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Cardiac troponin and the diagnosis of type 2 myocardial infarction
and acute non-ischaemic myocardial injury
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Abstract: Cardiac troponin is integral in the diagnosis of myocardial injury and infarction. The
Fourth Universal Definition recommends a classification by aetiology, in order to encourage clinicians
to consider the mechanism of myocardial injury, and its influence on treatment. The development of
high-sensitivity cardiac troponin assays has led to an increase in the amount of myocardial injury we
identify in clinical practice. Acute non-ischaemic myocardial injury and type 2 myocardial infarction
are responsible for around half of all measurable cardiac troponin elevations in unselected hospitalised
patients presenting with suspected acute coronary syndromes. Despite the high incidence of non-
cardiovascular death in this population, major adverse cardiovascular events rates are similar to those
with atherothrombotic type 1 myocardial infarction. However, despite attempts to further characterise
these conditions there remains a paucity of evidence in patients with type 2 myocardial infarction
or acute non-ischaemic myocardial injury to support diagnosis, investigation or treatment strategy.
Current proposed treatment approaches revolve around the identification of coronary artery disease and
left ventricular dysfunction and optimisation of therapies for these conditions. This review explores the
clinical presentation of these conditions, the proposed cellular mechanisms of cardiac troponin release
and the current direction of research efforts to help clinicians understand, risk stratify and treat patients

with secondary myocardial injury and infarction.
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Introduction

Cardiac troponin is the only recommended biomarker for
the diagnosis of myocardial infarction and is utilised widely
in clinical practice (1). Current high-sensitivity cardiac
troponin (hs-cTn) assays are defined by the ability to detect
circulating troponin in the majority of healthy individuals
with precision (2,3). However, this increased sensitivity
has led to a reduction in specificity for the diagnosis of

myocardial infarction. Increasingly, we recognize cardiac
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troponin concentration above the 99" upper reference limit
(URL) across a spectrum of both cardiac and non-cardiac
pathologies.

Diagnosis of myocardial infarction and
myocardial injury

The Universal Definition of Myocardial Infarction (UDMI)
was introduced to encourage consensus and in recognition
that myocardial infarction may occur due to a variety of
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Measurement of high-sensitivity cardiac troponin
on clinical indication
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(No myocardial injury)

Troponin elevation above 99" Centile URL
(Myocardial injury)

l

Symptoms or signs of
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(Myocardial Infarction)

Atherosclerotic plague rupture

Supply and demand imbalance of
myocardial oxygen

Myocardial infarction due to sudden
death or iatrogenic injury

|

No symptoms or signs of
ischaemia
(Myocardial Injury)

Acute rise in troponin concentration
typically over 20% of baseline
sampling in the absence of myocardial
infarction usually in the setting of an
acute illness

Chronic elevation in troponin
concentrations typically due to
underlying chronic illness

Figure 1 Diagnostic identification of subtypes of myocardial infarction and myocardial injury. URL, upper reference limit.

underlying pathology (4-6) (Figure 1). The diagnosis of
myocardial infarction is applied when an acute rise and/or
fall in cardiac troponin elevation is detected, in conjunction
with ischaemic symptoms, myocardial ischaemia on the 12-
lead electrocardiogram or imaging evidence of a regional
wall motion abnormality is identified. A type 1 myocardial
infarction occurs due to atherosclerotic plaque rupture,
intracoronary thrombosis, subtotal or complete occlusion
with distal hypoperfusion causing ischaemia and then
irreversible cell necrosis. It is the most common cause
of myocardial infarction and where the majority of our
evidence for practice exists (7-11).

Type 2 myocardial infarction is a descriptive term
encompassing patients with a reduction in myocardial
oxygen supply or an unmet need in myocardial oxygen
demand, without atherothrombosis, and is responsible
for approximately one in every five events. Just one third
of patients are alive at five years after diagnosis, but to
date we have no evidence from prospective randomised
controlled trials to guide investigation or treatment
(8,12,13). Additional types of myocardial infarction related
to sudden cardiac death (type 3), percutaneous coronary
intervention (PCI; type 4) or coronary artery bypass graft
surgery (CABG; type 5) are also defined, but the evidence
to support the suggested diagnostic criteria is uncertain.
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The definition of type 4 myocardial infarction includes an
arbitrary rise of >5 fold greater than the 99" centile with
imaging evidence of regional wall motion abnormality,
whereas the definition of type 5 myocardial infarction
includes a rise of >10 fold greater than the 99™ centile (4).
These definitions are particularly controversial as they
have had a significant impact on the outcome of trials
comparing PCI or CABG in patients with left main stem
disease (14) (Figure I).

In patients with an acute rise or fall in cardiac troponin
without symptoms or signs of myocardial ischaemia, the
diagnosis of acute non-ischaemic myocardial injury is
applied. Where there is no dynamic change on serial testing
this is classified as chronic myocardial injury (4).

Identifying and correcting the aetiology of supply or
demand imbalance in patients with type 2 myocardial
infarction or acute non-ischaemic myocardial injury is
the principal recommendation for treatment, and several
pragmatic approaches have been recommended (15-17).

Mechanisms of troponin release in type 2
myocardial infarction and non-ischaemic
myocardial injury

In patients with type 1 myocardial infarction, subtotal
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Mechanism of troponin
release
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Figure 2 Hypothesised cellular mechanisms of cardiac troponin release from the cardiomyocyte in relation to type of injury.

or complete epicardial coronary occlusion leads to tissue
hypoxia, ischaemia, infarction and necrosis due to cell
membrane lysis (18). Troponin is released in a time
dependent manner, peaking approximately 12 hours after
injury. Peak troponin concentrations are consistently
higher in patients with type 1 myocardial infarction
than type 2 myocardial infarction or myocardial injury
(8,19,20) (Figure 2).

Type 2 myocardial infarction may occur in patients
with fixed obstructive coronary artery disease, or in those
without obstructive coronary artery disease in the context
of vasospasm, coronary embolism or dissection. Some
patients with type 2 myocardial infarction and acute
non-ischaemic myocardial injury have normal coronary
arteries. Mechanisms of myocardial injury and cardiac
troponin release are poorly understood. Where there is
complete vessel occlusion due to vasospasm, embolism
or dissection, the clinical presentation is similar to type 1
myocardial infarction, with ischaemia, infarction and likely
cardiomyocyte necrosis. However, in patients without
coronary artery occlusion who have a stress response to
physiological insult such as tachyarrhythmia, hypoxemia
or hypotension, troponin release from the cardiomyocyte
may occur due to cytosolic leak without membrane rupture,
disruption of normal intracellular turnover or membranous
bleb formation (21-24) (Figure 2). Recently troponin was
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detected enriched in circulating extracellular vesicles in
patients with documented unstable angina. This may serve
as a future biomarker to risk stratify patients with both
acute and chronic coronary syndromes for intensification of
cardioprotective therapies (25,26).

Using cardiac troponin to differentiate
myocardial injury or infarction subtype

A secondary analysis of the high-sensitivity troponin in
the evaluation of patients with suspected acute coronary
syndrome (High-STEACS) trial revealed that troponin I
concentrations were higher, with a greater absolute and
relative change in patients with type 1 compared to type 2
myocardial infarction and acute non-ischaemic myocardial
injury (27). This has also been demonstrated also in a
pooled analysis of six clinical trials for both troponin
T and I assays (28). However, when using presentation
concentration in combination with a relative change
of >20% to predict a diagnosis of type 1 myocardial
infarction, discrimination was only moderate, with an
area under the receiving operator curve (AUC) of 0.66
[95% confidence interval (CI): 0.64 to 0.68] (27). Cardiac
troponin alone cannot differentiate myocardial injury or
infarction subtypes and should never guide diagnosis in
isolation (27,29).
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Using cardiac troponin to risk stratify type 2
myocardial infarction and acute myocardial
injury

Traditional risk stratification tools developed in type 1
myocardial infarction such as the GRACE 2.0 or TIMI
risk score incorporate cardiac biomarkers, with a binary
decision threshold above or below the assay specific URL
(30,31). These scores predate the implementation of hs-¢cTn
and the Universal Definition, but even the latest iteration
of GRACE (3.0) fails to take advantage of the enhanced
precision and clinical risk information provided by use of
peak concentrations as a continuous variable.

The GRACE 2.0 algorithm has been evaluated
in patients with type 2 myocardial infarction, where
modest discrimination for myocardial infarction or death
was observed (AUC =0.70, 95% CI: 0.6-0.74) (32).
More bespoke risk prediction algorithms have now
been developed. The Troponin Assessment for Risk
stRatification of patients without Acute COronary
atherothrombosis (TARRACO) risk score was developed
in patients with acute non-ischaemic myocardial injury
and type 2 myocardial infarction and predicts a primary
outcome of either death, myocardial infarction or heart
failure rehospitalisation at 180 days, with moderate
discrimination (AUC =0.74, 95% CI: 0.70-0.79). This tool
uses an arbitrary value of >5x the 99" centile URL, with
an adjusted odds ratio of 1.46 (95% CI: 0.92-2.32) for
the primary outcome (33). This score did not validate as
well in a further independent analysis, albeit it is accepted
a different endpoint was evaluated which did not include
heart failure hospitalisation.

The T2-risk score is a novel score prospectively derived
and validated in consecutive patients with type 2 myocardial
infarction from the High-STEACS trial and validated
in two populations; the APACE trial of non-consecutive
patients with suspected acute coronary syndrome, and
consecutive patients from the Karolinska Institute. This
incorporates cardiac troponin I as a continuous variable
as well as clinically relevant co-variates including age,
estimated glomerular filtration rate (¢GFR), and heart
rate, the presence of ischaemic heart disease, anaemia,
previous heart failure hospitalisation or ischaemia on
the electrocardiogram. This score predicted all-cause
death or myocardial infarction at one year with moderate
discrimination (AUC =0.76, 95% CI: 0.73-0.79) and
demonstrated an adjusted multivariable hazard ratio for the
primary outcome of 1.32 (95% CI: 1.12-1.55) (34).
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Randomised controlled trials in type 2 myocardial
infarction and acute myocardial injury

Despite type 2 myocardial infarction and non-ischaemic
myocardial injury being recognised for over 15 years, to
date no randomised controlled trials have reported to guide
investigation or treatment. Patients with type 2 myocardial
infarction and acute non-ischaemic myocardial injury are
heterogeneous by definition and present due to a variety
of other systemic illnesses (5,13,35,36). This increases
complexity when designing interventions which could
plausibly improve outcomes.

A recent systematic review was undertaken to identify
clinical studies in patients with type 2 myocardial infarction
to inform the design and delivery of a Delphi study (37).
This review identified two randomised controlled trials
and five observational cohort studies currently or recently
completed enrolment of patients with type 2 myocardial
infarction or acute myocardial injury (7able 1).

The DEMAND-MI study recruited 100 patients with
a clinical diagnosis of type 2 myocardial infarction and
aimed to determine the prevalence of obstructive coronary
artery disease and left ventricular systolic dysfunction.
This study used invasive or CT coronary angiography and
cardiac MRI or echocardiography where appropriate. A
high prevalence of underlying coronary heart disease was
identified (68%, 63/93), which was obstructive in one third
of patients, and evidence of structural heart disease was
observed in 42% (39/93). Importantly, these conditions
were previously unrecognised in 50% of participants. In
a subsequent prospective cohort study with CT coronary
angiography and non-invasive fractional flow reserve
assessment of consecutive patients with type 2 myocardial
infarction, coronary artery disease was identified in 92%
of patients, which was obstructive in 42%, and previously
unrecognised and untreated in 90% (41,45). This
highlights the opportunity to identify and treat previously
unrecognised pathology which has manifest in the context
of an alternative physiological stressor (39).

It is recognised that recruitment of patients with type 2
myocardial infarction and acute non-ischaemic myocardial
injury may be challenging (43,44). One trial attempted to
evaluate rivaroxoban using student led recruitment and
randomisation, and due to a combination of limited staff
time and strict exclusion criteria, closed the study prior to
enrolment reaching 10%. However, other trials have had
greater success (44).

The TARGET-Type 2 trial is a multi-centre prospective
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Table 1 Clinical trials in patients with type 2 myocardial infarction or non-ischaemic injury
Number Number of
of patients  patients actually
Study name Study type aimedtobe or currently® Status Outcome
recruited recruited
TARGET-Type 2 (38) A pilot randomised 60 34* Active Pending
controlled trial of a
complex intervention
Determining the Mechanism Prospective observational 100 100 Completed Patients with type 2
of Myocardial Injury and Role myocardial infarction
of Coronary Disease in Type 2 incidence of 68%
Myocardial Infarction (DEMAND- underlying coronary
M) (39) disease and 42%
structural heart disease.
7% misclassification rate
The appropriateness of coronary  Prospective, open- 1,800 Unknown* Active Pending
investigation in myocardial injury  labelled, parallel clustered,
and type 2 myocardial infarction ~ randomized controlled
(ACT-2) (40) trial with blinded end point
assessment
DEFINing the PrEvalence and Prospective observational 50 50 Completed Pending
Characteristics of Coronary Artery
Disease Among Patients With
TYPE 2 Myocardial Infarction
Using CT-FFR (DEFINE TYPE2MI)
@)
A Study of Microcirculatory Observational case 52 0 Pre-recruitment Pending
Function in Type 2 Myocardial control phase
Infarction (42)
Inflammation in Type 2 Myocardial Prospective observational 30 Unknown Withdrawn Withdrawn due to
Infarction (43) feasibility
Rivaroxaban in Type 2 Myocardial A feasibility, placebo- 100 8 Completed Unable to identify recruit

Infarctions (R2Ml) (44) controlled, double-
blinded, randomized

controlled trial

and randomise over
time period

*, signifies ongoing recruitment.

randomised controlled trial evaluating the feasibility of
evaluating a complex intervention of investigation and
treatment for coronary artery disease or left ventricular
dysfunction. To date, over 90% of the intended participants
have been enrolled, and this study is due to report on
schedule in June 2024. Ultimately, this study will guide
the design of a multi-centre randomised controlled trial
powered for clinically relevant endpoints (38).

Novel cardiac biomarkers

Whilst cardiac troponin is a specific biomarker of
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myocardial injury, it is not specific for myocardial
infarction. If a novel approach could identify patients with
atherothrombotic type 1 myocardial infarction alone,
this could be transformative for care providers in guiding
immediate investigation and treatment in what are often
challenging clinical scenarios.

It is known that cardiac troponin I and cardiac troponin
T are expressed in a 1:1 ratio in human myocardium (46),
yet peak concentrations of cardiac troponin I are often
ten-fold higher and return to normal more promptly
than cardiac troponin T after myocardial infarction (47).
Following cardiomyocyte necrosis, cardiac troponin I is
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cleaved promptly and released into the circulation (48).
The majority of cardiac troponin T remains bound to
cardiomyocyte filaments which undergo local phagocytosis
and degradation (49). Therefore, a relatively lower
concentration of cardiac troponin T is measurable in
circulating plasma (50). Both hs-cTnl and cardiac troponin
T assays may detect the intact and fragmented cardiac
troponin protein forms, which may influence measurable
concentrations, particularly early after injury. No significant
differences have been observed in cardiac troponin I and
T clearance which occurs through both renal and hepatic
mechanisms with similar kinetics.

This difference in cardiac troponin I and T release has
been exploited in discriminating myocardial injury from
infarction. Across five observational cohort studies, 888
of 3,124 patients with suspected acute coronary syndrome
had an adjudicated diagnosis of type 1 (n=408) or type
2 myocardial infarction (n=56) or acute non ischaemic
myocardial injury (n=424). The ratio of hs-cTnl to hs-
c¢TnT differed considerably by subtype; highest in type
1 myocardial infarction at 3.45 (1.80-6.59), with type 2
myocardial infarction (1.18, 95% CI: 0.81-1.90) and acute
non-ischaemic myocardial injury (0.67, 95% CI: 0.39-1.12)
significantly lower. Overall, the hs-cTnl/hs-¢TnT ratio
provided excellent discrimination with an AUC of 0.89
(95% CI: 0.86-0.91). A ratio of >1.40 gave a specificity and
positive predictive value of 80% and 78.5% (95% CI: 74.4-
82%), with a ratio of >2.24 giving a specificity and positive
predictive value of 90% and 85% (95% CI: 80.7-88.8%),
respectively (47). This approach requires prospective
validation including cohorts with higher numbers of
participants with type 2 myocardial infarction.

There may be other reasons for differences in the profile
of cardiac troponin I and T in vive. It is recognised that
heavily cleaved small fragments of cardiac troponin T are
detectable in the circulation of patients with chronic renal
impairment with high sensitivity assays (51). A novel cardiac
troponin T assay has been developed which uses a capture
antibody binding an epitope adjacent to the C-terminus,
with further antibodies binding the central portion of the
troponin molecule to identify intact cardiac troponin T (52).
A higher ratio of long-form cardiac troponin T to total
cardiac troponin T was observed in 117 patients with
myocardial infarction when compared to 41 patients with
chronic myocardial injury due to end stage renal failure.
In patients with non-ST segment elevation myocardial
infarction presenting within 24 hours of pain onset, despite
total cardiac troponin T' concentrations being comparable
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with the chronic myocardial injury group, the AUC for the
novel full troponin assay was 0.96 (95% CI: 0.89-1.00) (51).
This approach holds major promise in differentiating
myocardial injury from infarction, with studies of release
kinetics and an evaluation in different patient groups
warranted.

Cellular necrosis may be detected through the
identification of fragments of genomic DNA which are
released and briefly circulate in the bloodstream prior
to hepatic clearance. A cardiomyocyte specific cell-free
DNA (cfDNA) assay has been developed which targets
the FAM101A locus (53). In patients with STEMI this
assay had high diagnostic accuracy, with an AUC of
0.94 (95% CI: 0.91-0.98) compared to healthy controls.
Interestingly, this assay identified an additional one in six
patients with STEMI who had apparently normal cardiac
troponin concentrations as having cardiomyocyte necrosis.
Importantly, cardiomyocyte necrosis was also detectable
in a population of patients who were in critical care for
sepsis. Whilst total ¢fDNA concentrations were high,
the cardiomyocyte specific cfDNA concentration was
comparable to patients with STEMI (54). Further studies
are required to evaluate cardiomyocyte specific cfDNA
in patients with acute non-ischaemic myocardial injury
and type 2 myocardial infarction where serial samples are
obtained.

Future directions for research

The combination of an increase in the sensitivity of
cardiac biomarkers in an aging co-morbid population has
led to an increase in the recognition of type 2 myocardial
infarction and acute non-ischaemic myocardial injury in
clinical practice. Whilst these diagnoses are associated
with poor clinical outcomes, we have no proven strategies
for investigation or treatment shown to modify outcomes.
Indeed, there is major uncertainty as to whether outcomes
are modifiable given the high prevalence of frailty and
co-morbidity. These patients are often unwell with
multiorgan dysfunction which may lead to challenges in
the evaluation of therapies with the potential for iatrogenic
harm. However, rates of future myocardial infarction or
cardiovascular death are as high as one in six at one year.
Future clinical trials should focus on improving the accuracy
of clinical diagnosis with novel biomarker approaches,
defining and testing strategies for risk stratification and
further investigation, and treating underlying coronary or
structural heart disease with evidence-based therapies. This
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approach is likely to have the greatest impact on future
cardiovascular outcomes in the short to medium term.

Conclusions

Following the implementation of hs-cTn assays, both acute
non-ischaemic myocardial injury and type 2 myocardial
infarction are increasingly recognised in practice. In
an increasingly elderly and co-morbid population, the
prevalence of these conditions is likely to increase further
in the coming years. Current treatment strategies focus on
correcting the mechanism of supply or demand imbalance,
but evidence is emerging that important unaddressed
cardiovascular disease exists. Targeted investigation for
coronary disease and left ventricular impairment followed
by appropriate secondary prevention therapy may provide
the best opportunity to modify future cardiovascular risk. It
is now time that such strategies are evaluated prospectively
in randomised controlled trials.
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