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Abstract

Keywords

Introduction

Myocardial infarction with non-obstructive coronary arteries or any acute coronary syndrome (ACS) with normal
or near-normal (non-obstructive) coronary arteries (ACS-NNOCA) is an heterogeneous clinical entity, which
includes different pathophysiology mechanisms and is challenging to treat. Sudden cardiac death (SCD) is a cata-
strophic manifestation of ACS that is crucial to prevent and treat urgently. The concurrence of the two conditions
has not been adequately studied. This narrative review focuses on the existing literature concerning ACS-NNOCA
pathophysiology, with an emphasis on SCD, together with risk and outcome data from clinical trials. There have
been no large-scale studies to investigate the incidence of SCD within ACS-NNOCA patients, both early and late
in the disease. Some pathophysiology mechanisms that are known to mediate ACS-NNOCA, such as atheromatous
plaque erosion, anomalous coronary arteries, and spontaneous coronary artery dissection are documented causes
of SCD. Myocardial ischaemia, inflammation, and fibrosis are probably at the core of the SCD risk in these patients.
Effective treatments to reduce the relevant risk are still under research. ACS-NNOCA is generally considered as
an ACS with more ‘benign’ outcome compared to ACS with obstructive coronary artery disease, but its relation-
ship with SCD remains obscure, especially until its incidence and effective treatment are evaluated.

ACS-NNOCA e MINOCA e Sudden cardiac death e Acute myocardial infarction e Acute coronary
syndrome e Ventricular arrhythmias

non-obstructive coronary arteries (MINOCA) or Ml with normal
coronary arteries. Furthermore, there are patients who present with
non-Ml acute coronary syndrome (ACS) who also have no significant

The majority of myocardial infarctions (Mls) are associated with ob-
structive coronary artery disease (CAD). In the decade of 1980s, the
pioneering angiographic studies by De Wood et al had already dis-
covered that almost 5% of patients with acute MI did not have
obstructive CAD."* This disease was subsequently named MI with

CAD detected at coronary angiography; all these patients have been
recently grouped under the newly coined term of ACS with normal
or near-normal (non-obstructive) coronary arteries (ACS-

NNOCA)?

* Corresponding author. Tel: 430 693 092 8886. E-mail address: kosmasmd@me.com

© The Author(s) 2020. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact

journals.permissions@oup.com


http://orcid.org/0000-0001-9348-4419

1304

N. Kosmas et al.

Sudden cardiac death (SCD) is responsible for over 4 million
deaths worldwide every year, affecting both older and younger peo-
ple.* Identifying the cause of SCD is challenging, because in older indi-
viduals multiple cardiovascular (CV) and non-CV conditions exist,
making the attribution of the event to one of them difficult, while in
younger persons, conditions such as inherited channelopathies or
arrhythmias might be missed even on autopsy.”

There is currently a lack of any dedicated studies assessing the inci-
dence of SCD within MINOCA/ACS-NNOCA patients, before and
after the initiation of symptoms, and the risk of potentially lethal ven-
tricular arrhythmias late after the index event. Large cohort studies
presenting predictors of adverse outcomes (e.g. for MI, heart failure,
stroke, total death, CV death) do not address the specific outcome of
SCD.>® Society guidelines and scientific statements have ostensibly
neglected this important issue.””” The purpose of this narrative re-
view is to concentrate current knowledge concerning MINOCA/
ACS-NNOCA and its pathophysiology, with a special focus on the
clinical presentation of SCD in this setting.

MINOCA and ACS-NNOCA

Myocardial infarction with non-obstructive coronary arteries patients
comprise about 5-6% of all patients with acute Ml who are referred
for coronary angiography.”'® The diagnosis of MINOCA is made in
patients with Ml (compatible with the fourth universal definition of
MI) that are found to have non-obstructive coronary arteries on angi-
ography (absence of stenosis >50% in any major epicardial vessel).
No specific alternate diagnosis responsible for the clinical presenta-
tion should be obvious (such as sepsis, pulmonary embolism, and
myocarditis).®? Myocardial infarction with non-obstructive coronary
arteries patients can fulfil the criteria for both Ml type 1 and type 2./
Almost 50% of these patients are women, a higher prevalence com-
pared to obstructive CAD-MI>'® The mean age of MINOCA
patients is 55 years.'® In general, there is a lower prevalence of dysli-
pidaemia and other traditional CAD risk factors, such as diabetes
mellitus, hypertension, smoking, and a family history in MINOCA
patients.f"9

The diagnosis of MINOCA is a working diagnosis, made upon a
normal or near-normal coronary angiography, but not a definite one,
and physicians should be prompted to seek an underlying pathophysi-
ologic mechanism. Furthermore, the term MINOCA should be at-
tributed only to patients with an ischaemic basis for their symptoms
and only when obstructive CAD has not been inadvertently over-
looked.”"" The electrocardiogram may feature development of Q
waves or new ischaemic changes, such as ST-segment elevation, ST-
segment depression, T-wave inversion, or new bundle branch blocks.
Myocardial infarction with non-obstructive coronary arteries is diag-
nosed more frequently in non-ST-elevation MI (NSTEMI) than in ST-
elevation MI (STEMI) patients."’

Myocardial infarction with non-obstructive coronary arteries
patients should be differentiated into two separate groups: those
with angiographically normal coronary arteries and those with angio-
graphically mild to moderate (30-50%) stenoses (non-obstructive
CAD). This is of importance, because there is evidence supporting a
poorer prognosis with a heavier atheromatous burden in patients

with non-obstructive CAD.? The prevalence of angiographically
smooth vessels was 51% in a meta-analysis."°

The 2017 European Society of Cardiology (ESC) guidelines for the
management of STEMI included for the first time a reference to
MINOCA, suggesting the use of additional diagnostic testing, aside
from coronary angiography, to investigate the underlying pathophysi-
ology, such as echocardiography, left ventricular (LV) angiogram, or
cardiac magnetic resonance (CMR) imaging.”

Recently, the subset of MINOCA was expanded to include all
patients presenting with ACS who turn out to have normal or near-
normal coronary arteries at coronary angiography, in a more inclu-
sive patient group with the term of ACS-NNOCA.> ACS-NNOCA
includes both STEMI and NSTEMI, and patients suffering from unsta-
ble angina with no infarction who have minimal or no CAD. Figure 1
presents the coronary angiographies of two recent cases who pre-
sented to our department with typical ACS symptoms and were sub-
sequently found to have ACS-NNOCA.

Patients with MINOCA or ACS-NNOCA generally have a better
prognosis than patients with Ml or ACS and obstructive CAD, both
in-hospital and long-term, although this finding is not consistent
among all studies >>101213 Furthermore, as mentioned, two distinct
subgroups of patients are encountered in the ACS-NNOCA group,
those with normal coronaries and those with near-normal coronaries
(non-obstructive CAD), where major adverse cardiac event (MACE)
and mortality rates may differ.

One study included 4793 consecutive STE-ACS patients and di-
vided them as having obstructive CAD (88%), non-obstructive CAD
(6%), and normal coronary arteries (5%). Short-term (<30 days)
mortality was lower in both patients with non-obstructive CAD [haz-
ard ratio (HR) 049, 95% confidence interval (Cl) 0.27-0.89;
P=0.018] and normal arteries (HR 031, 95% Cl 0.11-0.83;
P=0.021), compared to those with obstructive CAD. In contrast,
the long-term mortality (>30 days) was similar in patients with non-
obstructive CAD (HR 1.15, 95% Cl 0.77-1.72; P=0.487) compared
to those with obstructive CAD and higher in patients with normal ar-
teries (HR 2.44, 95% Cl 1.58-3.76; P<0.001) compared to those
with obstructive CAD. Causes of death were CV in 70% of patients
with obstructive CAD, 38% with non-obstructive CAD and 32%
with normal coronary arteries.® In this study, SCD accounted for 3%
(n=1) of deaths of patients with non-obstructive CAD and 18%
(n=5) of deaths of patients with normal coronaries.® Significant non-
cardiac mortality in patients with MINOCA was noted in the
ACUITY trial that also highlighted the fact that troponin elevation in
these patients may prevent a non-cardiac primary condition from be-
ing diagnosed. Moreover, standard ACS treatment is of questionable
utility in this setting.'

Sudden cardiac death

Sudden cardiac death is a frequent cause of death worldwide, ac-
counting for 25% of all CV deaths.” It is defined as an unexpected
death, a result of known or unknown cardiac causes and occurring
within 1 h of the onset of symptoms.'* The incidence ranges from 36
to 128 deaths per 100 000 people/year, according to the method of
reporting,'> Coronary artery atherosclerosis is the most frequent
cause of SCD (59-86% of the cases).'® Despite community and
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Figure | (A) Coronary angiography of a male 53-year-old patient who presented to our department with typical and recurrent rest angina radiat-
ing to the neck and shoulders and was found to have near-normal coronary arteries (ACS-NNOCA). (B) Coronary angiography of a female 74-year-
old patient who was admitted with typical angina radiating to the neck and left shoulder. The patient also had elevated troponin with a rise-and-fall
pattern. The angiography revealed near-normal coronary arteries (ACS-NNOCA). ACS-NNOCA, acute coronary syndrome with normal or near-

normal coronary arteries.

hospital-based interventions, both pre-hospital and in-hospital pa-
tient survival has not improved significantly over the past decades. In
this regard, recognition of high-risk individuals and development of ef-
fective strategies for preventing and treating ventricular arrhythmias
is of great importance."”

Acute coronary syndrome, both in the acute phase and later, are
the aetiology of a significant percentage of SCD events. Up to 6% of
patients with ACS develop ventricular tachycardia (VT) or ventricular
fibrillation (VF) within the first 48h from the onset of symptoms.*
The analogy of these percentages, as well as the real risk for a first ep-
isode or recurrence of SCD, has not yet been studied in MINOCA
or ACS-NNOCA patients as a group. Interventions to reduce that
risk in these patients are also yet to be supported by evidence, in con-
trast with obstructive CAD-MI, where prompt revascularization and
additional pharmacologic and non-pharmacologic treatments are
well documented to reduce the risk of malignant ventricular
arrhythmias.4

In a study of 131 MINOCA patients with normal LV ejection frac-
tion, 18 of them (13.8%) had a ventricular arrhythmia during hospitali-
zation, while aborted SCD occurred in 6%. Late gadolinium
enhancement transmural extent on CMR and ST-segment elevation
were independent predictors of ventricular ar‘rhy‘chmias.18

In VIRGO study, 299 MINOCA patients were representing ~11%
of the total Ml group. Four of them (1.3%) presented in cardiac arrest
and received an automatic implantable cardioverter-defibrillator.'”
From case reports, it is known that MINOCA presenting as STEMI
may be complicated with heart failure and recurrent VT, even after
ablation,”® or with VF soon after hospital discharge.?!

In a study of 178 patients admitted to a coronary care unit with
non-MlI ACS-NNOCA, the final diagnosis comprised true NSTE-
ACS (i.e., coronary thrombosis on an unstable plaque; n=1, 0.6%),
microvascular NSTE-ACS (56.2%), variant angina (10.1%), myocardi-
tis (8.9%), Takotsubo cardiomyopathy (7.9%), tachyarrhythmia-
related chest pain (6.7%), and non-cardiac pain (9.6%).2* At 24.5-
month follow-up, 21 deaths (11.8%) had occurred, 9 (5.1%) from CV
causes, including 1 (0.6%) SCD in a patient with non-obstructive
CAD.

Table 1 lists the main pathophysiology mechanisms known to cause
MINOCA/ACS-NNOCA. Plaque disruption was found in up to 40%
of MINOCA patients with intravascular ultrasound in two stud-
ies 3 Myocardial necrosis could be mediated by thrombosis, vaso-
spasm, or a combination of these, along with subsequent
spontaneous thrombolysis.® Coronary angiography may underesti-
mate these plaques. Furthermore, early ACS treatment may cause
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Table |

Main pathophysiology mechanisms known to cause MINOCA/ACS-NNOCA

Mechanism

1 Plaque disruption or eccentric plaque with posi-
tive remodelling
Coronary microvascular spasm or dysfunction

3 Coronary thrombi and emboli

source

4 Coronary artery spasm (including substance
abuse and smoking)
5 Spontaneous coronary artery dissection
Takotsubo cardiomyopathy
Myocarditis

Assisting diagnostic modules

Intracoronary imaging (OCT or IVUS)

Intracoronary acetylcholine

Coronary angiography, identification of an embolic
Intracoronary ergonovine or acetylcholine (not rou-
Intracoronary imaging (OCT or IVUS)

LV angiogram, ECHO, CMR
Endomyocardial biopsy, CMR

Incidence

Up to 40% of MINOCA?>?*

25% of ACS-NNOCA?
4.3% of STEMI?®

Up to 27% of MINOCA™®

tinely performed)

1.7-4% of ACS¥
1.2-2.2% of ACS?®
33% of MINOCA?’

ACS-NNOCA, acute coronary syndrome with normal or near-normal coronary arteries; CMR, cardiac magnetic resonance; ECHO, echocardiogram; IVUS, intravascular ultra-
sound; LV, left ventricle; MINOCA, myocardial infarction with non-obstructive coronary arteries; OCT, optical coherence tomography.

the thrombus to dissolve, and only an angiographically insignificant le-
sion remains that is, however, highly unstable. These patients may be
falsely classified as low risk and receive less than optimal secondary
prevention treatment.'” An eccentric plaque with positive remodel-
ling is a mechanism that could possibly result in MINOCA with non-
obstructive lesion seen in angiography. These plaques often are vul-
nerable to rupture and a subsequent transient thrombosis may cause
distal embolization and myocardial necrosis.”® A lesion of this kind
should be sought with intravascular imaging and treated as an ob-
structive CAD-MI, as the follow-up risk seems to be comparable be-
tween the two.*° Dysfunction of the coronary microvessels can be
recognized in 30% to 50% of patients with chest discomfort and non-
obstructive CAD on coronary angiography.>’ ACS-NNOCA can
also result from coronary thrombi and emboli, such as in hypercoagu-
lation states, atrial fibrillation, valvular heart disease, paradoxic embo-
lism, cardiac tumours, and vegetations.8

Coronary angiography performed immediately after admission in
300 consecutive patients with non-apparent non-cardiac cause of out
of hospital cardiac arrest, revealed coronary artery spasm in 10 cases.
Repetitive provocation tests were performed to guide treatment and
eliminate residual spasm, an intervention that reduced recurrent inci-
dents of cardiac arrest."” Up to 27% of MINOCA patients have posi-
tive provocative vasospasm testing.m Substance abuse and smoking
might precipitate coronary artery spasm and should be always sought
when taking the medical history in such cases.>* The contribution of
coronary artery spasm in SCD is probably underestimated as provo-
cation studies are not routinely per‘formed.”‘32

In a retrospective observational study, 130 out of 645 patients
with suspected ACS had a coronary artery stenosis less than 75%,
and 70 of them were diagnosed to have coronary artery spasm. Of
note, 6% of these patients developed aborted SCD.*? Indeed, some
patients with vasospastic angina may experience SCD due to
ischaemia-induced polymorphic VT degenerating into VF;, when
patients are successfully resuscitated, they will need an implantable
cardioverter-defibrillator. It is, therefore, of importance to incorpo-
rate secondary SCD prevention in coronary artery spasm, since the
prognosis is not favourable in some cases, as shown above. However,

risk stratification for primary prevention of SCD in these patients
remains unexplored.*®

Spontaneous coronary artery dissection (SCAD) is more common
among women and may cause an Ml with or without vessel lumen
obstruction that is visible on angiography, thus suggesting a diagnosis
of MINOCA in several cases.? Spontaneous coronary artery dissec-
tion is regarded responsible for 0.5% of SCD. This is probably an un-
derestimation, as out of hospital SCD might not be attributed to
coronary dissection.** However, on admission, ~8-10% present
with VT/VF. In a series of 327 SCAD cases, all patients with Ml, 8.9%
developed VT or VF3**> Over a median long-term follow-up of
3.1years, recurrent SCD occurred in 10.4%, while the death rate was
1.2%. In another series of 196 SCAD patients, again all presenting
with MI (24% STEMI), VT/VF occurred in 8.1% (16/196), with 1% hav-
ing cardiac arrest.®

Transient ischaemia is a central feature of MINOCA and ACS-
NNOCA pathophysiology. A lot of these cases represent the result
of coronary obstruction that evokes symptoms and sings of ischaemia
but is then resolved through various mechanisms. The return of
blood flow to previously ischaemic myocardial tissue is analogous to
a STEMI that is treated with thrombolysis or percutaneous coronary
intervention. Prompt restore of blood flow is crucial to reduce infarct
size, but it also induces reperfusion injury. This injury can present as
ventricular arrhythmias, consisting of ventricular premature beats, ac-
celerated idioventricular rhythms and even VT/VF. Once thought as a
sign of successful reperfusion, they are now considered to be associ-
ated with bigger infarcts and worse ventricular function.?”>8 The ex-
act pathophysiology is not fully understood, but delayed
afterdepolarizations, resulting from intracellular calcium overload is
likely the most common mechanism.> The extent to which reperfu-
sion arrhythmias in MINOCA or ACS-NNOCA patients might con-
tribute to SCD is yet to be evaluated.

Takotsubo cardiomyopathy’s presentation often mimics that of a
STEMI, including reversible heart failure without the presence of ob-
structive CAD. Performance of an LV angiogram and/or early CMR
can assist to establish the diagnosis.8 Although generally considered a
benign cardiomyopathy due to its reversibility, Takotsubo has been
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Via scar formation

Plague disruption
Coronary spasm
Spontaneous coronary
artery dissection
Reperfusion injury
Non-ischemic mechanism
—
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Figure 2 Common pathophysiology mechanisms between MINOCA/ACS-NNOCA and sudden cardiac death with the terminal event involving
arrhythmic, more commonly tachy-arrhythmic (VT/VF), and non-arrhythmic (e.g. myocardial rupture, stroke) events. The exact incidence of the
overlap is yet to be discovered. Ischaemia seems to be the final common pathway that leads to fatal arrhythmias in most circumstances. ACS-
NNOCA, acute coronary syndrome with normal or near-normal coronary arteries; MINOCA, myocardial infarction with non-obstructive coronary

arteries; VF, ventricular fibrillation; VT, ventricular tachycardia.

shown to cause life-threatening arrhythmias in over 10% of patients
in the early stage of the disease, along with other known acute phase
complications.***" The long-term occurrence of SCD in the survi-
vors is <2% and may be associated with recurrence of takotsubo
syndrome. "'

Myocarditis is the underlying pathophysiology in 33% of patients
initially classified as having MINOCA according to a meta-analysis>’
and is confirmed typically by CMR>® In patients presenting with
acute myocarditis, the occurrence of VT/VF depends on whether the
myocarditis is fulminant or not, with higher incidence in the former
group (~17% vs. ~3%).* Myocarditis as a cause of SCD is probably
underdiagnosed in non-autopsied patients compared to autopsied
patients.* In the latter group, SCD is attributed to myocarditis in 2%
of infants, 5% of children, and <10% to 20% of young adults.***°
Nevertheless, clinical data indicated that VT events may also occur
during long-term follow-up of patients with myocarditis at a rate of
~5%.% A recent study of myocarditis patients (n = 235) with either
active (n=123) or previous myocarditis (n = 62) found that the first
group more frequently had irregular and polymorphic ventricular ar-
rhythmia, while the latter had more regular and monomorphic ven-
tricular arrhythmia, highlighting the dynamic arrhythmogenic
substrate created by acute inflammation. Overall, however, the ar-
rhythmic burden was not different between the two groups.*’

In an autopsy series of 72 CV deaths (of which 12 were SCD
cases), lymphocytic infiltrate and a proinflammatory phenotype were
found in the myocardium and coronary arteries of patients dying sud-
denly, shortly or late after coronary thrombosis, indicating a crucial

role of pre-existing inflammation in this regard and supporting the
theory that it can lead to susceptible plaque rupture.*® Furthermore,
ACS and arrhythmia presentation can be the result of combined
pathophysiology, as in the cases of parvovirus B19 myocarditis which
has been shown to induce severe coronary vasospasm.*’

In summary, life-threatening ventricular arrhythmias do occur in
patients presenting with ACS-NNOCA, attributable to acute or tran-
sient myocardial ischaemia and/or reperfusion injury, as in cases
where non-obstructive CAD, coronary spasm, microvascular dys-
function, or SCAD are diagnosed and to inflammation and other
mechanisms in non-ischaemic causes of ACS-NNOCA (myocarditis,
Takotsubo cardiomyopathy). This is in keeping with the fact that
myocardial ischaemia, independent of the cause and the duration and
even after it is resolved, independently of the degree of the underly-
ing coronary artery stenosis, is notorious for producing VT/VF, either
acutely or at a later time if it ends up with formation of myocardial
scar, which is the most common mechanism of re-entry responsible
for late occurrence of sustained VT and SCD.

Recent advances in genetic polymorphism testing have shown that
certain alleles of ion channel genes, such as SCN5A, KCNQ1, and
KCNH?2, even if subclinical, are related to a predisposition for VF, tor-
sade de pointes and other ventricular arrhythmias during or after an
acute myocardial infarction.”®>* This mechanism might explain the
occurrence of SCD despite the ischaemic burden being low, as in
some cases of ACS-NNOCA.

The late occurrence of SCD is commensurate with the specific di-
agnosis rendered in each case of ACS-NNOCA. In patients where
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Table 2 Scientific research providing data for SCD in AMI or MINOCA/ACS-NNOCA patients

Authors

Population

Main findings

10

11

12

13

Lynge et al.®

Wang et al.*?

Safdar et al."

Jesel et al.*®

Andersson et al.®

El-Battrawy et al*'

Te etal*

Saw et al.*®

Luong et al.*

Biere et al."®

Harmon et al.**

Lanza et al.??

Satoh et al.*?

2019

2018

2018

2018

2018

2017

2017

2017
2017

2016

2016

2013

Autopsies of 14 294 nationwide unse-
lected deaths

Meta-analysis of studies comprising
patients with fulminant myocarditis
(n = 158) and non-fulminant myocardi-
tis (n = 388)

AMI patients aged 18-55 years
(n = 2690), of which after coronary
angiography 299 were classified as
MINOCA

Cases of Takotsubo cardiomyopathy
were followed up for 8 years
(n=214)

Patients with STE-ACS (n = 4793) tri-

aged for acute coronary angiography

Cases of Takotsubo cardiomyopathy
were followed up for 3 years
(n=114)

Patients with a history of myocarditis

(n =13 250) and a same size control
group

Patients with SCAD (n = 327)

Patients with SCAD (n = 196)
MINOCA patients with normal EF
(n=131)

High school United States athletes with
SCD or aborted SCD (n = 107)

Patients with NSTE-ACS (n = 178) that
were found to have no obstructive
CAD and were followed up for 24.5
months

Patients with suspected ACS (n = 645)
and with vasospastic angina (n = 90)

Myocarditis was the cause of 6% of all autopsied SCD
cases, corresponding to an SCD-myocarditis incidence
of 0.16 (95% CI 0.11-0.21) per 100 000 person-years.

VT and VF were early characteristics of fulminant

myocarditis.

Four patients with MINOCA presented in cardiac arrest
and received ICD. At 12 months, eight women with
MINOCA had died (one with vasospasm, two with
SCAD, and five with undefined MINOCA aetiology).
No men with MINOCA had died.

Life-threatening arrhythmias occurred in 10.7% of patients
mainly in the first 24 h of hospitalization (VT/VF/cardiac
arrest). In hospital and 1 year mortality were significantly
reduced in this patient group. No VA recurrence was
noted during follow-up.

At median follow-up time of 2.6 years, SCD was the cause
of death in 34 patients with obstructive CAD (6% of
deaths in this group, n = 592), one patient with non-ob-
structive CAD (3% of deaths in this group, n = 40) and
five patients with normal coronary arteries (18% of
deaths in this group, n = 28).

Life-threatening arrhythmias were occurred in 11.4% of
patients and the prognosis of these patients was signifi-
cantly worse. The short-term recurrence rate of a life-
threatening arrhythmia episode was 15.3% while the
long-term recurrence rate was 5%.

After a median follow-up period of 10.4 £ 2.94 years,
patients with a history of myocarditis had higher inci-
dence of new VT events compared with healthy controls
(5:4% vs. 0.47%; adjusted HR 16.1, 95% ClI 2.14-2.73; P <
0.001). CV death was also more frequent in the myocar-
ditis group (6.52% vs. 3.18%; HR 2.42, 95% Cl 2.14-2.73;
P <0.001).

In 8.9% VT/VF occurred (2.8% required cardioversion or
ICD).

In 8.1% VT/VF occurred, with 1% having cardiac arrest.

13.8% or patients had VA during hospitalization and 1 had
VF. At 1-year follow-up, there were no SCD or VA re-
currence. LGE transmural extent on CMR and ST-seg-
ment elevation at admission were risk factors for early
VA.

Myocarditis was the diagnosis in 14% of autopsied cases
(7 of 50).

There were 12 deaths (6.7%) from non-CV causes and
nine deaths (5.1%) from CV causes, including two
(1.12%) coronary deaths, one resulting from ST eleva-
tion AMI and one from SCD.

Incidence of aborted SCD due to VT/VF before arrival to
the hospital was higher in spastic ACS than in organic

Continued
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Table 2 Continued

Authors Year

Population

Main findings

14 Bowker et al."® 2013 Autopsy cases of SCD, white Caucasians,
aged 16-64 (n = 692)

15 Hill et al.* 2010 Persons with SCD (n = 1647) that were
referred for autopsy

16 Meune et al."” 2003 Patients with no obvious non-cardiac

cause of out of hospital cardiac arrest

(n = 300)

ACS (with obstructive CAD) patients. Aborted SCD oc-
curred in 6% of spastic ACS patients.

From cases with myocardial tissue available for examina-
tion (n = 564), the cause of SCD was found to be acute
ischaemia (acute infarction with or without coronary
thrombosis) in 43.1% (most frequent cause), myocardial
scarring (without acute ischaemia/infarction) in 19.1%,
coronary atheroma only (without acute ischaemia or
scarring) in 20.2%, myocarditis in 0.7% and anomalous
coronary artery in 0.2%.

50 persons’ (3%) SCD was associated with non-atheroscle-
rotic coronary pathology. Of these, 48% had anomalous
coronary arteries, 16% had SCAD and 12% had spasm.

Coronary artery spasm was demonstrated in 10 patients
(3%) after an initial coronary angiography and a second
one with provocation test to those with minimal or no

stenoses.

ACS, acute coronary syndrome; ACS-NNOCA, acute coronary syndrome with normal or near-normal coronary arteries; AMI, acute myocardial infarction; CAD, coronary ar-
tery disease; Cl, confidence interval; CMR, cardiac magnetic resonance; CV, cardiovascular; EF, ejection fraction; HR, hazard ratio; ICD, implantable cardioverter-defibrillator;
LGE, late gadolinium enhancement; MINOCA, myocardial infarction with non-obstructive coronary arteries; NSTE-ACS, non-ST-elevation acute coronary syndromes; SCAD,
spontaneous coronary artery dissection; SCD, sudden cardiac death; STE-ACS, ST-elevation acute coronary syndromes; VA, ventricular arrhythmia; VF, ventricular fibrillation;

VT, ventricular tachycardia.

myocardial fibrosis has occurred (Ml, myocarditis), the risk is predict-
ably higher than in cases where the myocardium has not been injured
(e.g. short-lasting spasm) or has fully recovered (e.g. healed myocar-
ditis, Takotsubo cardiomyopathy). Figure 2 summarizes the overlap
between MINOCA or ACS-NNOCA and SCD and the possible me-
diating mechanisms. Table 2 presents all scientific research work with
series of MINOCA or ACS-NNOCA patients regarding SCD occur-
rence and cause.

Conclusion

Five percent of STEMiIs is found to be MINOCA. Furthermore, ad-
ditional ACS patients presenting with unstable angina or NSTEMI
are found to have normal or near-normal coronary arteries that
can all be grouped under the newly coined term of ACS-NNOCA.
Several pathophysiology mechanisms contribute to this clinical
presentation. Some of them are causes of SCD. Patients with nor-
mal coronaries compared to those with non-obstructive CAD
have lower, but still alarming, MACE and mortality rates, although
there are studies with opposing data. Whether SCD rates differ
between these two subgroups remains unknown. Probably, myo-
cardial ischaemia, inflammation and fibrosis is at the core of the
SCD risk in these patients, although other overlapping mechanisms
may also play a role in different subsets. The exact incidence of this
overlap as well as effective treatments to reduce the relative risk
need to be further investigated.
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