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Abstract
In the expanding world of cardiovascular diseases, rapidly reaching pandemic proportions, the main focus is still on coronary 
atherosclerosis and its clinical consequences. However, at least in the Western world, middle-aged male patients with acute 
myocardial infarction are no more the rule. Due to a higher life expectancy and major medical advances, physicians are to 
treat older and frailer individuals, usually with multiple comorbidities. In this context, myocardial ischaemia and infarction 
frequently result from an imbalance between myocardial oxygen supply and demand—i.e., type 2 myocardial infarction 
(T2MI), according to the current universal definition—rather than coronary atherothrombosis. Moreover, the increasing use of 
high-sensitivity cardiac troponin assays has led to a heightened detection of T2MI—often causing relatively little myocardial 
injury—, which seems to have doubled its numbers in recent years. Nevertheless, owing to its multifaceted pathophysiology 
and clinical presentation, T2MI is still underdiagnosed. Perhaps more importantly, T2MI is also victim of undertreatment, 
as drugs that constitute the cornerstone of therapy in most cardiovascular diseases are much more unlikely to be prescribed 
in T2MI than in coronary atherothrombosis. In this paper, we review the recent literature on the classification, pathophysiol-
ogy, epidemiology, and management of T2MI, trying to summarise the state-of-the-art knowledge about this increasingly 
important pathologic condition. Finally, based on the current scientific evidence, we also propose an algorithm that may be 
easily utilised in clinical practice, in order to improve T2MI diagnosis and risk stratification.
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Scope of the problem

Cardiovascular diseases (CVDs) are the main cause of mor-
bidity and mortality in both sexes in Western countries, 
responsible for one-third of all deaths worldwide and nearly 
50% of all deaths in Europe—over 4 million each year [1]. 
Furthermore, in the near future, both the Western world 
and the developing countries are bracing themselves for a 
“storm” of CVDs, due to the dramatic prevalence and inci-
dence of obesity and type-2 diabetes mellitus [2]. Amongst 

CVDs, ischaemic heart disease (IHD) provokes the major-
ity of cardiovascular deaths globally—more than twice 
that caused by cancer [1]. Specifically, most IHD-related 
deceases are secondary to sudden cardiac death and acute 
coronary syndrome (ACS), with about 660.000 individuals 
having a new heart attack every year in the USA [1, 3].

ACS mainly means myocardial infarction (MI) since 
high-sensitivity cardiac troponin (cTn) assays were intro-
duced, resulting in a ≈4% absolute and ≈20% relative reduc-
tion in the diagnosis of unstable angina and a correspond-
ing increase in the detection of MI attributable to acute 
atherothrombosis—i.e. type 1 MI (T1MI) [4–7]. Also type 
2 MI (T2MI), broadly defined as an MI secondary to a myo-
cardial oxygen supply/demand mismatch in the absence of 
acute atherothrombosis, has become a very common clinical 
entity, being now detected twice as much as with the old 
assays [7, 8].

Interestingly, however, the heightened diagnostic poten-
tial of high-sensitivity cTn has not translated into better 
outcomes, perhaps because physicians are still reluctant to 
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interpret mild cTn elevations as proper MIs and treat them 
appropriately. This observation is particularly valid for 
T2MI, as under its umbrella completely different pathologi-
cal processes fall [9, 10]. In addition, fewer than two-thirds 
of patients with T2MI are referred to a cardiology consulta-
tion, and most of them do not have any outpatient follow-up 
after discharge [11].

Due to the complex nature of T2MI, current guidelines 
for ACS management hardly mention the issue [12, 13]. Yet, 
according to available data, T2MI represents at least 26% 
of all MIs, even when specific predetermined oxygen mis-
match criteria are applied [14]. Besides, the recent spread 
of coronavirus disease 2019 has enormously increased the 
incidence of myocardial injury and T2MI, due to the viral 
effects on the lungs and vessels [15]. Lastly, the incidence 
of T2MI, already equalling that of T1MI in the community, 
is poised to grow exponentially in the near future in view of 
population ageing [16].

According to several observational studies, outcomes 
appear poorer and in-hospital complications more frequent 
in T2MI than in T1MI, with short- and intermediate-term 
mortality rates being near threefold higher and reaching 
13.6% and 23.9% at 30 days and 1 year, respectively [17, 
18]. Such an excess in all-cause death after T2MI mainly 
results from non-cardiovascular causes [17, 19]. However, 
cardiovascular mortality explains up to 43% of deaths after 
T2MI, and major adverse cardiovascular events (MACE), 
especially if IHD coexists, are as high as after T1MI, thus 
creating a great opportunity to improve prognosis in high-
risk individuals [17, 20].

Definition and pathophysiology of T2MI

According to the Fourth Universal Definition of Myocar-
dial Infarction (UDMI), T2MI is the consequence of an 
imbalance between myocardial oxygen supply and demand 
unrelated to acute coronary atherothrombosis [7]. There-
fore, T2MI can have extremely variable aetiologies—from 
spontaneous coronary artery dissection (SCAD) to anaemia, 
from a hypertensive crisis to coronary embolism—, making 
the diagnosis very challenging. T2MI may constitute the 
main reason leading to clinical presentation—e.g. in case 
of vasospasm—, but more often is an epiphenomenon of 
another illness—e.g. pneumonia or a sustained tachyar-
rhythmia—whose pathophysiological effects determine 
either a reduced myocardial perfusion/oxygenation or an 
increased myocardial oxygen demand. If the gap becomes 
critical, especially when both mechanisms act synergisti-
cally, myocardial ischaemia and cardiomyocyte necrosis 
occur. In addition, the development of MI greatly depends 
on the magnitude of the stressor, the presence of non-cardiac 

comorbidities, and the extent of underlying IHD and cardiac 
structural abnormalities, i.e. the ischaemic threshold [7].

Owing to the considerably variable pathogenesis of 
T2MI, a partial modification of the current UDMI has 
recently been proposed [21]. In their article, de Lemos et al. 
underline that some T2MI aetiologies determine a sudden, 
clinically evident myocardial oxygen supply/demand mis-
match through acute coronary occlusion, thus resembling 
coronary thrombosis rather than other non-coronary T2MI 
causes that lead to multi-organ involvement and systemic 
manifestations. Consequently, their proposal for a revised 
classification would shift SCAD, coronary embolism, and 
coronary spasm into T1MI category and rename them T1MI 
B, C, and D, respectively. T2MI patients would further be 
subdivided based on IHD, which significantly affects follow-
ing management and therapy. Such a proposal pays greater 
attention to pathophysiology and initial treatment, high-
lighting that all MIs due to acute coronary occlusion, either 
thrombotic or not—except for aortic dissection involving 
the coronary ostia—share important similarities and require 
prompt myocardial revascularisation whenever possible.

Epidemiology of T2MI

Distinct pathogeneses imply relevant epidemiological dif-
ferences between T1MI and T2MI. Firstly, T2MI patients 
tend to be older, which probably results from a greater sus-
ceptibility of elderly people to conditions that may cause an 
imbalance between myocardial oxygen supply and demand 
[19, 22, 23]. This relation seems stronger than the mere link 
between age and IHD. Secondly, in T2MI patients the prev-
alence of overweight, dyslipidaemia, and smoking—well-
known risk factors for T1MI—is substantially lower [19, 
22, 23]. In line with this, prior MI, percutaneous coronary 
intervention (PCI), and coronary artery bypass graft are 
more frequent in T1MI [22]. Moreover, most data highlight 
a larger percentage of women amongst patients with T2MI 
[19, 22–24]. Alongside the greater susceptibility of men 
to T1MI, it should be remembered that women are more 
subject to coronary artery spasm, coronary microvascular 
dysfunction, and SCAD.

T2MI patients are more likely to display comorbidi-
ties such as hypertension, anaemia, valvular heart disease 
(VHD), atrial fibrillation (AF), heart failure (HF), chronic 
kidney disease (CKD), liver disease, chronic obstructive pul-
monary disease (COPD), peripheral artery disease, depres-
sion, alcohol and substance use disorder, a worse functional 
status, and even a higher Global Registry of Acute Coro-
nary Events (GRACE) risk score at presentation [19, 22, 
23]. Indeed, T2MI has traditionally been linked to higher 
mortality but lower or similar rate of MACE, suggesting that 
deceases are mainly driven by patients’ age and associated 
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conditions [25]. Accordingly, a recent observational study by 
McCarthy et al. on the largest cohort of T2MI patients ever 
published shows a lower in-hospital mortality in T2MI than 
in T1MI, after multivariable adjustment [22]. Overall, T2MI 
population resembles patients with non-ischaemic myocar-
dial injury rather than those with T1MI [9]. T2MI patients 
also have a distinct humoral footprint, with biomarkers of 
volume overload, atrial arrhythmias, and systemic infection 
being higher and more useful for diagnosis and prognostica-
tion than in T1MI [26].

The presence of ST-segment elevation (STE) in T2MI, as 
well as other ischaemic electrocardiogram (ECG) changes 
and regional wall motion abnormalities (RWMA), is sig-
nificantly lower than in T1MI [27]. In general, the more 
severe the ECG changes, the worse the outcomes [28, 29]. 
An anterior localisation of T1MI is common, whereas the 
localisation of T2MI is often undetermined [19, 30]. Likely 
owing to the seasonal trend of respiratory infections, the 
incidence of T2MI seems to increase from autumn to win-
ter [22]. The occurrence of atypical angina, dyspnoea, and 
arrhythmias is higher in T2MI patients [19, 30]. Due to its 
frequently atypical presentation, the prevalence of T2MI 
is notably greater in all-comers than in chest pain popula-
tions [20, 31]. Consequently, distinguishing T2MI from both 
T1MI and myocardial injury is challenging, with low agree-
ment rates amongst trained adjudicators [30, 32].

The two categories of MI also share important features. 
Above all, IHD plays a pivotal role in both T1MI and 
T2MI—substrate of atherothrombosis in the former, pre-
cipitating factor in the latter. In general, IHD is a common 
finding in T2MI patients selected for coronary angiogra-
phy (CA), and carries a worse prognosis [17, 27, 33, 34]. 
Clearly, in the setting of T2MI, though indirectly involved in 
its pathogenesis, IHD can worsen myocardial perfusion and 
induce hypoxia in course of increased oxygen demand. Con-
sistently, in the aforementioned study by McCarthy et al., 
cardiovascular aetiologies for readmission were common in 
both T1MI and T2MI patients [22]. The significant rates of 
MACE after T2MI underline the relevance of cardiac condi-
tions, e.g. fixed IHD, in this population [17, 20].

Diagnosing T2MI and its subtypes: 
therapeutic implications

Sufficient overlap exists that neither cardiovascular risk 
factors and IHD nor clinical presentation nor cTn values 
permit a reliable differentiation between T1MI and T2MI 
[25, 29]. In addition, whilst timely CA may be deemed use-
less—when the diagnosis of T2MI appears obvious—, it 
may also be contraindicated—if the patient’s conditions 
are too severe—or inconclusive [7]. Indeed, except when 
a thrombus causing impaired flow is detected, diagnostic 

certainty is rare. Sometimes not even the aid of state-of-the-
art tools for intracoronary imaging—mainly optical coher-
ence tomography—is enough, since ruptured plaques are 
commonly seen in asymptomatic patients and in those with 
chronic IHD too. In fact, plaque rupture or erosion may con-
stitute the pathological correlate of T1MI or an occasional 
finding followed by silent plaque healing and growth [35]. 
Thus, T2MI is usually a working diagnosis before CA, and 
might become likely rather than certain after it.

Nonetheless, a correct and definitive identification of this 
clinical entity is paramount, as the therapeutic management 
of T2MI significantly differs from that of T1MI in most 
cases. When T1MI occurs, the principal aim of the physician 
is to counteract acute thrombosis with drugs inactivating clot 
formation (aspirin,  P2Y12 inhibitors, anticoagulants, etc.), 
reducing myocardial ischaemia (beta-blockers, nitrates, etc.), 
and stabilising atherosclerotic plaques (statins, etc.). Instead, 
no unique treatment for T2MI exists, since this category 
includes completely diverse clinical pictures and pathologic 
processes: it would be pointless treating haemorrhagic anae-
mia, SCAD, and AF in the same way. The only possible 
management of T2MI is a causal therapy of its associated 
conditions through a phenotype-specific approach, once the 
patient has been stabilised and the trigger has been corrected 
or controlled [25, 29]. Currently, it is not possible to formu-
late definite recommendations because of the minimal evi-
dence resulting from observational and retrospective stud-
ies, which should be interpreted as hypothesis-generating 
only [10, 36]. According to a single-centre study, the use of 
evidence-based medicines in T2MI can halve mortality, but 
these data need stronger validation [10].

Specifically, defining the presence of IHD and its burden 
seems crucial to inform management, albeit complete revas-
cularisation provided no clinical benefit to T2MI patients 
in the COMPLETE trial [37, 38]. McCarthy et al. found a 
significantly lower adjusted risk of in-hospital mortality in 
patients undergoing revascularisation, but all-cause death 
and readmission for heart failure or MI at 30 days did not 
differ [22]. The prognostic impact and the cost-effective-
ness of systematic risk stratification through CA or coro-
nary computed tomography angiography (CCTA) in T2MI 
are being studied by the DEMAND-MI (ClinicalTrials.gov 
NCT03338504) and the ACT-2 trials [39].

Since existing guidelines do not particularly deal with 
T2MI, the employment of the quality indicators proposed 
by the European Society of Cardiology (ESC) in its 2020 
non-STE ACS guidelines as a means to improve cardiovas-
cular care and outcomes is challenging, as they mainly refer 
to T1MI. Whilst some are applicable to both diseases—e.g. 
in-hospital use of high-sensitivity cTn—, others relate to 
T1MI only—e.g. use of CA within 24 h and proportion of 
patients with  P2Y12 receptor inhibition [12]. With so many 
uncertainties about the management of T2MI, validated, 
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feasible, concretely interpretable, and specific quality indi-
cators are dramatically needed, in order to improve diagnosis 
and treatment.

Overall, available data being very scarce, a detailed char-
acterisation of T2MI population is compelling. Clinicians 
should exclude T2MI mainly by investigating all its poten-
tial triggers. Besides, they should not forget non-ischaemic 
myocardial injury [25, 29, 40].

A proposal for a diagnostic algorithm

We have designed a hypothetic algorithm to systemati-
cally analyse the clinical picture through a step-by-step 
approach, once other cardiovascular emergencies—e.g. 

aortic dissection and pulmonary embolism—have been ruled 
out (Fig. 1).

Firstly, as soon as the patient arrives at the emergency 
department, vital signs are monitored and an ECG is 
recorded. A hypertensive crisis or a paroxysmal arrhythmia, 
although a possible T1MI presentation as well, immediately 
suggests the diagnosis. A significant reduction in capillary 
oxygen saturation—e.g. during COPD exacerbation—may 
also explain T2MI.

Secondly, urgent blood tests must be performed. Hae-
moglobin, white blood cells, creatinine, C-reactive protein, 
and an arterial blood gas test can help physicians assess 
the presence of anaemia, hypoxaemia, and infections. 
Globally, the main causes of T2MI include renal failure, 
infections, sepsis, hypertension, arrhythmias, respiratory 

Fig. 1  Algorithm for the practical management of cTn elevations 
according to patient’s risk, based on the current UDMI and the 
available scientific evidence. AMI = acute myocardial infarction; 
CKD = chronic kidney disease; CMR = cardiac magnetic resonance; 
COPD = chronic obstructive pulmonary disease; CTA = computed 
tomography angiography; cTn = cardiac troponin; CV = cardiovascu-
lar; ECG = electrocardiogram; GRACE = Global Registry of Acute 

Coronary Events; HF = heart failure; IHD = ischaemic heart disease; 
LGE = late gadolinium enhancement; RWMA = regional wall motion 
abnormalities; T1MI = type 1 myocardial infarction; T2MI = type 
2 myocardial infarction; TTE = transthoracic echocardiography; 
TTS = takotsubo syndrome; UDMI = Universal Definition of Myocar-
dial Infarction; ULN = upper level of normal; VHD = valvular heart 
disease
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failure, anaemia, and bleeding, with at least one of them 
affecting the majority of patients [18, 22, 41].

Then, a relatively simple and quick evaluation enables 
physicians to exclude most T2MI cases and initiate T1MI 
therapy, if clinically indicated. Otherwise, it can guide the 
following diagnostic pathway—e.g. severe iron deficiency 
anaemia will likely require digestive endoscopy to inves-
tigate possible gastrointestinal bleeding.

To provide the algorithm with greater accuracy, we sup-
port the use of the GRACE risk score, as significant dif-
ferences in this parameter between T1MI and T2MI exist 
[19, 42]. In one study, the mean values are 110 ± 35 and 
150 ± 32 in T1MI and T2MI, respectively, implying that 
T2MI patients have a negligible probability of presenting 
a GRACE risk score < 90 [19]. This appears reasonable 
in view of the more severe conditions of T2MI popula-
tion, reflecting higher heart rates, lower blood pressures, 
and increased Killip classes. However, although the best 
available score in the absence of bespoke tools—even 
superior to the TAR RAC O score, specifically formulated 
for T2MI—, the GRACE 2.0 score performed less well in 
T2MI than in T1MI in one study, likely due to the above-
mentioned discrepancies [42]. Despite the GRACE risk 
score being the gold standard for risk stratification, similar 
considerations may apply to the older and less accurate 
Thrombolysis in Myocardial Infarction risk score, which 
is also specific to ACS patients and will likely show higher 
values in T2MI than in T1MI [43].

We also foster careful consideration of cTn as a quanti-
tative parameter of myocardial necrosis. Indeed, although 
the overlap in cTn values between T1MI and T2MI ham-
pers differential diagnosis, the magnitude of its elevation 
may somewhat help the physician [31]. In a small Japanese 
study, a rise of cTn T > 5 times the upper level of normal 
(ULN) before CA had a positive predictive value > 90% 
for the presence of coronary thrombus [44]. Excluding 
those with STE, requiring emergent CA, the ESC guide-
lines state that patients can be safely discharged after more 
than 3 h from symptom onset, if pain-free and with normal 
baseline cTn values, whereas those with mild cTn eleva-
tion should undergo serial measurements, as management 
depends on the magnitude of cTn increase. Particularly, 
patients with markedly elevated cTn values—i.e. > 5 times 
the ULN—ought to be admitted to hospital and treated as 
T1MI until proven otherwise, due to their high pre-test 
probability [12]. Although cases of extensive T2MI with 
a substantial muscle loss exist, they are relatively rare and 
generally affect critically ill patients. Often, T2MI is a sec-
ondary manifestation of another illness and determines a 
mild-to-moderate rise of cTn. Consequently, the detection 
of significant cardiomyocyte necrosis after few hours from 
symptom onset potently predicts coronary thrombosis [25, 
29, 40].

In general, we endorse the application of either the 0 h/1 h 
or the 0 h/2 h algorithm, as recommended by the ESC guide-
lines, as they constitute quick and easy tools for risk strati-
fication, in order to estimate the likelihood of ACS in such 
patients and improve diagnosis [12]. Although the algorithm 
is suggested in T1MI, it may help inform management also 
in the setting of T2MI, given its correlation with the extent 
of cardiomyocyte necrosis. Important limits of the said algo-
rithms are their unclear accuracy in T2MI—due to smaller 
cTn increases than in T1MI—and availability of high-sensi-
tivity cTn assays, which cannot be taken for granted at pre-
sent [45]. Besides, CKD notably reduces the specificity of 
the diagnostic workup, as mild increases in cTn may depend 
on slow plasma clearance instead of ACS, particularly in 
case of chronic myocardial injury due to coexisting struc-
tural cardiac disease. In this context, the assessment of other 
biomarkers of myocardial necrosis that are less influenced by 
glomerular filtration rate—above all, creatine-kinase and its 
myocardial band—becomes pivotal. Overall, the suggested 
diagnostic tools should always be interpreted with both a 
detailed clinical assessment and the 12-lead ECG [12, 46].

Undoubtedly, the trickiest clinical scenario is character-
ised by mild cTn elevation together with atypical symptoms 
and/or non-diagnostic ECG abnormalities. In such cases, 
physicians should concentrate their efforts on gathering 
objective documentation of acute myocardial ischaemia, 
principally through imaging [40]. Accordingly, either T2MI 
or non-ischaemic myocardial injury may be diagnosed [25, 
29, 40].

Thus, when the diagnosis remains unclear at the end of 
the suggested algorithm (Fig. 1), clinical history and physi-
cal examination should guide further diagnostic workup 
together with echocardiography and cardiac magnetic reso-
nance (CMR), which are useful tools to highlight signs of 
ongoing or past myocardial ischaemia—e.g. RWMA. How-
ever, diagnostic performance of common non-invasive tests 
is better in case of myocardial ischaemia with a regional 
distribution—e.g. due to coronary spasm—than when mild 
and diffuse myocardial ischaemia occurs—e.g. following a 
hypertensive crisis [47, 48]. Therefore, despite the value of 
echocardiography and CMR for the detection of myocar-
dial ischaemia, we are aware that they may also turn out 
inconclusive.

A history of HF, AF, COPD, or CKD, as well as imag-
ing evidence of left ventricular hypertrophy or severe VHD, 
may contribute to the diagnosis of T2MI or non-ischaemic 
myocardial injury. In the latter case, CMR proves essential 
for tissue characterisation and estimation of cardiac function. 
Moreover, biomarkers of myocardial wall stretch—e.g. brain 
natriuretic peptide and its N-terminal precursor—, atrial 
arrhythmias—e.g. midregional proadrenomedullin—, and 
neuro-hormonal and inflammatory activation—e.g. copep-
tin and procalcitonin—may suggest the aetiology of T2MI/
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non-ischaemic myocardial injury or reveal important comor-
bidities/complications [26].

As reported above, known IHD—particularly if multi-
vessel—heightens the risk of T2MI. Therefore, the patient 
stabilised and the trigger controlled, either invasive or non-
invasive ischaemic assessment after T2MI is reasonable, 
based on pre-test probability. Particularly, the ISCHAE-
MIA trial has recently shown the relevance of knowing the 
burden and localisation of coronary atherosclerosis [49]. In 
this regard, CCTA is suitable for low- and intermediate-risk 
patients, as its main strength is a high negative predictive 
value. Conversely, high-risk patients are unlikely to benefit 
from a non-invasive management, as their great likelihood 
of IHD as well as their possible comorbidities—e.g. CKD, 
AF, HF—limits the accuracy of CCTA and renders CA man-
datory most of the time. However, selected patients with a 
moderate pre-test probability are reasonable candidates for 
CA, in order to immediately undergo PCI if necessary and 
receive a lower dose of contrast medium. Besides, correct 
interpretation of CCTA requires significant expertise, which 
may not be available locally. Overall, considering its limited 
cost, wide availability, and very low complication rates, in 
our opinion CA constitutes the gold standard for risk strati-
fication of T2MI patients with suspected concomitant IHD.

Performing CA requires assessment of bleeding risk, 
which may sometimes overcome ischaemic risk in T2MI 
subpopulations. With respect to ACS patients, the CRU-
SADE score was formulated to stratify the risk of major 
bleeding before CA [50]. However, it dates back to more 
than a decade ago, when a trans-femoral approach was 
preferred over a trans-radial one, catheters employed had 
bigger sizes, upstream administration of glycoprotein IIb/
IIIa inhibitors was frequent, and oral anticoagulation—if 
appropriate—centred on vitamin K antagonists. In 2019, 
the Academic Research Consortium for High Bleeding Risk 
identified a list of criteria to define patients at risk of major 
bleeding among those referred to PCI [51]. Although pos-
sibly useful for the evaluation of haemorrhagic risk, these 
tools do not completely reflect state-of-the-art clinical prac-
tice and currently have a limited prognostic power in T1MI. 
Notwithstanding, the assessment of bleeding risk plays a 
fundamental role in T2MI, owing both to the absence of 
coronary atherothrombosis and to the greater complexity of 
these patients. Therefore, the use of such scores in T2MI, 
though not yet validated, may provide incremental value and 
inform treatment—e.g. optimal timing for CA.

Notably, T2MI and MINOCA are deeply related, as par-
ticularly young patients and those with fewer comorbidities 
may not have IHD. As stated by the 2020 ESC non-STE 
ACS guidelines, all MINOCA patients should undergo CMR 
in the absence of an obvious underlying cause [12]. Accord-
ingly, we strongly support the use of CMR in these patients, 
as we think that cardiomyocyte necrosis of ischaemic origin, 

even in the absence of significant IHD, requires further 
investigation.

Future studies are warranted with the aim of improving 
our knowledge of T2MI, defining objective diagnostic cri-
teria, and permitting an indisputable diagnosis. Randomised 
prospective trials of T2MI secondary prevention are also 
needed, in order to clarify whether improved diagnosis can 
finally improve outcomes [9].
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