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Abstract
Historical data indicate that approximately 10% of acute coronary syndrome patients have no obstructive coronary artery 
disease (CAD) but contemporary incidence of non-obstructed coronary arteries in ST-segment elevation myocardial infarction 
(STEMI) is not clear. We aimed both to identify the contemporary incidence of MI without obstructive CAD (MINOCA)—
using the ESC definition—and assess clinical outcomes. We assessed consecutive unselected STEMI patients presenting 
to the cardiac catheterisation laboratory with a view to undergoing primary percutaneous coronary intervention (PPCI). 
MINOCA was defined according to ESC criteria. Electronic patient records, blood results, angiographic and echocardio-
graphic data were interrogated to determine final diagnosis, as well as 30-day and 1-year mortality rate. Of 2521 patients 
with full electronic dataset, 2158 (85.6%) underwent PPCI for obstructive CAD (angiographic stenosis > 70%). A further 
167 (6.6%) with obstructive CAD were treated medically or surgically. The remaining 196 (7.8%) patients had absence of 
obstructive CAD at angiography, of whom 167 had no stenosis (< 30%) and 29 had mild coronary atheroma (stenosis > 30% 
but < 50%). A total of 110 (4.4%) patients met diagnostic criteria for MINOCA. All-cause mortality at 30-days and 1-year 
were 3.6% and 4.5%, respectively. In our cohort, 1 in 20 patients presenting with STEMI had MINOCA. This is the first 
description of the relatively high incidence of MINOCA in a STEMI cohort using current ESC definition and diagnostic 
criteria and could help power future trials in this area. Mortality rate was relatively high in our study and similar to that in 
large meta-analyses.
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Highlights

• The incidence of MINOCA amongst patients presenting 
with STEMI is unclear.

• Our study shows that 4% of patients presenting with 
STEMI for PPCI have MINOCA as defined by the ESC.

• Mortality of patients with MINOCA is relatively high 
with 3.6% at 30 days and 4.5% at 1 year.

• The heterogenous aetiology highlights the need to 
actively seek the underlying diagnosis using diagnostic 
algorithms recommended by the ESC and the COVADIS 
group.

• The relatively high incidence of MINOCA in a STEMI 
cohort using current ESC definition and diagnostic cri-
teria and could help power future trials in this area for 
novel and targeted therapies.
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Introduction

Approximately 90% of patients with myocardial infarction 
have angiographic evidence of obstructive coronary artery 
disease (CAD) based on registry studies published more 
than 30 years ago [1, 2]. The realisation that obstructive 
CAD was causative in the majority of patients with ST-
segment elevation myocardial infarction (STEMI), led to 
the development of current management strategies includ-
ing primary percutaneous coronary intervention (PPCI). 
In contrast to the clear aetiology and guidelines for the 
management of STEMI with CAD, in the 10% of patients 
who experience myocardial infarction in the absence 
of obstructive CAD, the aetiology is often obscure and 
optimal management unclear [3]. Until recently, myo-
cardial infarction with non-obstructive coronary arteries 
(MINOCA) was a “Cinderella” condition: little known, 
little understood and under-appreciated. In 2015, Pasu-
pathy et al. published a comprehensive systematic review 
of patients with suspected myocardial infarction without 
obstructive CAD [4] and in 2017, the European Society 
of Cardiology (ESC) Working Group on Cardiovascu-
lar Pharmacotherapy published a position paper which 
was, arguably, the first authoritative statement on defini-
tion, clinical features and recommended investigations in 
patients with MINOCA [5].

Although a large registry of patients with non-ST-
elevation myocardial infarction published 10 years ago 
showed the incidence of non-obstructive CAD to be 
10% [6], another registry around the same time showed 
the incidence of angiographically normal coronaries in 
acute coronary syndrome to be only 2.8% [7]. These stud-
ies did not define the incidence of MINOCA in STEMI, 
and MINOCA definition was not based on contemporary 
criteria.

MINOCA is not a benign condition; a meta-analysis indi-
cated that 1-year all-cause mortality was 4.7% [4]. More 
recently, data from 2003 to 2013 SWEDEHEART registry 
revealed that over a 4-year follow-up, 23.9% patients with 
MINOCA experienced a major cardiac event [8].

Establishing the true incidence of MINOCA among 
patients presenting with STEMI is important as these 
patients may require specific emergency investigation and 
ad hoc treatments that may differ from those currently rec-
ommended in conventional CAD STEMI. Future trials of 
new treatments for MINOCA STEMI patients will need to 
be adequately powered based on contemporary incidence, 
aetiology and outcomes.

It was our aim to identify the contemporary incidence 
of MINOCA amongst patients with ST-segment elevation, 
delineate the underlying diagnoses using the ESC defini-
tion [5] and assess 1-year clinical outcomes.

Methods

We assessed all consecutive patients with ST-elevation 
admitted with a view to PPCI, to East and North Hertford-
shire NHS Trust and Norfolk and Norwich University Hos-
pital, United Kingdom. These Heart Attack Centres (HAC) 
serve a population of 1.5 million, supported by East of Eng-
land Ambulance Service NHS Trust. According to standard 
protocol, all patients who meet the criteria for STEMI are 
brought directly to the HAC for emergency PPCI. Crite-
ria for PPCI protocol activation are symptoms compatible 
with an acute myocardial infarction within 12 h with any 
of the following electrocardiographic (ECG) criteria: ST-
segment elevation ≥ 1 mm in contiguous limb leads, > 2 mm 
in contiguous chest leads, bundle branch block believed to be 
new in the context of acute cardiac-sounding chest pain, or 
patients resuscitated from cardiac arrest with ECG criteria 
as above. All patients who met these criteria were included.

Patients with MINOCA according to the ESC position 
paper and InterTAK Diagnostic Criteria [5, 9] were identi-
fied by review of all cases in the HAC activation database.

Initial MINOCA screening diagnosis required the pres-
ence of all of the following criteria:

(1) Meet Universal Definition of Acute Myocardial Infarc-
tion criteria [10].

(2) No obstructive CAD at angiography, defined as no 
stenosis (diameter reduction) ≥ 50% in any potential 
infarct-related artery.

(3) No other clinically-overt cause for the specific presenta-
tion.

Patients were identified using a predefined flowchart 
(Fig. 1) to ensure a standardised approach. Electronic patient 
records, blood results, angiographic data and echocardio-
graphic data were used to determine diagnosis, based on 
ESC recommendations for diagnostic work-up [11].

Results

We assessed 2521 consecutive unselected patients with 
ST-elevation fulfilling criteria for PPCI, with full elec-
tronic dataset (Fig. 2). Of these, 85.6% underwent PPCI for 
obstructive CAD. A further 6.6% patients with obstructive 
CAD were treated medically or with surgical revascularisa-
tion. Angiographically-significant CAD was absent in 7.8% 
patients. A total of 110 patients (4.4% of all STEMIs) met 
diagnostic criteria for MINOCA, 54% were male, with mean 
age 63.5 ± 13.9 years.

The aetiology of MINOCA was determined to be a cor-
onary cause in 28%, non-coronary cardiac cause in 61% 
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and non-coronary extra-cardiac cause in 11% of patients. 
Coronary causes included plaque disruption (39%), coro-
nary spasm (10%), spontaneous coronary artery dissec-
tion (19%), coronary embolism (23%) and aortic dissection 
(10%).

Non-coronary cardiac causes included myocarditis (36%), 
Takotsubo syndrome (30%) and type 2 myocardial infarction 
(34%)—the latter comprising patients with cardiomyopathy, 
anaemia, valvular disease and arrhythmia.

Non-coronary (extra-cardiac) causes included pulmonary 
embolism (50%), cerebrovascular event (8%), and other 
causes included sepsis, gallstone pancreatitis and extracar-
diac tumour compressing the heart.

In the remaining 86 patients with absence of angiograph-
ically-significant CAD, the final diagnoses were predomi-
nantly pericarditis, myocarditis and normal-variant ECG.

In MINOCA patients, 30-day all-cause mortality was 
3.6% and 1-year mortality was 4.5%.

Discussion

The main findings of our study are that the incidence of 
MINOCA in a contemporary cohort of patients presenting 
with STEMI is 4.4%, and that 30-day and 1-year mortality 
rate are 3.6% and 4.5%, respectively.

Fig. 1  Flowchart for identification of patients. For the purposes 
of this registry, the criteria for definition of myocardial infarction 
included a positive cardiac biomarker defined as a rise and/or fall 
in serial levels with at least 1 value above the 99th percentile upper 
reference limit and clinical evidence of myocardial infarction as evi-

denced by ischaemic symptoms and/or ischaemic changes manifest-
ing in new ST-segment changes or left bundle branch block. Patients 
with fixed ST-segment changes without elevation of cardiac enzymes 
and subsequently labelled as having “normal variant” ECGs, were 
excluded from analysis
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The incidence of MINOCA -using the diagnostic criteria 
proposed by the Agewall position paper [5] and specifically 
within the STEMI and PPCI setting- has not been reported 
previously. Knowing the incidence is important for planning 
future studies of treatment for this cohort, particularly in 
the acute phase, as treatments may differ markedly between 
STEMI patients with CAD and MINOCA patients. In the 
most recent publication on the incidence of this condition 
in STEMI, derived from the HORIZONS-AMI trial con-
ducted > 10 years ago, the reported incidence of “apical 
ballooning syndrome” based on the Mayo Clinic diagnos-
tic criteria was 0.5% in 2648 STEMI patients [12]. In the 
largest systematic review by Pasupathy et al., the incidence 
of MINOCA was reported to be 6% amongst patients with 
acute coronary syndromes [4], but the incidence specifi-
cally in patients presenting with STEMI was not defined. 
This is very much lower than that reported in a retrospective 
analysis of the PRAGUE studies from pre-2002, in which 

the incidence of angiographically normal coronary arteries 
in 1004 emergency angiograms performed for STEMI, was 
reported as 26% [13]. Although in the systematic review, 
some 30% of patients with MINOCA were reported to pre-
sent with ST-segment elevation [4], in the SWEDEHEART 
registry of MINOCA patients from 2003 to 2013, only 17% 
had ST-elevation [8]. Neither of these registries applied the 
diagnostic criteria recently proposed by the ESC MINOCA 
position paper [5].

The 1-year mortality rate of 4.5% in our cohort is similar 
to the mortality rate observed in the International Takotsubo 
Registry, where rate of mortality rate was 5.6% per patient-
year [14, 15] and two more recent large registries reporting 
1-year mortality rates of 4.2% [16] and 5.3% [17], although 
these reports did not report specifically on patients with ST-
elevation. On the other hand, it contrasts with the absence 
of major adverse cardiac or cardiovascular events seen over 
a 2-year follow-up in the HORIZONS-AMI trial in STEMI 

Fig. 2  Prevalence of coro-
nary disease and management 
of patients presenting with 
STEMI. CAD coronary artery 
disease. Numbers in brackets 
are (%) of total cohort
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patients with apical ballooning [12] and the 0.05% mortality 
rate reported in the Swedish Angiography and Angioplasty 
Register (SCAAR) [18], although the latter was not confined 
to STEMI.

The heterogenous aetiology of MINOCA is further high-
lighted in our cohort, with coronary causes accounting for 
only 28% of cases. Approximately 10% of our cohort had a 
final diagnosis of plaque disruption, which is lower than the 
40% incidence in MINOCA patients reported by Reynolds 
et al. [19] using intravascular ultrasound or high resolu-
tion optical coherence tomography [20]. Within our cohort, 
2 of 6 patients required the use of intracoronary imaging 
to establish the diagnosis of spontaneous coronary artery 
dissection. Only 3% of our cohort had angiographically-
apparent coronary spasm, although spasm provocation 
testing was not undertaken. This is much lower than the 
incidence in previous reports employing provocative spasm 
testing where coronary spasm was identified as a cause of 
MINOCA in ~ 50% of patients [21]. The Coronary Vaso-
motion Disorders International Study Group (COVADIS) 
[22] has recommended three criteria to diagnose coronary 
artery vasospastic disorders, that include a clinical history 
suggestive of vasospasm, documented transient ischaemic 
ECG changes and presence of coronary artery spasm either 
spontaneously or in response to provocative stimulation. 
The gold standard involves the use of provocative stimulus 
(typically intracoronary acetylcholine) to produce symptoms 
and signs of spasm. Provocative spasm testing is indicated 
in MINOCA [22], and has both diagnostic and prognostic 
importance, as recently shown by Montone et al. [23, 24] 
The Montone paper showed that provocative spasm testing 
is safe, even in the acute phases of MINOCA. Non-coronary 
cardiac-related causes accounted for 61% of cases, the most 
frequent diagnoses being myocarditis (22%) and Takotsubo 
syndrome (18%).

The main limitations of our data are the relatively small, 
single-centre patient sample size and the retrospective nature 
of the analysis. Furthermore, coronary spasm provocation 
testing and intravascular imaging were not routinely per-
formed, and therefore the underlying aetiology may have 
been inaccurately characterised in some patients. The major 
strength of our paper is the inclusion of all consecutive, 
unselected patients, who all met the stringent criteria for 
STEMI.

Conclusion

Approximately 4% of patients presenting with STEMI for 
PPCI have MINOCA. This is the first description of the rela-
tively high incidence of MINOCA in a STEMI cohort using 
current ESC diagnostic criteria. The heterogenous aetiology 
highlights the need to actively seek the underlying diagnosis 

using diagnostic algorithms recommended by the ESC and 
the COVADIS group.
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