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Cardiac troponin-I accurately predicts myocardial injury in renal failure
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Abstract sary cardiac testing in renal failure patients, while the
enhanced sensitivity contributes to risk stratificationBackground. Non-specific elevations of creatine kinase

isoenzymes (CK-MB) and cardiac troponin-T may be and aids in diagnosing true myocardial injury in this
population susceptible to non-specific elevations inseen in renal failure, confusing the diagnosis of

myocardial infarction. Cardiac troponin-I (cTn-I ) has other muscle enzymes.
been shown to be specific for myocardial damage in

Key words: end-stage renal disease; myocardial isch-several disease states, but has not been prospectively
aemia; renal failure; troponin-Ievaluated in the setting of renal failure.

Methods. This prospective case series evaluated 56
patients with acute or chronic renal failure or end-
stage renal disease to assess the sensitivity and specifi- Introduction
city of cTn-I for detecting myocardial injury in this
patient population. During a 6-month period, patients The conventional tools for diagnosing acute myocard-
admitted with suspected myocardial injury by history, ial injury have been history and physical examination
physical examination, and electrocardiography were in conjunction with 12-lead electrocardiography
evaluated. Cardiac troponin-I (cTn-I ) measurements (ECG), serial creatine kinase isoenzyme (CK and
were assessed between 8 and 48 h after admission. CK-MB) measurements, and determination of lactate
Appropriate medical care and further cardiac testing dehydrogenase (LDH) isoenzyme ratios. Unfor-
(echocardiography, stress testing, or arteriography) tunately, CK-MB assays can be misleading in renal
was performed at the discretion of the primary failure due to non-specific enzyme elevations in 5–50%
physician. of renal patients [1,2]. Efforts to improve patient triage
Results. Myocardial injury was diagnosed in 18/56 and cost-effective use of cardiac care facilities have
(32%) patients by positive cTn-I levels, while only 7/56 spurred continuing interest in defining rapid assays for
(13%) patients had evidence of myocardial damage by accurately ruling out acute myocardial injury.
CK-MB. Twenty-one of 56 (38%) patients had inde- One set of assays has focused on proteins from the
terminate CK-MB levels and 53% of these patients troponin complex. Three troponin subunits regulate
demonstrated myocardial ischaemia on follow-up test- muscle contraction by modulating the calcium-
ing. Sixteen patients had negative cardiac studies; all dependent interaction of actin and myosin: the tropo-
of these patients had negative cTn-I levels, while seven myosin-binding subunit T, the calcium-binding subunit
of these 16 (44%) patients had indeterminate CK-MB C, and the actomyosin-ATPase-inhibiting subunit I.
measurements. All of the patients with positive cTn-I Troponin-I exists in three isoforms: slow-twitch, fast-
levels had positive cardiac studies. Positive troponin twitch, and cardiac. Cardiac troponin-I (cTn-I ) is the
levels were associated with increased in-hospital mor- 26.5 kDa isoform of the muscle subunit, and is genetic-
tality. Sensitivity and specificity for CK-MB were ally and structurally distinct from that produced in
44and 56% respectively, and 94 and 100% for cTn-I. extracardiac muscle [3,4].
Conclusion. These data support the use of cTn-I for Studies have demonstrated that cTn-I and cardiac
diagnosing myocardial injury in patients with renal troponin-T (cTn-T) correlate with acute myocardial
failure. Elevated cTn-I levels are associated with injury in the general population, both turning positive
increased short-term mortality in renal failure patients. within 6–8 h and remaining so for at least 4–7 days
The accuracy of cTn-I could potentially limit unneces- [5,6 ]. Spurious cTn-T elevations, similar to CK-MB,

have been identified in patients with renal failure [7,8].
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has not been prospectively evaluated in the setting of group and cTn-I negative group had evidence of
myocardial ischaemia on follow-up testing. However,renal failure. Therefore this study investigated whether

cTn-I is a more accurate predictor of myocardial injury a positive cTn-I was highly predictive of a positive
diagnostic cardiac test in follow-up (Table 1).than CK-MB in patients with renal failure.

Twenty-one of 56 (38%) patients enrolled had inde-
terminate CK-MB results. Nine of these 21 had positive

Subjects and methods cTn-I values. Of those with indeterminate CK-MB
values, 53% (8/15) demonstrated myocardial ischaemia

Patients on follow-up testing, while six patients did not undergo
further cardiac evaluation. Of patients with indetermin-

A prospective, observational, case-series study was imple- ate CK-MB and positive cTn-I values, all had positive
mented at an academic medical centre (Vanderbilt University cardiac studies. Likewise, seven of eight (88%) with
Medical Center) and an associated teaching hospital (St indeterminate CK-MB and negative cTn-I values hadThomas Hospital ). During a 6-month period, 56 patients

negative studies.with end-stage renal disease (ESRD), chronic renal failure
Elevated cTn-I levels were associated with a signific-(CRF), or acute renal failure (ARF) admitted with a primary

antly worse in-hospital prognosis, particularly amongdiagnosis of suspected myocardial injury were evaluated. The
patients with CRF/ESRD. The mortality rate forstudy population consisted of equal numbers of males and

females, with a mean age of 62 years. There were 24 African- patients with elevated cTn-I levels was 29% (4/14),
Americans, 31 Caucasians, and one Asian; 50 patients with while only five of 33 (15%) of patients with normal
CRF/ESRD and six patients with ARF. All patients except cTn-I levels died during hospitalization (P<0.001).
one had at least two co-morbid illnesses (hypertension, Sensitivity and specificity for CK-MB in this study
diabetes, coronary artery disease or congestive heart failure, were respectively 44% (95% confidence interval,
obstructive lung disease, peripheral vascular disease, or car- 20–68%)and 56% (95% confidence interval, 32–80%).diac arrhythmias). All patients were evaluated by history,

Values for cTn-I were much higher at 94% sensitivityphysical examination, ECG, and serial CK with CK-MB
(95% confidence interval, 82–106%) and 100% specifi-measurements. Each patient had one serum cTn-I determina-
city. Positive and negative predictive values were excel-tion between 8 and 48 h after admission. A positive cTn-I
lent for both CK-MB (100 and 90% respectively) andlevel was defined as>0.8 ng/ml. CK-MB levels were consid-

ered positive when the total CK was elevated with an MB for cTn-I (100 and 94%), though CK-MB calculations
fraction>5% while levels were negative when the MB fraction were confounded by the inclusion of the large ‘inde-
was<5% (regardless of total ). CK-MB assays were consid- terminate’ category.
ered indeterminate when total CK levels were within normal
limits but MB fractions were>5%. Both laboratory assays
were fluorometric enzyme immunoassays (Stratus, Dade Discussion
International, Miami, Florida, USA). A marker was consid-
ered elevated if it was above the established normal range at

The use of CK-MB alone for diagnosing myocardialany time during the suspected myocardial event, and each
infarction can be misleading in patients with renalsuspected myocardial event within the study period was
failure given the significant number of false positive orconsidered independently. Further cardiac testing was per-

formed at the discretion of the patient’s primary physician, indeterminate results [1,2]. In this study we evaluated
and a positive test was defined as demonstrating a new cTn-I as a marker for myocardial injury in patients
cardiac abnormality (by echocardiography or nuclear with renal failure, and found it to be more sensitive
imaging) or severe occlusive coronary artery disease (by and specific than CK-MB in this patient population.
arteriography). Moreover, the group of patients with indeterminate

CK-MB values had a high incidence of cardiac abnor-
Statistical methods malities on follow-up cardiac testing, which were cor-

rectly predicted by cTn-I levels.
Test characteristics were calculated from data gathered on Positive and negative CK-MB assays correlated well
patients with available follow-up cardiac testing. Data are with positive and negative cTn-I assays. Positive andreported as percentages with 95% confidence intervals.

negative cTn-I levels demonstrated little or no correla-Statistical comparisons between groups were performed with
tion with CK-MB measurement due to the largea two-tailed t test or Chi square analysis where indicated. A
number of indeterminate CK-MB values. Despite theP value less than 0.05 was considered statistically significant.
high prevalence of ischaemic heart disease in the renal
failure population, sensitivity and specificity for

Results CK-MB are of limited value due to the large number
of ‘indeterminate’ patients. Indeed, by designating a
‘CK-MB indeterminate’ category we have artificiallyThe study cohort was contrasted by CK-MB or cTn-I

and stratified according to diagnostic testing as shown enhanced the predictive values of positive and negative
CK-MB categories.in Figure 1. Myocardial injury was diagnosed in seven

of 56 (13%) patients by standard CK-MB determina- Elevated cTn-I levels were highly predictive of posit-
ive cardiac testing. In addition, elevated cTn-I measure-tion, while 18/56 (32%) were positive by cTn-I testing.

All patients with negative CK-MB were also cTn-I ments distinguished a group of patients with worse
short-term prognosis, similar to that reported by Applenegative. One patient each in the CK-MB negative
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Figure 1.

and Antman [15,16 ]. It has been suggested that cTn-I be reasonable to consider cTn-I the rapid assay of
choice for evaluating myocardial injury in the renalis significantly more sensitive than other muscle enzyme

assays in distinguishing cardiac muscle damage of any failure population.
This study is limited by its observational nature andaetiology, i.e. ischaemia, inflammation, or trauma

[17–19]. It is possible that cTn-I elevations in the face the moderate amount of follow-up data used to calcu-
late test characteristics. Additionally, because of theof normal CK-MB concentrations represented patients

in an unstable phase of cardiac disease, and may have small population size, this study is subject to beta
error. Yet it is important to recognize that ultimatelyidentified patients who had sustained significant car-

diac injury several days prior or in whom cardiac there is no ‘gold standard’ for determining the accuracy
of positive and negative cardiac serodiagnosticinjury was an ongoing phenomenon. The release kinet-

ics of cTn-I have led to the proposal that current cTn-I markers. We included three forms of cardiac evalu-
ation, each with strengths, weaknesses, and the pos-assays replace LDH isoenzymes in evaluating subacute

myocardial injury [20]. Given the calculated sensitivity sibility of false positives and negatives. The method of
cardiac evaluation was determined by the primaryof cTn-I in this study and the known false positive or

indeterminate rate inherent to CK-MB assays, it may physician or consulting cardiologist, recognizing the

Table 1. Correlation of serum cTn-I concentrations and positive cardiac testing

Diagnostic test Total New myocardial New myocardial P value of
number of injury with injury with elevated vs
tests normal cTn-I elevated cTn-I normal cTn-I

Echocardiogram* 26 1 12 <0.0001
Nuclear study 9 0 3 <0.02
Cardiac catheterization 8 0 5 <0.005

*Includes two-dimensional and stress echocardiography.
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