <30 mL/min, severe
CKD and end-stage renal disease).11

Statistical Methods
Baseline characteristics, medication and procedure use,
hospital features, and in-hospital outcomes were compared
across troponin ratio categories for each assay type (I and
T). Because trends were similar regardless of assay type,
the overall population was also characterized by troponin
elevation category. Continuous variables are described as
medians (with 25th and 75th percentiles) and categori-
cal variables as frequencies. Continuous variables were
compared using Jonckheere-Terpstra tests, and categorical
variables using Cochran-Armitage Trend tests.

Unadjusted mortality rates were calculated for each tro-
ponin category and assay type across renal function groups.

A subgroup analysis excluding patients receiving dialysis
at hospital presentation was performed to eliminate any
confounding effect of dialysis on the relationship between
troponin elevation and mortality. Mortality estimates were
adjusted for demographics, baseline characteristics, and
hospital features that may influence the risk of in-hospital
mortality.12 Because patients within a hospital were more
likely to be similar, all adjusted analyses were performed
using generalized estimating equation models to account
for correlations among clustered responses (e.g., within-
hospital correlations).13 All odds ratios were reported with
the troponin ratio of �1 ×ULN as the reference group. A
p-value <0.05 was considered statistically significant. All
analyses were performed using SAS software (version 8.2,
SAS Institute, Cary, NC, USA).

Results
Categories of Troponin Elevation and Chronic Kidney Disease
Most patients (80.4%) were evaluated with cTnI assays.
Overall, 5,529 patients (17.5%) had normal troponin values,
5,214 (16.5%) had mild values, and 20,843 (66.0%) had major
troponin elevations. A total of 17,743 patients (56.2%) had
normal or mild CKD, 10,273 patients (32.5%) had moderate
CKD, and 3,570 patients (11.3%) had severe CKD, of which
896 (2.8%) were on dialysis.

Patient Characteristics, In-hospital Treatment,
and Clinical Outcomes by Troponin Ratio Categories
Compared with those without troponin elevation, patients
with troponin elevation were older, more likely to have
signs of heart failure at presentation, and more likely to
have moderate and severe CKD (Table 1).

Treatment differences during the hospital phase of care
were noted across troponin ratio categories (Table 2).

The incidence of in-hospital adverse clinical outcomes
increased substantially across all categories of troponin
elevation, with the highest incidence in patients with major
troponin elevations (Table 3).

Relations between cTnI and cTnT Elevation, Chronic Kidney
Disease, and Mortality
The unadjusted incidence of death was analyzed across
the spectrum of CKD overall and by degree of cTnI and
cTnT elevation. A sixfold increase in short-term mortality
was observed between patients with normal to mild CKD
(2.0%) and those with severe CKD (12.9%) (Figure 1). When
the incidence of death was analyzed separately for cTn
ratio categories, patients with normal to mild CKD had low
mortality regardless of troponin elevation, both with cTnT
(1% versus 2.2% versus 2.6%) and with cTnI (1.7% versus
2.1% versus 2.1%). Among patients with moderate CKD,
the incidence of death increased progressively with both
cTnI (3.3% versus 5.4% versus 7.4%) and cTnT (3.7% versus
5.3% versus 7.3%) elevations. Among patients with severe
CKD, the mortality rate was higher only when troponin
elevations were major, without appreciable differences
between cTnI (10.1% versus 9.7% versus 14.6%) and cTnT
(7% versus 5.7% versus 14%) elevations in predicting
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TABLE 1: Patient characteristics by troponin ratio category

Characteristic
Overall

(N = 31, 586)
cTn ratio � 1× ULN

(n = 5, 529)
cTn ratio >1–3× ULN

(n = 5, 214)
cTn ratio >3 × ULN

(n = 20, 843)

Demographics (%)

Median age (y)a 70 (57, 80) 66 (55, 77) 71 (58, 80) 70 (58, 81)

Male sex 58.6 59.8 55.3 59.2

White race 80.4 77.2 77.4 81.9

Medical history (%)

Hypertension 71.7 73.4 74.7 70.5

Diabetes mellitusb 33.9 34.4 35.9 33.2

Current/recent smoking 24.8 23.7 22.7 25.6

Hyperlipidemia 49.5 54.0 49.2 48.4

Prior stroke 11.1 9.3 11.6 11.5

Prior myocardial infarctionb 30.8 32.4 32.0 30.2

Prior CHF 20.1 15.9 23.3 20.4

Prior percutaneous coronary intervention 21.5 29.3 23.6 18.9

Prior coronary artery bypass grafting 20.9 24.9 22.5 19.5

Presenting characteristics (%)

ST depression 36.0 52.5 29.2 33.3

Transient ST elevation 6.8 10.3 4.4 6.5

Signs of CHF 26.6 18.9 28.1 28.3

Heart rate (bpm)a 84 (71, 100) 80 (69, 95) 85 (72, 100) 86 (72, 102)

Systolic blood pressure (mmHg)a 145 (125, 167) 148 (129, 169) 146 (126, 168) 144 (124, 166)

Chronic kidney disease stages, eGFR mL/min (%)

<30 11.3 7.5 12.5 12.0

30–60 32.5 29.7 33.9 32.9

>60 56.2 62.8 53.6 55.0

p-values across categories of troponin elevation are <0.0001, except where indicated. aPresented as median (25th, 75th percentiles). b p<0.01.
Abbreviations: CHF = congestive heart failure, eGFR = estimated glomerular filtration rate, Tn = troponin, ULN = upper limit of normal.

mortality. The relationship between troponin elevation and
mortality in patients with severe CKD did not change
substantially when dialysis patients were excluded from the
analysis.

After adjustment, the level of troponin elevation was
only associated with in-hospital mortality among patients
with moderate CKD and major cTnI elevations (odds
ratio [OR] 1.84; 95% confidence interval [CI] 1.34–2.54,
p<0.0012).

Discussion
In this high-risk NSTE ACS population, 82% of patients
had elevated troponins and 44% had moderate to severe
CKD. Patients with major troponin elevations had a two fold
absolute increase in risk of death compared with patients
with normal troponin values. In contrast, patients with severe
CKD had a sixfold increase in risk of death compared with
patients with normal renal function. The troponin level
associated with increased risk differed as a function of the
severity of kidney disease.
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Clinical Investigations continued

TABLE 2: Medications and in-hospital procedures by troponin ratio categorya

Overall
(n = 31, 586)

cTn ratio � 1× ULN
(n = 5, 529)

cTn ratio >1–3× ULN
(n = 5, 214)

cTn ratio >3 × ULN
(n = 20, 843)

Medication (%)

Aspirin 95.1 94.3 94.3 95.6

Heparin, any 86.6 77.1 83.8 89.9

Glycoprotein IIb/IIIa inhibitors 43.1 28.8 32.5 49.8

Beta-blockers 88.0 82.0 85.9 90.2

Clopidogrel 52.3 47.1 48.3 54.8

Angiotensin-converting enzyme inhibitors 49.9 45.3 49.8 51.2

Procedures (%)

Cardiac catheterization 84.5 78.1 79.5 87.6

Percutaneous coronary intervention 50.3 46.7 46.9 52.2

Coronary artery bypass grafting 13.4 10.0 12.4 14.6

a For eligible patients without listed contraindications. p-values across categories of troponin elevation are <0.001. Abbreviations: Tn = troponin
ULN = upper limit of normal.

TABLE 3: Unadjusted in-hospital clinical outcomes by troponin ratio category

Outcome (%)
Overall

(n = 31, 586)
cTn ratio � 1× ULN

(n = 5, 529)
cTn ratio >1–3× ULN

(n = 5, 214)
cTn ratio >3 × ULN

(n = 20, 843)

Death 4.7 2.7 4.1 5.4

Cardiogenic shock 2.6 1.9 2.0 3.0

Congestive heart failure 8.7 6.1 8.5 9.5

Any red blood cell transfusion 14.9 11.4 14.1 16.1

p-values across categories of troponin elevation are <0.001. Abbreviations: Tn = troponin, ULN = upper limit of normal.

Risk Stratification with Troponin Levels in Patients with Chronic
Kidney Disease
The prognostic significance of elevated troponin among
patients with NSTE ACS and CKD has been contro-
versial.14,15 Previous reports demonstrated that cTnT was
more frequently elevated than cTnI in patients with CKD
without evidence of myocardial injury, and cTnI appeared to
be a superior marker of cardiac injury in patients undergoing
dialysis.5,16

Conversely, recent analyses report that cTnT maintains
its predictive value for the short- and long-term risk of death
or myocardial infarction in ACS patients across all degrees
of kidney disease.7,8,17,18 These contradictory results on
the prognostic power of troponins may be explained by
the use of different generations of troponin assays, as well
as variability in the threshold of troponin chosen among
different studies. Troponin I and T also have differences
in cellular distribution, kinetics of release patterns, and
biochemical modification that are not fully understood in

patients with renal insufficiency.6,7 We know that minor
troponin elevations are frequently found among patients
with severe CKD, but patients enrolled in CRUSADE also
have symptoms thought to be attributable to ischemia.
Moreover, because it would be cumbersome to analyze
troponin results in a core laboratory in an observational
analysis such as CRUSADE, we rely on best available data
from local laboratory assays. Evaluating cTnI and cTnT as
a function of each hospital’s ULN, we found no substantial
differences between the prognostic information from cTnI
and cTnT.

We demonstrate that troponin was most prognostic
among patients with moderate CKD. Owing to the high-
risk nature of those with severe CKD, only major troponin
elevations added any information in this group. The
prognostic significance of troponin elevations in NSTE ACS
may be strongly influenced by the presence of concomitant
kidney disease and other baseline comorbidities. Therefore,
the initial management of patient with NSTE ACS should
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Figure 1: Unadjusted in-hospital mortality rates by troponin ratio
categories (left) and degree of chronic kidney disease (right).

take into account the presence of CKD and the degree of
troponin elevation equally, to ensure a balanced approach
to treatment.

Limitations
Only baseline and peak troponin values were collected,
so we could not assess serial troponin measurements.
Furthermore, lacking information on the specific manu-
facturer of cTnI assay, these results represent composite
findings, and we cannot exclude the possibility of variation
among commercially available assays. Also, cTnT and cTnI
were evaluated separately because patients who had cTnT
obtained differed from those who were evaluated with cTnI.
We defined the categories of troponin elevation using the
maximum troponin ratio, but this technique for normal-
izing results from different troponin assays has not been
validated in ACS populations. Finally, we did not assess
long-term prognosis because CRUSADE is limited to the
in-hospital period.

Conclusion
Both cTnI and cTnT are equal at prognostic differentiation
in patients with CKD. However, in patients with NSTE ACS,
cardiac troponin elevation increases risk two fold, while
CKD increases risk sixfold from normal to a severe degree.
The short-term prognostic value of cTn elevations must be
considered in the context of CKD severity.
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