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Serial High-Sensitivity Troponin T in Post-Primary Angioplasty
Exercise Test
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Abstract

Background: The kinetics of high-sensitivity troponin T (hscTnT) release should be studied in different situations,
including functional tests with transient ischemic abnormalities.

Objective: To evaluate the release of hscTnT by serial measurements after exercise testing (ET), and to correlate hscTnT
elevations with abnormalities suggestive of ischemia.

Methods: Patients with acute ST-segment elevation myocardial infarction (STEMI) undergoing primary angioplasty were
referred for ET 3 months after infarction. Blood samples were collected to measure basal hscTnT immediately before
(TnT,,), 2 (TnT,), 5 (TnT_), and 8 hours (TnT,) after ET. The outcomes were peak hscTnT, TnT, /TnT ratio, and the
area under the blood concentration-time curve (AUC) for hscTnT levels. Log-transformation was performed on hscTnT
values, and comparisons were assessed with the geometric mean ratio, along with their 95% confidence intervals.
Statistical significance was assessed by analysis of covariance with no adjustment, and then, adjusted for TnT ,, age and
sex, followed by additional variables (metabolic equivalents, maximum heart rate achieved, anterior wall STEMI, and
creatinine clearance).

Results: This study included 95 patients. The highest geometric means were observed at 5 hours (TnT,).
After adjustments, peak hscTnT, TnT, /TnT, and AUC were 59% (p = 0.002), 59% (p = 0.003) and 45% (p = 0.003)
higher, respectively, in patients with an abnormal ET as compared to those with normal tests.

Conclusion: Higher elevations of hscTnT may occur after an abnormal ET as compared to a normal ET in patients with

STEMI. (Arq Bras Cardiol. 2016; 106(4):304-310)
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Introduction

Cardiac troponins (cTn) are highly sensitive and specific
biomarkers for the detection of myocardial necrosis. They are
an essential complement to the clinical and electrocardiographic
criteria for the diagnosis of acute myocardial infarction (AMI)
according to the guidelines developed by the European Society
of Cardiology (ESC), American College of Chest Physicians
(ACCF), American Heart Association (AHA) and World Heart
Federation (WHF).! The cTn not only added agility to diagnostic
confirmation,** but proved to be very useful in choosing between
different therapeutic strategies*” and in identifying patients at
higher risk for future cardiovascular events.'!

Recent advances have yielded greater accuracy for those
tests. They are now called high-sensitivity troponins, because
they have the ability to be detected at small concentrations
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with higher accuracy, including in individuals apparently free
from cardiovascular disease.? Consequently, their kinetics has
been the focus of several studies in cardiology. One important
topic is their elevation in transient ischemia during physical or
pharmacological stress tests.'*'® The present study was aimed at
assessing the kinetics of high-sensitivity troponin T (hscTnT) by use
of serial measurements after an exercise test (ET) performed in
ST-segment elevation myocardial infarction (STEMI) patients, and
at comparing the changes in that biomarker levels on abnormal
versus normal tests.

Methods

Cross-sectional study performed from December 2010 to
August 2012 at the Institute of Cardiology/Fundagao Universitaria
de Cardiologia (IC/FUC), Rio Grande do Sul state, Brazil.
The inclusion criteria were patients aged at least 18 years,
diagnosed with STEMI, undergoing anticoagulant therapy and
adjuvant antiplatelet therapy during follow-up at a coronary care
unit, according to the ACCF/AHA guideline for the management
of STEMI, 2013," and primary angioplasty with conventional
stents with the following angiographic conditions: final TIMI
Il flow in the affected vessel and complete revascularization,
defined as no stenosis = 50% in another epicardial coronary
artery. The exclusion criteria were as follows: patients without
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full conditions to exercise on a treadmill and presence of left
bundle-branch block or left ventricular overload with ST-segment
depression = 1 mm on baseline electrocardiogram. The presence
of lesions in the left main coronary artery or equivalent, unstable
clinical findings, planned coronary artery bypass grafting, and
impossibility to follow the research protocol and/or refusal to
participate in the study were also considered exclusion criteria.

Of the 104 patients recruited, 9 did not undergo initial
assessment, one underwent coronary artery bypass grafting,
7 withdraw the study before undergoing ET, and one could not
exercise on a treadmill due to orthopedic problems, leaving
95 participants to be included in this study sample.

The following data were collected: anthropometric data;
laboratory data; medical history; and relevant data on primary
angioplasty and coronary angiography. Patients were invited to
participate in the study before hospital discharge. When eligible,
they provided written informed consent (WIC) after being
instructed on the ET and the research protocol.

Exercise testing was recommended 3 months after STEMI, but,
because of logistic factors and issues related to scheduling and
participants’ displacement, that period varied, the median being
108 days (interquartile interval: 93-145). The blood collections
for hscTnT measurement were as follows: immediately before
the ET, and after 2 hours (mean, 2.7 + 0.6 hours), 5 hours (mean,
5 = 0.6 hours) and 8 hours (mean, 8.6 = 0.6 hours).

The study was approved by the Research Ethics Committee
(protocol n® 4391/09) and abided by the Helsinki declaration.
All participants provided the WIC before undergoing any
intervention.

Exercise test protocol

The stress test adopted was the symptom-limited ET on
treadmill according to the Bruce protocol.” It was scheduled
within approximately 3 months after the STEMI, maintaining
the complete treatment, including beta-blockers and nitrates.
Valid tests were those with 12-lead electrocardiographic tracing
in the sitting and standing up position, at rest and during exercise,
with stable baseline and no interferences.

Blood pressure and continuous heart rate measurements
were taken, and the maximum load was calculated in METS.
The ET would be immediately interrupted in case of sustained
ventricular tachycardia, blood pressure drop during exertion, ST-
segment depression = 2mm and progressive chest pain during
the procedure. The ET was conducted by a cardiologist with no
knowledge on baseline hscTnT (TnT,,) or any of the following
measurements. The abnormality criteria considered for the ET
were: on electrocardiogram, horizontal/descending ST depression
= Tmm at 0.08s after the ] point and complex ventricular
arrhythmias; and symptoms or clinical findings characteristic of
myocardial ischemia during exertion.

hscTnT collections

Peripheral blood samples were obtained according to the
manufacturer’s instructions. They were collected before the ET
(TnT,,), and after 2 hours (TnT,,), 5 hours (TnT,,) and 8 hours
(TnT,,). All patients had a meal before the baseline collection
and ET, and remained on the hospital premises with no physical
activity until the next venous puncture. Blood was collected at
the same place of exercise testing. To ensure rest, the participants

remained sitting for 30 minutes before the collection. The
blood samples were always processed by the same professional
immediately after collection. Troponin T STAT (Short Turn Around
Time) assay was analyzed by using the commercially available
Elecsys 2010 analyzer (Roche Diagnostics, batches n2 153401,
157120, 160197, 163704), which uses the chemiluminescence
method (analysis of two monoclonal antibodies specifically
directed against human troponin T). The limits of the blank,
of detection and maximum are 3ng/L, 5ng/L and 10,000ng/L,
respectively. The limit of test quantification was 13ng/L (functional
sensitivity), corresponding to the lowest concentration that can be
measured in a reproducible way with coefficient of variation (CV)
< 10%. The 99th percentile detected in a reference population
was 14ng/L." The information for calibration of each assay is
specifically established according to each batch used. Each batch
was adapted to the analyzer by using the Elecsys Troponin T
STAT CalSet calibrator no later than 24 hours after registering
the reagent kit. New calibrations were performed as needed,
according to the manufacturer.

Statistical analysis

The normal distribution of the continuous variables in this
sample was assessed by using the Kolmogorov-Smirnov test.
The continuous variables were presented as mean and standard
deviation, and, in case of asymmetrical distribution, as median
(interquartile interval: p25-p75). Categorical variables were
presented as absolute count and percentages. To compare
between different categories of hscTnT changes and the presence
of normal or abnormal ET, Fisher exact test was used. To compare
hscTnT values between two groups, Mann-Whitney U test was
used. In addition, Spearman coefficient was adopted to assess
the correlation between age and hscTnT values, and between
creatinine clearance and hscTnT values. Due to the asymmetrical
distribution of hscTnT values, logarithmic transformation was
used. To assess hscTnT changes between the groups with
normal and abnormal ET, the following outcomes were used:
post-ET peak troponin (peak TnT); ratio between troponins
collected in the fifth hour and at baseline (TnT, /TnT); and
area under the blood concentration-time curve. Due to the
logarithmic transformation, the hscTnT values were presented
as geometric means, and the comparisons between the groups
were summarized by using the geometric mean ratio with their
respective confidence intervals. The statistical significance of those
comparisons was assessed in a model of analysis of covariance
(ANCOVA), initially without adjustments, and then adjusting for
TnT,,, age, sex and additional variables (METS, percentage of
the maximum heart rate achieved, anterior left ventricular wall
STEMI, and creatinine clearance estimated with the Cockcroft-
Cault formula). A p value <0.05 was considered statistically
significant, and the entire analysis was elaborated by using the
Statistical Package for the Social Sciences (SPSS) software, version
21.0 (SPSS Inc., Chicago, IL, USA).

Results

This study included 95 patients diagnosed with STEMI, treated
with primary angioplasty and submitted to ET 3 months after the
initial event. The mean age of this sample was 54.25 = 11 years,
with a higher prevalence of the male sex (81%).
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The right coronary artery was affected in 46% of the
cases, followed by the anterior descending (43%) and the
circumflex (8%) arteries. On coronary angiography, three-
vessel disease was detected in only 4% of the patients,
no lesion being detected in the left main coronary artery.
Only 5% of the patients underwent stent implantation in
a second epicardial vessel, right after treating the affected
coronary artery. Whenever anatomically possible, the
patients underwent complete revascularization, defined as
residual lesions smaller than 50%. Table 1 shows the baseline
characteristics of this sample.

Regarding medication, most patients used a combination
of acetylsalicylic acid (97%), clopidogrel (92%), statins (96%),
beta-blockers (92%) and angiotensin-converting-enzyme
inhibitors (94%) at the time of the ET. A smaller proportion
(4%) of patients used oral or sublingual nitrates to relieve
anginal symptoms before the ET.

Of the total sample, 13 patients were classified as
having an abnormal ET. Of those, 11 (84%) had persistent
ST-segment depression = 1 mm during the test, one patient
(8%) had non-sustained ventricular tachycardia associated
with clinical signs of coronary artery disease (CAD), and
another (8%) had progressive angina pectoris, requiring the
interruption of the procedure.

The values of creatinine clearance and ET performance
were similar in the groups with normal and abnormal ET.
The frequencies of the traditional risk factors for CAD and
of anterior left ventricular wall STEMI were similar in both
groups. There was a trend towards the use of longer stents
(p = 0.06) in the group with abnormal ET as compared to
that with normal ET.

In 35 (37%) patients, TnT,, was undetectable. Smoking
(p = 0.03) and age (p < 0.001), directly, and creatinine
clearance (p < 0.01), indirectly, were associated with higher.
TnT,, values. Ten patients (19%) reached or exceeded the
clinical decision level (14 ng/L), and that finding was more
frequent in the abnormal ET than in the normal ET group,
46.2% versus 14.6%, respectively (p = 0.015).

Higher hscTnT geometric means were identified at the
time of the third collection (TnT,,) in patients with abnormal
ET than in those with normal ET, as well as a decrease in
those values in the fourth collection (TnT, ). The ANCOVA
showed a 71% greater peak TnT in patients with abnormal
ET as compared with those with normal tests, 54% greater
with adjustments for TnT ,, sex and age (p = 0.003), and 59%
greater after adjustment for additional factors (p = 0.002),
as shown in Table 2.

When comparing the groups with normal and abnormal
ET, the analysis of the area under the blood concentration-
time curve of the hscTnT values showed statistical significance
(p = 0.003) after adjustments (Figure 1).

Discussion

Using a high-sensitivity troponin T assay, we demonstrated that
elevations in that marker, adjusted for the baseline levels, are greater
in ET with changes suggestive of transient ischemia as compared
to normal tests of STEMI patients treated with primary angioplasty.

Arq Bras Cardiol. 2016; 106(4):304-310

Table 1 - Characteristics of the patients according to abnormal or
normal exercise tests (ET)

abnormal normal

Characteristics ET ET
(n=13) (n=82)

Anthropometric
Age (years) 59 +12 54 £10
Male sex n (%) 12(92) 65 (79)
BMI (kg/m?) 28+3 27+5
Risk factors (%)
Current or previous smoking 9(70) 53 (65)
Systemic arterial hypertension 9(70) 65 (80)
Family history of CAD 2(15) 30 (37)
Diabetes 1(8) 13 (15)
Dyslipidemia 7(54) 62 (76)
Acute myocardial infarction
Time until treatment (hours) 5(2-6) 4(2-5)
Anterior wall location n (%) 3(23) 44 (53)
Number of vessels affected n (%)
1 8 (61) 64 (78)
>2 5(38) 18(22)
Stents n (%)
1 9(70) 68 (80)
2 4(30) 14 (17)
1st stent length (mm) 27+8 217
2nd stent length (mm) 19+£10 18£8
ET: additional parameters
% of maximum HR achieved 79+£12 80£12
Double product (x10°) 22+5 22+6
METS 8+2 8+2
Biochemistry
Creatinine clearance (mL/min) 90 +25 100 £ 30
T, 6.7 (4.7-74) 54 (3-95)

Data presented as mean + standard deviation (SD), n (percentages)
and median (p25 - p75); ET: exercise test; BMI: body mass index; CAD:
coronary artery disease; HR: heart rate; METS: metabolic equivalents;
TnT,, baseline troponin T.

The ET changes defined in this study were associated with hscTnT
increments, especially after the fifth hour, even with adjustments for
additional variables, such as load, percentage of maximum heart
rate achieved and creatinine clearance. The cTn released into
blood stream seems to originate initially from the cytosol content,
and later from the cardiomyocyte structural content. The latter
would account for the sustained curve of cTn known in AMI, and
would translate an irreversible injury to the sarcomere proteins.
That difference is the basis for the questions related to the transient
troponin increase in the absence of myocardial necrosis.’
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Table 2 - Non-adjusted and adjusted comparisons between the groups with abnormal exercise test (ET) versus normal ET for

selected outcomes

Non-adjusted analysis

Adjusted analysis for TnT,

Analysis with additional

age and sex adjustmentt
Outcome Abnormal ET* Normal ET* geometric mean geometric mean geometric mean
(n=13) (n=82) ratio (95% CI) P ratio (95% Cl) P ratio (95% Cl) P
Primary
1.71 1.54 1.59
peak TnT (ng/L) 13.15 7.69 (1.07-273) 0.025 (114 -2.07) 0.003 (147-2.15) 0.002
Secondary
1.56 1.51 1.59
TnT,/TnT,, 1.90 1.22 (146 - 2.10) 0.004 (1.41-2.04) 0.008 (147-2.15) 0.003
1.54 1.39 1.45
2
AUC (ng/L) 84.3 55.0 (0.98-239) 0.058 (1.10-1.77) 0.007 (144 -185) 0.003

*Data are presented as geometric means; Cl: confidence interval; p: statistical significance; ET: treadmill exercise test; TnT: high-sensitivity troponin T; AUC: area
under the curve; "additional adjustment for baseline troponin T (TnT ), metabolic equivalent, percentage of maximum heart rate reached, anterior wall infarction and

creatinine clearance (Cockcroft-Gault method).
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Figure 1 - Variation of hscTnT over time in the groups of normal and abnormal exercise tests, presenting the geometrical means, their respective confidence intervals

and significance for the area under the curve analysis (AUC).

Hessel et al., in a study inducing cardiomyocytes to
metabolic inhibition, have concluded that the release of
troponin T (cTnT) and | (cTnl), in their both intact and
degradation product forms, occurs simultaneously and
only after necrosis.?’ However, hypothetical mechanisms
for the transient release are as follows: apoptosis;??
normal cardiomyocyte turnover;* passage of degradation
fragments through the intact cell membrane;** and
formation and passage of vesicles with cytosol content to
the extracellular space.?

In previous studies with fourth-generation cTn assays
performed after stress testing, the results remained undetectable,
below the CV limit of 10%, or not associated with ischemia
induction.?* Another study using high-sensitivity cTnl (hscTnl),
however, has found changes proportional to the intensity of
the ischemia (mild and moderate-to-severe) estimated on
myocardial perfusion imaging, when the sample was collected
2 and 4 hours after the stress test. In that same study, changes in
troponin levels in patients with different ischemic categories were
indistinguishable using conventional troponin assays.'

Arq Bras Cardiol. 2016; 106(4):304-310
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The present study assessed a specific population of patients
with a sequela of STEMI, and measuring those markers at
baseline and after ET in individuals with structural heart disease
is particularly important. In a previous study with 118 patients,
measuring cTnl before Bruce protocol symptom-limited ET, and
then 8-12 and 24 hours after, no correlation of the elevation
in biomarker levels with the presence of multiarterial disease
and ET changes was found. However, on multivariate analysis,
ejection fraction < 50% was an independent variable for
cTnl elevations above the 99th percentile.*® Another study
has assessed serial hscTnT and hscTnl after myocardial
perfusion imaging stress testing, and none of those markers
could identify patients with reversible ischemia. A significant
increase in hscTnl was comparable to hscTnT levels at all
collection times in the presence of previous AMI, but without
reversible ischemia (p < 0.001 versus baseline collection).
The baseline c¢Tn concentrations in that study seemed to
be influenced by variables related to myocardial structural
changes." Another study using hscTnT after magnetic resonance
imaging has detected small amounts 1 and 3 hours after non-
pharmacological stress, not fulfilling criteria for AMI, but the
levels were related to the intensity of the ischemia found. History
of diabetes, CAD, lower creatinine clearance and ejection
fraction were more frequently found in patients with moderate-
to-severe ischemia.'® Other studies demonstrating cTnl release
in individuals with heart failure*' submitted to exercise or in
marathon runners with exercise-induced high blood pressure?
could also indicate a role for the presence of those markers in
different left ventricular overload situations.

In the present study, a late ET was performed 3 months after
AMI to avoid the detection of TnT, levels in the descending
curve because of the primary tissue injury caused by AMI.
Our study found that higher TnT  levels correlate with
smoking, older age and lower creatinine clearance. The last
two findings are similar to those studies using hscTnT* and
hscTnT and hscTnl."

We believe that the values found were not actually related
to new coronary events, because of the small variations and
the early descent, but rather to cases with imbalance between
oxygen offer and demand, based on the significantly lower
levels of high-sensitivity troponins found in that situation.**
Lower values found on the initial assessment of patients for acute
coronary syndrome seemed not related to type | AMI (ischemia
due to atherosclerotic plaque rupture, thrombus formation,
fissure and spontaneous dissection),® and regardless of the
cause of hscTnT release in circulation, increases in the marker
can be related to higher mortality. Data from the SWEDEHEART
Registry have shown that patients suspected of having acute
coronary syndrome and hscTnT levels greater than 14 ng/L had
higher adjusted mortality rates; however, only 18.2% of them
actually had had an AMI.** We could infer that, even without
knowing the exact mechanism of hscTnT release, increases
in that marker, especially from the 99th percentile on, could
indicate other changes related to the post-STEMI period, which
should, from now on, be studied.

The use of that marker in association with the traditional
risk parameters in ET could indicate one more risk criterion.

Arq Bras Cardiol. 2016; 106(4):304-310

However, this cross-sectional study assessed the kinetics of that
marker in a limited population. The meaning of those changes
in association with ET should be assessed in large prospective
studies. The use of high-sensitivity assays will not often identify
patients at risk without high hscTnT levels, above the clinical
decision limits, or with small transient changes. The clinical
setting should be valued when considering the circumstances
under which low hscTnT levels can be detected in circulation.

Conclusion

Serial hscTnT elevations after ET were demonstrated.
In abnormal tests, after determining the baseline values,
the hscTnT levels are significantly higher as compared to
normal ET in STEMI patients. In transient abnormalities
suggestive of myocardial ischemia in ET, hscTnT shows
a pattern of elevation followed by an early descent.
Higher baseline values are related to smoking, older age and
lower creatinine clearance levels. In that population, elevated
levels, especially from the 99th percentile, can indicate a
higher risk or myocardial structural injury.

Limitations

Exercise testing without the addition of imaging tests has
limitations. Thus, the presence of hscTnT changes cannot be
considered a manifestation of residual ischemia. In addition,
there were neither a control group nor echocardiographic data
to correlate left ventricular structural changes with the hscTnT
kinetics. The pathway to the knowledge of the real meaning
of those changes regarding the increment of prognostic data
should be delineated in prospective studies with a larger
number of participants.

Acknowledgments

We thank all professionals who collaborated in the care
provided to this study participants, and in data interpretation
and analysis, and to the IC/FUC Research Unit.

Author contributions

Conception and design of the research, Acquisition of
data, Analysis and interpretation of the data, Statistical
analysis, Writing of the manuscript and Critical revision of the
manuscript for intellectual content: Vaz HA, Vanz AP, Castro |.

Potential Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Sources of Funding

There were no external funding sources for this study.

Study Association

This article is part of the thesis of master submitted by Humberto
Andres Vaz, from Fundagdo Universitdria de Cardiologia.



Vaz et al.
Post-Exercise Test Troponin T

Original Article

References

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et
al. Third universal definition of myocardial infarction. ] Am Coll Cardiol.
2012;60(16):1581-98.

Thygesen K, Mair J, Katus H, Plebani M, Venge P, Collinson P, et al.
Recommendations for the use of cardiac troponin measurement in acute
cardiac care. Eur Heart J. 2010;31(18):2197-204.

Reichlin T, Hochholzer W, Bassetti S, Steuer S, Stelzig C, Hartwiger S, et
al. Early diagnosis of myocardial infarction with sensitive cardiac troponin
assays. N Engl ) Med. 2009;361(9):858-67.

Newby LK, Ohman EM, Christenson RH, Moliterno DJ, Harrington RA,
White HD, et al. Benefit of glycoprotein Ilb/Illa inhibition in patients with
acute coronary syndromes and troponin t-positive status: the paragon-B
troponin T substudy. Circulation. 2001;103(24):2891-6.

Spacek R, Widimsky P, Straka Z, Jiresové E, Dvordk J, Polések R, et al. Value
of first day angiography/angioplasty in evolving Non-ST segment elevation
myocardial infarction: an open multicenter randomized trial. The VINO
Study. Eur Heart ). 2002;23(3):230-8.

Venge P, Lagerqvist B, Diderholm E, Lindahl B, Wallentin L. Clinical performance
of three cardiactroponin assays in patients with unstable coronary artery disease
(@ FRISC Il substudy). Am ] Cardiol. 2002;89(9):1035-41.

Mehta SR, Cannon CP, Fox KA, Wallentin L, Boden WE, Spacek R, etal. Routine
vs selective invasive strategies in patients with acute coronary syndromes: a
collaborative meta-analysis of randomized trials. JAMA. 2005;293(23):2908-17.

O’Donoghue M, Boden WE, Braunwald E, Cannon CP, Clayton TC, de
Winter RJ, etal. Early invasive vs conservative treatment strategies in women
and men with unstable angina and non-ST-segment elevation myocardial
infarction: a meta-analysis. JAMA. 2008;300(1):71-80.

Wallentin L, Lindholm D, Siegbahn A, Wernroth L, Becker RC, Cannon
CP, et al. Biomarkers in Relation to the Effects of Ticagrelor Compared
with Clopidogrel in Non-ST-Elevation Acute Coronary Syndrome Patients
Managed with or without In-Hospital Revascularization: A Substudy from
the Prospective Randomized Platelet Inhibition and Patient Outcomes
(PLATO) Trial. Circulation. 2014;129(3):303.

Twerenbold R, Jaffe A, Reichlin T, Reiter M, Mueller C. High-sensitive
troponin T measurements: what do we gain and what are the challenges?
Eur Heart ). 2012;33(5):579-86.

. Correia LC, Sodré FL, Lima]C, Sabino M, Brito M, Garcia G, etal. Prognostic

value of high-sensitivity troponin | versus troponin T in acute coronary
syndromes. Arq Bras Cardiol. 2012;98(5):406-12.

Sabatine MS, Morrow DA, de Lemos JA, Jarolim P, Braunwald E. Detection
of acute changes in circulating troponin in the setting of transient stress test-
induced myocardial ischaemia using an ultrasensitive assay: results from
TIMI 35. Eur Heart ). 2009;30(2):162-9.

Rasjo H, Kravdal G, Haiseth AD, Jargensen M, Badr P, Rgysland R, et al.
Troponin | measured by a high-sensitivity assay in patients with suspected
reversible myocardial ischemia: data from the Akershus Cardiac Examination
(ACE) 1 study. Clin Chem. 2012;58(11):1565-73.

Pastor G, San Romén JA, Gonzalez-Sagrado M, Vega JL, Arranz ML, Serrador
AM,, etal. Dobutamine stress echocardiography and troponin T as a marker
of myocardial injury. Rev Esp Cardiol. 2002;55(5):469-73.

Aw TC, van Wijk XM, Wu AH, Jaffe AS. Release of cardiac troponin using a
high sensitivity assay after exercise: Type 2 acute myocardial infarction? Clin
Chim Acta. 2015;446:6-8.

Wongpraparut N, Piyophirapong S, Maneesai A, Sribhen K, Krittayaphong
R, Pongakasira R, etal. High-Sensitivity Cardiac Troponin T in Stable Patients
Undergoing Pharmacological Stress Testing. Clin Cardiol. 2015;38(5):293-9.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, de Lemos
JA, etal. 2013 ACCF/AHA guideline for the management of ST-elevation
myocardial infarction: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines.
J Am Coll Cardiol. 2013;61(4):e78-140.

Meneghelo R, Araujo CGS, Stein R, Mastrocolla RE, Albuquerque PF,
Serra SM, et al.,/Sociedade Brasileira de Cardiologia. Ill Diretrizes da
Sociedade Brasileira de Cardiologia sobre teste ergométrico. Arq Bras
Cardiol.2010;95(5 supl.1):1-26.

Saenger AK, Beyrau R, Braun S, Cooray R, Dolci A, Freidank H, et al.
Multicenter analytical evaluation of a high-sensitivity troponin T assay. Clin
Chim Acta. 2011;412(9-10):748-54.

Hickman PE, Potter JM, Aroney C, Koerbin G, Southcott E, Wu AH, et al.
Cardiac troponin may be released by ischemia alone, without necrosis. Clin
Chim Acta. 2010;411(5-6):318-23.

Hessel MH, Michielsen EC, Atsma DE, Schalij MJ, van der Valk EJ, Bax WH, et
al. Release kinetics of intact and degraded troponin I and T after irreversible
cell damage. Exp Mol Pathol. 2008;85(2):90-5.

Narula J, Haider N, Virmani R, DiSalvo TG, Kolodgie FD, Hajjar R},
et al. Apoptosis in myocytes in end-stage heart failure. N Engl ] Med.
1996;335(16):1182-9.

Bergmann O, Bhardwaj RD, Bernard S, Zdunek S, Barnabé-Heider F,
Walsh S, et al. Evidence for cardiomyocyte renewal in humans. Science.
2009;324(5923):98-102.

Feng J, Schaus BJ, Fallavollita JA, Lee TC, Canty JM. Preload induces
troponin | degradation independently of myocardial ischemia. Circulation.
2001;103(16):2035-7.

Ashmaig ME, Starkey B, Ziada AM, Amro AA, Sobki SH, Ferns GA. Changes
in serum concentrations of markers of myocardial injury following treadmill
exercise testing in patients with suspected ischaemic heart disease. Med Sci
Monit. 2001;7(1):54-7.

Carlson RJ, Navone A, McConnell JB, Burritt M, Castle MC, Grill D, et al.
Effect of myocardial ischemia on cardiac troponin | and T. Am J Cardiol.
2002;89(2):224-6.

Choragudi NL, Aronow WS, Prakash A, Kurup SK, Chiaramida S, Lucariello
R. Does the serum cardiac troponin | level increase with stress test-induced
myocardial ischemia? Heart Dis. 2002;4(4):216-9.

Akdemir I, Aksoy N, Aksoy M, Davutoglu V, Dinckal H. Does exercise-
induced severe ischaemia result in elevation of plasma troponin-T
level in patients with chronic coronary artery disease? Acta Cardiol.
2002;57(1):13-8.

Schulz O, Paul-Walter C, Lehmann M, Abraham K, Berghofer G, Schimke I,
etal. Usefulness of detectable levels of troponin, below the 99th percentile
of the normal range, as a clue to the presence of underlying coronary artery
disease. Am ] Cardiol. 2007;100(5):764-9.

Kokowicz P, Stec S, Flasinska K, Budaj A. [Troponin release following exercise
test in patients with stable angina pectoris - risk factors and prognostic
significance]. Kardiol Pol. 2010;68(4):414-9; discussion 20-1.

Benda NM, Eijsvogels TM, Van Dijk AP, Hopman MT, Thijssen DH. Changes
in BNP and cardiac troponin | after high-intensity interval and endurance
exercise in heart failure patients and healthy controls. Int] Cardiol.
2015;184:426-7.

KimYJ, Ahn JK, Shin KA, Kim CH, Lee YH, Park KM. Correlation of Cardiac
Markers and Biomarkers With Blood Pressure of Middle-Aged Marathon
Runners. J Clin Hypertens (Greenwich). 2015;(11):868-703.

Arq Bras Cardiol. 2016; 106(4):304-310

309



310

Vaz et al.
Post-Exercise Test Troponin T

Original Article

33.

34.

Kurz K, Giannitsis E, Zehelein J, Katus HA. Highly sensitive cardiac troponin
T values remain constant after brief exercise- or pharmacologic-induced
reversible myocardial ischemia. Clin Chem. 2008;54(7):1234-8.

Sandoval Y, Smith SW, Schulz KM, Murakami MM, Love SA, Nicholson J, etal.
Diagnosis of type 1 and type 2 myocardial infarction using a high-sensitivity
cardiac troponin l assay with sex-specific 99th percentiles based on the third
universal definition of myocardial infarction classification system. Clin Chem.
2015;61(4):657-63.

Arq Bras Cardiol. 2016; 106(4):304-310

35.

36.

Yiadom MY, Jarolim P, Jenkins C, Melanson SE, Conrad M, Kosowsky
JM. Diagnostic implications of an elevated troponin in the emergency
department. Dis Markers. 2015;2015:157812.

Melki D, Lugnegard J, Alfredsson J, Lind S, Eggers KM, Lindahl B, et al.
Implications of Introducing High-Sensitivity Cardiac Troponin T Into Clinical
Practice: Data From the SWEDEHEART Registry. ] Am Coll Cardiol.
2015;65(16):1655-64.



