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Myocardial Infarction

Cardiovascular disease is the leading cause of death globally, with 85% 

of cardiovascular deaths attributed to acute coronary syndrome (ACS) 

and stroke.1 The development of coronary atherosclerosis and 

subsequent plaque disruption, predominantly from plaque rupture or 

erosion, is responsible for the majority of ACS presentations. Persistent 

occlusion of the coronary artery due to thrombus, leading to MI, 

classically presents with symptoms of chest pain and ECG evidence of 

ST-segment elevation. 

Approximately 90% of patients with MI have angiographic evidence of 

obstructive coronary artery disease (CAD), based on registry studies 

published more than 30 years ago.2,3 The realisation that obstructive 

CAD was causative in the majority of patients with ST-elevation MI 

(STEMI) led to the development of current management strategies, 

including primary percutaneous coronary intervention.4 In addition to 

revascularisation, targeted pharmacotherapy, including high-dose 

statins, aspirin, P2Y
12 

inhibitors, beta-blockers and angiotensin-

converting enzyme inhibitors, has been shown to improve outcomes in 

patients with STEMI in large randomised controlled trials.5–10 However, 

most patients in these trials had obstructive CAD.

Around 10% of patients presenting with classical signs and symptoms 

of ACS do not have evidence of obstructive CAD to account for their 

presentation, namely those with MI with non-obstructive coronary 

artery (MINOCA).11–13 This phenomenon has been historically 

overlooked and largely understudied in relation to prognosis and 

treatment. MINOCA was previously thought to carry a good prognosis; 

however, there is growing interest in this group of patients, as 

increasing data are showing that this syndrome is not as benign as 

previously thought.11,14-16 This has led to the recent authoritative paper 

by the European Society of Cardiology (ESC) Working Group on 

Cardiovascular Pharmacotherapy describing and defining the 

condition in detail.17

MINOCA: Definition and Terminology
To aid in appropriate evaluation, treatment and future research, the 

ESC Working Group on Cardiovascular Pharmacotherapy formalised 

the definition of MINOCA.17 The definition of MINOCA is predicated on 

the patient fulfilling all three main diagnostic criteria, namely: the 

Universal Definition of Acute MI; the presence of non-obstructive 

coronary artery on angiography (defined as no coronary artery 

stenosis ≥50%) in any potential infarct-related artery; and the absence 

of another specific, clinically overt cause for the acute presentation.17,18 

With the Fourth Universal Definition of acute MI, the delineation of MI 

from myocardial injury is clearer, excluding diagnoses, such as 

myocarditis, where there is myocardial injury not attributable to an 

ischemic cause, from other causes of MINOCA.19,20 Very recently, the 

term troponin positive non-obstructive coronary arteries, which 

encompasses MINOCA, myocardial disorders and extracardiac 

causes, has been proposed.21 Irrespective of the nomenclature, the 

intention of the authors when they developed the position paper has 

not changed – to bring this not-so-benign condition to the attention of 

clinicians and to highlight the need for appropriate investigation and 
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management. As is the case with ‘heart failure’, MINOCA is not a 

definitive condition, but a working diagnosis that should prompt 

thorough investigation to ascertain the underlying aetiology. 

STEMI MINOCA versus NSTEMI MINOCA
STEMI occurs in the presence of transmural ischaemia due to transient 

or persistent complete occlusion of the infarct-related coronary artery. 

In patients presenting with non-ST-segment elevation MI (NSTEMI), the 

infarct is subendocardial. This pathophysiological difference also seems 

to be present within the MINOCA cohort. Registry data indicate that 

6–11% of patients with acute MI have nonobstructive coronary 

arteries.11–13 Within the literature, MINOCA tends to present more 

commonly as NSTEMI than STEMI: the incidence of MINOCA reported in 

patients presenting with NSTEMI is about 8–10% and in STEMI cohorts it 

is 2.8–4.4%.22–25 This has resulted in an under-representation of STEMI 

MINOCA patients in the literature. Most studies examine undifferentiated 

ACS cohorts,5 with only a handful providing separate data.22–25 These 

studies indicate that the 1-year mortality of MINOCA presenting as 

STEMI is 4.5%, in contrast to the mortality of unselected MINOCA ACS 

patients who have a mortality of 4.7%.11,24,25 The underlying aetiology of 

MINOCA is similar among those presenting with STEMI and in all-comer 

MINOCA patients with ACS, with non-coronary aetiology responsible for 

presentation in 60–70% of individuals with STEMI24,25 and in 76% of 

unselected ACS patients.11

Clinical Features, Aetiology and Prognosis
MINOCA tends to present more commonly as NSTEMI.11,26 The clinical 

characteristics of patients with MINOCA are distinct from patients with 

conventional CAD. They tend to be younger, with a lower prevalence of 

hyperlipidaemia, hypertension, diabetes and smoking.11,13,27–30 As with 

atherosclerotic CAD, MINOCA predominantly affects men; however, 

the male-to-female ratio is approximately 2.5:1 with MINOCA versus 

4:1 with atherosclerotic coronary disease.11 

MINOCA is a heterogenous entity and consequently creates a diagnostic 

challenge in identifying the aetiology, which among other things may 

include coronary dissection, plaque rupture with embolisation, myocarditis 

and takotsubo syndrome. A systematic approach is required to identify the 

underlying cause and initiate appropriate therapy. 

There have been many attempts at providing a clinical algorithm to 

aid physicians in evaluating and investigating these patients.17,20,31 

These algorithms all underscore the same principle – namely 

understanding the possible mechanisms of myocardial injury, 

followed by investigations to determine the underlying cause. In the 

case of STEMI, the time for assessment prior to angiography is 

limited to obtaining a comprehensive history, examination and an 

ECG. In line with the ESC Working Group, the aetiology can be 

classified into three main categories: coronary, non-coronary 

cardiac and extra cardiac causes.

MINOCA, irrespective of the underlying aetiology, is not a benign 

condition. A large systematic review and meta-analysis of 1,924 

patients reported that all-cause mortality in unselected patients with 

MINOCA at 12 months was 4.7%.11 More recently, data from the 2003–

2013 SWEDEHEART registry revealed that over a mean follow-up of 

4  years, 23.9% patients with MINOCA experienced another major 

adverse cardiac event.26 In a retrospective registry of patients 

presenting with STEMI, those with MINOCA were reported to have a 

mortality rate of 3.6% at 30 days and 4.5% at 1 year.24 

Epicardial/Coronary Causes
Plaque Disruption
Atherosclerotic plaque disruption (usually plaque erosion or rupture) is 

the main cause of type 1 MI, which is responsible for the majority of 

STEMI presentations.19 However, it is also recognised that plaque 

disruption is not an uncommon cause of MINOCA.32–34 It is important to 

differentiate patients with ≥50% epicardial coronary artery stenosis 

from those without obstructive CAD. Furthermore, positive remodelling 

of the coronary arteries may result in compensatory enlargement of the 

culprit vessel, increasing the luminal size of atherosclerotic arteries. This 

may consequently result in the appearance of angiographically normal 

or minimally obstructed coronary arteries.35 Plaque disruption has been 

documented in patients with angiographically near-normal arteries, 

namely those with luminal irregularities.33,34 Therefore, it is possible that 

patients with mild luminal irregularities presenting with STEMI have 

underlying atherosclerosis with plaque disruption, thrombosis and 

transient occlusion from distal embolisation. In the presence of effective 

endogenous thrombolysis, such individuals may not exhibit angiographic 

evidence of significant plaque or visible thrombus.36 

Appreciation of the importance of plaque rupture as the underlying 

pathomechanism in patients presenting with MINOCA has been 

facilitated with the use of intravascular ultrasound (IVUS) and optical 

coherence tomography (OCT) imaging. Advanced intracoronary imaging 

is frequently required to diagnose plaque disruption. Such techniques 

have shown evidence of plaque rupture in 37% of patients with ACS 

who had angiographically unobstructed coronary arteries.32 A small 

study combining IVUS and cardiac MRI has shown that the majority of 

patients with MINOCA with plaque disruption have cardiac MRI 

evidence of acute myocardial oedema, providing the much needed link 

between areas of plaque disruption and ensuing myocardial injury.33 It 

is estimated that one-third of MINOCA presentations are attributable to 

plaque disruption, although the proportion among those presenting 

with STEMI is less clear because they are under-represented in the 

studies (13–39% of subjects) and advanced imaging techniques are less 

often used in these scenarios.24,32,33

Coronary Dissection
Spontaneous coronary artery dissection (SCAD) describes the acute 

spontaneous development of a false lumen within the coronary artery, 

compromising flow down the artery. This condition has a strong female 

preponderance, with a mean age of 44–53 years, and is associated with 

fibromuscular dysplasia and pregnancy, indicating that female sex 

hormones may play a role in its pathophysiology.37 The reported 

incidence of SCAD among patients presenting with ACS is between 2% 

and 4%.38,39

Diagnosis of SCAD is made during angiography, where it can be 

subclassified based on angiographic appearance.40 It is recommended 

that coronary instrumentation – including stenting – is avoided, where 

possible, particularly if epicardial coronary flow is normal.37 In cases 

where there is diagnostic uncertainty or where coronary intervention is 

required, intracoronary imaging with OCT or IVUS can be useful to make 

a definitive diagnosis and also to assess the outcome of intervention. 

On initial angiography, SCAD, in particular type 2 SCAD, can be easily 

missed. Careful review of fluoroscopy images, especially in patients 

who exhibit high-risk demographics (typically middle-aged peripartum 

women without traditional cardiac risk factors) or those who have 

high-risk clinical features (e.g. history of fibromuscular dysplasia, 
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connective tissue disorder, recent intensive exercise or emotional 

stress) could allow a diagnosis to be made and appropriate treatment 

to be initiated.40

Coronary Vasospasm
In 2015, the Coronary Vasomotion Disorders International Study Group 

defined the diagnostic criteria for vasospastic angina as: nitrate-

responsive angina, transient ischaemic ECG changes and coronary 

artery spasm (Figure 1), defined as transient total or subtotal (>90%) 

occlusion either spontaneously or in response to a provocative 

stimulus.41 Vasospasm, like SCAD, is more prevalent in women. Risk 

factors include smoking and the use of drugs such as cocaine or beta-

blockers in patients with vascular smooth muscle hyperreactivity.42–46

Its transient nature and responsiveness to nitrates makes the diagnosis 

of coronary vasospasm in STEMI a challenge, as the frequent use of 

intra-arterial isosorbide mononitrate administration during radial 

cannulation to prevent peripheral vasospasm could essentially mask 

the diagnosis. For this reason, the use of a radial cocktail is prohibited 

during provocative vasospasm testing.42 

The gold standard diagnostic test for coronary vasospasm is provocative 

spasm testing with the administration of a spasm-provoking stimulus, 

namely acetylcholine or ergonovine. The patient is required to 

experience chest pain and demonstrate ECG and angiographic changes 

in response to provocation before the test is deemed to be positive for 

the diagnosis of spasm.41 Invasive testing is relatively safe, with no 

irreversible complications in patients with a recent ACS, and therefore 

should be considered as part of the investigative workup of STEMI 

patients with MINOCA.47,48 Clearly it should be done outside of the 

acute presentation.

Coronary Thromboembolism
Coronary embolism is the underlying cause in 3% of ACS presentations, 

but is often under-recognised because it is hard to differentiate from 

atherosclerotic ACS.49 Coronary thromboembolism can arise from either 

the left atrium or by means of paradoxical embolisation in the presence 

of septal defects in patients with hypercoagulable states, such as those 

with AF or those with hereditary thrombophilias. Non-thrombotic emboli 

can arise from valvular vegetations or cardiac tumours.50 In patients 

who exhibit a high thrombus burden at angiography without underlying 

coronary atherosclerosis, thromboembolism or thrombophilia should 

be strongly suspected (Figure 2).49 

Unlike SCAD and coronary vasospasm, patients with coronary 

thromboembolism are more heterogenous and can have a wide variety 

of predisposing clinical characteristics. The most frequent predisposing 

condition is AF, followed by valvular heart disease, such as infective 

endocarditis or rheumatic heart disease.51 

In one of the largest systematic reviews of patients with MINOCA, up to 

14% of patients were reported to have had evidence of an inherited 

thrombotic disorder.11 In a more recent study, extensive thrombophilia 

testing revealed that 33% of MINOCA patients had inherited 

thrombophilia.52 These findings imply that coronary embolism might 

have previously been overlooked as the underlying cause of MINOCA in 

this cohort. The diagnosis of a thrombotic disorder as a cause of STEMI 

will change the management of these patients, usually mandating 

lifelong anticoagulation rather than the standard dual antiplatelet 

regimen prescribed for ACS. 

Non-coronary Cardiac Causes
Takotsubo Cardiomyopathy
Takotsubo or stress cardiomyopathy describes the transient 

impairment of left ventricular function (commonly sparing the basal 

myocardium), frequently precipitated by a stressful event.53 It typically 

occurs in postmenopausal women, most often (but not exclusively) 

with a precipitating acute emotional or physical stressor.53 For this 

reason, it has been thought to be a catecholamine-driven process. 

Approximately 2% of STEMI cases are considered attributable to 

takotsubo cardiomyopathy.54

Patients generally present with symptoms of chest pain and ECG 

changes consistent with ACS, together with troponin elevation. The 

troponin level is usually minimal in relation to the extent of N-terminal 

prohormone brain natriuretic peptide (NT-proBNP) elevation, 

demonstrating a mismatch between the markers of myocardial 

ischaemia and the extent of myocardial involvement.55,56

The Heart Failure Association of the ESC has defined the diagnostic 

criteria for takotsubo cardiomyopathy, which takes into consideration 

biomarkers and imaging. Patients should have transient regional wall 

motion abnormalities of the myocardium that recover on follow-up 

imaging, extending beyond a single epicardial coronary distribution with 

absence of coronary culprit lesions, in the context of new ECG changes, 

significantly raised NT-proBNP or BNP and a relatively small rise in 

troponin.56 The recommended first-line investigation is a transthoracic 

Figure 1: Coronary Angiogram Showing 
Severe Coronary Artery Spasm

Figure 2: Coronary Angiogram from a Patient 
Presenting with ST-Elevation MI due to Coronary 
Thrombosis with Unobstructed Coronary Arteries

A: Left coronary artery showing ostial left mainstem spasm (arrow). B: Spasm of the proximal 
right coronary artery (arrow).

A: High thrombus burden (double arrow) with occluded distal left anterior descending artery 
(single arrow) with no perfusion (thrombolysis in MI 0 flow). B: Significant reduction of 
thrombus burden (arrow) on repeat angiography 72 hours later, showing underlying 
unobstructed smooth coronary artery with thrombolysis in MI 3 flow.
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echocardiogram, as it can be used to assess the anatomical variant, 

complications and recovery. Cardiac MRI imaging, if performed early 

after the event, can accurately characterise regional wall motion 

abnormalities, myocardial oedema and patterns of injury with late 

gadolinium enhancement in patients with takotsubo syndrome. 

Furthermore, cardiac MRI allows differentiation from other causes, 

including myocarditis and infarction.56 Therefore, early assessment with 

biomarkers, echocardiography and, if available, cardiac MRI is 

recommended to determine and confirm the diagnosis.57,58

Myocarditis
Inflammation of the myocardium secondary to a variety of infectious 

pathogens, autoimmune conditions or toxins may imitate an ACS. 

Individuals may present with symptoms of chest pain, ST-segment 

elevation, raised troponin level and impaired left ventricular systolic 

function.59 Owing to the wide spectrum of aetiology, the clinical 

characteristics of patients with myocarditis vary widely; therefore, 

making the correct diagnosis requires a high index of suspicion 

during presentation.

The gold standard test for diagnosing and determining the aetiology 

of myocarditis is endomyocardial biopsy,59 although this is associated 

with a risk of complications – particularly in young individuals – and 

should be reserved for patients with haemodynamic compromise, 

severely impaired left ventricular function that is unresponsive to 

treatment and/or significant ventricular arrhythmias.60 In such 

individuals, early cardiac MRI can prove valuable in the diagnosis of 

myocarditis, with sequences for tissue characterisation.60–62 In cases 

of MINOCA where there is suspicion of myocarditis, cardiac MRI 

during acute admission can be extremely helpful in confirming or 

refuting the diagnosis.62,63

Extracardiac Causes
Type 2 MI
A mismatch between oxygen supply and demand, leading to 

ischaemic myocardial injury, is responsible for type 2 MI and should 

be differentiated from conventional atherosclerotic plaque 

disruption.19 Patients with type 2 MI tend to be older and have several 

comorbidities when compared to those with type 1 MI.64 Common 

causes of increased oxygen demand from cardiac myocytes include 

sustained tachyarrhythmias or reduced oxygen supply, for example in 

acute bleeding conditions or pulmonary embolism, where patients 

with otherwise mild or stable CAD could develop myocardial 

ischaemia. However, such a mismatch would have to be profound to 

cause MINOCA. 

Aortic Syndromes
Acute aortic dissection results from a tear within the wall of the aorta 

forming an intimal flap separating the false and true lumens. 

Classification is based upon the location and extent of the dissection. 

The incidence is higher in men and increases with age.65 Risk factors 

include uncontrolled hypertension, pre-existing aortic disease or 

connective tissue disorders, blunt chest trauma and intravenous drug 

abuse.65 Similar to ACS, patients commonly present with acute severe 

chest pain; however, the nature of the pain is dissimilar, usually 

manifesting as a sharp, tearing or ripping sensation.65 

Only about 18% of aortic dissection presents with MI, particularly type 

A dissection.66 Coronary artery involvement may occur due to the flap 

occluding the coronary ostium or as a result of extension of the 

dissection into the coronary artery. Early surgical intervention is 

recommended to improve survival, given the high mortality rate without 

intervention.65 In patients with MINOCA, the use of direct aortography 

may provide the diagnosis, although non-invasive investigations, such 

as echocardiography or CT aortography, are safer and recommended 

as first line.65

Assessment
Initial Investigations
As part of the investigative process, it is recommended that all patients 

who present with acute ST-elevation have emergency assessment of 

their clinical history with essential examination, an ECG or serial ECGs 

confirming ST-elevation or new-onset left bundle branch block, and 

coronary angiography with the option of proceeding to coronary 

angioplasty.4 Baseline blood tests should be taken before angiography, 

but cardiac catheterisation should not be deferred until the blood 

results become available. Following angiography, in the case of the 

patient without obstructive coronary disease, re-evaluation of the 

patient’s clinical history could prove valuable in helping identify 

the underlying diagnosis (Figure 3). 

Thorough review of the fluoroscopic images obtained during initial 

coronary angiography may reveal otherwise subtle changes. If there 

are any doubts, and provided it is safe to do so, further intracoronary 

imaging may be useful to confirm or refute differential diagnoses. Given 

the high incidence of plaque disruption documented with intravascular 

imaging in patients with MINOCA, the use of OCT or IVUS of 

atherosclerotic non-obstructive diseased vessels could prove useful in 

identifying the underlying pathology in patients with STEMI.32–34

In patients with a large thrombus burden and normal coronary arteries, 

thromboembolism should be considered and thrombophilia screening 

performed as part of diagnostic workup. Consideration of different 

thrombophilic disorders should prompt extensive testing for inherited 

thrombophilia. This includes testing for factor V Leiden, antiphospholipid 

syndrome, prothrombin G20210A mutation, proteins C and S and 

antithrombin III deficiency.52

Plaque disruption is extremely unlikely in patients with smooth, 

unobstructed coronaries without evidence of atherosclerotic disease 

at angiography, as shown in several studies involving intracoronary 

imaging.32–34 Therefore, clear distinction of patients according to 

degrees of coronary stenosis (i.e. 0% compared to 1–49%) may prove 

invaluable in identifying the underlying aetiology. 

During initial coronary angiography, the presence of coronary spasm 

helps clarify this diagnosis in patients presenting with STEMI and 

suspected MINOCA; however, occasionally provocative spasm testing 

may be required at a later stage to fulfil the aforementioned diagnostic 

criteria as a class I indication in patients with MINOCA.41 There are no 

data to support provocative testing in patients with STEMI and 

suspected MINOCA at the time of initial angiography. However, recent 

studies appear to show that provocative spasm testing is safe in ACS 

patients, with reversible complication rates comparable to diagnostic 

angiography (a serious adverse event rate of around 0.8%).67,68 Small 

studies demonstrate that during the acute phase there are no 

irreversible complications; bradyarrhythmias occur in 5–16% of cases, 

which is comparable to that seen in stable patients with non-obstructive 

coronary arteries (15%),and ventricular tachyarrhythmias are rare 

(<0.5%), but this is clearly not in the setting of STEMI.48,69 There are 
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important prognostic benefits to reaching a correct diagnosis and 

accurately identifying and treating patients with coronary vasospasm, 

therefore routine vasospasm provocation testing is strongly encouraged 

in patients with MINOCA.48,70 

Follow-up Investigations
Following cardiac catherisation in patients with a provisional diagnosis 

of MINOCA, other blood investigations to consider include a full blood 

count (checking for the presence of significant anaemia in the case of 

a type 2 MI), inflammatory markers and a thrombophilia screen. A 

detailed transthoracic echocardiogram can help elucidate potential 

features of myocarditis or valvular disease. Early cardiac MRI within the 

first 5–14 days of admission is recommended, where possible, to 

confirm a diagnosis of MI or other aetiologies of MINOCA (Figure 4).71–73 

A recent study has shown that cardiac MRI can offer a definitive 

diagnosis in 88% of patients with MINOCA and, more importantly, 

changed the diagnosis in 47% of cases.74 

Treatment
In contrast to the definite aetiology and guidelines for the management 

of STEMI with CAD, in the 10% of patients who experience MI in the 

absence of obstructive CAD the aetiology often remains unclear, mainly 

because it is under-investigated and the optimal management is 

therefore often undecided.14 

There are no prospective randomised trials of pharmacotherapies in 

patients with MINOCA. Retrospective data from the SWEDEHEART 

registry suggest that there is long-term prognostic benefit in treating 

such patients with statins, beta-blockers and angiotensin-converting 

enzyme inhibitors/angiotensin receptor blockers, irrespective of the 

underlying aetiology.26 However, there appeared to be no significant 

benefit associated with the use of P2Y
12

 inhibitors. Thus, it appears that 

the use of routine secondary prevention medications post-ACS can still 

prove beneficial in MINOCA, despite a possibly unclear aetiology. 

The obvious limitation is that SWEDEHEART is a retrospective 

observational study where many confounders are present that are not 

accounted for. Furthermore, the majority of MINOCA presentations are 

attributable to plaque disruption and myocarditis,which may benefit 

from conventional secondary prevention pharmacotherapy, especially 

in the context of left ventricular systolic dysfunction.11,20,24 

The use of dual antiplatelet therapy (DAPT) is more controversial, since 

in the SWEDEHEART registry the treatment of patients with DAPT was 

not shown to confer benefit.26 Furthermore, in the post-hoc analysis of 

the Clopidogrel and Aspirin Optimal Dose Usage to Reduce Recurrent 

Events – Seventh Organization to Assess Strategies in Ischemic 

Syndromes (CURRENT-OASIS 7) study evaluating the use of DAPT in 

MINOCA and non-MINOCA patients, using high-dose DAPT with double-

dose clopidogrel increased the risk of major adverse cardiovascular 

events (HR 3.57; p=0.013) without an increase in bleeding.75 With the 

limitations of being a post-hoc analysis with multiple confounders, this 

poses an interesting hypothesis that DAPT may actually be harmful 

when used in MINOCA patients.

Figure 3: Investigative Algorithm for ST-Elevation MI Patients Presenting with MI with Non-obstructive Coronary Artery
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Current and Future Studies
A number of studies are in the pipeline to investigate the optimal 

assessment and treatment options for patients with MINOCA. The 

Women’s Heart Attack Research Program – Imaging Study (HARP; 

NCT02905357) is a multicentre, prospective, observational study 

aiming to recruit 500 women with MINOCA who will undergo OCT at 

the time of diagnostic angiography and cardiac MRI to explore the 

proportion of plaque disruption and its correlation with cardiac MRI 

findings. Recruitment started in 2016 and the study has an estimated 

completion date of April 2020. The multicentre Randomized Evaluation 

of Beta Blocker and ACEI/ARB Treatment in MINOCA Patients 

(MINOCA-BAT; NCT03686695) trial is exploring the impact of beta-

blockers and angiotensin-converting enzyme inhibitor or angiotensin 

receptor blockers on the composite endpoint of death from any cause 

and readmission due to acute MI, ischaemic stroke or heart failure. It 

is aiming to recruit 3,500 patients. Enrolment started in 2018 and the 

trial has an estimated completion date of 2025.

Conclusion
MINOCA is a condition with comparable in-hospital and long-term 

mortality to conventional ACS. The heterogeneity in aetiology often 

makes it a challenge for clinicians to investigate and treat this condition 

optimally. In STEMI patients with MINOCA, careful assessment of the 

history and examination findings during initial contact, with meticulous 

review of the coronary angiogram, can allow appropriate triaging. 

Routine biomarkers, including troponins and NT-proBNP, and early use 

of cardiac MRI imaging is advocated. Additional selective use of further 

testing that includes intracoronary assessment with IVUS/OCT, 

thrombophilia screening and vasoprovocation testing should be 

considered on an individual basis. Unless alternative causes are 

identified that mandate specific treatment, patients presenting with 

MINOCA should receive standard post-ACS pharmacotherapy. 

Ongoing studies will hopefully yield new insight into the optimal 

management of this hitherto under-investigated condition. 

Figure 4: Cardiac Magnetic Resonance Images of Differentials for Patients 
Presenting with MI with Non-obstructive Coronary Artery 

Takotsubo syndrome Plaque disruption Myocarditis

A

B

C

D

E

F

G

H

MINOCA:

1.  Chest pain

2.  Troponin-positive

3.  ST-elevation MI

A: Four-chamber cine view demonstrating left ventricular apical ballooning in end-systole. B: Myocardial oedema/inflammation of the mid to apical left ventricular myocardium on T2-short-tau 
inversion recovery sequence (black arrows). C: Four-chamber cine view with normal-thickness left ventricular myocardium. D: Late gadolinium enhancement demonstrating a small subendocardial 
infarction in the apical septal wall (yellow arrow). E and F: Angiograms showing minor atheroma in the left anterior descending artery (orange arrows). G: Late gadolinium enhancement showing 
patchy enhancement in the mid and apical septum and basal and apical lateral wall (green arrows). H: T2-short-tau inversion recovery sequence demonstrating myocardial oedema in multiple 
regions of the left ventricular myocardium corresponding with regions of late gadolinium enhancement shown in G (blue arrows). MINOCA = MI with non-obstructive coronary artery;  
STEMI = ST-elevation MI.

1.	 WHO. Cardiovascular diseases (CVDs). Geneva: WHO, 2017. 
https://www.who.int/en/news-room/fact-sheets/detail/
cardiovascular-diseases-(cvds) (accessed 26 March 2020).

2.	 DeWood MA, Spores J, Notske R, et al. Prevalence of total 
coronary occlusion during the early hours of transmural 
myocardial infarction. N Engl J Med 1980;303:897–902. 
https://doi.org/10.1056/NEJM198010163031601; 
PMID: 7412821.

3.	 DeWood MA, Stifter WF, Simpson CS, et al. Coronary 
arteriographic findings soon after non-Q-wave myocardial 
infarction. N Engl J Med 1986;315:417–23. https://doi.
org/10.1056/NEJM198608143150703; PMID: 3736619.

4.	 Ibanez B, James S, Agewall S, et al. 2017 ESC guidelines for the 
management of acute myocardial infarction in patients 
presenting with ST-segment elevation: the Task Force for the 
management of acute myocardial infarction in patients 

presenting with ST-segment elevation of the European Sociey 
of Cardiology (ESC). Eur Heart J 2018;39:119–77. https://doi.
org/10.1093/eurheartj/ehx393; PMID: 28886621.

5.	 Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of 
cholesterol-lowering treatment: prospective meta-analysis of 
data from 90,056 participants in 14 randomised trials of 
statins. Lancet 2005;366:1267–1278. https://doi.org/10.1016/
S0140-6736(05)67394-1; PMID: 16214597.

https://doi.org/10.15420/ecr.2019.13
https://doi.org/10.1056/NEJM198608143150703
https://doi.org/10.1056/NEJM198608143150703
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehx393


MI with Non-obstructive Coronary Artery in STEMI

EUROPEAN CARDIOLOGY REVIEW

6.	 Antithrombotic Trialists Collaboration, Baigent C, Blackwell L, 
et al. Aspirin in the primary and secondary prevention of 
vascular disease: collaborative meta-analysis of individual 
participant data from randomised trials. Lancet 2009;373:1849–
1860. https://doi.org/10.1016/S0140-6736(09)60503-1; 
PMID: 19482214.

7.	 Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus 
clopidogrel in patients with acute coronary syndromes. N Engl 
J Med 2009;361:1045–1057. https://doi.org/10.1056/
NEJMoa0904327; PMID: 19717846.

8.	 Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel versus 
clopidogrel in patients with acute coronary syndromes. N Engl 
J Med 2007;357:2001–2015. https://doi.org/10.1056/
NEJMoa0706482; PMID: 17982182.

9.	 Freemantle N, Cleland J, Young P, et al. Beta blockade after 
myocardial infarction: systematic review and meta regression 
analysis. BMJ 1999;318:1730–1737. https://doi.org/10.1136/
bmj.318.7200.1730; PMID: 10381708.

10.	 ACE Inhibitor Myocardial Infarction Collaborative Group. 
Indications for ACE inhibitors in the early treatment of acute 
myocardial infarction: systematic overview of individual data 
from 100,000 patients in randomized trials. Circulation 
1998;97:2202–2212. https://doi.org/10.1161/01.cir.97.22.2202; 
PMID: 9631869.

11.	 Pasupathy S, Air T, Dreyer RP, et al. Systematic review of 
patients presenting with suspected myocardial infarction and 
nonobstructive coronary arteries. Circulation 2015;131:861–70. 
https://doi.org/10.1161/CIRCULATIONAHA.114.011201; 
PMID: 25587100.

12.	 Dokainish H, Pillai M, Murphy SA, et al. Prognostic implications 
of elevated troponin in patients with suspected acute 
coronary syndrome but no critical epicardial coronary disease: 
a TACTICS-TIMI-18 substudy. J Am Coll Cardiol 2005;45:19–24. 
https://doi.org/10.1016/j.jacc.2004.09.056; PMID: 15629367.

13.	 Safdar B, Spatz ES, Dreyer RP, et al. Presentation, clinical 
profile, and prognosis of young patients with myocardial 
infarction with nonobstructive coronary arteries (MINOCA): 
results from the VIRGO study. J Am Heart Assoc 2018;7:e009174. 
https://doi.org/10.1161/JAHA.118.009174; PMID: 29954744.

14.	 Kemp HG, Kronmal RA, Vlietstra RE, et al. Seven year survival 
of patients with normal or near normal coronary arteriograms: 
a CASS registry study. J Am Coll Cardiol 1986;7:479–83. https://
doi.org/10.1016/S0735-1097(86)80456-9; PMID: 3512658.

15.	 Lichtlen PR, Bargheer K, Wenzlaff P. Long-term prognosis of 
patients with anginalike chest pain and normal coronary 
angiographic findings. J Am Coll Cardiol 1995;25:1013–8. https://
doi.org/10.1016/0735-1097(94)00519-V; PMID: 7897110.

16.	 Bugiardini R, Bairey Merz CN. Angina with “normal” coronary 
arteries. JAMA 2005;293:477. https://doi.org/10.1001/
jama.293.4.477; PMID: 15671433.

17.	 Agewall S, Beltrame JF, Reynolds HR, et al. ESC working group 
position paper on myocardial infarction with non-obstructive 
coronary arteries. Eur Heart J 2016;38:ehw149. https://doi.
org/10.1093/eurheartj/ehw149; PMID: 28158518.

18.	 Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition 
of myocardial infarction. Circulation 2012;126:2020–35. https://
doi.org/10.1161/CIR.0b013e31826e1058; PMID: 22923432.

19.	 Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal definition 
of myocardial infarction (2018). Circulation 2018;138:1–34. 
https://doi.org/10.1016/j.jacc.2018.08.1038; PMID: 30153967.

20.	 Tamis-Holland JE, Jneid H, Reynolds HR, et al. Contemporary 
diagnosis and management of patients with myocardial 
infarction in the absence of obstructive coronary artery 
disease: a scientific statement from the American Heart 
Association. Circulation 2019;139:E891–908. https://doi.
org/10.1161/CIR.0000000000000670; PMID: 30913893.

21.	 Pasupathy S, Tavella R, Beltrame JF. Myocardial infarction with 
nonobstructive coronary arteries (MINOCA): the past, present, 
and future management. Circulation 2017;135:1490–3. https://
doi.org/10.1161/CIRCULATIONAHA.117.027666; 
PMID: 28416521.

22.	 Gehrie ER, Reynolds HR, Chen AY, et al. Characterization and 
outcomes of women and men with non–ST-segment elevation 
myocardial infarction and nonobstructive coronary artery 
disease: results from the Can Rapid Risk Stratification of 
Unstable Angina Patients Suppress Adverse Outcomes with 
Early Implementation of the ACC/AHA Guidelines (CRUSADE) 
quality improvement initiative. Am Heart J 2009;158:688–94. 
https://doi.org/10.1016/j.ahj.2009.08.004; PMID: 19781432.

23.	 Planer D, Mehran R, Ohman EM, et al. Prognosis of patients 
with non-ST-segment-elevation myocardial infarction and 
nonobstructive coronary artery disease. Circ Cardiovasc Interv 
2014;7:285–93. https://doi.org/10.1161/
CIRCINTERVENTIONS.113.000606; PMID: 24847016.

24.	 Gue YX, Corballis N, Ryding A, et al. MINOCA presenting with 
STEMI: incidence, aetiology and outcome in a 
contemporaneous cohort. J Thromb Thrombolysis 2019;48:533–
8. https://doi.org/10.1007/s11239-019-01919-5; 
PMID: 31327089.

25.	 Widimsky P, Stellova B, Groch L, et al. Prevalence of normal 
coronary angiography in the acute phase of suspected 
ST-elevation myocardial infarction: experience from the 
PRAGUE studies. Can J Cardiol 2006;22:1147–52. https://doi.
org/10.1016/S0828-282X(06)70952-7; PMID: 17102833.

26.	 Lindahl B, Baron T, Erlinge D, et al. Medical therapy for 

secondary prevention and long-term outcome in patients with 
myocardial infarction with nonobstructive coronary artery 
disease. Circulation 2017;135:1481–9. https://doi.org/10.1161/
CIRCULATIONAHA.116.026336; PMID: 28179398.

27.	 Rakowski T, De Luca G, Siudak Z, et al. Characteristics of 
patients presenting with myocardial infarction with non-
obstructive coronary arteries (MINOCA) in Poland: data from 
the ORPKI national registry. J Thromb Thrombolysis 2019;47:462–
6. https://doi.org/10.1007/s11239-018-1794-z; PMID: 30565147.

28.	 Patel MR, Chen AY, Peterson ED, et al. Prevalence, predictors, 
and outcomes of patients with non-ST-segment elevation 
myocardial infarction and insignificant coronary artery 
disease: results from the Can Rapid risk stratification of 
Unstable angina patients Suppress ADverse outcomes with 
Early implementation of the ACC/AHA Guidelines (CRUSADE) 
initiative. Am Heart J 2006;152:641–7. https://doi.org/10.1016/j.
ahj.2006.02.035; PMID: 16996828.

29.	 Daniel M, Agewall S, Caidahl K, et al. Effect of myocardial 
infarction with nonobstructive coronary arteries on physical 
capacity and quality-of-life. Am J Cardiol 2017;120:341–6. 
https://doi.org/10.1016/j.amjcard.2017.05.001; 
PMID: 28610801.

30.	 Barr PR, Harrison W, Smyth D, et al. Myocardial infarction 
without obstructive coronary artery disease is not a benign 
condition (ANZACS-QI 10). Hear Lung Circ 2018;27:165–74. 
https://doi.org/10.1016/j.hlc.2017.02.023; PMID: 28408093.

31.	 Scalone G, Niccoli G, Crea F. Pathophysiology, diagnosis and 
management of MINOCA: an update. Eur Hear J Acute Cardiovasc 
Care 2019;8:54–62. https://doi.org/10.1177/2048872618782414; 
PMID: 29952633.

32.	 Ouldzein H, Elbaz M, Roncalli J, et al. Plaque rupture and 
morphological characteristics of the culprit lesion in acute 
coronary syndromes without significant angiographic lesion: 
analysis by intravascular ultrasound. Ann Cardiol Angeiol (Paris) 
2012;61:20–6. https://doi.org/10.1016/j.ancard.2011.07.011; 
PMID: 21903196.

33.	 Reynolds HR, Srichai MB, Iqbal SN, et al. Mechanisms of 
myocardial infarction in women without angiographically 
obstructive coronary artery disease. Circulation 2011;124:1414–
25. https://doi.org/10.1161/CIRCULATIONAHA.111.026542; 
PMID: 21900087.

34.	 Opolski MP, Spiewak M, Marczak M, et al. Mechanisms of 
myocardial infarction in patients with nonobstructive coronary 
artery disease: results from the optical coherence tomography 
study. JACC Cardiovasc Imaging 2018;12:2210–21. https://doi.
org/10.1016/j.jcmg.2018.08.022; PMID: 30343070.

35.	 Stiel GM, Stiel LSG, Schofer J, et al. Impact of compensatory 
enlargement of atherosclerotic coronary arteries on 
angiographic assessment of coronary artery disease. 
Circulation 1988;80:1603–9. https://doi.org/10.1161/01.
CIR.80.6.1603; PMID: 2598424.

36.	 Gorog DA, Lip GYH. Impaired spontaneous/endogenous 
fibrinolytic status as new cardiovascular risk factor? J Am Coll 
Cardiol 2019;74:1366–75. https://doi.org/10.1016/j.
jacc.2019.07.030; PMID: 31488274.

37.	 Adlam D, Alfonso F, Maas A, et al. European Society of 
Cardiology, acute cardiovascular care association, SCAD study 
group: a position paper on spontaneous coronary artery 
dissection. Eur Heart J 2018;39:3353–68. https://doi.
org/10.1093/eurheartj/ehy080; PMID: 29481627.

38.	 Mortensen KH, Thuesen L, Kristensen IB, et al. Spontaneous 
coronary artery dissection: a Western Denmark Heart Registry 
study. Catheter Cardiovasc Interv 2009;74:710–7. https://doi.
org/10.1002/ccd.22115; PMID: 29481627.

39.	 Nishiguchi T, Tanaka A, Ozaki Y, et al. Prevalence of 
spontaneous coronary artery dissection in patients with acute 
coronary syndrome. Eur Heart J Acute Cardiovasc Care 
2016;5:263–70. https://doi.org/10.1177/2048872613504310; 
PMID: 24585938.

40.	 Saw J. Coronary angiogram classification of spontaneous 
coronary artery dissection. Catheter Cardiovasc Interv 
2014;84:1115–22. https://doi.org/10.1002/ccd.25293; 
PMID: 24227590.

41.	 Beltrame JF, Crea F, Kaski JC, et al. International 
standardization of diagnostic criteria for vasospastic angina. 
Eur Heart J 2017;38:2565–8. https://doi.org/10.1093/eurheartj/
ehv351; PMID: 26245334.

42.	 Beijk MA, Vlastra WV, Delewi R, et al. Myocardial infarction 
with non-obstructive coronary arteries: a focus on vasospastic 
angina. Neth Heart J 2019;27:237–45. https://doi.org/10.1007/
s12471-019-1232-7; PMID: 30689112.

43.	 Takaoka K, Yoshimura M, Ogawa H, et al. Comparison of the 
risk factors for coronary artery spasm with those for organic 
stenosis in a Japanese population: role of cigarette smoking. 
Int J Cardiol 2000;72:121–6. https://doi.org/10.1016/S0167-
5273(99)00172-2; PMID: 10646952.

44.	 Kolodgie FD, Virmani R, Cornhill JF, et al. Increase in 
atherosclerosis and adventitial mast cells in cocaine abusers: 
an alternative mechanism of cocaine-associated coronary 
vasospasm and thrombosis. J Am Coll Cardiol 1991;17:1553–60. 
https://doi.org/10.1016/0735-1097(91)90646-Q; PMID: 2033185.

45.	 Robertson RM, Wood AJ, Vaughn WK, et al. Exacerbation of 
vasotonic angina pectoris by propranolol. Circulation 
1982;65:281–5. https://doi.org/10.1161/01.CIR.65.2.281; 
PMID: 6797752.

46.	 Lanza G, Careri G, Circulation FC, et al. Mechanisms of 
coronary artery spasm. Am Hear Assoc 2011;124:1774–82. 
https://doi.org/10.1161/CIRCULATIONAHA.111.037283; 
PMID: 22007100.

47.	 Ong P, Athanasiadis A, Borgulya G, et al. Clinical usefulness, 
angiographic characteristics, and safety evaluation of 
intracoronary acetylcholine provocation testing among 921 
consecutive white patients with unobstructed coronary 
arteries. Circulation 2014;129:1723–30. https://doi.org/10.1161/
CIRCULATIONAHA.113.004096; PMID: 24573349.

48.	 Montone RA, Niccoli G, Fracassi F, et al. Patients with acute 
myocardial infarction and non-obstructive coronary arteries: 
safety and prognostic relevance of invasive coronary 
provocative tests. Eur Heart J 2018;39:91–8. https://doi.
org/10.1093/eurheartj/ehx667; PMID: 29228159.

49.	 Raphael CE, Heit JA, Reeder GS, et al. Coronary embolus: an 
underappreciated cause of acute coronary syndromes. JACC 
Cardiovasc Interv 2018;11:172–80. https://doi.org/10.1016/j.
jcin.2017.08.057; PMID: 29348012.

50.	 He DK, Zhang YF, Liang Y, et al. Risk factors for embolism in 
cardiac myxoma: a retrospective analysis. Med Sci Monit 
2015;21:1146–54. https://doi.org/10.12659/MSM.893855; 
PMID: 25900256.

51.	 Shibata T, Kawakami S, Noguchi T, et al. Prevalence, clinical 
features, and prognosis of acute myocardial infarction 
attributable to coronary artery embolism. Circulation 
2015;132:241–50. https://doi.org/10.1161/
CIRCULATIONAHA.114.015134; PMID: 26216084.

52.	 Stepien K, Nowak K, Wypasek E, et al. High prevalence of 
inherited thrombophilia and antiphospholipid syndrome in 
myocardial infarction with non-obstructive coronary arteries: 
comparison with cryptogenic stroke. Int J Cardiol 2019;290:1–6. 
https://doi.org/10.1016/j.ijcard.2019.05.037; PMID: 31133433.

53.	 Prasad A, Lerman A, Rihal CS. Apical ballooning syndrome 
(Tako-Tsubo or stress cardiomyopathy): a mimic of acute 
myocardial infarction. Am Heart J 2008;155:408–17. https://doi.
org/10.1016/j.ahj.2007.11.008; PMID: 18294473.

54.	 Gianni M, Dentali F, Grandi AM, et al. Apical ballooning 
syndrome or takotsubo cardiomyopathy: a systematic review. 
Eur Heart J 2006;27:1523–9. https://doi.org/10.1093/eurheartj/
ehl032; PMID: 16720686.

55.	 Fröhlich GM, Schoch B, Schmid F, et al. Takotsubo 
cardiomyopathy has a unique cardiac biomarker profile: 
NT-proBNP/myoglobin and NT-proBNP/troponin T ratios for the 
differential diagnosis of acute coronary syndromes and stress 
induced cardiomyopathy. Int J Cardiol 2012;154:328–32. https://
doi.org/10.1016/j.ijcard.2011.09.077; PMID: 22044675.

56.	 Lyon AR, Bossone E, Schneider B, et al. Current state of 
knowledge on Takotsubo syndrome: a position statement from 
the Taskforce on Takotsubo Syndrome of the Heart Failure 
Association of the European Society of Cardiology. Eur J Heart 
Fail 2016;18:8–27. https://doi.org/10.1002/ejhf.424; 
PMID: 26548803.

57.	 Bhatia S, Anstine C, Jaffe AS, et al. Cardiac magnetic 
resonance in patients with elevated troponin and normal 
coronary angiography. Heart 2019;105:1231–6. https://doi.
org/10.1136/heartjnl-2018-314631; PMID: 30948519.

58.	 Dastidar AG, Baritussio A, De Garate E, et al. Prognostic role of 
cardiac MRI and conventional risk factors in myocardial 
infarction with nonobstructed coronary arteries. JACC 
Cardiovasc Imaging 2019;12:1973–82. https://doi.org/10.1016/j.
jcmg.2018.12.023; PMID: 30772224.

59.	 Caforio ALP, Pankuweit S, Arbustini E, et al. Current state of 
knowledge on aetiology, diagnosis, management, and therapy 
of myocarditis: a position statement of the European Society 
of Cardiology Working Group on Myocardial and Pericardial 
Diseases. Eur Heart J 2013;34:2636–48. https://doi.org/10.1093/
eurheartj/eht210; PMID: 23824828.

60.	 Cooper LT, Baughman KL, Feldman AM, et al. The role of 
endomyocardial biopsy in the management of cardiovascular 
disease. A scientific statement from the American Heart 
Association, the American College of Cardiology, and the 
European Society of Cardiology. Endorsed by the Heart 
Failure Society of America and the Heart Failure Association 
of the European Society of Cardiology. J Am Coll Cardiol 
2007;50:1914–31. https://doi.org/10.1016/j.jacc.2007.09.008; 
PMID: 17980265.

61.	 Tornvall P, Gerbaud E, Behaghel A, et al. Myocarditis or “true” 
infarction by cardiac magnetic resonance in patients with a 
clinical diagnosis of myocardial infarction without obstructive 
coronary disease: a meta-analysis of individual patient data. 
Atherosclerosis 2015;241:87–91. https://doi.org/10.1016/j.
atherosclerosis.2015.04.816; PMID: 25967935.

62.	 Patriki D, Gresser E, Manka R, et al. Approximation of the 
incidence of myocarditis by systematic screening with cardiac 
magnetic resonance imaging. JACC Hear Fail 2018;6:573–9. 
https://doi.org/10.1016/j.jchf.2018.03.002; PMID: 29885953.

63.	 Lurz P, Eitel I, Adam J, et al. Diagnostic performance of CMR 
imaging compared with EMB in patients with suspected 
myocarditis. JACC Cardiovasc Imaging 2012;5:513–24. https://doi.
org/10.1016/j.jcmg.2011.11.022; PMID: 22595159.

64.	 Saaby L, Poulsen TS, Hosbond S, et al. Classification of 
myocardial infarction: frequency and features of type 2 
myocardial infarction. Am J Med 2013;126:789–97. https://doi.
org/10.1016/j.amjmed.2013.02.029; PMID: 23856021.

https://doi.org/10.1161/CIRCULATIONAHA.114.011201
https://doi.org/10.1016/j.jacc.2004.09.056
https://doi.org/10.1161/JAHA.118.009174
https://doi.org/10.1016/S0735-1097(86)80456-9
https://doi.org/10.1016/S0735-1097(86)80456-9
https://doi.org/10.1016/0735-1097(94)00519-V
https://doi.org/10.1016/0735-1097(94)00519-V
https://doi.org/10.1001/jama.293.4.477
https://doi.org/10.1001/jama.293.4.477
https://doi.org/10.1093/eurheartj/ehw149
https://doi.org/10.1093/eurheartj/ehw149
https://doi.org/10.1161/CIR.0b013e31826e1058
https://doi.org/10.1161/CIR.0b013e31826e1058
https://doi.org/10.1016/j.jacc.2018.08.1038
https://doi.org/10.1161/CIR.0000000000000670
https://doi.org/10.1161/CIR.0000000000000670
https://doi.org/10.1161/CIRCULATIONAHA.117.027666
https://doi.org/10.1161/CIRCULATIONAHA.117.027666
https://doi.org/10.1016/j.ahj.2009.08.004
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000606
https://doi.org/10.1161/CIRCINTERVENTIONS.113.000606
https://doi.org/10.1007/s11239-019-01919-5
https://doi.org/10.1016/S0828-282X(06)70952-7
https://doi.org/10.1016/S0828-282X(06)70952-7
https://doi.org/10.1161/CIRCULATIONAHA.116.026336
https://doi.org/10.1161/CIRCULATIONAHA.116.026336
https://doi.org/10.1007/s11239-018-1794-z
https://doi.org/10.1016/j.ahj.2006.02.035
https://doi.org/10.1016/j.ahj.2006.02.035
https://doi.org/10.1016/j.amjcard.2017.05.001
https://doi.org/10.1016/j.hlc.2017.02.023
https://doi.org/10.1177/2048872618782414
https://doi.org/10.1016/j.ancard.2011.07.011
https://doi.org/10.1161/CIRCULATIONAHA.111.026542
https://doi.org/10.1016/j.jcmg.2018.08.022
https://doi.org/10.1016/j.jcmg.2018.08.022
https://doi.org/10.1161/01.CIR.80.6.1603
https://doi.org/10.1161/01.CIR.80.6.1603
https://doi.org/10.1016/j.jacc.2019.07.030
https://doi.org/10.1016/j.jacc.2019.07.030
https://doi.org/10.1093/eurheartj/ehy080
https://doi.org/10.1093/eurheartj/ehy080
https://doi.org/10.1002/ccd.22115
https://doi.org/10.1002/ccd.22115
https://doi.org/10.1177/2048872613504310
https://doi.org/10.1002/ccd.25293
https://doi.org/10.1093/eurheartj/ehv351
https://doi.org/10.1093/eurheartj/ehv351
https://doi.org/10.1007/s12471-019-1232-7
https://doi.org/10.1007/s12471-019-1232-7
https://doi.org/10.1016/S0167-5273(99)00172-2
https://doi.org/10.1016/S0167-5273(99)00172-2
https://doi.org/10.1016/0735-1097(91)90646-Q
https://doi.org/10.1161/01.CIR.65.2.281
https://doi.org/10.1161/CIRCULATIONAHA.111.037283
https://doi.org/10.1161/CIRCULATIONAHA.113.004096
https://doi.org/10.1161/CIRCULATIONAHA.113.004096
https://doi.org/10.1093/eurheartj/ehx667
https://doi.org/10.1093/eurheartj/ehx667
https://doi.org/10.1016/j.jcin.2017.08.057
https://doi.org/10.1016/j.jcin.2017.08.057
https://doi.org/10.12659/MSM.893855
https://doi.org/10.1161/CIRCULATIONAHA.114.015134
https://doi.org/10.1161/CIRCULATIONAHA.114.015134
https://doi.org/10.1016/j.ijcard.2019.05.037
https://doi.org/10.1016/j.ahj.2007.11.008
https://doi.org/10.1016/j.ahj.2007.11.008
https://doi.org/10.1093/eurheartj/ehl032
https://doi.org/10.1093/eurheartj/ehl032
https://doi.org/10.1016/j.ijcard.2011.09.077
https://doi.org/10.1016/j.ijcard.2011.09.077
https://doi.org/10.1002/ejhf.424
https://doi.org/10.1136/heartjnl-2018-314631
https://doi.org/10.1136/heartjnl-2018-314631
https://doi.org/10.1016/j.jcmg.2018.12.023
https://doi.org/10.1016/j.jcmg.2018.12.023
https://doi.org/10.1093/eurheartj/eht210
https://doi.org/10.1093/eurheartj/eht210
https://doi.org/10.1016/j.jacc.2007.09.008
https://doi.org/10.1016/j.atherosclerosis.2015.04.816
https://doi.org/10.1016/j.atherosclerosis.2015.04.816
https://doi.org/10.1016/j.jchf.2018.03.002
https://doi.org/10.1016/j.jcmg.2011.11.022
https://doi.org/10.1016/j.jcmg.2011.11.022
https://doi.org/10.1016/j.amjmed.2013.02.029
https://doi.org/10.1016/j.amjmed.2013.02.029


EUROPEAN CARDIOLOGY REVIEW

Myocardial Infarction

65.	 Erbel R, Aboyans V, Boileau C, et al. 2014 ESC guidelines on 
the diagnosis and treatment of aortic diseases: document 
covering acute and chronic aortic diseases of the thoracic and 
abdominal aorta of the adult. Eur Heart J 2014;35:2873–926. 
https://doi.org/10.1093/eurheartj/ehu281; PMID: 25173340.

66.	 Bossone E, Labounty TM, Eagle KA. Acute aortic syndromes: 
diagnosis and management, an update. Eur Heart J 
2018;39:739–49. https://doi.org/10.1093/eurheartj/ehx319; 
PMID: 29106452.

67.	 Takagi Y, Yasuda S, Takahashi J, et al. Clinical implications of 
provocation tests for coronary artery spasm: safety, 
arrhythmic complications, and prognostic impact: multicentre 
registry study of the Japanese Coronary Spasm Association. 
Eur Heart J 2013;34:258–67. https://doi.org/10.1093/eurheartj/
ehs199; PMID: 22782943.

68.	 Ciliberti G, Seshasai SRK, Ambrosio G, et al. Safety of 
intracoronary provocative testing for the diagnosis of coronary 
artery spasm. Int J Cardiol 2017;244:77–83. https://doi.
org/10.1016/j.ijcard.2017.05.109; PMID: 22782943.

69.	 Probst S, Seitz A, G Pirozzolo G, et al. Safety assessment and 
results of coronary spasm provocation testing in patients with 
MINOCA compared to patients with stable angina and 
unobstructed coronary arteries. Eur Heart J 
2019;40(Suppl):ehz746.0724. https://doi.org/10.1093/eurheartj/
ehz746.0724.

70.	 Ong P, Athanasiadis A, Borgulya G, et al. 3-year follow-up of 
patients with coronary artery spasm as cause of acute 
coronary syndrome: the CASPAR (coronary artery spasm in 
patients with acute coronary syndrome) study follow-up. J Am 
Coll Cardiol 2011;57:147–52. https://doi.org/10.1016/j.
jacc.2010.08.626; PMID: 21211685.

71.	 Assomull RG, Lyne JC, Keenan N, et al. The role of 
cardiovascular magnetic resonance in patients presenting 
with chest pain, raised troponin, and unobstructed coronary 
arteries. Eur Heart J 2007;28:1242–9. https://doi.org/10.1093/
eurheartj/ehm113; PMID: 17478458.

72.	 Monney PA, Sekhri N, Burchell T, et al. Acute myocarditis 
presenting as acute coronary syndrome: role of early cardiac 

magnetic resonance in its diagnosis. Heart 2011;97:1312–8. 
https://doi.org/10.1136/hrt.2010.204818; PMID: 21106555.

73.	 Laraudogoitia Zaldumbide E, Pérez-David E, Larena JA, et al. 
The value of cardiac magnetic resonance in patients with 
acute coronary syndrome and normal coronary arteries. Rev 
Esp Cardiol 2009;62:976–83. https://doi.org/10.1016/s1885-
5857(09)73263-3; PMID: 19712618.

74.	 Vago H, Szabo L, Horvath V, et al. Differential diagnosis of 
MINOCA patients: the contribution of early cardiac magnetic 
resonance imaging to the final diagnosis in patients with 
normal coronary angiography. Eur Heart J 
2019;40(Suppl):ehz748.0146. https://doi.org/10.1093/eurheartj/
ehz748.0146.

75.	 Bossard M, Yusuf S, Tanguay J, et al. Recurrent cardiovascular 
events and mortality in relation to antiplatelet therapy in 
patients with myocardial infarction without obstructive 
coronary artery disease (MINOCA). Eur Heart J 
2019;40(Suppl):ehz748.0154. https://doi.org/10.1093/eurheartj/
ehz748.0145.

https://doi.org/10.1093/eurheartj/ehu281
https://doi.org/10.1093/eurheartj/ehx319
https://doi.org/10.1093/eurheartj/ehs199
https://doi.org/10.1093/eurheartj/ehs199
https://doi.org/10.1016/j.ijcard.2017.05.109
https://doi.org/10.1016/j.ijcard.2017.05.109
https://doi.org/10.1093/eurheartj/ehz746.0724
https://doi.org/10.1093/eurheartj/ehz746.0724
https://doi.org/10.1016/j.jacc.2010.08.626
https://doi.org/10.1016/j.jacc.2010.08.626
https://doi.org/10.1093/eurheartj/ehm113
https://doi.org/10.1093/eurheartj/ehm113
https://doi.org/10.1136/hrt.2010.204818
https://doi.org/10.1016/s1885-5857(09)73263-3
https://doi.org/10.1016/s1885-5857(09)73263-3
https://doi.org/10.1093/eurheartj/ehz748.0146
https://doi.org/10.1093/eurheartj/ehz748.0146
https://doi.org/10.1093/eurheartj/ehz748.0145
https://doi.org/10.1093/eurheartj/ehz748.0145

