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Cardiac troponin I—more than a biomarker for myocardial
ischemia?
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Circulating cardiac troponin (cTn) concentrations have
become an increasingly important biomarker for the
noninvasive detection of myocardial injury in many
cardiovascular diseases, in particular, patients with coronary
heart disease presenting with acute chest pain (1). In this
respect, elevated cTn levels are generally accepted to be
a sign of myocyte necrosis, and considered as the goldstandard biomarker of myocardial infarction (2). However,
elevated cTn is not only related to cardiomyocyte necrosis
caused by coronary ischemia, but also found in a number
of cardiac and non-cardiac conditions, such as heart failure
(HF), pulmonary embolism, myopericarditis, kidney disease,
sepsis, tachycardia, toxic injury, and even healthy people
after high-intensity exercise (2-4).
As new and more sensitive cTn assays are being utilized,
a substantial increase has been reported in a number of
patients with detectable cTn increases, who were not
diagnosed with acute coronary syndromes (2). Specifically,
a growing body of evidence shows elevated levels of
circulating cTn in patients with HF, in which the detection
of cTn might be useful for risk stratification, HF prognosis,
and therapies (5). However, there are still knowledge gaps
in our current understanding of underlying mechanisms of
elevated cTn released in acute and chronic HF. Multiple
potential contributing mechanisms have been proposed,
including cardiomyocyte necrosis, inflammation, oxidation,
apoptosis and hibernating myocardium (5). Recently, studies
demonstrate that cardiomyocytes can release cTnI by a
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stretch-related mechanism in the absence of necrosis (6).
In the author’s previous study (7), they found elevated
cTnI levels after transient ischemia without evidence
of myocyte necrosis in a porcine model. These elevated
cTnI levels were associated with delayed apoptosis, and no
pathological evidence for myocardial infarction. Although
it is unclear whether apoptosis and cTnI release are causally
related to one another, these findings suggest that there
maybe other mechanisms underlying the elevated serum
levels of cTn in those non-ACS circumstances without cell
necrosis.
In a recent article published in the Journal of the
American College of Cardiology, Weil et al. (8) using a swine
model investigated the pathophysiology of mechanical
stretch-induced cardiomyocyte injury and the underlying
mechanism of cTnI release. Left ventricular preload was
raised by means of a transient arterial blood pressure
increase by intravenous phenylephrine (PE) infusion
(300 mg/min) for 1 hour. No ischemia occurred after
PE assessed by microsphere flow measurements.
Hemodynamics restored quickly after PE infusion, whereas
LV ejection fraction remained reduced and normalized after
24 hours. Circulating cTnI elevated within 30 minutes and
remained increased at 24 hours with pathological evidence
showing myocyte apoptosis at 3 hours and normalized after
24 hours, consistent with myocardial stunning. These data
demonstrate that elevated levels of circulating cTnI may
be caused by LV preload-induced myocyte apoptosis in the
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absence of ischemia.
This translational study provides several new perspectives
for us to better understand the mechanisms underlying
clinical scenarios with cTnI elevations in the absence
of ischemic heart disease. First, microsphere perfusion
measurements showing normal subendocardial blood
flow confirmed that temporary LV dysfunction was not
induced by myocardial ischemia, but rather by myocardial
stunning from mechanical stretch. Second, such transient
LV dysfunction led to myocyte injury marked by reversible
circulating cTnI elevations and myocyte apoptosis, without
evidence of necrosis. These important results provide
another explanation for cTnI elevations in patients without
clinical evidence of cardiac ischemia. Troponin release can
be triggered by ventricular volume overload, including heart
failure, renal dysfunction, pulmonary embolism as well
as others, in the absence of commonly assumed myocyte
necrosis and ischemia. These findings may fill the gap in
our understanding of the pathophysiology mechanisms of
cTnI increase in non-ACS clinical conditions.
What is the translational relevance of these findings
for patients with HF? While cTn levels are recommended
biomarkers to identify the presence of an ACS, most
patients with elevations of circulating cTn are not
diagnosed with an ACS (9). Though it is difficult to identify
specific mechanisms underlying various clinical disorders, it
is believed that elevations of circulating cTn reflect myocyte
injury. In this regard, cTn is an “organ-specific” but not
“disease-specific” biomarker (10). HF is caused by a complex
set of interactions among various pathological processes
leading to myocyte injury, mechanical stretch-induced
injury, myocardial ischemia, and increased neurohormonal
stimulation (5). Having a biomarker for several of these
pathological processes including cardiomyocyte necrosis,
apoptosis, myocyte injury from inflammation or oxidation,
or apoptosis, may improve our ability to manage risk
stratification and monitor progression of HF (5).
It is difficult to study cardiac changes during early stages
of HF, in particular, during the transition from hypertrophy
to cardiac dysfunction. The study by Weil et al. (8) suggests
that cTn plays a role in the transition process from
hypertrophy to HF. However, in human HF, the elevations
in intracardiac pressures persist for a long time, in contrast
to the acute pressure elevation induced by a short period
of PE injection in this study. Therefore, future studies are
warranted to investigate the mechanism of different stages
of HF in long-term animal models, which are applicable to
both human mild and severe stages of HF. Furthermore,
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since the analysis of positive nuclei in TUNEL assays lack
both sensitivity and specificity to identify apoptosis (11),
more biochemical evidence of apoptosis is needed in future
studies, such as the detection of Bcl-2 family proteins by
immunoblotting, phosphatidylserine exposure by annexin V
stain, and DNA fragmentation using Taq assay (11).
In conclusion, Weil et al. (8) showed that short-term
elevated LV preload can induce delayed cTnl release and
apoptosis without myocardial ischemia and necrosis. These
findings are consistent with elevated cTnI levels observed in
patients without clinical manifestation of cardiac ischemia.
Elevated cTn levels can be used to detect and diagnose HF
at an early stage, and are regarded as strong biomarkers
for the prognosis of cardiovascular diseases. The findings
published by Weil et al. (8) may help physicians diagnose
HF and select adequate therapies to improve disease
outcomes.
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