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Abstract

Background: In the absence of acute coronary syndrome (ACS), various conditions may increase the level of cardiac troponins.
Objectives: We aimed to determine the absolute and relative changes of high-sensitive cardiac troponin T (hs-cTnT) in 2 groups of
patients: non-ST-segment-elevation myocardial infarction (NSTEMI) and non-ACS patients.
Methods: In this longitudinal study, performed between December 2011 and July 2012, we calculated the absolute and relative
changes of hs-cTnT and troponin velocity in consecutive patients, admitted to the emergency department of Tehran Heart Center.
The patients had symptoms of acute MI with elevated baseline hs-cTnT levels. Blood sampling was performed 3 times following
admission. The hs-cTnT changes were evaluated and compared between the 2 groups of NSTEMI and non-ACS patients.
Results: After exclusion, the second and third samples (taken 12 and 36 hours after admission on average, respectively) were avail-
able in 889 and 641 patients, respectively. Cardiovascular risk factors, including hyperlipidemia, diabetes mellitus, smoking, and
history of coronary events or intervention, were significantly more frequent in the NSTEMI group, compared to the non-ACS group.
The hs-cTnT level at baseline and in the subsequent samples was significantly higher in the NSTEMI group, compared to the non-ACS
group. Also, the absolute and relative changes in hs-cTnT were more significant in the NSTEMI group. Moreover, hs-cTnT velocity
within the first 12 hours was significantly higher in the NSTEMI group, compared to the non-ACS group (18.85± 84.89 ng/L/h vs. 4.96
± 14.58 ng/L/h; P < 0.001).
Conclusions: The changes in hs-cTnT (ie, absolute, relative, and velocity changes) were more significant in the NSTEMI group in
comparison with non-ACS patients.
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1. Background

Cardiac troponin (cTn) is the gold standard biomarker
in detecting cardiac necrosis, especially in acute myocar-
dial ischemia (AMI), which is the most important cause of
myocardial necrosis (1). AMI is the main cause of mortal-
ity and morbidity worldwide. Therefore, it is critical that
rapid and precise diagnosis be made for the initiation of
evidence-based management, including early revascular-
ization (2).

According to the current universal definition of AMI, at
least 1 cTn value > 99th percentile is required in patients
suspicious of AMI. Based on the available literature, draw-
ing blood samples for cTn measurement between 6 and 9
hours after admission can optimize the clinical sensitivity
for AMI diagnosis (1). The high-sensitive cardiac troponin
T (hs-cTnT) test is a newly introduced measure (3) and is

a modification of the fourth-generation cTn assay with a
99th percentile cutoff point of 0.014 ng/mL (10% coefficient
of variation, 0.013 ng/mL).

Nevertheless, the consequences of hs-cTnT test applica-
tion instead of standard cTn have resulted in a rise in the
incidence of AMI from 18% to 22% (4). In addition, there are
several noncoronary-related conditions, known to cause
an increase in cTn, which should be considered in the dif-
ferential diagnosis of patients presenting with troponin el-
evation (5-8). Also, there are several factors which can influ-
ence the upper reference limits of hs-cTnT (97.5th and 99th
percentiles), such as age, renal function, and gender (9).

A rise and/or fall in hs-cTnT level should be regarded
as an index for discriminating between acute and chronic
cardiomyocyte damage (10). Furthermore, evidence shows
that even a minor rise in troponin level can increase the ad-
verse outcomes and the overall mortality, regardless of the
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underlying condition, which is either acute coronary syn-
drome (ACS) or non-ACS (11, 12).

There are limited studies on the kinetic changes of
the recently implemented hs-cTnT assay for discriminating
AMI patients from other low-risk patients, presenting to
the emergency department (1, 2, 10). Since patients with
ST-segment-elevation MI (STEMI) have a hallmark of ST-
segment elevation in electrocardiography (ECG), the main
challenge is to differentiate between patients presenting
with non-STEMI (NSTEMI) and those with non-ACS.

By using serial hs-cTnT assays in patients with elevated
hs-cTnT, we aimed to investigate whether changes in hs-
cTnT, including absolute, relative, and velocity changes
(the rate of change over time), are of a higher accuracy and
should as such be preferred for a rapid and accurate dif-
ferentiation between NSTEMI and non-ACS patients in the
emergency setting.

2. Methods

2.1. Sample Collection

In this longitudinal study, performed between Decem-
ber 2011 and July 2012, all consecutive patients, admitted
to the emergency department of Tehran heart center, a
tertiary care teaching hospital, were recruited with symp-
toms of AMI, such as chest pain and angina pectoris, as well
as elevated baseline hs-cTnT level (≥ 14 ng/L).

If a patient had STEMI on ECG or showed more than a
10% drop in sequential hs-cTnT compared to the baseline,
he/she was excluded from the study. The study was in ac-
cordance with the principles of the declaration of Helsinki
and was approved by the institutional review board in
November 2011 (code number, 173). Written informed con-
sents were obtained from all the patients. The time inter-
vals were classified into 3 groups: 4 - 12 hours; > 12 hours;
and ≤ 24 hours and > 24 hours.

2.2. Laboratory Measurements

Elecsys 2010 (Roche Diagnostics) was used to measure
hs-cTnT via electrochemiluminescence immunoassay. The
interassay variations for determining normal and abnor-
mal hs-cTnT elevations were 5.3% and 2.4%, while the in-
traassay variations were 3.6% and 2.2%, respectively, with a
lower detection limit of 3 ng/L. The cutoff value for hs-cTnT
with a reference interval of 99% was 14 ng/L.

2.3. Study Protocol

All the patients underwent an initial clinical assess-
ment, which comprised of clinical history-taking, physical
examination, 12-lead ECG, and standard blood tests. In case

of dispute, the final diagnosis of each patient was adjudi-
cated by 2 independent cardiologists, who reviewed all the
available medical records (including patient history, phys-
ical examination, laboratory tests, ECG, echocardiography,
and coronary angiography). The kappa coefficient for in-
terobserver variability was 0.87. In case of dispute, the final
diagnosis was established by agreement.

The patients were divided into 2 main groups of
NSTEMI and non-ACS. NSTEMI was defined according to the
third universal definition of MI (13) after the exclusion of
STEMI. The subgroups of non-ACS group were as follows:
(1) tachy-brady arrhythmia (tachycardia defined as heart
rate ≥ 140 beats/min and bradycardia, defined as heart
rate < 50 beats/min); (2) systolic heart failure (if the pa-
tient’s left ventricular ejection fraction was < 45% on ECG);
(3) pulmonary thromboembolism; (4) renal failure (pa-
tients with baseline creatinine level > 2 mg/dL); (5) hy-
pertension acceleration (baseline blood pressure > 180/110
mmHg); (6) sepsis (systemic inflammatory response in-
duced by severe infection); (7) hypertrophic cardiomyopa-
thy (increased interventricular septum > 15 mm without
a specific cause); (8) aortic dissection; (9) cor pulmonale;
and (10) unknown factors.

Along with the baseline hs-cTnT value, absolute and rel-
ative changes were calculated from serial measurements.
Troponin velocities were calculated as follows:

[Maximum subsequent hs-cTnT within 12 hours - initial
hs-cTnT]/time between the initial and subsequent hs-cTnT
measurements

Patients with STEMI or a falling troponin level (hs-cTnT
decline to ≥ 10% from the baseline in the second or third
sample) were excluded.

2.4. Statistical Analysis

The data are expressed as mean ± SD and median val-
ues with interquartile ranges, as appropriate. To compare
continuous variables with normal and nonnormal distri-
butions, t test and Mann–Whitney U test were performed.
For the comparison of categorical variables, Fisher’s exact
test andχ2 test were employed, as appropriate. The relative
and absolute values were calculated, as we were interested
in the comparison of the magnitude of changes in these 2
values. The reported P-values were 2-sided, and P value ≤
0.05 was considered statistically significant.

3. Results

During the study, a total of 1563 consecutive patients,
admitted to the emergency department due to symptoms
of ACS and at least 1 positive hs-cTnT sample (hs-cTnT ≥ 14
ng/L), were assessed. After exclusion, the second and third
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samples, which were taken 12 and 36 hours after admission
on average, were available in 889 and 641 patients, respec-
tively (Figure 1).

The final diagnoses in the non-ACS group were as fol-
lows: heart failure in 67 patients, arrhythmia in 34 pa-
tients, pulmonary embolism in 11 patients, renal failure in
12 patients, hypertension crisis in 17 patients, sepsis in 13
patients, myopericarditis in 11 patients, hypertrophic car-
diomyopathy in 1 patient, aortic dissection in 3 patients,
cor pulmonale in 3 patients, and unknown diagnosis in 17
patients.

The baseline characteristics of all 889 patients are pre-
sented in Table 1. Cardiovascular risk factors, including hy-
perlipidemia, diabetes mellitus, and smoking, were signif-
icantly more frequent in the NSTEMI group in comparison
with the non-ACS group. Also, history of coronary events
or intervention was significantly more frequent in the
NSTEMI group (Table 1). The hs-cTnT level at baseline and in
the 2 subsequent samples was significantly higher in the
NSTEMI group in comparison with the non-ACS group (Fig-
ure 2). In addition, the changes in hs-cTnT (absolute, rel-
ative, and velocity changes) were more significant in the
NSTEMI group, compared to the non-ACS group (Table 2)
and (Figure 3).

1563 pts

Exclusion:
271 STEMI

403 drop in troponin

889 pts with second troponin:
700 NSTEMI
189 Non-ACS

641 pts with third troponin:
528 NSTEMI
113 Non-ACS

Figure 1. Flowchart of the Study

4. Discussion

The current study was performed on 889 consecutive
patients with symptoms of AMI and positive hs-cTnT (with
the exception of STEMI), presenting to the emergency de-
partment. Cardiovascular risk factors, including hyperlipi-
demia, diabetes mellitus, and smoking, as well as history of
coronary events or intervention, were significantly more
frequent in the NSTEMI group, compared to the non-ACS
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Figure 2. The Mean hs-cTnT Level was Significantly Higher at Baseline and in the
Subsequent Samples
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Figure 3. Velocity of hs-cTnT was Higher in the NSTEMI Group

group. Also, the mean hs-cTnT and hs-cTnT changes were
significantly greater among patients with NSTEMI.

In a study by Reichilin et al. (1), the highest level of hs-
cTnT was reported in the ACS group. However, troponin ele-
vation could be also observed in noncoronary conditions,
such as heart failure, pulmonary thromboembolism, pul-
monary arterial hypertension, stroke, sepsis, acute aortic
dissection, acute myopericarditis, hypovolemia, myocar-
dial contusion, Takotsubo cardiomyopathy, and tachycar-
dia; it might even represent a major diagnostic challenge
to clinicians (14-19).

The proposed mechanisms for troponin elevation fol-
lowing myocardial damage in noncoronary conditions in-
clude a combination of supply/demand imbalance and di-
rect myocardial toxicity. Other underlying mechanisms
are abnormal right- and left-ventricular loading, decreased
time of diastolic coronary perfusion in tachycardia, stren-
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Table 1. Baseline Characteristics of 889 Patientsa

NSTEMI (n = 700) Non-ACS (n = 189) P Value All Patients (n = 889)

Age, y 66.8 ± 11.7 66.3 ± 16.8 0.706 66.7 ± 12.9

Male 476 (68.0) 102 (54.0) < 0.001 578 (65.0)

Risk factors

Hypertension 426 (60.9) 109 (57.7) 0.427 535 (60.2)

Hyperlipidemia 275 (39.3) 58 (30.7) 0.030 333 (37.5)

Diabetes mellitus 280 (40.0) 48 (25.4) < 0.001 328 (36.9)

Smoking 169 (24.1) 28 (14.8) 0.006 197 (22.2)

Family history 85 (12.1) 16 (8.5) 0.157 101 (11.4)

History of MI 159 (22.7) 14 (7.4) < 0.001 173 (19.5)

History of heart failure 110 (15.7) 23 (12.2) 0.225 133 (15.0)

History of PCI 231 (33.0) 8 (4.2) < 0.001 239 (26.9)

History of CABG 237 (33.9) 21 (11.1) < 0.001 258 (29.0)

Serum creatinine, mg/dL 1.29 ± 0.93 1.34 ± 1.01 0.361 1.30 ± 0.95

Abbreviations: CABG, coronary artery bypass grafting; MI, myocardial infarction; PCI, percutaneous coronary intervention.
aValues are expressed as mean ± SD or No. (%).

Table 2. Changes in hs-CTnT in Patients

NSTEMI Non-ACS P Value

Baseline hs-CTnT 130.73 ± 309.05 83.91 ± 159.72 0.011

Second hs-CTnT 237.92 ± 636.93 122.18 ± 278.59 < 000.1

Third hs-CTnT 292.36 ± 667.34 117.98 ± 253.61 < 000.1

Absolute hs-CTnT
changes (0 - 12 h)

107.18 ± 473.82 38.27 ± 141.97 < 000.1

Absolute hs-CTnT
changes (12 - 36 h)

75.24 ± 503.41 -10.5 ± 108.10 < 000.1

Relative hs-CTnT changes
(0 - 12 h)

1.89 ± 7.26 0.57 ± 2.48 0.007

Relative hs-CTnT changes
(12 - 36 h)

1.37 ± 10.02 -0.03 ± 0.33 < 000.1

hs-CTnT velocity, ng/L/h
(within 12 h)

18.85 ± 84.89 4.96 ± 14.58 < 0.001

Abbreviations: ACS, acute coronary syndrome; NSTEMI, non-ST-elevation my-
ocardial infarction; hs-CTnT, high-sensitive cardiac troponin T.

uous exercise, catecholamine release, autonomic nervous
system imbalance, and impaired membrane permeability.

In heart failure, subendocardial ischemia/necrosis and
ongoing apoptosis, induced by myocardial stretch or toxic
cytokines, are believed to be the main causes of troponin
release (14, 18, 20). Nevertheless, in type-I ACS, coronary
atherosclerotic plaque rupture and coronary occlusion
constitute the major mechanisms of myocardial damage
and troponin elevation (13, 21, 22).

Reichilin et al. (1) reported that absolute changes (∆)
in cTn at 6 hours after admission were superior to relative
changes (∆%) in patients with both low and high baseline
cTn levels. They considered the optimal criterion of abso-
lute changes to be about 0.007µg/L for 2-hour intervals. In
contrast, Xu et al. (3) believed that in situations with minor
elevations in cTn level, kinetic changes in cTn play an im-
portant role in the distinction of coronary artery disease
from noncoronary diseases, especially with the use of hs-
cTnT assay.

A study by Linder et al. (6) focused on the prevalence of
non-ACS putative causes of hs-cTnT elevation but provided
no data on the range of changes. Also, Reichlin et al. (1)
reported that the area under the receiver operating char-
acteristic (ROC) curve for the diagnosis of AMI was signif-
icantly greater for 2-hour absolute versus 2-hour relative
cTn changes (AUC 95% CI for hs-cTnT, 0.95 [0.92 to 0.98] vs.
0.76 [0.70 to 0.83]; P < 0.001). Furthermore, in their study,
the ROC curve-derived cutoff value for the 2-hour absolute
hs-cTnT changes was 7 ng/L.

Additionally, Haaf et al. (2) demonstrated that by
adding hs-cTnT changes in the first hour to its presentation
value, the diagnostic accuracy for AMI (as quantified by the
area under the ROC curve) reached 0.94 for hs-cTnT. In ad-
dition, the authors reported that lower cutoff values for rel-
evant absolute changes might be necessary (0.003 - 0.005
µg/L).

In addition to ∆ troponin changes, troponin veloc-
ity, as a marker of temporal kinetics of troponin eleva-
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tion, might differ between myocardial necrosis secondary
to plaque rupture (type-I ACS) and supply/demand imbal-
ance or direct myocardial toxicity (the main mechanisms
in non-ACS) (23, 24). Troponin velocity might aid in the
early risk stratification of patients presenting with unclear
reasons for troponin elevation and could present a subset
of patients who would potentially benefit from early inter-
vention. In addition, Chuang et al. (23) showed that tro-
ponin velocity ≥ 2.5 ng/L/h within the first 6 hours was
strongly associated with the increased risk of 12-month
cardiac-specific and cardiac-related mortality or recurrent
MI in patients with or without a final diagnosis of ACS.

The present study showed that hs-cTnT velocity within
the first 12 hours was significantly higher in the NSTEMI
group in comparison with the non-ACS group (18.85 ±
84.89 ng/L/h vs. 4.96 ± 14.58 ng/L/h; P < 0.001), similar
to absolute and relative hs-cTnT changes. However, more
prospective studies with larger sample sizes are needed
to better evaluate hs-cTnT velocity. Additionally, further
research is required to compare hs-cTnT velocity changes
with absolute and relative changes and specify an hs-cTnT
velocity cutoff point to better distinguish patients with
ACS from non-ACS patients in the emergency setting.

4.1. Conclusions

The present results demonstrated that the baseline val-
ues of hs-cTnT and changes in hs-cTnT (absolute, relative,
and velocity changes) were significantly higher in patients
with NSTEMI in comparison with non-ACS patients.

Footnote
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