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ABSTRACT
Cardiac troponins T and I are
considered highly sensitive and specific
markers for the diagnosis of acute
myocardial infarction. Currently, a series
of nonprimary cardiac abnormalities may
manifest as an elevation in high-sensitive
assays. The reduction in their detection
limits has allowed earlier diagnosis and
the use of evidence-based therapeutic
measures; however, this characteristic
has increased the spectrum of detectable

noncoronary heart diseases, which
poses challenges for characterizing acute
coronary syndromes and creates a new
role for these tests in known disorders
in intensive care units, especially sepsis.
Management of patients through a
greater understanding of how these
markers behave should be re-evaluated
to ensure their correct interpretation.
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Biochemical analysis of myocardial necrosis markers, especially cardiac
troponins (cTns), gained attention in the early 1990s for the diagnosis and
prognostic evaluation of patients with acute myocardial infarction (AMI).
Today, cTns are considered fundamental for the management of acute coronary
syndromes (ACSs) and constitute a critical step for their definition together
with clinical and electrocardiographic criteria. In addition to their high accuracy
for infarction detection, the use of these markers has brought great utility for
the choice of different therapeutic strategies.(1-6) Both substantial increases in
the analytical performance and enhanced understanding of the kinetics of these
substances in the presence of myocardial damage have wide applicability for
cTns inside and outside of cardiology. These molecules, called high-sensitive
or high-sensitivity cTnT (hsTnT) and cTnI (hsTnI), are detected earlier and
at extremely low levels, thereby reducing the “blind” detection interval of
fourth-generation cTn assays and aiding not only in diagnostic confirmation(7)
but also in detecting patients at high risk for cardiovascular events.(8) According
to the guidelines for non-ST-segment elevation AMI (NSTEMI) and unstable
angina, these tests have resulted in a 20% relative increase in type 1 AMI
detection (due to spontaneous atherosclerotic plaque fissuring and dissection)
and a reduction in cases of unstable angina. However, these characteristics
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should be treated with caution, since these markers are
present in myocardial damage of diverse etiologies,
sometimes without the involvement of clinically evident
myocardial necrosis (Table 1). An evaluation of the
clinical context and complementary tests are extremely
important, as recommended by guidelines for the correct
diagnosis and definition of the therapeutic strategy to be
adopted.(9)
Table 1 - Reasons for cardiac troponin elevation
Coronary causes
Acute coronary syndromes
Noncoronary causes
Severely decompensated heart failure
Pulmonary embolism
Aortic dissection
Tachyarrhythmias/bradyarrhythmias
Perimyocarditis
Infective endocarditis
Takotsubo
Radiofrequency ablation
Heart contusion
Extracardiac causes
Shock/hypotension
Renal failure
Stroke
Strenuous physical activity
Sympathomimetic drugs
Sepsis
Chemotherapy

Elevations in cardiac troponins during intensive
therapy
The document created by the European Society of
Cardiology (ESC), American College of Cardiology
Foundation (ACCF), American Heart Association (AHA),
and World Heart Federation (WHF) for the universal
definition of AMI considers an elevation and/or drop
in cTns according to the associated clinical situation to
be essential for diagnostic purposes.(10) According to the
guideline, the criterion used for AMI is the demonstration
of cTn levels above the 99th percentile or a drop in the
marker and at least one criterion involving clinical or
complementary signs, such as electrocardiographic changes
indicative of new ischemia (ST-segment depression, new or
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presumed new left bundle branch block, and pathological
Q waves) and the demonstration of a new infarct area or
segmental contractility disorders in imaging examinations.
After percutaneous coronary intervention and myocardial
revascularization, values three times the upper reference
limit (URL) in the 99th percentile are accepted. Based
on the clinical circumstances, spontaneous AMI due
to atherosclerotic plaque rupture, erosion, fissuring, or
dissection is classified as type 1, AMI due to increased
oxygen demand of the myocardium is type 2, AMI related
to sudden cardiac death is type 3, AMI associated with
a percutaneous procedure is type 4a, AMI associated
with intracoronary stent thrombosis is type 4b, and AMI
associated with myocardial revascularization surgery
is type 5. The high-sensitive test also has the utility of
excluding the AMI diagnosis at the initial presentation,
since the negative predictive value of the test is 97 to
99%.(7) With new tests, elevations are more commonly
found in patients with structural heart disease, including
those with obstructive coronary disease, kidney disease,
and stable angina.(11) In situations of stable angina, values
in the 99th percentile have been found in 37% of cases
with plaques considered vulnerable and in up to 2% of
the general population in other studies.(11-14) The latter
population may have heart failure, renal failure, or left
ventricular hypertrophy in addition to coronary disease. In
patients with compensated heart failure, hsTnT can also be
found very close to the clinical decision limit (14ng/L).(13)
The clinical context should be considered for the correct
interpretation of these markers. Thus, the management of
a critical patient deserves a detailed analysis of preexisting
conditions when abnormal curves from cTn assays are
evaluated. The recommended flowcharts for patients
with suspected ACS include a strategy that involves serial
collection of the biomarker within a few hours. The
diagnosis is confirmed in most cases using clinical and
electrocardiographic criteria and values more than five
times the URL. Serial changes are more accurate when
below or near the 99th percentile, and very high values and
a lack of significant variation in the initial presentation are
generally indicative of chronic myocardial injury, which
considerably reduces their potential for the diagnosis of
AMI type 1 (Figure 1).(15) Each hsTnT and hsTnI assay
has its specific cutoff points, and very low values from
both tests can accurately rule out a clinical presentation
within a few hours.(9) However, diverse clinical situations
and the nontypical presentation of ACS in the intensive
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care unit (ICU) setting impair analysis of the cTn levels
combined with clinical data. Moreover, no parameter is
available to evaluate the kinetics of these markers starting
from the already very high values in the critical patient.
Rigorous hemodynamic control, electrocardiogram,
bedside echocardiography, or an imaging examination,
which may demonstrate loss of viability in a new segment
of the left ventricle, should be essential for the differential
diagnosis and confirmation of AMI. Given elevated
cTns, a chronic condition can be assumed only after the
exclusion of symptoms suggestive of ischemia, a normal
electrocardiogram and echocardiogram, and the absence
of a rising and/or falling marker curve.
An important conceptual theory for the interpretation
of these tests is the formation of blebs containing cTns,
of which approximately 2 to 6% are free in the cytosol;
these blebs release their material into the extracellular
medium due to the reduced oxygen supply. When the
tissue damage becomes prolonged, the blebs increase
and rupture, triggering cell death. Loss of the structural

content of myocardial cells is reflected in the prolonged
cTn release curve in AMI. However, if reperfusion occurs
or if the injury is transient, these blebs are reabsorbed or
may leak their cytoplasmic contents into the circulation
with the cell membrane still intact. This short detection
period represents a point release of the cytoplasmic
content, which corresponds to the half-life of the detected
substances (Figure 2).(16) Lower values found in the initial
evaluation of patients for acute coronary syndrome
may not be related to type 1 AMI (ischemia due to
atherosclerotic plaque rupture, thrombus formation,
spontaneous fissuring, or dissection), and transient
elevations can be detected without clinical evidence of
AMI in some situations.(17) Substantial increases followed
by falls should be considered for diagnosis (starting at five
times the upper limit of normality) and have obtained the
best positive predictive value (90%).(9) This situation is
observed in clinical practice and was detailed in the study
by Apple et al., which demonstrated that patients with
ACS had lower cTn levels and an earlier decline in the

Figure 1 - Correlation between the level of high-sensitive cardiac troponin T and diseases that cause its elevation as well as the negative and positive
predictive values for the diagnosis of acute coronary syndromes. hsTnT - high-sensitive cardiac troponin T; AMI - acute myocardial infarction; PTE - pulmonary thromboembolism;
HF - heart failure; LVH - left ventricular hypertrophy; HI - healthy individual; PPV - positive predictive value; NPV - negative predictive value.
Source: Adapted from Garg P, Morris P, Fazlanie AL, Vijayan S, Dancso B, Dastidar AG, et al. Cardiac biomarkers of acute coronary syndrome: from history to high-sensitivity cardiac troponin. Intern Emerg
Med. 2017;12(2):147-55. Figure 3, High-sensitivity cardiac troponin as a quantitative marker; p. 150.(15)
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presence of unstable angina or the absence of persistent
ST-segment elevation.(18) Patients with persistent STsegment elevation or progression to “Q” AMI have higher
biomarker peaks and a late decline (7-10 days). The first
situation refers to the predominance of ischemic cTn
release and the second to necrotic release. An intermediate
cTn release behavior probably exists depending on the
nature of the insult, time to reperfusion therapy, clinical
course, and the patient’s treatment success.
Sepsis
Sepsis and other systemic disorders may lead to
myocardial depression and cell damage caused by increased
consumption and/or a reduced supply of oxygen to the
heart.(19) Proposed mechanisms for the release of cTns in
the presence of septic shock also include focal ischemia and
the effect of endotoxins, cytokines, and reactive oxygen
species on cardiomyocytes. Tumor necrosis factor (TNF)
may modulate the activation or biosynthesis of proteases;
for example, calpains and caspases may participate in the
degradation of contractile proteins, including cTns.(20,21)
Experimental studies suggest that generalized
microvascular dysfunction is a prominent sign of septic
shock and may indicate relative ischemia due to the
microvascular shunt effect or secondary flow heterogeneity
resulting from endothelial dysfunction, capillary plugs,
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interstitial edema, and free radical production. Some
studies suggest areas of reversible mismatch due to
redistribution of the microcirculation in response to
metabolic changes.(22-24) Typically, cardiac output is
elevated, leading to increased cardiac work and oxygen
demand. The presence of tachycardia with a decreased
diastolic filling time also increases oxygen consumption.
The coronary reserve flow becomes limited, and ischemia
may occur. Finally, treatment with high doses of inotropic
agents to increase the oxygen supply may increase the
incidence of cardiovascular complications and affect
the outcome unfavorably in patients with adequate
fluid resuscitation. Prolonged resuscitation may elevate
ischemic damage with increased filling pressures, parietal
strain, and additional cardiomyocyte injury during septic
shock.(25)
Tachycardia during the hyperdynamic state is a striking
finding. Stretching of the myocardial fiber and an increase
in parietal tension are probable mechanisms due to the
parallel increase in natriuretic peptide and cTns in several
types of tachycardia.(26) Although some studies have
shown an association between several types of tachycardia
and elevations in cTns, other factors may confound
this association, such as the presence of coronary artery
disease (CAD), other associated clinical conditions, and
hemodynamic changes.(27,28) Speculation also exists that

Figure 2 - Differences between the release patterns of cardiac troponins in reversible versus irreversible injury.
Source: Adapted from 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):31823. Figure 3, Mechanism of troponin release; p.321.(16)
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the tachycardia present in sepsis and septic shock may
cause cTn release in the absence of structural heart disease,
CAD, and myocardial depressing factors (sepsis) and thus
may only represent a manifestation of the imbalance
between oxygen supply and demand (type 2 AMI).
Mediators, such as TNF, are also implicated in the
increased permeability of the cardiomyocyte membrane.
As previously reported, this phenomenon could explain
the presence of cTns in the absence of irreversible cell
damage.(29) However, TNF values were not correlated
with elevations in cTns in healthy humans tested with
endotoxin, suggesting that other mechanisms must be
involved. The interleukin 6 (IL-6) level also contributes
to increased cell permeability; the level is elevated
significantly in patients with septic shock and positive for
cTns compared to the level in those negative for cTns.(30)
Additionally, cTn-positive patients have a higher level
of histological changes. Necrosis with contraction bands
(coagulative myocytolysis) and fibrillar rupture is more
commonly associated with calcium overload and typically
is associated with reperfusion injuries and the use of
catecholaminergic drugs.(31)
The prognosis of sepsis depends on the severity of organ
dysfunctions, especially cardiovascular dysfunction. Many
studies have discussed the fact that cTns are independent
parameters of the outcome, with no distinction between
the causes of elevation of these biomarkers.(32-34) When
restricted to sepsis cases, elevated levels have been shown
to be associated with the disease severity. Generally,
these results are very similar to those showing increased
levels indicating worse left ventricular function and a
consequent unfavorable outcome.(35) The study by Røsjø
et al. indicated that hsTnT was an important early marker
of circulatory dysfunction in what was then termed
severe sepsis but was not added to the Simplified Acute
Physiology Score (SAPS II) for the prediction of hospital
mortality. In this situation, cardiovascular dysfunction
may not be the only factor responsible for mortality in
sepsis. hsTnT was present in all initial cases of severe sepsis,
whereas 60% of patients had positive fourth-generation
cTnT. The authors concluded that an initial hsTnT level
of less than 14ng/L (99th percentile) in early severe sepsis
might indicate a low probability of progression to septic
shock.(34) A meta-analysis published in 2013 showed
that both cTnT and cTnI were independent factors
of mortality regardless of the causes or comorbidities
involved in their elevation and corrected for confounding
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biases, such as renal failure or heart disease present prior
to inclusion in the study.(35) The field of cardiology shares
the same hypothesis, because evidence suggests that
mortality increases in patients admitted with hsTnT levels
above the 99th percentile regardless of the causal agent of
cTn elevation. The SWEDEHEART registry noted that
patients admitted with suspected acute coronary syndrome
and hsTnT levels above 14ng/L showed higher mortality
rates, although only 18.2% of the patients actually had
type 1 AMI.(36)
Stroke
After introduction of the sensitive myocardial necrosis
markers, the association between cTns and stroke was
demonstrated extensively. A systematic review of 15
studies prior to the use of high-sensitive cTns showed
that 18.1% of patients had elevated levels during the
event.(37) With the use of the high-sensitive tests, this
correlation reached 60% in some cohort analyses. When
studies evaluated serial changes in the biomarker, 60%
of the patients had stable cTn levels, and the rest had a
20% rise and fall pattern.(38) The latter pattern may be
related to a coronary event (type 1 AMI) or myocardial
injury secondary to stroke. Acute changes in autonomic
control with exaggerated catecholamine release may
be a noncoronary consequence of increased cTns in
stroke.(39) The insula is an important region for autonomic
regulation and is frequently affected by involvement of
the anterior circulation, and an association between stroke
in this cortical area and an increase in cTn values has
been demonstrated.(40) However, other studies have not
demonstrated a correlation between the cTn values and
the location or volume of the infarction.(41) We add that
exposure to excessive catecholaminergic stimulation and
myocardial ischemia due to coronary vasoconstriction or
pre-existing CAD may occur in type 2 AMI. The frequency
of associated type 1 AMI is uncertain, but after adjusting
for age and sex, patients with ischemic stroke are less likely
to have associated coronary lesions despite elevations of
the cTn levels similar to cases of NSTEMI; moreover, half
of the patients in one study had no coronary lesions on
the angiogram.(42) Hospital mortality is higher in patients
with intracranial hemorrhage than in those with ischemic
stroke, and the risk associated with cTn elevation is higher
in ischemic stroke than in hemorrhagic stroke.(43)
Thus, in patients with stroke and elevated cTns, an
initial assessment of whether an acute increase in the
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biomarker has occurred or whether it is elevated but
stable is reasonable. Then, a careful assessment whether
an associated ACS exists is essential. Once a high but
stable value is detected, we should look for comorbidities
associated with cTn elevation that may benefit from more
aggressive long-term management. A frequent situation is
encountering abnormal cTn levels in stroke patients with
a recent ACS or dilated cardiomyopathy complicated by
atrial fibrillation preceding the event.
Heart failure
Biomarkers in the context of acutely decompensated
heart failure have become important for diagnostic and
prognostic assessments and are currently part of the
standard clinical evaluation. Current recommendations
indicate the use of natriuretic peptides.(44) However, because
heart failure is a complex syndrome, single biomarker
assessment may not reflect all of its characteristics. The
accumulated evidence emphasizes that cTns can add
information to natriuretic peptides. After that description,
subsequent studies correlated cTn levels with the disease
severity. The cTn levels do not allow the etiology to
be diagnosed but may reflect the increase in the left
ventricular mass and provide data on the ejection fraction
and diastolic dysfunction.(45) Elevation in the cTn levels
was associated with the symptom severity, increased need
for supportive therapy with vasopressors and inotropes,
and worsening of the outcome at 30 days.(44)
A meta-analysis based on 77,297 patients concluded
that detecting cTns in heart failure patients increased their
1-year mortality and readmission rates, demonstrating a
hazard ratio of 2.3 (95%CI 1.8 - 3.0).(46) These findings
also apply to high-sensitive tests. Serial changes in the cTn
concentrations are also important, because the persistence
of elevated cTn levels during or after hospitalization is
related to worse outcomes, whereas decreasing or stable
values are associated with lower adverse outcome rates.(47)
Despite this finding, the clinical usefulness is uncertain.
The challenge persists in the differentiation between
ACS-mediated release and noncoronary release. A Class I
recommendation with Level of Evidence C is included in
the European guidelines for the use of cTns in acute heart
failure.(44) However, the cTn concentrations should be
interpreted broadly. A careful evaluation with imaging and
coronary angiography should be part of the investigation,
especially in cases of recent-onset heart failure, positive
cTns, and high clinical suspicion of ischemia of coronary
origin.
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Pericarditis and myocarditis
Epicardial involvement may be a striking finding in
acute pericarditis, and cTns are elevated in approximately
30 to 49% of cases. When they reflect myocardial injury,
the finding of cTns together with other findings compatible
with global or regional left ventricular dysfunction may
indicate myopericarditis.
Elevation of the biomarker does not seem to be related
to the prognosis of myopericarditis and is considered a
weak marker of the extent of myocardial involvement.(19)
Although they appear to be useful for myocarditis
diagnosis, cTns have limited sensitivity, at least in studies
using less sensitive markers. Better accuracy was gained
with hsTnT in one study (area under the curve - AUC:
0.878; p = 0.002) with a sensitivity of 83% and specificity
of 80% achieved using a cutoff of 50ng/L.(48) The marker
concentrations in that study showed different behavior
according to the clinical presentation. Patients presenting
symptoms for more than 13 days had substantially lower
values. In contrast to other clinical conditions, cTn
concentrations in myocarditis do not imply an adverse
prognosis. Increased cTn levels were not useful to predict
complications during follow-up of 486 patients with acute
pericarditis or myopericarditis, and a systematic review
including eight studies concluded that cTns were not able
to predict adverse events during clinical follow-up.(49,50)
Nevertheless, the reduced rate of events and the small
sample size in these studies should be considered.
Takotsubo cardiomyopathy
Takotsubo cardiomyopathy, which is also called stressinduced cardiomyopathy or apical ballooning syndrome,
is reported in approximately 0.7 to 2.5% of suspected
ACS cases.(51)
Although we observe Takotsubo cardiomyopathy most
commonly in women with emotional or physiological
stress with a presentation of cardiomyopathy, it may occur
in a broader clinical spectrum, including presentation in
younger men and in those without a triggering event.(52)
Most patients have a mild to moderate cTn increase
within 24 hours of presentation.(53) This elevation is
disproportionate to the finding of regional left ventricular
dysfunction on imaging tests.(54)
Some studies have attempted to differentiate patients
with Takotsubo cardiomyopathy from those with ACS
using biomarker behavior, since diagnostic confirmation is
often performed only after finding no obstructive lesions
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on coronary angiography and normal ventriculography. A
prospective analysis of the magnitude of the elevations in
cTnT and cTnI found that cases with the former below
6ng/mL and the latter below 15ng/mL showed little
probability of being Takotsubo cardiomyopathy.
Because the presentation more closely involves
regional left ventricular changes than loss of viability due
to necrosis, the ratio between markers has been studied at
ACS patient admission. The ratio that best differentiated
Takotsubo and ST-segment elevation AMI (STEMI) was
the ratio between peaks of the N-terminal prohormone of
brain natriuretic peptide (NT-proBNP) in ng/L to cTnT
in μg/L. A cutoff value of 2,889 was able to distinguish
Takotsubo cardiomyopathy and STEMI (91% sensitivity
and 95% specificity), and a ratio of 5,000 was able to
discriminate Takotsubo cardiomyopathy and NSTEMI
(83% sensitivity and 95% specificity).(55)
Myocardial contusion
The incidence of myocardial contusion in patients
with closed chest trauma ranges from 3% to 56% of cases
depending on the diagnostic criteria used. The lack of
specific signs and symptoms and the broad spectrum of
clinical presentation make its evaluation difficult.(56)
Both cTnT and cTnI have an equivalent sensitivity
profile and greater accuracy for myocardial contusion
detection. These indicators aid in the selection of patients
who must remain under intensive cardiac monitoring.(57)
A study identified that patients with brain injury,
thoracic injury, closed chest trauma, and shock more
frequently had higher cTnI values. In the same analysis,
sustained (greater than 36 hours) and significant cTnI
release (cTnI peak ≥ 2μg/L) was more frequently
associated with thoracic trauma (82%) and the presence of
electrocardiographic changes. Based on electrocardiographic
abnormalities, the sensitivity, specificity, and positive
and negative predictive values of cTnI release were 63%,
98%, 40%, and 98%, respectively. Mortality could not
be discriminated according to the marker values, but
patients with a normal electrocardiogram and cTnI level
8 hours after chest trauma had an almost null probability
of complicated myocardial contusion and required no
additional evaluation.(58) Patients with ECG changes,
elevated cTn, or both must remain under observation in
the ICU for at least 24 hours, during which time most
complications of myocardial contusion develop.(56)
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Pulmonary thromboembolism
Pulmonary thromboembolism patients with signs of
shock and hypotension present high mortality. After careful
risk assessment, the use of thrombolytics in these patients
is generally accepted.(59) Intermediate-risk patients are
considered those with signs of right ventricular dysfunction
who are hemodynamically stable and cTn positive. Kucher
et al. concluded that a normal echocardiogram and negative
cTns were useful for identifying patients with a lower risk
of early mortality.(60) However, the reason for the increase
in these markers in pulmonary thromboembolism is still
unclear. In one study, 63% of cases with right ventricular
dilatation had elevated cTns, whereas 29% of cases with
positive cTns had a normal end-diastolic diameter.(61)
cTnI was also associated with more segmental defects
on ventilation/perfusion scintigraphy. However, hypoxia
secondary to the decrease in the ventilation/perfusion
ratio, hypoperfusion due to shock and coronary flow
decrease, and systemic vein to coronary artery embolism
by patent foramen ovale can also be considered origins of
the cTn elevation. Transmural right ventricular infarction
despite normal coronary arteries has also been found
in cases of massive pulmonary thromboembolism.(62)
When evaluating kinetics, some studies have concluded
that the cTnT peak is lower and shorter than that of
AMI.(63) Although this behavior suggests that cTns are
released from the cytosolic pool during ischemia, given
such release kinetics, this hypothesis still requires testing.
A meta-analysis of 20 studies with 1,985 participants
demonstrated that cTn elevation was significantly
associated with increased short-term mortality resulting
from thromboembolism, including situations with a
preserved hemodynamic status.(64) Another recent metaanalysis of 1,366 patients identified a four-fold greater risk
of short-term death in 55 patients.(65)
Advanced or terminal renal disease
The pathophysiological mechanism by which the cTn
levels are elevated in chronic renal failure (CRF) remains
uncertain. The most investigated associations are the
presence of diffuse obstructive CAD with microinfarcts
and left ventricular hypertrophy. A strong association exists
between the cTnT level and the presence of multivessel
CAD in patients with asymptomatic CRF undergoing
coronary angiography.(10)
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A study underscored the challenges in interpreting
AMI in CRF using the 99th percentile derived from
the healthy general population as a cutoff. In contrast
to patients with preserved renal function, those with
CRF more commonly have baseline cTn above the 99th
percentile, particularly when the assay is highly sensitive.(66)
Therefore, a serial cTn analysis with a relative increase of
approximately 20%, as recommended by the guidelines,
should be performed in the appropriate clinical context
for the diagnosis of AMI.(9) Both cTnT and cTnI can
be used, and there is no consensus in the guidelines on
the advantages of cTnI over cTnT for AMI diagnosis in
patients with CRF.(10) Importantly, both cTns are markers
of diagnostic choice, and no substitutes are acceptable,
such as the MB fraction of creatine kinase, with the
prerogative of loss of cTn specificity in this context.
A study suggested that URL elevation occurred in
this group of patients. In an analysis of 75 patients
with CRF, hsTnT was used with high accuracy for the
diagnosis of AMI at a level twice the 99th percentile of
the URL, resulting in a sensitivity of 94% and specificity
of 86%. However, this change may adversely change the
sensitivity of the assay, and use of the URL provided by
the manufacturer and/or institution for the exclusion
or confirmation of AMI is advisable in these cases.(11)
The diagnostic accuracy of high-sensitivity assays is also
compromised in hemodialysis patients, since almost all
patients have baseline levels above the 99th percentile. In a
series of 670 hemodialysis patients evaluated for dyspnea
or chest pain, the receiver operating characteristic (ROC)
curve for the hsTnT test was only 0.68 but significantly
improved to 0.9 with serial evaluation over 3 hours. The
most favorable cutoff point for the relative variation was
24%.(67) However, clinical judgment is a critical component
for assessing chest pain in hemodialysis patients. Although
the dynamic changes in markers improve the specificity
for the diagnosis of AMI in patients with CRF, relying on
this parameter alone may be associated with a loss of up to
12% of STEMI cases.(68)
During evaluation of a patient with CRF, a baseline
cTnT or cTnI value should never be interpreted as part
of the loss in glomerular filtration alone. Even without
the association with AMI, elevated levels indicate a worse
prognosis and should be valued.(69,70)
Strenuous physical exercise
Cardiac troponins may be elevated immediately after
strenuous physical exercise, which is a phenomenon that has

been studied in long-distance runners.(71) The involvement
of the cardiac musculature manifests transiently with falls
in the systolic and diastolic functions; this phenomenon is
called “heart fatigue”.(72)
High-sensitive cTns are detected in approximately
80-86% of marathon runners after exercise.(73) In fact,
these assays may be elevated during short periods of
exercise in both cardiopathic and noncardiopathic
patients.(17,74) Several studies have demonstrated that
transient elevations do not indicate myocardial damage,
since the levels normalize within 24 to 48 hours.(19) These
data also reinforce the theory of cTn release in the cytosol
and not from the structural content of the myocytes.
In a meta-analysis of 1,120 individuals, Shave et al.
found that the exercise duration was related to increased
cTnT levels without correlation with the participants’ ages.
With the use of high-sensitive assays, a negative correlation
was also found between the cTn levels and performance,
and a nonsignificant correlation was found with age.
This finding can help the clinician evaluate symptomatic
patients after competitive exercises in practice.(75)
Interestingly, transient alterations in right ventricular
function were found in high-intensity athletes. However,
this finding has not added prognostic information to
date.(76)
The clinical impact of exercise-induced cTn elevations
is still unclear. Symptoms during exercise are relatively
common, and marathoners presenting with dizziness,
chest pain, and sometimes circulatory collapse may pose
a challenge for diagnosis in the presence of elevated
cTns. Currently, there are no data to discourage athletes
from competitive activity due to elevation in cTns after
exertion. Moreover, D-dimers and natriuretic peptides as
well as cTns may be elevated after exercise.(19)
Lack of attention to compatible findings after highintensity efforts, including biomarker elevations and
transient right ventricular dysfunction in the absence
of clinical signs indicative of ACS, heart failure, or
pulmonary embolism, can trigger a costly, invasive, and
unnecessary investigation. Treating the patient and not
the clinical assay is still a fundamental precept.
Type 1 and type 2 acute myocardial infarction and
myocardial injury
Since the last AMI definition, diagnostic choice markers
have emerged to support clinical and electrocardiographic
data. However, one of the major challenges in the ICU
environment is the differentiation between increases

Rev Bras Ter Intensiva. 2019;31(1):93-105

101 Vaz HA, Guimaraes RB, Dutra O

in cTns due to hemodynamic instability, sepsis, and
other disorders and type 1 AMI. Electrocardiographic
abnormalities may not provide diagnostic help, since
the presence of ST-segment elevation can occur in cases
of type 2 AMI. Spatz et al. found that ST-segment
elevation was present in 17% or 15% of type 2 AMI
cases where obstructive CAD was present or absent,
respectively.(77) Similarly, another study reported that STsegment elevation was present in 16% of obstructive CAD
and 11% of nonobstructive CAD cases, respectively.(78)
The recommendation is that coronary angiography should
be used as an investigation if no unequivocal factor is the
cause of type 2 AMI, such as known hemorrhagic shock
in CAD.(79)
The absence of spontaneous rupture and dissection
of atherosclerotic plaques is a purely clinical analysis

and increases the ambiguity of the AMI diagnosis due
to imbalance between oxygen supply and demand,
contributing to disparities in its incidence (1.6% to 26%).
The highest incidence was obtained with more restrictive
criteria. In addition, several studies did not place supply
or demand thresholds for oxygen, since several anatomical
and pathophysiological factors could be blamed. Patients
with sepsis are also sometimes included in analyses with
those with type 2 AMI. Sepsis and septic shock share other
factors besides the imbalance in oxygen demand and supply
in their pathophysiology. Type 2 AMI is diagnosed when
there is evidence of necrosis due to increased and decreased
cTns with at least one value above the 99th percentile, in
a clinical situation consistent with myocardial ischemia,
and in cases with an evident imbalance between oxygen
supply and demand without atherosclerotic plaque

Figure 3 - Model of differentiation between acute myocardial infarction and myocardial injury. cTn - cardiac troponin; AMI - acute myocardial infarction.
Source: Adapted from Sandoval Y, Thygesen K. Myocardial infarction type 2 and myocardial injury. Clin Chem. 2017;63(1):101-7.(79)
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rupture and with one more criterion according to the
universal definition. Figure 3 shows a conceptual model
of differentiation between myocardial injury and AMI.(79)
Management and prognosis of type 2 acute
myocardial infarction
Since the term was created in 2007, no practical
guidelines have been available for management of type
2 AMI. Observational studies show that such patients
are managed less frequently with revascularization,
beta-blockers, angiotensin-converting enzyme inhibitors,
statins, and antiplatelet agents, even when significant
CAD is present.(79)
Shah et al. examined the impact of lowering the
threshold of a high-sensitive troponin test based on the
incidence, management, and outcomes of type 1 and
type 2 AMI and myocardial injury. These tests resulted
in higher costs, greater use of hospital resources, and a
better prognosis for type 1 AMI.(80) However, for patients
with type 2 AMI, there was an increase in indications for
specialized cardiovascular evaluation, echocardiograms,
and coronary angiography, which had no impact on
the treatment or prognosis. No specific therapy was
available in these cases, and a missed opportunity actually
existed. In the acute phase, it is intuitive to carry out
strategies for adequate oxygen supply and reduced oxygen
demand, including volemic state adjustment, pressure,
and inotropic support, if necessary; the use of blood
products; heart rate control; and ventilatory support with
an active search for the causal factor. Depending on the

RESUMO
As troponinas cardíacas T e I são marcadores considerados
altamente sensíveis e específicos para o diagnóstico de infarto
agudo do miocárdio. Atualmente, com o advento dos ensaios
ultrassensíveis, uma série de anormalidades não primariamente
cardíacas pode se manifestar por meio da elevação destes ensaios. A redução de seu limiar de detecção promoveu maior precocidade no diagnóstico e na utilização de medidas terapêuticas
baseadas em evidência, no entanto, esta característica aumentou

clinical situation, coronary angiography should be used
to investigate the presence of CAD. If applicable, the
guidelines should be followed. However, if obstructive
CAD is absent, strategies for risk reduction are scarce.
In general, despite the different definitions used among
studies, there is a very somber prognosis for type 2 AMI,
with long-term mortality reaching 63% after 3 years of
follow-up.(78) Studies have focused on all-cause mortality
at the expense of cardiovascular causes.
CONCLUSION
With the advent of high-sensitive troponin assays, both
the detection sensitivity of acute myocardial infarction
and the detection of elevated marker levels in situations
unrelated to acute coronary syndromes have increased.
The increase in the prevalence of noncoronary conditions,
which are associated with increases in cardiac troponins,
presents challenges for the diagnosis of acute myocardial
infarction, especially in the elderly population, in which
coronary and noncoronary heart diseases are found. Several
strategies for the use of these markers have been studied
without a definitive opinion in the current guidelines.
Considering elevated cardiac troponin values at the initial
presentation is important, since the predictive value of
the test increases for cardiovascular and noncardiovascular
diseases. The behavior of the serial test can also help identify
several situations, including acute myocardial infarction.
This evaluation, combined with a rigorous clinical analysis,
should increase the use of earlier therapeutic strategies and
exclude patients with greater safety.

o espectro de doenças cardíacas não coronarianas detectáveis,
trazendo desafios para a caracterização das síndromes coronarianas agudas e um novo papel para estes testes nas desordens
conhecidas no ambiente das unidades de tratamento intensivo,
em especial na sepse. A abordagem de pacientes por meio de
um maior entendimento do comportamento destes marcadores
deve ser redimensionada para sua correta interpretação.
Descritores: Troponina T; Troponina I; Infarto do
miocárdio; Biomarcadores; Sepse; Unidades de terapia intensiva

Rev Bras Ter Intensiva. 2019;31(1):93-105

103 Vaz HA, Guimaraes RB, Dutra O

REFERENCES
		1. Thygesen K, Mair J, Katus H, Plebani M, Venge P, Collinson P, Lindahl
B, Giannitsis E, Hasin Y, Galvani M, Tubaro M, Alpert JS, Biasucci LM,
Koenig W, Mueller C, Huber K, Hamm C, Jaffe AS; Study Group on
Biomarkers in Cardiology of the ESC Working Group on Acute Cardiac Care.
Recommendations for the use of cardiac troponin measurement in acute
cardiac care. Eur Heart J. 2010;31(18):2197-204.
		2. Newby LK, Ohman EM, Christenson RH, Moliterno DJ, Harrington RA,
White HD, et al. Benefit of glycoprotein IIb/IIIa inhibition in patients with
acute coronary syndromes and troponin t-positive status: the paragon-B
troponin T substudy. Circulation. 2001;103(24):2891-6.
		3. Venge P, Lagerqvist Bo, Diderholm E, Lindahl B, Wallentin L. Clinical
performance of three cardiac troponin assays in patients with
unstable coronary artery disease (a FRISC II substudy). Am J Cardiol.
2002;89(9):1035-41.
		 4. Spacek R, Widimský P, Straka Z, Jiresová E, Dvorák J, Polásek 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 J. 2002;23(3):230-8.
		 5. Mehta SR, Cannon CP, Fox KA, Wallentin L, Boden WE, Spacek R, et al.
Routine vs selective invasive strategies in patients with acute coronary
syndromes: a collaborative meta-analysis of randomized trials. JAMA.
2005;293(23):2908-17.
		6. O’Donoghue M, Boden WE, Braunwald E, Cannon CP, Clayton TC, de
Winter RJ, et al. 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.
		 7. 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 J Med. 2009;361(9):858-67.
		8. 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 J. 2012;33(5):579-86.
		9. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax
JJ, Borger MA, Brotons C, Chew DP, Gencer B, Hasenfuss G, Kjeldsen
K, Lancellotti P, Landmesser U, Mehilli J, Mukherjee D, Storey RF,
Windecker S; ESC Scientific Document Group. 2015 ESC Guidelines for
the management of acute coronary syndromes in patients presenting
without persistent ST-segment elevation: Task Force for the Management
of Acute Coronary Syndromes in Patientes Presenting without Persistent
ST-Segment Elevation of the European Society of Cardiology (ESC). Eur
Heart J. 2016;37(3):267-315.
10. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White
HD; Joint ESC/ACCF/AHA/WHF Task Force for Universal Definition of
Myocardial Infarction; Authors/Task Force Members Chairpersons, et
al. Third universal definition of myocardial infarction. J Am Coll Cardiol.
2012;60(16):1581-98.
11. Chenevier-Gobeaux C, Meune C, Freund Y, Wahbi K, Claessens YE,
Doumenc B, et al. Influence of age and renal function on high-sensitivity
cardiac troponin T diagnostic accuracy for the diagnosis of acute
myocardial infarction. Am J Cardiol. 2013;111(12):1701-7.
12. deFilippi C, Wasserman S, Rosanio S, Tiblier E, Sperger H, Tocchi M, et
al. Cardiac troponin T and C-reactive protein for predicting prognosis,
coronary atherosclerosis, and cardiomyopathy in patients undergoing longterm hemodialysis. JAMA. 2003;290(3):353-9.
13. Latini R, Masson S, Anand IS, Missov E, Carlson M, Vago T, Angelici
L, Barlera S, Parrinello G, Maggioni AP, Tognoni G, Cohn JN; Val-HeFT
Investigators. Prognostic value of very low plasma concentrations of
troponin T in patients with stable chronic heart failure. Circulation.
2007;116(11):1242-9.

Rev Bras Ter Intensiva. 2019;31(1):93-105

14. Saunders JT, Nambi V, de Lemos JA, Chambless LE, Virani SS, Boerwinkle
E, et al. Cardiac troponin T measured by a highly sensitive assay predicts
coronary heart disease, heart failure, and mortality in the Atherosclerosis
Risk in Communities Study. Circulation. 2011;123(13):1367-76.
15. Garg P, Morris P, Fazlanie AL, Vijayan S, Dancso B, Dastidar AG, et al.
Cardiac biomarkers of acute coronary syndrome: from history to highsensitivity cardiac troponin. Intern Emerg Med. 2017;12(2):147-55.
16. 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.
17. Vaz HA, Vanz AP, Castro I. Serial high-sensitivity troponin T in post-primary
angioplasty exercise test. Arq Bras Cardiol. 2016;106(4):304-10.
18. Apple FS, Sharkey SW, Falahati A, Murakami M, Mitha N, Christensen
D. Assessment of left ventricular function using serum cardiac troponin
I measurements following myocardial infarction. Clin Chim Acta.
1998;272(1):59-67.
19. Agewall S, Giannitsis E, Jernberg T, Katus H. Troponin elevation in coronary
vs. non-coronary disease. Eur Heart J. 2011;32(4):404-11.
20. van Bockel EA, Tulleken JE, Ligtenberg JJ, Zijlstra JG. Troponin in septic
and critically ill patients. Chest. 2005;127(2):687-8; author reply 688.
21. Prabhu SD. Cytokine-induced modulation of cardiac function. Circ Res.
2004;95(12):1140-53.
22. Chagnon F, Bentourkia M, Lecomte R, Lessard M, Lesur O. Endotoxininduced heart dysfunction in rats: assessment of myocardial perfusion
and permeability and the role of fluid resuscitation. Crit Care Med.
2006;34(1):127-33.
23. Levy RJ, Piel DA, Acton PD, Zhou R, Ferrari VA, Karp JS, et al.
Evidence of myocardial hibernation in the septic heart. Crit Care Med.
2005;33(12):2752-6.
24. Jeremias A, Gibson CM. Narrative review: alternative causes for elevated
cardiac troponin levels when acute coronary syndromes are excluded. Ann
Intern Med. 2005;142(9):786-91.
25. Wu AH. Increased troponin in patients with sepsis and septic shock:
myocardial necrosis or reversible myocardial depression? Intensive Care
Med. 2001;27(6):959-61.
26. Qi W, Kjekshus H, Klinge R, Kjekshus JK, Hall C. Cardiac natriuretic
peptides and continuously monitored atrial pressures during chronic rapid
pacing in pigs. Acta Physiol Scand. 2000;169(2):95-102.
27. Bakshi TK, Choo MK, Edwards CC, Scott AG, Hart HH, Armstrong GP.
Causes of elevated troponin I with a normal coronary angiogram. Intern
Med J. 2002;32(11):520-5.
28. Bukkapatnam RN, Robinson M, Turnipseed S, Tancredi D, Amsterdam E,
Srivatsa UN. Relationship of myocardial ischemia and injury to coronary
artery disease in patients with supraventricular tachycardia. Am J Cardiol.
2010;106(3):374-7.
29. Ammann P, Maggiorini M, Bertel O, Haenseler E, Joller-Jemelka HI, Oechslin
E, et al. Troponin as a risk factor for mortality in critically ill patients without
acute coronary syndromes. J Am Coll Cardiol. 2003;41(11):2004-9.
30. Ammann P, Fehr T, Minder EI, Günter C, Bertel O. Elevation of troponin I in
sepsis and septic shock. Intensive Care Med. 2001;27(6):965-9.
31. Turner A, Tsamitros M, Bellomo R. Myocardial cell injury in septic shock.
Crit Care Med. 1999;27(9):1775-80.
32. Dhainaut JF, Huyghebaert MF, Monsallier JF, Lefevre G, Dall’Ava-Santucci
J, Brunet F, et al. Coronary hemodynamics and myocardial metabolism
of lactate, free fatty acids, glucose, and ketones in patients with septic
shock. Circulation. 1987;75(3):533-41.
33. Bessière F, Khenifer S, Dubourg J, Durieu I, Lega JC. Prognostic value of
troponins in sepsis: a meta-analysis. Intensive Care Med. 2013;39(7):1181-9.
34. Røsjø H, Varpula M, Hagve TA, Karlsson S, Ruokonen E, Pettilä V, Omland T;
FINNSEPSIS Study Group. Circulating high sensitivity troponin T in severe
sepsis and septic shock: distribution, associated factors, and relation to
outcome. Intensive Care Med. 2011;37(1):77-85.

Challenges in interpreting high-sensitive troponin assays 104

35. ver Elst KM, Spapen HD, Nguyen DN, Garbar C, Huyghens LP, Gorus
FK. Cardiac troponins I and T are biological markers of left ventricular
dysfunction in septic shock. Clin Chem. 2000;46(5):650-7.
36. Melki D, Lugnegård 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. J Am Coll Cardiol.
2015;65(16):1655-64.
37. Kerr G, Ray G, Wu O, Stott DJ, Langhorne P. Elevated troponin after stroke:
a systematic review. Cerebrovasc Dis. 2009;28(3):220-6.
38. Anders B, Alonso A, Artemis D, Schäfer A, Ebert A, Kablau M, et al.
What does elevated high-sensitive troponin I in stroke patients mean:
concomitant acute myocardial infarction or a marker for high-risk patients?
Cerebrovasc Dis. 2013;36(3):211-7.
39. Jespersen CM, Fischer Hansen J. Myocardial stress in patients with acute
cerebrovascular events. Cardiology. 2008;110(2):123-8.
40. Ay H, Koroshetz WJ, Benner T, Vangel MG, Melinosky C, Arsava EM, et al.
Neuroanatomic correlates of stroke related myocardial injury. Neurology.
2006;66(9):1325-9.
41. Král M, Šaňák D, Veverka T, Hutyra M, Vindiš D, Bártková A, et al. Troponin
T: correlation with location and volume of acute brain infarction. Int J
Cardiol. 2015;181:127-32.
42. Mochmann HC, Scheitz JF, Petzold GC, Haeusler KG, Audebert HJ, Laufs U,
Schneider C, Landmesser U, Werner N, Endres M, Witzenbichler B, Nolte
CH; TRELAS Study Group. Coronary angiographic findings in acute ischemic
stroke patients with elevated cardiac troponin: the Troponin Elevation in
Acute Ischemic Stroke (TRELAS) Study. Circulation. 2016;133(13):1264-71.
43. Sandhu R, Aronow WS, Rajdev A, Sukhija R, Amin H, D’aquila K, et al.
Relation of cardiac troponin I levels with in-hospital mortality in patients
with ischemic stroke, intracerebral hemorrhage, and subarachnoid
hemorrhage. Am J Cardiol. 2008;102(5):632-4.
44. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk
V, González-Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano GM, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer P; Authors/Task Force Members;
Document Reviewers. 2016 ESC Guidelines for the diagnosis and treatment
of acute and chronic heart failure: The Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European Society of
Cardiology (ESC). Developed with the special contribution of the Heart
Failure Association (HFA) of the ESC. Eur J Heart Fail. 2016;18(8):891-975.
45. Kociol RD, Pang PS, Gheorghiade M, Fonarow GC, O’Connor CM, Felker
GM. Troponin elevation in heart failure prevalence, mechanisms, and
clinical implications. J Am Coll Cardiol. 2010;56(14):1071-8.
46. Yousufuddin M, Abdalrhim AD, Wang Z, Murad MH. Cardiac troponin
in patients hospitalized with acute decompensated heart failure: a
systematic review and meta-analysis. J Hosp Med. 2016;11(6):446-54.
47. Felker GM, Mentz RJ, Teerlink JR, Voors AA, Pang PS, Ponikowski P, et al.
Serial high sensitivity cardiac troponin T measurement in acute heart failure:
insights from the RELAX-AHF study. Eur J Heart Fail. 2015;17(12):1262-70.
48. Ukena C, Kindermann M, Mahfoud F, Geisel J, Lepper PM, Kandolf R, et al.
Diagnostic and prognostic validity of different biomarkers in patients with
suspected myocarditis. Clin Res Cardiol. 2014;103(9):743-51.
49. Imazio M, Brucato A, Barbieri A, Ferroni F, Maestroni S, Ligabue G, et al.
Good prognosis for pericarditis with and without myocardial involvement:
results from a multicenter, prospective cohort study. Circulation.
2013;128(1):42-9.
50. Imazio M, Brucato A, Spodick DH, Adler Y. Prognosis of myopericarditis
as determined from previously published reports. J Cardiovasc Med
(Hagerstown). 2014;15(12):835-9.
51. Pilgrim TM, Wyss TR. Takotsubo cardiomyopathy or transient left
ventricular apical ballooning syndrome: a systematic review. Int J Cardiol.
2008;124(3):283-92.

52. Sharkey SW, Windenburg DC, Lesser JR, Maron MS, Hauser RG, Lesser
JN, et al. Natural history and expansive clinical profile of stress (takotsubo) cardiomyopathy. J Am Coll Cardiol. 2010;55(4):333-41.
53. Ramaraj R, Sorrell VL, Movahed MR. Levels of troponin release can aid in
the early exclusion of stress-induced (takotsubo) cardiomyopathy. Exp Clin
Cardiol. 2009;14(1):6-8.
54. Rolf A, Nef HM, Möllmann H, Troidl C, Voss S, Conradi G, et al.
Immunohistological basis of the late gadolinium enhancement phenomenon
in tako-tsubo cardiomyopathy. Eur Heart J. 2009;30(13):1635-42.
55. Fröhlich GM, Schoch B, Schmid F, Keller P, Sudano I, Lüscher TF, et al.
Takotsubo cardiomyopathy has a unique cardiac biomarker profile: NTproBNP/myoglobin and NT-proBNP/troponin T ratios for the differential
diagnosis of acute coronary syndromes and stress induced cardiomyopathy.
Int J Cardiol. 2012;154(3):328-32.
56. Corrêa TD, Passos RH, Noritomi DT, Figueiredo EJ, Capone Neto A. Papel
da dosagem seriada de troponina nos pacientes com suspeita de contusão
miocárdica após trauma torácico fechado. Rev Bras Ter Intensiva.
2007;19(2):216-20.
57. Swaanenburg JC, Klaase JM, DeJongste MJ, Zimmerman KW, ten Duis
HJ. Troponin I, troponin T, CKMB-activity and CKMB-mass as markers for
the detection of myocardial contusion in patients who experienced blunt
trauma. Clin Chim Acta. 1998;272(2):171-81.
58. Edouard AR, Felten ML, Hebert JL, Cosson C, Martin L, Benhamou D.
Incidence and significance of cardiac troponin I release in severe trauma
patients. Anesthesiology. 2004;101(6):1262-8.
59. Torbicki A, Perrier A, Konstantinides S, Agnelli G, Galiè N, Pruszczyk
P, Bengel F, Brady AJ, Ferreira D, Janssens U, Klepetko W, Mayer E,
Remy-Jardin M, Bassand JP; ESC Committee for Practice Guidelines
(CPG). Guidelines on the diagnosis and management of acute pulmonary
embolism: the Task Force for the Diagnosis and Management of Acute
Pulmonary Embolism of the European Society of Cardiology (ESC). Eur
Heart J. 2008;29(18):2276-315.
60. Kucher N, Wallmann D, Carone A, Windecker S, Meier B, Hess OM.
Incremental prognostic value of troponin I and echocardiography in patients
with acute pulmonary embolism. Eur Heart J. 2003;24(18):1651-6.
61. Meyer T, Binder L, Hruska N, Luthe H, Buchwald AB. Cardiac troponin I
elevation in acute pulmonary embolism is associated with right ventricular
dysfunction. J Am Coll Cardiol. 2000;36(5):1632-6.
62. Coma-Canella I, Gamallo C, Martinez Onsurbe P, Lopez-Sendon J. Acute
right ventricular infarction secondary to massive pulmonary embolism. Eur
Heart J. 1988;9(5):534-40.
63. Müller-Bardorff M, Weidtmann B, Giannitsis E, Kurowski V, Katus HA.
Release kinetics of cardiac troponin T in survivors of confirmed severe
pulmonary embolism. Clin Chem. 2002;48(4):673-5.
64. Becattini C, Vedovati MC, Agnelli G. Prognostic value of troponins in acute
pulmonary embolism: a meta-analysis. Circulation. 2007;116(4):427-33.
65. Jiménez D, Uresandi F, Otero R, Lobo JL, Monreal M, Martí D, et al.
Troponin-based risk stratification of patients with acute nonmassive
pulmonary embolism: systematic review and metaanalysis. Chest.
2009;136(4):974-82.
66. Twerenbold R, Wildi K, Jaeger C, Gimenez MR, Reiter M, Reichlin T, et
al. Optmal cutoff levels of more sensitive cardiac troponin assays for the
early diagnosis of myocardial infarction in patients with renal dysfunction.
Circulation. 2015;131(23):2041-50.
67. Huang HL, Zhu S, Wang WQ, Nie X, Shi YY, He Y, et al. Diagnosis of acute
myocardial infarction in hemodialysis patients with high-sensitivity cardiac
troponin T assay. Arch Pathol Lab Med. 2016;140(1):75-80.
68. Bjurman C, Larsson M, Johanson P, Petzold M, Lindahl B, Fu ML, et al.
Small changes in troponin T levels are common in patients with non-STsegment elevation myocardial infarction and are linked to higher mortality.
J Am Coll Cardiol. 2013;62(14):1231-8.

Rev Bras Ter Intensiva. 2019;31(1):93-105

105 Vaz HA, Guimaraes RB, Dutra O

69. Stacy SR, Suarez-Cuervo C, Berger Z, Wilson LM, Yeh HC, Bass EB, et al.
Role of troponin in patients with chronic kidney disease and suspected
acute coronary syndrome: a systematic review. Ann Intern Med.
2014;161(7):502-12.
70. Dierkes J, Domröse U, Westphal S, Ambrosch A, Bosselmann HP,
Neumann KH, et al. Cardiac troponin T predicts mortality in patients with
end-stage renal disease. Circulation. 2000;102(16):1964-9.
71. Sahlén A, Gustafsson TP, Svensson JE, Marklund T, Winter R, Linde C,
et al. Predisposing factors and consequences of elevated biomarker
levels in long-distance runners aged > or = 55 years. Am J Cardiol.
2009;104(10):1434-40.
72. Douglas PS, O’Toole ML, Hiller WD, Hackney K, Reichek N. Cardiac fatigue
after prolonged exercise. Circulation. 1987;76(6):1206-13.
73. Mingels A, Jacobs L, Michielsen E, Swaanenburg J, Wodzig W, van DieijenVisser M. Reference population and marathon runner sera assessed by
highly sensitive cardiac troponin T and commercial cardiac troponin T and
I assays, Clin Chem. 2009;55(1):101-8.
74. Shave R, Ross P, Low D, George K, Gaze D. Cardiac troponin I is released
following high-intensity short-duration exercise in healthy humans. Int J
Cardiol. 2010;145(2):337-9.

Rev Bras Ter Intensiva. 2019;31(1):93-105

75. Shave R, George KP, Atkinson G, Hart E, Middleton N, Whyte G, et al.
Exercise-induced cardiac troponin T release: a meta-analysis. Med Sci
Sports Exerc. 2007;39(12):2099-106.
76. La Gerche A, Burns AT, Mooney DJ, Inder WJ, Taylor AJ, Bogaert J, et al.
Exercise-induced right ventricular dysfunction and structural remodelling in
endurance athletes. Eur Heart J. 2012;33(8):998-1006.
77. Spatz ES, Curry LA, Masoudi FA, Zhou S, Strait KM, Gross CP, et al. The
variation in recovery: role of gender on outcomes of young AMI patients
(VIRGO) classification system: a taxonomy for young women with acute
myocardial infarction. Circulation. 2015;132(18):1710-8.
78. Baron T, Hambraeus K, Sundström J, Erlinge D, Jernberg T, Lindahl B;
TOTAL-AMI study group. Impact on long-term mortality of presence
of obstructive coronary artery disease and classification of myocardial
infarction. Am J Med. 2016;129(4):398-406.
79. Sandoval Y, Thygesen K. Myocardial infarction type 2 and myocardial
injury. Clin Chem. 2017;63(1):101-7.
80. Shah AS, McAllister DA, Mills R, Lee KK, Churchhouse AM, Fleming
KM, et al. Sensitive troponin assay and the classification of myocardial
infarction. Am J Med. 2015;128(5):493-501.e3.

