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Abstract
Myocardial infarction with non-obstructed coronary arteries (MINOCA) represents a diagnostic and therapeutic challenge. Approximately 10% of patients presenting 
with acute MI do not have obstructive coronary artery disease on coronary angiogram as confirmed in several large Acute Myocardial Infarction (AMI) registries. 
A diagnosis of MINOCA can be introduced in patients with consistent features of MI and demonstrated nonobstructive coronary artery disease. With increased 
utilisation of coronary angiograms and high sensitivity troponin, the identification of MINOCA is encountered more frequently. The long-term clinical outcome 
and prognosis of this subgroup is not well known or understood. The aim of this retrospective cohort study was to evaluate patient demographics, diagnosis and 
the 12-month follow-up of 26 inpatients who presented with MINOCA in an Irish tertiary centre. The following inclusion criteria was used in the definition of 
MINOCA; elevated troponin biomarkers, clinical features of ischaemia (symptoms, ischaemic changes on electrocardiogram, new loss of viable myocardium or wall 
motion abnormality) evidence of intracoronary thrombus or a non-obstructive pattern angiographically. Acute myocarditis was the most common cause of MINOCA 
with unobstructive angiography in this cohort of patients. 15.3% (n=4) had a recurrent hospital admission with similar presentation within 12 months of the primary 
event. Establishing appropriate diagnosis and identifying patient risks is essential to ensure patients receive both preventative therapy and appropriate treatment.
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Introduction
Acute myocardial infarction with unobstructed (≤ 50% stenosis) 

coronary arteries (MINOCA) has a prevalence of approximately 10% 
of patients with suspected myocardial infarction [1,2]. MINOCA 
remains a serious concern due to the uncertain risk of major adverse 
coronary events (MACE) during follow-up. Over the past century, the 
management of AMI has evolved with troponin values, changes on 
electrocardiogram, early use of coronary angiography and reperfusion 
therapies forming the foundation of contemporary AMI management 
guidelines. In this context, the European Society of Cardiology 
recommends following three criteria for the diagnosis of MINOCA [3]. 

1. AMI criteria.

a. Positive cardiac biomarker such as Troponin with at least one value 
above the 99th percentile upper reference limit.

b. Clinical evidence of ischaemia, including any of the following:

i. Ischaemic symptoms (chest pain/shortness of breath)

ii. Ischaemic electrocardiogram (ECG) changes (ST segment changes 
or new left bundle branch block)

iii. New pathological Q waves

iv. New regional wall motion abnormality

v. New loss of viable myocardium.

2. Absence of obstructive coronary artery disease or CAD (≥50% 
stenosis).

3. No clinically obvious cause for acute presentation.

These diagnostic criteria combine the current definitions of AMI 
and unobstructive CAD [3,4]. In this study, unobstructed coronary 
arteries are defined as stenosis ≤ 50% in any potential infarct related 
artery. This includes both mild CAD (stenosis >30% but ≤ 50%) and 
normal coronary arteries (no stenosis >30%) [5]. At present, MINOCA 
is a common clinical situation with an uncertain prognosis, however, 
it has been associated with lower rates of adverse clinical outcomes in 
various studies [6,7]. Establishing a definitive diagnosis in this subgroup 
remains challenging. Differential diagnoses for MINOCA would 
include MI related and non-MI related causes [8]. MI related causes 
include plaque rupture or erosion with spontaneous recanalization, 
coronary spasm, spontaneous coronary dissection, paradoxical 
coronary embolism, hypercoagulable states and demand ischaemia. 
In contrast, non-MI related causes of MINOCA include myocarditis, 
stress cardiomyopathy, dilated cardiomyopathy, hypertrophic 
cardiomyopathy, pulmonary embolism (PE), microvascular 
dysfunction (syndrome X) and connective tissue disease [9,10]. 
For such patients, determining the correct diagnosis has important 
therapeutic and prognostic implications. 
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outcomes were recorded with 1-year follow up including hospital 
readmission, development of heart failure and overall mortality. All 
data was extracted from the National Citrix Portal and McKesson 
Clinical Management Software. Overall mortality was determined 
upon contacting a patient general practioner and accessing patient 
files. Statistical representation and analysis were completed using 
both Microsoft Excel and SPSS software. A p-value ≤ 0.05 was 
considered statistically significant. Ethical approval for the study 
was obtained from the University Hospital Limericks Research 
Ethics Committee (113_15).

Results
Of a total of 146 patients admitted to the University Hospital 

Limerick with suspected ACS between September 2015 and January 
2016, 80 presented as a ST elevation MI (STEMI) while 66 presented 
as a non-ST elevation MI (NSTEMI). Retrospectively, 26 (17.8%) 
patients had an unobstructive pattern angiographically and met the 
predetermined inclusion criteria. Baseline characteristics recorded 
are summarized in (Table 1). The mean age was 51 ± 20 years. There 
was no gender predominance with 50% men (n=13) and 50% women 
(n=13). No patient had known pre-existing renal impairment. There 
was moderate prevalence of cardiovascular risk factors; hypertension 
(42.3%), diabetes mellitus (15%), hyperlipidaemia (7.6%), smoking 
history (11.5%) and a family history of ischaemic heart disease (15%). 
1 patient had known CAD with 1 stent in situ. No patient received 
thrombolytic therapy.

All 26 patients had an abnormal ECG on presentation as illustrated 
in table 2. The most commonly detected abnormality was T-wave 
changes (46.1%), followed by ST-segment depression (26.9%) and 
ST-segment elevation (26.9%). No patient had supraventricular 
or ventricular tachycardia on presentation. All patients received 
transthoracic echo that highlighted 69.3% of patients had an ejection 
fraction between 50-55%. 61.5% of patients (n=16) received CMR 
to help ascertain diagnosis. 1 patient received a CT pulmonary 
angiography and was subsequently diagnosed with a pulmonary 
embolism. 1 patient received optical coherence tomography (OCT).

CMR was used in 61.5% (n=16) of the patient cohort. CMR revealed 
the aetiological diagnosis of 75% of these selected patients (n=12). 
The details of the differential diagnosis are summarized in table 2. A 
diagnosis of acute myocarditis was the most frequently encountered in 
31.3% (n=5) of patients, following the trend of previous studies [12,19]. 
Other diagnosis includes acute MI 25% (n=4), TTC 12.5% (n=2) and 
HOCM 6.2% (n=1). In the 4 remaining patients, no new diagnosis was 
made – there was no impaired left ventricular function or detectable 
myocardial necrosis (Table 3). 

Follow-up up information was available for 25 of 26 patients at 1 
year. No alternate diagnosis was made for any patient during follow-
up. 1-year follow-up adverse clinical events are summarized in table 
4. No overall or cardiac mortality or congestive cardiac failure was 
recorded within this period. Four patients (15.3%) were hospitalized 
during the follow up; Three patients (11.5%) from the myocarditis 
group suffered from recurrence of chest pain and were readmitted 
at this time, there were no MACE observed. 1 patient from the TTC 
group also suffered from recurrence of chest pain and was readmitted, 
however, no MACE was recorded. Among those patients with normal 
CMRI results, hypertrophic cardiomyopathy and myocardial infarct – 
no adverse clinical outcomes were observed during follow-up.

Confirming a definitive diagnosis often involves a multi-modality 
approach with both invasive and non-invasive investigations playing 
a role. Although troponin is a sensitive and specific biomarker of 
myocardial necrosis it cannot determine the mechanism of damage. 
Cardiac troponins (cTn) I and T are organ specific, but not disease 
specific biomarkers [11]. Therefore, they may be elevated in both 
coronary and non-coronary aetiologies. However, use of imaging such 
as cardiac magnetic resonance (CMR) acts as a valuable tool to guide 
diagnosis and adapt management [12]. 

CMR is a comprehensive, non-invasive technique that has the 
ability to distinguish ischemic from non-ischaemic cardiac disease in 
the presence of normal angiogram [13]. It allows the assessment of 
cardiac anatomy, functional analysis and tissue characterization [14]. 
In this context, CMR results can lead to adaptation of management 
strategy and secondary prevention. As a technique, CMR plays an 
increasingly significant role in the diagnosis of various cardiovascular 
diseases [15]. Notably, literature has shown CMR may only identify 
a diagnosis in up to 95% of patients with ischaemic symptoms, an 
elevated troponin and unobstructed coronary arteries [16,17].

In this study, we sought to determine the prevalence of the 
different aetiological diagnoses in patients presenting with acute chest 
pain syndrome, elevated troponin concentration and unobstructed 
coronary arteries and their demographics. Additionally, data is sparse 
regarding baseline characteristics and the clinical outcomes of this 
patient group. In such case, the objective of this study was to examine 
the patient cohort establishing characteristics and both the diagnosis 
and adverse clinical outcomes of each patient.

Methods
This retrospective cohort study looked at a five-month period 

between September 2015 and January 2016 at University Hospital 
Limerick. All 146 patients with suspected AMI who underwent 
coronary angiogram were included in the study. Of these, 26 (17.8%) 
had non-obstructive coronary artery disease (CAD) on assessment, 
defined in this study as ≤ 50% stenosis. From this cohort, all 26 
patients met the following inclusion criteria leading to a diagnosis of 
MINOCA: (a) clinical evidence of ischaemia; ischaemic symptoms or 
electrocardiogram changes (new pathological Q waves, ST segment or 
T wave abnormalities), (b) raised troponin I levels, (c) unobstructed C 
on angiogram and (d) no apparent cause for presentation. 16 patients 
(61.5%) received CMRI to guide diagnosis. Data collection included 
baseline characteristics, ECG on presentation, laboratory profile, 
GRACE score [18] and cardiac imaging results (Figure 1). Adverse 
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Figure 1.  Selection process of patient cohort
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Discussion
MINOCA is a novel clinical entity that is being increasingly 

recognized throughout the world. There are multiple reasons why this 
working diagnosis was created as explained by Pasupathy et al. [8]. 
Establishing a diagnosis of MINOCA is important to avoid diagnostic 
complacency and to prompt further evaluation of underlying 
aetiologies and long-term prognosis of these patients.  

Who is at risk of MINOCA? 

Studies by both Berger et al. and Shaw et al. found that the 
clinical characteristics of MINOCA patients varied in comparison 
to obstructive CAD patients. MINOCA patients have been found to 
be younger with only a slight male predominance [20,21]. Further, 
a recent systematic review pooled data from 13 studies of MINOCA 
patients, finding the mean age of presentation as 55 years and 40% 

women [22]. Notably, hyperlipidaemia was a common finding. These 
collective results were similar to the baseline characteristics found in 
this cohort study which highlighted a mean age of 51 years with an 
equal predominance between male and female patients. However, in 
contrast with the aforementioned systemic review, only 2 patients in 
this study (7.7%) presented with hyperlipidaemia. It is known that 
obstructive CAD are usually older patients with a higher incidence of 
middle-aged males than females. This trend of clinical characteristics 
suggests that underlying factors leading to MINOCA differ from those 
underlying an obstructive CAD patient. 

MINOCA patients may first present with either STEMI or NSTEMI 
findings on electrocardiogram. Our study showed a higher incidence 
of NSTEMI patients 73% (n=19) than STEMI findings 27% (n = 7). 
This compliments the findings of previous studies including DeWoods 
landmark study which highlighted up to 90% of STEMI patients had 
obstructive CAD, whereas only 26% of NSTEMI patients exhibited 
obstructive CAD [17,23]. With these findings, it could be presumed 
that higher rates of NSTEMI patients would be diagnosed with 
MINOCA. A more recent analysis of patients with NSTEMI within the 
CRUSADE registry highlighted that female sex and younger age were 
both independent predictors of MINOCA [24].

Investigations to guide diagnosis
A variety of diagnostic testing is required to narrow the differential 

diagnosis in the context of MINOCA. Although the information 
gained from a patient’s history and blood tests is valuable, often it 
can be too circumstantial to be used clinically [25]. For example, 
atherosclerosis rates are increased in those with associated risk factors; 
age, positive family history, smoking, hyperlipidaemia, diabetes and 
hypertension. Further, a hereditary thrombophilia screen may be 
warranted in those with a positive family history of thromboembolism 
and hypercoagulability - as many a 14% of MINOCA patients have 
an abnormality detected upon screening [22]. Lastly, routine blood 
tests may provide a direction for diagnosis, with elevated D-dimer 
levels in patients with a PE or elevated acute inflammatory markers in 
patients with infection or acute myocarditis. Due to the non-specific 
nature of these investigations, non-invasive imaging techniques such 
as echocardiogram and CMR are of paramount importance in the 
MINOCA patient group [25]. Currently, echocardiogram may be 
more readily available than CMR and offers useful data on myocardial 
function, but it is not as specific as CMR. In this study, 100% of patients 
received a trans thoracic echocardiogram echoing its availability, in 
comparison, 75% of the patient cohort received a CMR to help establish 
a definitive diagnosis. CMR may be ordered to exclude subendocardial 
infarction in the presence of a normal angiogram and in clinical 
situation where the cause of MINOCA has not yet been found.

Although CMRI may not provide a diagnosis for all MINOCA 
patients it is a useful tool in differentiating between potential etiological 
causes. A comprehensive CMR allows categorization of potential 
diagnoses, both MI- and non-MI-related [26]. Results provided include 
fibrosis (delayed enhancement imaging), inflammation (T2 weighted 
imaging) and myocardial functioning (cine imaging) [27]. Previous 
literature has concluded that CMR provided a specific diagnosis in up 
to 75% of MINOCA patients who received the procedure [28]. These 
findings compliment the results of this study in which 61.5% of patients 
received a CMR and a diagnosis was established in 75% of those 
patients. Chu et al. showed an even higher rate of diagnosis by CMR in 
up to 95% of patients [17].

When CMR findings are normal and there is no cause for MINOCA 
found, the following clinical pictures should be considered, coronary 

Characteristic Value (n=26)
Age (years) 51 (±20 SD)
Male 13 (50)
Female 13 (50)
Hypertension 11 (42.3)
Diabetes mellitus 4 (15)
Hyperlipidaemia 2 (7.6)
History of smoking 3 (11.5)
Previous IHD/PCI 1 (3.8)
Family History IHD 4 (15)
Renal Impairment 0

Table 1. Baseline characteristics    

Characteristic Value (n=26)
ECG
   ST segment elevation 7 (26.9)
   ST segment depression 7 (26.9)
   T wave changes 12 (46.2)
cTn I on admission 285.96ng/dl
Ejection Fraction 
   >55% 3 (11.5)
   50-55% 18 (69.3)
   35-50% 3 (11.5)
   <35% 2 (7.7)
GRACE Score (Mean) 100.4

Table 2. Baseline investigations

CMR Diagnosis Chopard et al. 
2011 Chu et al. 2015 Current Study 

  (n = 87) [12] (n = 32) [17] (n = 16)
Tako-tsubo Cardiomyopathy 10 (11.5%) 2 (6.3%) 2 (12.5%)
Hypertrophic Cardiomyopathy 0 2 (6.3%) 1 (6.2%)
Acute Myocarditis 23 (26.4%) 16 (50%) 5 (31.3%)
Myocardial Infarct 22 (22.7%) 5 (15.5%) 4 (25%)
Normal CMR 32 (36.7%) 2 (6.3%) 4 (25%)

Table 3. Cardiac magnetic resonance imaging CMR diagnosis

Variable N (%)
Overall Mortality 0
Cardiac Mortality 0
MACE 0
Recurrence of symptoms 4 (15.3%)
Hospital readmission 4 (15.3%)
Congestive Cardiac Failure 0

Table 4. Clinical outcomes
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plaque disruption, thromboembolism and vasospastic angina. In this 
cohort study, 25% of patients who underwent CMR exhibited no 
abnormal findings. This rate of normal findings was mirrored in a 
previous study by Assomull et al, even with the use of high field 3-tesla 
imaging [29]. These rates may be explained by inadequate resolution of 
the CMR, disease recovery or an alternate aetiology that is undetectable 
on CMRI. Additionally, in the context of normal perfusion and normal 
angiography a recanalised thrombus or paradoxical embolus should be 
considered [25]. Notably, prognosis in the setting of normal CMR has 
been reported as favourable [12].

CMR is the benchmark non-invasive method of establishing 
a diagnosis of acute myocarditis, which is of great importance for 
MINOCA patients. A recent meta-analysis showed the prevalence of 
myocarditis in MINOCA patients of 33% [30]. In this study, acute 
myocarditis was the most common cause of MINOCA, a finding 
that has been reflected across multiple studies [16,30]. Routine 
investigations such as C-reactive protein can be ordered to provide 
clues for this diagnosis and to prompt further non-invasive cardiac 
imaging to confirm in light of it consistently being the leading cause 
of MINOCA.

Further, coronary vasospasm may be excluded by performing 
provocative testing using Acetylcholine or Ergonovine. Vulnerable 
plaques can be investigated using either optical coherence tomography 
(OCT) or intravascular ultrasound (IVUS) during the patient’s time in 
the catheterization lab – due to inability of coronary angiography to 
visualize vessel walls. However, use of OCT and IVUS can be limited 
with high costs, restricted expertise and time availability as well as 
additional time for the patient under radiation exposure. Only 1 patient 
in this study received OCT, presumably due to the lack of significant 
atheromatous plaques on angiography [25].

Prognosis

The prognosis of MINOCA patients remains unclear however it 
is likely to be heterogeneous given the variety in diverse aetiological 
factors responsible. A 2015 systemic review by Pasupathy et al. compiled 
data from 8 studies and reported the following: in-hospital-all-cause-
mortality of 0.9% (95% confidence interval: 0.5%, 1.3%) and 4.7% 
(95% confidence interval: 2.6%, 6.9%) at 12 months [22]. This cohort 
study highlighted an overall mortality of 0% at 12 months, although 
limitations including a small patient cohort group exist. A recent meta-
analysis highlighted a favourable lowered rate of death and MACE in 
MINOCA patients compared to acute coronary syndrome patients with 
obstructive CAD. Interestingly, it also reported no difference in prognosis 
were noted between zero stenosis versus mild stenosis (1-49%) [31].

There has been a great degree of variation in the recording of 
adverse outcomes for this group of patients, however, Bugiardini 
et al. suggest that the prognosis of MINOCA is not as benign as was 
previously reported [32]. In a study by Chopard et al. 5.7% of patients 
experienced MACE but there was no death in 1 year follow up [12] 
mirroring our study’s findings of no overall mortality in the patient 
cohort during follow-up. However, the greatest risk exists in the initial 
phase as highlighted by Elesber et al, which listed complications such 
as ventricular arrhythmia or cardiogenic shock as life threatening with 
the MINOCA clinical setting [33].

It is disconcerting that according to the Korean MI registry 
prospectively found that MINOCA patients have an equivalent 12 
month-all-cause mortality to those with an AMI with single- or double- 
vessel CAD [34]. Moreover, a study by Grodzinsky et al. concluded 
that 25% of MINOCA patients continued to experience chest pain 12 

months after the main event [35]. These results combined with 15.3% 
recurrence of symptoms and re-admissions in our selected cohort 
should prompt larger scale analysis of these patients to give direction 
to the treatment of these patients and to avoid unsafe dismissal of 
insignificant CAD.

The future of MINOCA
At present, MINOCA is a working diagnosis for which specific 

evaluation and therapies differ as per the underlying cause. Therefore, 
focus should be placed on the accuracy of diagnosis to prevent adverse 
outcomes as suggested by recent literature [36].

Further research is warranted in evaluating the most appropriate 
treatment for MINOCA patients, especially for those in whom no 
underlying aetiological cause could be identified – which remains 
unsatisfyingly high. Clinicians remain uncertain if these patients should 
be treated empirically (with introduction of a statin and aspirin), if 
a calcium channel blocker should be started on the presumption of 
coronary artery spasm or should provocative testing of coronary spasm 
be routinely introduced in the catheritization lab? [36]. These are 
questions that need answering through the expansion of literature. At 
present, there are no randomized trials addressing effective therapies for 
MINOCA patients. Large scale multicentre collaborative studies may 
be of most benefit to advance further understanding. However, Lindahl 
et al. have very recently published a pivotal insight into long-term 
medical management of MINOCA. Using a large cohort of MINOCA 
patients (n=9466), the key findings of the nonrandomized study were 
as follows; (a) a reduced hazard ratio of MACE with the use of statins 
or angiotensin-converting enzyme inhibitors/angiotensin receptor 
blockers and (b) no significant benefit of dual antiplatelet therapy. This 
study is the first of its kind with data on potential beneficial therapies 
to help the prognosis of MINOCA patients [37].

Recognising MINOCA as a diagnostic entity has improved our 
understanding and quality of care of this disorder. It is well established 
that MINOCA has many potential aetiologies that need to be 
elucidated by adhering to a strict diagnostic agreed algorithm as has 
been proposed by the European Society of Cardiology and is outlined 
in figure 2. Once commonly accepted and utilised, a large-scale register 
would be a useful tool to provide reliable estimates of true prevalence 
and prognosis of MINOCA patients [1].

Study limitations
One limitation of this study is the small sample size. Further study 

limitations include the lack of a control group and the identification 
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of the cause of MINOCA was not identified in 25% of patients who 
received CMR.

Conclusion
Data from several large AMI registries suggest a prevalence between 

5 and 25% highlighting the importance of MINOCA as a clinical entity 
[38]. Diagnosing patients with MINOCA remains challenging given 
the variation in possible aetiologies and so multimodalities are of 
continued importance. The novel diagnostic algorithm as suggested 
by the European Society of Cardiology should be followed and more 
commonly accepted. With this advancement, multi-centre large scale 
registers and consequent clinical trials of diagnostic and therapeutic 
strategies could impact on both treatment and prognosis of MINOCA 
patients as well as a better understanding of predictive patient 
demographics.
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