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Single-Point Cardiac Troponin T at Coronary
Care Unit Discharge after Myocardial Infarction
Correlates with Infarct Size and Ejection Fraction
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Background: One of the major concerns in replacing
creatine kinase MB (CK-MB) with cardiac troponins is
the lack of evidence of the ability of troponins to
estimate the size of acute myocardial infarction (AMI).
We investigated the ability of a single measurement of
cardiac troponin T (cTnT) at coronary care unit (CCU)
discharge to estimate infarct size and assess left ventricular (LV) function in AMI patients.
Methods: We studied 65 AMI patients in whom infarct
size was estimated by CK-MB peak concentrations and
gated single-photon emission computed tomography
(SPECT) myocardial perfusion using technetium-99m
sestamibi and LV function by SPECT imaging. Measurements of cTnT and SPECT were performed 72 h
(median) after admission (range, 40 –160 h). SPECT was
also repeated 3 months later.
Results: We found a significant correlation between cTnT
and both the peak CK-MB concentrations (r ⴝ 0.76; P
<0.001) and the perfusion defect size at SPECT (r ⴝ 0.62; P
<0.001). cTnT was inversely related to LV ejection fraction
(LVEF) assessed both early (r ⴝ ⴚ0.56; P <0.001) and 3
months after AMI (r ⴝ ⴚ0.70; P <0.001). cTnT >2.98 g/L
predicted a LVEF <40% at 3 months with a sensitivity of
86.7%, specificity of 81.4%, and a likelihood ratio for a
positive test of 4.7 (95% confidence interval, 4.0 –5.4).
Conclusions: A single cTnT measurement at CCU discharge after AMI is useful as a noninvasive estimate of
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infarct size and for the assessment of LV function in
routine clinical setting.
© 2002 American Association for Clinical Chemistry

The evaluation of infarct size after acute myocardial infarction (AMI)4 is important for predicting the subsequent
clinical course and to validate the effectiveness and clinical
relevance of therapeutic interventions (1–3 ). Quantitative
histologic estimates of infarct size are regarded as the gold
standard, but the method has little clinical relevance. It is
desirable to find a simple and reliable method with which to
quantify infarct size (4, 5 ). Various methods, such as electrocardiography, echocardiography, left ventriculography, radionuclide-based measurements, and the release of cardiac
biomarkers, have been proposed (6 ).
In clinical practice, the extent of injury to the myocardium
after AMI is generally assessed by creatine kinase MB
isoenzyme (CK-MB) release curves using serial serum sampling (7, 8 ). Although quantitative calculations based on the
area under the CK-MB-vs-time curve are seldom made,
many physicians use peak CK-MB to get a qualitative
estimate of the size of the infarct (9, 10 ). The well-known
limitations of CK-MB measurements, such as the short
duration of increase after AMI, the requirement for repetitive, frequent sampling for evaluation of peak concentrations, the sensitivity to reperfusion status, and the lack of
specificity for cardiac damage, have stimulated the search
for a more suitable biomarker for sizing infarcts (11 ).
Cardiac troponin T (cTnT) is a cardiac-specific protein
that is compartmented in the contractile apparatus of the
myocardial cell. Its release process into the blood after
myocardial injury is slow (cTnT is present in plasma for
more than 120 h after AMI), and it is only slightly affected

4
Nonstandard abbreviations: AMI, acute myocardial infarction; CK-MB,
creatine kinase MB isoenzyme; cTnT, cardiac troponin T; CCU, coronary care
unit; LV, left ventricular; SPECT, single-photon emission computed tomography; LVEF, LV ejection fraction; and CI, confidence interval.
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by reperfusion of the infarct zone (12 ). For these reasons,
plasma cTnT has been used for estimation of infarct size
in animals (13–16 ). In humans, only two clinical studies
have examined the correlation of plasma cTnT release to
infarct size, and both studies used serial measurements to
calculate cTnT peak concentrations and the areas under
cTnT curves (17, 18 ). However, in clinical practice serial
analyses are neither feasible nor cost-effective.
In the present study, we investigated the ability of a
single-point measurement of circulating cTnT concentrations, performed on the day of discharge from the coronary
care unit (CCU), to estimate the infarct size and assess left
ventricular (LV) function in AMI patients in comparison
with results obtained from gated single-photon emission
computed tomography (SPECT) imaging.

Materials and Methods
patient population
A total of 65 patients with AMI (58 men and 7 women;
median age, 53 years; range, 24 –78 years) who were admitted to our CCU between May 2000 and June 2001 were
prospectively enrolled for this study. These were not consecutive admissions, but no conscious bias was applied in
their selection. We included patients who satisfied all the
following criteria: (a) typical serial changes in serum CK-MB
mass concentrations and electrocardiographic evidence of
AMI; (b) hospitalization within 20 h after the onset of
symptoms; (c) no evidence of prior AMI; and (d) informed
consent to allow an extra blood sample to be collected for
cTnT analysis at CCU discharge and to undergo SPECT
imaging (radiation exposure, 0.6 Rad). The procedures followed were in accordance with the current revision of the
Helsinki Declaration. The diagnosis of AMI was made in
each patient by a cardiologist without access to cTnT or
scintigraphic results. The approximate anatomic region of
AMI was determined by electrocardiogram.
Of the 65 patients enrolled, 47 had sustained an anterior and 18 an inferior wall AMI. On admission (median
time from symptom onset, 4.5 h; range, 0.5–19 h), all but
two patients, who showed left bundle branch block,
showed ST elevations or depressions ⱖ0.1 mV in at least
two contiguous leads in their electrocardiograms. Subsequently, new persistent Q waves developed in 39 (60%)
patients. Fifty-five (84.6%) patients underwent revascularization: 15 received intravenous thrombolytic therapy, 28
primary percutaneous transluminal coronary angioplasty,
and 12 both. The remaining 10 patients were treated with
conventional therapy. Except for a patient who died
suddenly of a subarachnoid hemorrhage 2 weeks after
admission, all patients had an uncomplicated AMI course
(no reinfarction) throughout the study period.

protocol
Serial venous blood (serum) samples for CK-MB peak estimation were taken every 6 h throughout the first 48 h after
CCU admission. In addition, for cTnT measurements, a
single blood sample was collected into tripotassium EDTA
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on the morning of the day of CCU discharge (median time
after admission, 72 h; range, 40 –160 h). Blood samples were
centrifuged immediately, and biochemical assays were performed without delay. At the time blood was collected for
cTnT, LV function and infarct size were evaluated by gated
SPECT imaging. An additional SPECT estimation of LV
function was performed in 58 of the enrolled patients ⬃3
months after hospital discharge. Of the originally enrolled
population, one patient died and six patients refused repetition of the SPECT procedure.

laboratory assays
CK-MB mass was measured on an Elecsys® 2010 system
(Roche Diagnostics). A previously calculated upper reference limit of 6 g/L was used. cTnT was measured with the
same Elecsys analyzer using the third-generation assay (19 ).
The detection limit of the assay is 0.01 g/L, and the
decision limit used in our hospital for AMI diagnosis is 0.03
g/L, i.e., the cTnT concentration that meets the imprecision
goal of 10% total CV (20, 21 ). We used CK-MB peak values
as biochemical estimates of infarct size (9, 10 ). A value was
defined as a peak if it was the highest in the concentration
time course and if we observed at least one lower value
before and after this maximum value.

scintigraphy
Scintigraphic estimation of infarct size by gated SPECT
with technetium-99m sestamibi was performed in resting
patients on the day of CCU discharge (22 ). Quantitative
defect size as measurement of infarct size was expressed
as the percentage of total LV mass. Gated SPECT imaging
also provided information on LV function. In particular,
the LV ejection fraction (LVEF) was calculated by dividing the difference between LV end-diastolic volume and
LV end-systolic volume by the LV end-diastolic volume.
A second SPECT study of LVEF was also performed ⬃3
months after patients were discharged from the hospital.
Procedures and data analysis were performed by independent investigators with no knowledge of patient histories or the results of tests for biochemical markers.

statistical analysis
Medians and ranges were calculated to describe continuous variables. Correlations were calculated using standard linear regression analysis. P ⬍0.05 was considered
significant. ROC curves were constructed to examine the
relationship between cTnT concentration and LVEF. For
ROC analysis, the patients were categorized into two
datasets, those with a LVEF ⬍40% and those with a LVEF
ⱖ40%, producing a binary classification. The 40% LVEF
cutoff had been shown in previous clinical trials to have
prognostic significance (23, 24 ). The ability of cTnT to
assign AMI patients accurately into the two groups was
determined by calculating the area under the ROC curve.
According to the Swets scheme for interpreting the area
under the ROC curve (25 ), values of 0.5– 0.7 indicate low
diagnostic accuracy, values of 0.7– 0.9 suggest limited
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clinical utility, and values ⬎0.9 indicate high global
diagnostic accuracy. The sensitivity, the specificity, and
the likelihood ratio at the best decision value were also
calculated. The 95% confidence intervals (CIs) for the
population proportions were calculated from the sample
proportions by use of the appropriate upper-tail probability. All statistical analyses were performed using MedCalc® for Windows (MedCalc Software).

Results
The perfusion defect sizes at SPECT, expressed as the
percentage of left ventricle, ranged from 0% to 63%
(median, 21%), and LVEF in the acute phase ranged from
17% to 58% (median, 40%). CK-MB peak concentrations
ranged from 17 to 1323 g/L, with a median value of 275
g/L. We found a significant positive correlation between
plasma cTnT concentrations (median, 2.27 g/L; range,
0.04 –7.55 g/L) and both peak CK-MB (r ⫽ 0.76; P
⬍0.001; Fig. 1) and perfusion defect size at SPECT (r ⫽
0.62; P ⬍0.001; Fig. 2). We also found a close correlation
between peak CK-MB concentrations and scintigraphic
defect sizes (r ⫽ 0.66; P ⬍0.001).
When we assessed the relationships between cTnT and
the indices of LV function obtained by SPECT performed
at the time of CCU discharge, cTnT was inversely correlated with LVEF (r ⫽ ⫺0.56; P ⬍0.001; Fig. 3A) and
positively correlated with LV end-systolic volume (r ⫽
0.58; P ⬍0.001) and LV end-diastolic volume (r ⫽ 0.55; P
⬍0.001). cTnT ⬎2.27 g/L predicted a LVEF of ⬍40% at
CCU discharge with a sensitivity of 82.8% (95% CI,
64.2–94.1%), a specificity of 80.0% (95% CI, 63.1–91.5%),
and a likelihood ratio for a positive test of 4.1 (95% CI,
3.7– 4.7). ROC curve analysis produced an area under the
curve (⫾ SE) of 0.82 ⫾ 0.05 (95% CI, 0.71– 0.91; Fig. 4).
When we assessed the relationship between cTnT
measured at CCU discharge and SPECT indices obtained
3 months after AMI, the overall accuracy of cTnT in
predicting LV function increased significantly. cTnT re-

Fig. 1. Correlation between cTnT at CCU discharge and peak CK-MB
concentrations in patients with AMI.

Fig. 2. Correlation between cTnT and the scintigraphic estimate of
infarct size, both measured at CCU discharge, in patients with AMI.

mained significantly inversely correlated with LVEF (r ⫽
⫺0.70; P ⬍0.001; Fig. 3B), and the area under the ROC
curve was 0.91 (95% CI, 0.80 – 0.97), indicating the high
diagnostic accuracy of cTnT (Fig. 4). cTnT ⬎2.98 g/L
predicted a LVEF of ⬍40% at 3 months after AMI with a
sensitivity of 86.7% (95% CI, 59.5–98.0%), a specificity of
81.4% (95% CI, 66.6 –91.6%), and a likelihood ratio for a
positive test of 4.7 (95% CI, 4.0 –5.4). The results of a
reanalysis to examine the effect of revascularization by
excluding the 10 patients who did not receive reperfusion
therapy were not different from the results for all patients.

Discussion
Estimation of the extent of myocardial injury from the
release of CK-MB into plasma is a common clinical
practice (11 ). However, cardiac troponins have recently
been proposed as a new biochemical standard for diagnosis of AMI; consequently, hospitals may want to consider the replacement of CK-MB with cardiac troponins
(20 ). One of the major concerns about replacing CK-MB
with cardiac troponins is the lack of robust evidence on
the ability of troponins to estimate the AMI size in clinical
practice (26 ). Few studies have evaluated troponins as
markers for assessment of infarct size in comparison with
traditional serologic markers and other techniques
(17, 18, 27 ). Consequently, we decided to evaluate the
ability of cTnT to predict infarct size and LV function in
patients with AMI admitted to CCU of our general
hospital to support the definitive implementation of cTnT
and the replacement of CK-MB in our laboratory cardiac
panel. In particular, we evaluated the possibility of using
a more advantageous single cTnT measurement, performed at approximately the time corresponding to the
plateau phase of cTnT release in the blood, rather than
previously used marker kinetics and peaks.
In our study, cTnT closely correlated with SPECT
estimates of infarct size and peak serum concentrations of
CK-MB. Our results corroborate those of earlier clinical
studies in which cTnT release, not a single-point measure-
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Fig. 4. ROC curve analysis for cTnT measured at CCU discharge as a
diagnostic test of LVEF ⬍40% in the acute phase of myocardial
infarction (black line) and 3 months later (gray line).
Best decision thresholds are shown.

Fig. 3. Correlation between cTnT at CCU discharge and LVEF assessed at
CCU discharge (A) and 3 months after hospitalization (B) in AMI patients.

ment, was used to assess infarct size (17, 18 ). Furthermore, our findings in living patients are consistent with
those obtained experimentally in dogs by Remppis et al.
(15 ), who found a good correlation (r ⫽ 0.69; P ⫽ 0.003;
n ⫽ 16) between cTnT concentrations 96 h after the onset
of ischemia and the pathoanatomic infarct size as quantified by the 2,3,5-triphenyltetrazolium chloride method. In
clinical practice, estimation of AMI size based on cTnT
determination on a single plasma sample at CCU discharge would facilitate the choice of appropriate care,
leading to more efficient and economic use of healthcare
facilities. This approach appears to be more useful than
analyzing cumulative cTnT release, as proposed previously, because of the requirement of repetitive sampling
and a possible incomplete recovery of cTnT (28 ).
LVEF is a very powerful prognostic indicator after AMI
(23 ). A strong inverse relationship exists between LV function and patient outcome, with rapidly increasing mortality
rates at LVEFs ⬍40% (24 ). Rao et al. (29 ) first showed a good
correlation between cTnT concentrations measured 12– 48 h
after admission and LVEF (r ⫽ ⫺0.72; P ⬍0.001; n ⫽ 50). In

the study, a cTnT ⬎2.8 g/L predicted a LVEF ⬍40% with
a sensitivity of 100% and specificity of 93% (area under the
ROC curve, 0.98) (29 ). More recently, Kanna et al. (30 )
confirmed that serum cTnT on day 3 or 4 after AMI was
significantly negatively correlated with LVEF assessed 1
month later (r ⫽ ⫺0.48; P ⬍0.001; n ⫽ 86). No studies to date,
however, have used gated SPECT imaging to assess LV
function in comparison with cTnT. Our study is the first to
demonstrate a significant inverse relationship between
LVEF derived from gated SPECT and plasma cTnT on CCU
discharge of post-AMI patients. We repeated the LVEF
estimate ⬃3 months after the onset of AMI because this
index can be affected during the acute phase by a combination of myocardial necrosis, ischemia, periinfarction edema,
and stunned myocardium (31 ). LV function and volumes
may therefore not always represent true values in the acute
phase after AMI, even if gated SPECT images are acquired at
rest, as was done in our study, to guard against errors (22 ).
The increase in the overall accuracy of cTnT in predicting LV
function, when estimated 3 months after AMI, reinforces our
results. Although our patients with AMI were chosen without selection bias, the majority of them showed transmural
necrosis, and all of them were admitted early. This increased
the homogeneity of the population. Our patient group also
experienced very few complications. This would further
affect the results because complications associated with
potential reinfarction or congestive heart failure would
clearly confound the analysis. Therefore, our data apply
only to a subset of patients who have transmural AMI,
present early, and have no further complications. The proposed timing of sampling is appropriate only for this subset
of patients. Those with small amounts of myocardial necrosis, those who receive later intervention, and those with
complications are not classifiable based on our sampling
protocol and corresponding results.
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In conclusion, the present study shows a clear relationship between cTnT on CCU discharge and SPECT indices
of infarct size and LV function in patients with a first
AMI. If confirmed in larger and more heterogeneous
patient populations, a single measurement of plasma
cTnT on the day of CCU discharge after AMI, regardless
of the kinetics of marker appearance in the blood, could
be used as a convenient, cost-effective, noninvasive estimate of infarct size and for the assessment of LV function
in a routine clinical setting. This may reveal a reliability
similar to that for peak CK-MB concentrations (which,
however, require repetitive sampling) or nuclear imaging
(not available for all patients in the acute phase of AMI
and too expensive to be used routinely).
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