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Mini-Review

Type 2 Myocardial Infarction: Evolving Approaches to
Diagnosis and Risk-Stratification

Andrew R. Chapman? and Yader Sandoval*®

BACKGROUND: Type 2 myocardial infarction (T2MI) is
frequently encountered in clinical practice and associ-
ated with adverse outcomes.

CONTENT: T2MI occurs most frequently due to non-
coronary etiologies that alter myocardial oxygen supply
and/or demand. The diagnosis of T2MI is often
confused with acute nonischemic myocardial injury, in
part because of difficulties in delineating the nature of
symptoms and misunderstandings about disease catego-
rization. The use of objective features of myocardial is-
chemia using electrocardiographic (ECG) or imaging
abnormalities may facilitate more precise T2MI diagno-
sis. High-sensitivity cardiac troponin (hs-cTn) assays
allow rapid MI diagnosis and risk stratification, yet
neither maximum nor delta values facilitate differentia-
tion of T2MI from TI1MI. Several investigational bio-
markers have been evaluated for T2MI, but none have
robust data. There is interest in evaluating risk profiles
among patients with T2MI. Clinically, the magnitude
of maximum and delta ¢T'n values as well as the pres-
ence and magnitude of ischemia on ECG or imaging is
used to indicate disease severity. Scoring systems such as
GRACE, TIMI, and TARRACO have been evaluated,
but all have limited to modest performance, with sub-
stantial variation in time intervals used for risk-
assessment and endpoints used.

SUMMARY: The diagnosis of T2MI requires biomarker
evidence of acute myocardial injury and clear clinical
evidence of acute myocardial ischemia without athero-
thrombosis. T2MIs are most often caused by noncoro-
nary etiologies that alter myocardial oxygen supply
and/or demand. They are increasingly encountered in
clinical practice and associated with poor short- and
long-term outcomes. Clinicians require novel biomarker
or imaging approaches to facilitate diagnosis and risk-
stratification.
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Acute myocardial infarction (MI) is a clinical syndrome
that requires biomarker evidence of acute myocardial in-
jury and clinical evidence of acute myocardial ischemia
(1). While the term acute MI is often equated with
acute coronary atherothrombosis, it has long been rec-
ognized that acute MI can occur in the absence of athe-
rothrombosis (2). Specific nomenclature for the latter
was formulated in 2007 when the Task Force for the
Universal Definition of Myocardial Infarction (UDMI)
introduced the term type 2 myocardial infarction
(T2MI) (3). In this document, we summarize evolving
concepts about T2MI, particularly in relation to its
diagnosis and risk stratification. We will not expand on
issues specific to management, for which there is paucity

of data.
Definition, Etiologies, and Epidemiology

T2MI occurs most often secondary to another illness or
trigger. Tachyarrhythmias are often identified as the
most common mechanism, but profound hypoxia and
hypotension are also commonly noted (4-6). T2MI
may also occur due to acute coronary pathology includ-
ing coronary spasm, embolism, spontaneous coronary
artery dissection (SCAD), aortic dissection with coro-
nary involvement, and endothelial dysfunction; but the
frequency of these conditions is much lower, and as
compared to noncoronary T2MI, such diagnoses are
often made after coronary angiography is performed in
patients with initially suspected type 1 MI (T1MI) (7).
The T2MI definition has broadly remained the
same throughout iterations of the UDMI (online
Supplemental Table 1) (7, 3, 8). While nonathero-
thrombotic T2MI and atherothrombotic TIMI have
distinct pathophysiology, both diagnoses require clinical
evidence of acute myocardial ischemia. Notably, despite
recognizing that several acute nonatherothrombotic cor-
onary processes can cause T2MI, the Fourth UDMI did
not explicitly include coronary angiography as a crite-
rion to support the diagnosis of T2MI (1) (online
Supplemental Table 2). Coronary angiography is not
mandatory to establish any MI diagnosis (7). Most stud-
ies addressing T2MI indicate that most patients do not
undergo angiography (7). If performed, however, the
information obtained may facilitate diagnosis. It helps
to exclude acute atherosclerotic plaque disruption and
atherothrombosis, with greater certainty if intracoronary
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imaging is available. It also helps with the diagnosis of
other acute coronary pathologies such as spasm, embo-
lism, SCAD, or endothelial dysfunction.

While some have argued the T2MI definition is
confusing and have challenged the present UDMI no-
menclature (9), the fact that acute MI can occur without
acute coronary atherothrombosis is unequivocal (2).
The incidence of T2MI varies widely (1.6% to 74% of
MlIs) (7). This heterogeneity is in part due to variations
in the approach to cTn testing that influence the study
population (70). Investigations addressing only those
with chest discomfort or that apply rigorous exclusion
criteria are likely to report a higher incidence of T1MI,
whereas studies addressing all-comers report that T2MI
is more common. Variations in adjudication processes
and definitions, such as the use of strict supply-demand
mismatch criteria (4), differences in cardiac troponin
assays and thresholds, and study design influence the
reported T2MI incidence. Critically, epidemiological
data indicates an evolution in the type of MI occurring
in the community, with the incidence of T2MI now
similar to TIMI (711). The incidence of T2MI is
expected to further increase with the transition to hs-
cTn assays (12, 13).

Distinguishing T2MI from Myocardial Injury:
The Case for Objective Ischemia

The dlinical context and initial diagnostic evaluation in-
cluding history, 12-lead electrocardiogram (ECG), and se-
rial cT'n measurements are often sufficient to inform
whether the likely reason for ¢Tn increases above the 99%
percentile upper-reference limit (URL) is due to nonische-
mic myocardial injury (acute or chronic), TIMI, or
T2ML. Distinguishing acute non-ischemic myocardial in-
jury from TIMI or T2MI, however, is often challenging
in certain clinical circumstances, particularly in those with
critical illness, postoperative, or with chronic comorbid-
ities such as those with established coronary artery disease
or ischemic cardiomyopathy.

In the absence of tools that reliably differentiate
T2MI from T1MI or myocardial injury, present ‘best’
practice relies on delineating whether clear, overt evi-
dence of acute clinical myocardial ischemia is present or
not. Those without clear ischemia are categorized as
having nonischemic myocardial injury. Those with is-
chemia are categorized as acute MI and the distinction
between T1IMI or T2MI is largely based on evaluation
of the clinical context and patient’s presentation, includ-
ing a systematic evaluation of whether clear evidence of
clinical supply-demand mismatch abnormalities are pre-
sent (Fig. 1).

For T2MI there are no prospective studies that
specifically inform on the role and timing of noninvasive
and invasive imaging. However, in patients with acute
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myocardial injury, particularly those in whom symp-
toms and ECG findings are equivocal, noninvasive im-
aging can facilitate diagnosis. Echocardiography can
help identify regional wall motion abnormalities, as well
as evaluate left ventricular function. Cardiac magnetic
resonance imaging can help assess for acute MI but also
evaluate for other common mimickers of acute MI such
as myocarditis. For those with large cTn increases and/
or deltas, significant symptoms, or concerning ECG
changes, consideration of more timely cardiac evaluation
is reasonable. The role for coronary angiography is being
evaluated in the Appropriateness of Coronary investiga-
tion in myocardial injury and Type 2 myocardial infarc-
tion (ACT-2) (ACTRN12618000378224) trial. If there
is a high pre-test probability for obstructive coronary
artery disease (CAD) and there are high-risk features
such as marked cTn increases/deltas or significant
imaging or ECG abnormalities, coronary angiography
should be considered in selected patients without
contraindications.

Challenges in MI classification can be amplified in
research studies that rely on patient records and available
clinical data for diagnosis. The agreement rates reported
in T2MI studies involving adjudicators familiar with the
UDMI illustrate this well. Gard et al. evaluated 1159
patients with acute MI and noted that the two initial
reviewers agreed in 86% of T1MI diagnoses, but only
64% of T2MIs (14). Likewise, data from UTROPIA
(Use of TROPonin I in ACS) demonstrated excellent
agreement rates of 95% for T1MI, but moderate agree-
ment of 72% and 71% for T2MI and nonischemic
myocardial injury, respectively (15). The latter data sug-
gest that a potential important source of disagreement
stems from the interpretation of ischemic symptoms
(15). This is important because the diagnosis of MI may
be established using symptoms alone, without the need
for additional corroborative evidence of ischemia (7). In
the context of biomarker evidence of acute myocardial
injury, the presence of unequivocal ischemic symptoms
is sufficient to support the diagnosis of acute MI. For
patients with T2MI, however, the evaluation of symp-
toms is subjective and can be much more challenging.
Patients with T2MI due to conditions such as arrhyth-
mias, anemia, or respiratory failure can manifest various
symptoms, such as dyspnea or atypical chest discomfort,
which may be due to the primary disease process rather
than myocardial ischemia. Further, some of these
patients may have other acute or chronic respiratory ill-
nesses such as pneumonia or chronic obstructive pulmo-
nary disease that further challenge the interpretation of
symptoms. Given these limitations, when in doubt
and if clinically indicated, clinicians should consider
additional evaluation, for example, using imaging to de-
termine if imaging abnormalities consistent with acute
infarction are present (Fig. 2).
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Fig. 1. Type 2 myocardial infarction flowchart. The diagnosis of type 2 myocardial infarction applies to those with at least one
cTn concentration above the 99™ percentile in whom there is presence of a rising and/or falling pattern in ¢Tn concentrations,
clinical evidence of acute myocardial ischemia, and either a clear identifiable acute noncoronary supply-demand mismatch ab-
normality or a nonatherothrombotic acute coronary culprit.
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Fig. 2. Clinical distinction of acute nonischemic myocardial injury and type 2 myocardial infarction. Clinical distinction between
acute nonischemic myocardial injury and type 2 myocardial infarction is based upon the presence of myocardial ischemia. Such
distinction is challenging in practice and some patients will have equivocal symptoms or signs, in which case further noninva-
sive testing may be of benefit. RWMA: regional wall motion abnormality. MRI: magnetic resonance imaging. LGE: late gadolin-
ium enhancement.
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Cardiac Troponin: Maximum and Delta
Troponin

The preferred cardiac biomarker for the diagnosis of
acute myocardial infarction is cardiac troponin (cT'n)
(1). Similar threshold and delta biomarker criteria are
needed to support either a TIMI or T2MI diagnosis
(1). While high-sensitivity (hs) cTn assays permit more
rapid diagnosis and risk-stratification (76), they cannot
distinguish MI subtypes based on their underlying path-
ophysiology (6, 17, 18). Several studies indicate that
patients with TIMI have higher maximum ¢Tn concen-
trations and larger deltas than patients with T2MI (4-6,
11, 12). The cTn distributions, however, overlap suffi-
ciently that such information cannot be used to reliably
and consistently determine whether a patient has a

TiMI or T2MI (6, 17, 18).

Investigational Approaches for Prediction and
MI Differentiation

NATRIURETIC PEPTIDES

Data suggest that natriuretic peptides (NP) are predic-
tive of T2ML. In the Catheter Sampled Blood Archive
in Cardiovascular Diseases (CASABLANCA) study
(19), Gaggin et al. measured N-terminal pro-B-type na-
triuretic peptide (NT-proBNP) in patients undergoing
coronary or peripheral angiography that were followed
for incident TIMI and T2MI. In addition to higher
baseline hs-cTnl, patients with incident T2MI had
higher NT-proBNP than patients without T2MI. As
compared to T1MI, those with incident T2MI also had
higher baseline NT-ProBNP. Multivariable Cox regres-
sion analyses identified NT-proBNP as a significant
predictor of first T2MI.

For diagnostic purposes, studies addressing NP in
patients with TIMI and T2MI show conflicting find-
ings (5, 6, 20, 21). Paiva et al. showed that patients
with T2MI had significantly higher NT-proBNP
concentrations than T1MI (20). Likewise, Meigher and
colleagues showed higher BNP in T2MI than T1MI
(21). In UTROPIA, no significant differences were
observed between TIMI and T2MI but those with
nonischemic myocardial injury had much higher con-
centrations (5). Overall, in isolation, NP concentrations
overlap sufficiently between TIMI and T2MI patients,
with similar or higher increases also observed in those
with nonischemic myocardial injury, that the informa-
tion does not facilitate T2MI diagnosis.

A small analysis from the Rapid Evaluation of
ACuTe myocardial infarction in the United States
(REACTION-US) study addressed the use of a NT-
proBNP/ 5* Gen ¢TnT ratio among 18 T2MI patients
and showed that the ratio was higher at all time points
in patients with T2MI than T1MI (22). The analyses,
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however, involved few T2MI patients and specific
etiologies were not recorded, with modest diagnostic
performance and wide confidence intervals (22). A po-
tential important limitation to all such studies is that
investigations addressing the UDMI often inappropri-
ately include acute heart failure as T2MI (23). Unless
unequivocal overt evidence of myocardial ischemia is
present to qualify as a TIMI or T2MI, patients with
heart failure are best categorized as having acute or
chronic myocardial injury (7).

INFLAMMATORY MARKERS: C-REACTIVE PROTEIN

T2MI may be a higher inflammatory state than TIML
Data from the DEF-AMI (Consequences of the univer-
sal 2007 DEFinition of Acute Myocardial Infarction
studied in a Danish consecutive hospital population)
study, for which infection was categorized as nonische-
mic myocardial injury, showed that patents with
strictly defined T2MI had significantly higher median
C-reactive protein (CRP) concentrations than patients
with TIMI (21 vs. 5ng/L, P<0.001) (4). These
concentrations were similar to those observed for myo-
cardial injury (28 ng/L) (24). Bormann et al. showed
significant increases in CRP in patients with T2MI
(n=155) as compared to those with TIMI (n=199)
(0.6 vs. 0.3, P=0.02) (25). Likewise, Putot et al. found
that patients with T2MI were more likely to have CRP
concentrations >3 mg/L (88% vs. 62%, P <0.001)
(26). In this latter study, CRP and cTnl (Siemens
Dimension Vista) were compared to a CRP/cTnl ratio
among patients with a history of coronary artery disease
(CAD) and the ratio had the best predictive values for
T2MI diagnosis with an AUC of 0.84 as compared to
0.74 for CRP and 0.77 for cTnl, with higher ratio cut-
offs associated with a higher specificity for T2MI (26).
In patients with CAD, CRP >3 mg/L was the strongest
factor associated with T2MI on multivariate analysis
(OR 3.53, 95% CI 2.17-5.75, P<0.001). For this
dataset, however, 36% of all T2MIs had concomitant
infection (27), mostly pulmonary source, which could
influence results. More data are needed on whether an
increased inflammatory response exists in T2MI patients
without infection.

MYELOID-RELATED PROTEIN 8/14

Mpyeloid-related protein 8/14 complex (MRP 8/14) is a
marker of phagocyte activation that is involved in pla-
que destabilization (28). It was evaluated among 254
patients, including 55 T2MlIs, in which higher MRP-8/
14 concentrations were observed at both 0- and 3-h, as
well as a higher delta, in T2MI than T1MI (25). This
study evaluated the diagnostic potential of MRP 8/14
and hs-cTnl (Abbott) to identify T2MI and showed
poor area under the receiver operating characteristic

(AUROC) for hs-cTnl (0.69) and MRP-8/14 (0.62),
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with a small improvement using both together (0.72).
Independent of hs-cTnl, MRP-8/14 was shown to
be predictive of T2MI (OR 2.15, 95% CI 1.2-4.2,
P=0.01). MRP-8/14 has also been evaluated as part of
a ‘plaque disruption index” along with myeloperoxidase,
high-sensitivity interleukin-6, and pregnancy-associated
plasma protein—A to identify patients with TIMI (29),
for which reason it has been suggested that it may
facilitate TIMI/T2MI distinction, but no data exist to
support such.

OTHER APPROACHES

The use of CK-MB is not advised in contemporary
practice because of its inferior analytical and diagnostic
performance and lack of cardiac-specificity, as compared
to cI'n assays (30). Its clinical use, however, persists. In
this context, Pandey et al. evaluated the use of a contem-
porary ¢TnT (Roche 4* Gen) and CK-MB ‘peak’ ratio to
distinguish TIMI from T2MI. The study cohort included
103 T2MIs, amongst which 25% and 24% were thought
to be from decompensated heart failure and sepsis, respec-
tively (23), conditions that are often best classified as non-
ischemic myocardial injury rather than T2MI unless
unequivocal evidence of overt myocardial ischemia exists
(7). A higher but not statistically significant increase in the
ratio of peak ¢InT to peak CK-MB was observed for
T2MI as compared to TIMI (0.09 vs. 0.06, 2= 0.06).
This study has several limitations, including reservations
about T2MI adjudication, use of the older and less sensi-
tive cI'nT assays, as well as of CK-MB that has analytical
and diagnostic limitations (30), and the advocacy for
trending undl ‘peak’ which is not advised nor cost-
effective with the use of hs-cTn assays.

DeFilippis et al. have probed various biomarkers and
metabolites for TIMI/T2MI distinction in a series of ex-
ploratory analyses addressing 22 individuals with T1MI
and 12 with T2MI (3/-33). Baseline plasminogen and
oxidized phospholipids bound to plasminogen were found
significantly lower in TIMI than T2MI, potendally
reflecting reduced fibrinolytic capacity (31). There was,
however, overlap in confidence intervals and the diagnos-
tic performance is unknown. Metalloproteinases (MMPs)
2, 3, and 9 were unable to differentiate between T1MI
and T2MI (32). Using the same biorepository, 1032
metabolites were evaluated using module enrichment
analysis to determine differences between atherothrom-
botic vs. nonatherothrombotic MI and identified that a
decrease in plasma amino acids was associated with throm-
botic but not nonthrombotic MI, potentially due to
increases in activated platelets protein synthesis (33).

Thus far, none of the above approaches have robust
data to endorse routine clinical use, and several limita-
tions exist in the majority of studies including smaller
datasets, uncertainty regarding T2MI classification,
and/or lack of external validation.

Prognosis

T2MI is associated with poor short- and long-term clin-
ical outcomes (7). Patients with multiple triggers do
worse than those with a single etiology, and prognosis
appears to be associated with the provoking factor,
with those with arrhythmias having a more favorable
prognosis than those caused by hypoxia, hypotension,
or anemia (71). Cause-specific mortality analyses indi-
cate that as compared to patients with TIMI, patients
with T2MI have a clear excess in noncardiovascular
death (71, 34). Despite this competing risk, data from
the High-STEACS trial indicates that crude rates and
the future hazard of MI or cardiovascular death were
broadly comparable irrespective of myocardial injury or
MI subtype (34). Similar findings were observed in the
Mayo Clinic Olmsted cohort, in which rates of cardio-
vascular mortality were similar after either TIMI or
T2MI (11). This observation indicates that a proportion
of patients with T2MI may potentially benefit from
investigation to identify and treat risk factors for cardio-
vascular disease, and there may be an opportunity to
modify clinical outcomes.

Observational studies suggest the presence of CAD
to be an important predictor of short- and long-term
adverse outcomes (34, 35). Such studies are limited as the
decision to investigate for CAD has been guided by
clinician assessment and a higher pre-test probability that
may overestimate the prevalence of CAD. Substantial
heterogeneity exists between studies in the use of coronary
angiography and prevalence of CAD (7). Even if CAD is
present, T2MI patients are less likely to be on secondary
prevention relative to those with atherothrombotic T1IMI
(34, 35). Importantly, the presence and extent of CAD
will likely influence an individual’s ischemic threshold
and likelihood of T2MI (Fig. 3).

Patients with T2MI are older than those with
T1MI, with a higher prevalence of co-morbidities. The
extent to which future risk is driven by age and co-
morbidity is uncertain. Analyses from the YOUNG-MI
registry restricted to those under the age of 50 years
with an adjudicated diagnosis of TIMI and T2MI dem-
onstrated those with T2MI have a lower prevalence
of diabetes, hypertension, hyperlipidemia and smoking,
but worse renal function and longer length of hospitali-
zation (36). Despite this, T2MI patients had the highest
absolute rate of death from future cardiovascular disease
at a median follow up of 10.2 years (36).

Risk Stratification

For TIMI there are various risk-stratification tools
such as TIMI and GRACE that have been evaluated
within clinical trials and are used to prognosticate and
guide care (37, 38). For T2MI, no prospective data on
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Fig. 3. Magnitude of myocardial oxygen supply and/or demand imbalance and variation in ischemic threshold based on pres-
ence and extent of coronary artery disease. The magnitude and duration of myocardial oxygen supply and/or demand imbalance
required to cause myocardial ischemia is heterogenous and related to the presence and extent of coronary artery disease. A
young patient with no coronary disease will require a significant physiological stressor to trigger myocardial ischemia.
Conversely, an older patient with established coronary artery disease may only need a minor trigger. Individualized assessment

risk-stratification exists. Clinicians rely on the magni-
tude of cTn increases (711) and deltas, as well the pres-
ence/magnitude of ischemia on ECG or imaging for risk
stratification (75). The development of T2MI risk-
stratification tools is of interest as the determination of
short- and long-term risk can inform the level of care
and follow-up that T2MI patients need.

The Global Registry of Acute Coronary Events
(GRACE) 2.0 score was derived in patients with con-
firmed acute coronary syndrome to improve consistency
in clinical decision making, aid prognostication, and iden-
tify those that might benefit from an early invasive strat-
egy (39). The score applies clinical co-variates, ECG, and
cardiac biomarkers to estimate risk of future all-cause mor-
tality and MI. Whilst GRACE was not intended to be
used in patients with T2MI, it does have moderate
discriminatory ability. In a multi-center analysis of the
GRACE 2.0 algorithm in patients with T2MI managed
in the Karolinska Institute in Sweden and the High-
STEACS trial in Scotland, the AUC was 0.73 (95%CI
0.70-0.77) and 0.73 (95%CI 0.66-0.81) for the predic-
tion of all-cause death, respectively (38). Prediction of fu-
ture death MI was less robust at 0.70 (95%CI 0.67-0.74)
and 0.72 (95%CI 0.65-0.80), respectively (38).

Efforts have been made to derive bespoke risk
stratification tools in patients with T2MI. The
TARRACO clinical score was derived in patients
with T2MI and myocardial injury (40). This score
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combines contemporary cTnl concentrations in
addition to patient age, blood pressure, dyspnea, ane-
mia, and the absence of chest pain. It had moderate
discrimination for future major adverse cardiovascular
events (AUC 0.74, 95%CI 0.70-0.79). In a recent
external validation and direct comparison, only the
GRACE score was predictive of all-cause mortality at
90 days (AUC 0.70, 95%CI 0.63-0.77 for GRACE
versus AUC 0.52, 95%CI 0.46-0.58 for TARRACO,
respectively) (37).

Studies addressing scoring systems for risk-
stratification vary in the outcomes evaluated and timing
of endpoint assessment (Table 1). Further, risk stratifi-
cation performance can vary given the heterogeneity of
the T2MI and variations in study designs and popula-
tions. Ideally, prospective multi-center trials or registries
with uniform T2MI diagnostic criteria adhering to the
4™ UDMI are needed.

Future Directions

1. Diagnosis: educational efforts are required that emphasize
the need for clear, clinical evidence of acute myocardial is-
chemia; for example, definite ECG or imaging abnormali-
ties; to make a T2MI diagnosis. More studies are needed to
inform the role and timing of advanced imaging.

2. Biomarkers: hs-cTn assays permit rapid MI diagnosis and
risk stratification, but not T1MI/T2MI differentiation,
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Table 1. Risk stratification scoring data for T2MI.

Risk Score

Variables

Original
endpoint

T2MI
performance
(AUC)

GRACE (37)

Age

Heart rate

Systolic blood
pressure

CHF Killip class

Creatinine

ST-segment
deviation

Elevated troponin

Cardiac arrest at

admission

At admission: in-hos-
pital/to 6 months
At discharge (to 6

months)

All-cause mortality:

GRACE 2.0 (38)

Age

Heart rate

Systolic blood pres-
sure

CHF Killip class

Creatinine

ST-segment
deviation

Elevated troponin

Cardiac arrest at
admission

Diuretic use”

Renal failure”

Death: in-hospital, to
6 months, 1 year,
and 3 years.

Death/MI: 1 year.

All-cause mortality

TIMI (37)

Age >=65

>=3 CAD risk factors

Known CAD (stenosis
>=50%)

Aspirin use in past 7 days

Severe angina (>=2 epi-
sodes in 24 hours)

ECG ST changes >=0.5
mm

Positive cardiac marker

All-cause mortality, new or

recurrent Ml, or severe
recurrent ischemia re-
quiring urgent revascu-
larization through 14
days

All-cause mortality:

In-hospital: 0.66
30-day: 0.69
90-day: 0.70
CV death
In-hospital: 0.69
30-day: 0.72
90-day: 0.74
CV death, stroke, re-
current T1MI or
T2MI
In-hospital: 0.52
30-day: 0.58
90-day: 0.57

“In-hospital:
Scottish: 0.67
Swedish: 0.82
1 ear:
Scottish: 0.73
Swedish: 0.73
Death or Ml
1 ear:
Scottish: 0.70
Swedish: 0.72

cardiovascular.

In-hospital: 0.55
30-day: 0.43
90-day: 0.54
CV death
In-hospital: 0.75
30-day: 0.67
90-day: 0.68
CV death, stroke, recur-
rent T1MI or T2MI
In-hospital: 0.61
30-day: 0.61
90-day: 0.58

TARRACO (37, 40)

Age
Arterial hypertension.
Absence of chest pain.
Dyspnea.
Anemia.
Troponin

>5 URL.

Post-discharge major
adverse cardiac
events at 180-days
including all-cause
death and readmis-
sion for congestive
heart failure or

acute Ml

180-day all-cause
death and readmis-

sion for CHF or acute
M
Cediel et al.
Derivation: 0.75
Validation: 0.74
All-cause mortality:
In-hospital: 0.51
30-day: 0.51
90-day: 0.52
CV death
In-hospital: 0.49
30-day: 0.46
90-day: 0.47
CV death, stroke, recur-

rent T1Ml or T2MI
In-hospital: 0.46
30-day: 0.49
90-day: 0.47

*GRACE 2.0 recalibrated the original score using nonlinear associations for continuous variables to improve discrimination and calibration and provides an individual percent-
age risk. The algorithm was simplified by incorporating diuretic use and renal failure as categorical surrogates where creatinine or Killip class was not recorded. Abbreviations:
CHF: congestive heart failure; AUC: Area Under the Curve; CAD: coronary artery disease; ECG: electrocardiogram; URL: upper reference limit; MI: myocardial infarction; CV:
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which has therapeutic implications. Newer biomarker
approaches, such as those probing markers specific for athe-
rothrombosis, are needed.

3. Risk stratification: scoring systems evaluated to date do not
provide robust short- and long-term risk stratification. Ideal
approaches would provide individualized information about
short (i.e., in-hospital and/or 30-day) and long-term (6-12
months) risk. Studies to date have varied in the assessed out-
comes, but evaluation of the risk of death and subsequent
MI is essential.

4. Mechanisms: DEMAND-MI (NCT03338504) is an observa-
tional T2ZMI cohort study in which patients underwent inva-
sive coronary angiography with optical coherence
tomography to determine if plaque rupture was present, and
an assessment of the functional consequences of coronary
stenosis using a coronary pressure wire and fractional flow
reserve technique. Those unable to undergo coronary angi-
ography had a CT coronary angiogram with CT-FFR where
suitable. All patients underwent cardiac MRI to determine
the pattern and extent of myocardial injury using the late
gadolinium enhancement technique. The primary outcome is
the prevalence of obstructive CAD (>50% in the left main
stem or 70% in other major epicardial vessel) and study
results are pending.

5. Phenotypes: T2MI is a heterogeneous clinical syndrome,
for which data indicate that outcomes differ by both the
number and nature of cause (11), as well as by the presence
or absence of CAD. Recognizing this diversity, more
phenotype-specific data are needed.

6. Clinical trials and management: The ACT-2 trial has been
designed to investigate the prevalence of CAD and the effect
of intervention on clinical outcomes. Patients with a clinical
diagnosis of T2MI will be randomized to invasive or CT
coronary angiography within 5 days of index diagnosis, with
revascularization and secondary prevention at the discretion
of the attending cardiologist. The control arm of conserva-
tive care permits functional testing. The primary outcome
is all-cause mortality which will be evaluated at 30 days,
12 months, and 2 years.

Conclusions

The clinical syndrome of nonatherothrombotic MI
caused by an acute and/or sustained supply-demand
mismatch is frequently encountered in clinical practice
and is associated with poor clinical outcomes. Its inci-
dence is expected to further increase with the transition
to hs-cTn assays. Clinicians require novel approaches
that facilitate T2MI distinction and short- and long-
term risk stratification.
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