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The mechanisms underlying sudden cardiac death (SCD) in patients with ischaemic 
heart disease (IHD) caused by coronary atherosclerosis are not yet clarified. For dec-
ades, acute coronary causes have been sought as the main triggers of SCD in these pa-
tients. In fact, angiographic and pathological studies in cardiac arrest survivors and 
SCD victims, respectively, consistently show that acute plaque events occur in ∼50% 
of SCD of patients with IHD. Among the acute events, plaque rupture and erosion trig-
gering acute coronary thrombosis remain the main substrates; however, a significant 
percentage of plaque haemorrhage (20%) is identified by pathological studies. Its 
role in acute coronary thrombosis is unknown and deserves future intravascular im-
aging developments. In the remaining 50% of SCD, the atherosclerotic coronary disease 
shows the characteristics of structural stability. More recent studies have focused at-
tention not only on the coronary tree and on the search for acute complications of ath-
erosclerotic plaques but also on myocardial tissue, identifying replacement and patchy 
fibrosis as the most frequent findings in the post-mortem hearts of these patients, a 
feature followed by cardiac hypertrophy, as assessed by the heart weight, usually as-
sociated with fibrosis. The possibility of characterizing myocardial fibrosis in vivo, be-
sides confirming the pathological data, now offers new risk stratification perspectives 
to prevent SCD in IHD, alongside the consolidated secondary prevention criteria based 
on left ventricular dysfunction.

Introduction

The risk of sudden cardiac death (SCD) has a central role in 
secondary prevention pathways in patients with ischaemic 
heart disease (IHD). The causes of cardiac arrest in this 
clinical context are still a matter of debate: fatal arrhyth-
mias are generally attributed to the acute destabilization 
and thrombotic occlusions of an atherosclerotic plaque. 
However, recent studies have questioned this patho-
physiological aspect, placing the emphasis on other causes 
of ventricular arrhythmias underlying cardiac arrest. The 
latter can be identified in the heart muscle and not only 
in the coronary bed.

Pathology studies in sudden cardiac death 
identify acute coronary lesions in ∼50% of 
cases

In 1997, Burke et al.1 described the pathology findings of 
113 male subjects with coronary artery disease (CAD) 
who died suddenly. The authors identified acute coronary 
thrombosis in 59 subjects (52%), and severe coronary nar-
rowing in the absence of thrombosis, indicating stable pla-
que, in 48% of cases. Furthermore, only, 36% of cases with 
acute thrombosis had an underlying ruptured vulnerable 
plaque, while in 16% of cases, the lesion underlying the 
thrombosis was a plaque erosion. Pathology features of 
acute myocardial infarction (AMI) were observed in 19% 
of cases with acute thrombosis, 11% of cases with erosion, *Corresponding author. Email: fprati@hsangiovanni.roma.it
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and 4% of cases with stable plaques. In the multivariate 
analysis, cigarette smoking emerged as the only risk factor 
associated with acute thrombosis.

The study by Burke et al.1 mainly aimed at identifying 
atherosclerotic plaques as a possible cause of AMI; how-
ever, it also highlighted the common association between 
SCD and ‘stable’ plaques with non-vulnerable morphology. 
Two years later, the same group investigated the role of ef-
fort in the destabilization of atherosclerotic plaque in sub-
jects who died suddenly.2 Plaque rupture was the most 
common mechanism associated with coronary thrombosis 
in the presence of intense effort (68%), while rupture was 
less common in victims of SCD at rest (23%) (P < 0.001).2

Acute myocardial infarction was never diagnosed during 
exercise and only in 13% of subjects with SCD in resting 
conditions.

For decades, pathological and imaging studies that ex-
plored the causes of SCD in CAD have focused on athero-
sclerotic plaques and strove to identify ‘acute plaque 
lesions’ matching the acute clinical event. All past studies 
emphasized the role of plaque vulnerability as a contribu-
tor to the risk of SCD. Whereas it was proved that culprit 
plaques with acute thrombosis were often ulcerated, 
had a thin fibrous cap, were lipid-rich, and showed inflam-
mation, it was also proved that in 50% of cases, coronary 
thrombosis was absent and there was no acute coronary le-
sion underlying the fatal arrhythmic event. These findings 
should not be overlooked: in 50% of cases of SCD in IHD, 
only stable atherosclerotic plaques were present. In these 
cases, the mechanism of the fatal arrhythmia could not be 
attributed to an acute occlusive coronary thrombosis; an 
alternative mechanism had to be considered.

In vivo studies in cardiac arrest survivors 
exclude an acute coronary causes in ∼50% 
of cases

More recently, in vivo studies performed in cardiac arrest 
survivors have expanded the pathophysiological aspects of 
SCD in IHD. The COACT study3 randomized 552 patients to 
investigate the results of an aggressive strategy based on 
an immediate coronary angiography procedure vs. a 
wait-and-see solution based on a deferred coronary angi-
ography. Immediate coronary angiography had no clinical 
benefit. The coronary angiography results agreed with 
the pathological observations of Burke et al.1,2 Coronary 
angiography, performed in 97% of cases, showed throm-
botic coronary occlusion in only 3.4% of subjects in the 
group with immediate coronary angiography vs. 7.6% of 
patients in the group with deferred coronary angiography. 
Overall, coronary thrombosis occurred in a very low per-
centage of cases (8.1%). In line with this observation, an-
giographically unstable coronary lesions were found in 15% 
of cases, while severe CAD was common and observed in 
66% of cases. Therefore, most subjects showed angiogra-
phically severe but stable atherosclerotic disease.

These ‘negative’ clinical results excluded the benefit 
deriving from an immediate coronary angiography with 
possible revascularization and were explained by the low 
rate of coronary thrombosis. In fact, the reason why pri-
mary angioplasty is effective in AMI is the recanalization 
of the occluded coronary artery, i.e. the removal of the oc-
cluding intracoronary thrombus.

The conclusions of the COACT3 were confirmed by the 
TOMAHAWK study.4 This randomized study, with a design 
similar to the COACT,3 compared an aggressive strategy 
with immediate angiography with a more conservative so-
lution in cardiac arrest survivors. A culprit lesion poten-
tially responsible for the arrhythmic event was only 
observed in 40% of cases.

Beyond coronary arteries: the myocardial 
fibrosis and hypertrophy

Pathological and angiographic studies concordantly show 
that AMI caused by the destabilization of atherosclerotic 
plaques is not the unique pathophysiological mechanism 
underlying SCD in subjects with IHD. Therefore, the open 
question is what the other causes are. The recent study 
by Holmström et al.5 helps to clarify these aspects. The 
study was performed on 600 subjects who died of SCD in 
the presence of CAD and included histological analysis of 
both coronary arteries and myocardial tissue. Heart 
weight was higher than normal values in 78% of subjects, 
and fibrosis was present in 93% of cases. In 58% of cases, 
the fibrosis was substitutive and attributable to prior 
healed AMI. In 56% of cases, however, there was an AMI, 
a percentage higher than those previously reported in sub-
jects with SCD and CAD.1–4

The latter finding agrees with the rate of thrombosis 
and/or plaque ulceration observed in autopsy studies. In 
fact, the study of the coronary arteries showed signs of 
plaque rupture or erosion in 24% of cases, plaque haemor-
rhage in 24%, and stable plaque in the remaining 52.3% of 
cases. In confirmation of previous studies, ‘plaque desta-
bilization’ was present in less than half of the cases. 
Finally, plaque rupture and erosion, which commonly trig-
ger acute coronary thrombosis, were more frequent in 
subjects with sudden death that occurred during exercise. 
The pathological study of the myocardium has explored 
alternative mechanisms to plaque destabilization as a 
trigger for fatal arrhythmias: myocardial fibrosis was pre-
sent in over 93% of cases. Fibrosis was of a substantial 
degree in 13% of cases and of a moderate degree (patchy) 
in 68% of cases.

In addition to the fibrosis, a relevant finding was the 
presence of hypertrophy (weight above normal values) in 
78% of cases. Only 2.7% of the victims had neither fibrosis 
nor ventricular hypertrophy. In the subgroup of patients 
with stable atherosclerotic plaques, i.e. in the absence 
of plaque rupture, erosion, or haemorrhage, fibrosis was 
found in 92% of cases and was substantial in 11.8% and pat-
chy in 66.2%. Hypertrophy was rarely an isolated finding 
and was observed in association with fibrosis in almost 
all cases.

Myocardial imaging confirms the role of 
fibrosis in sudden cardiac death

Studies performed with cardiac magnetic resonance (CMR) 
imaging (MRI) have correlated the extent of fibrosis with 
ventricular arrhythmias or the risk of SCD. Zegard et al.6

performed CMR in 979 patients with IHD. The presence 
of fibrosis on MRI was significantly associated with the 
risk of SCD [hazard ratio (HR): 10.1; confidence interval 
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(CI): 1.42–1278.9] and the composite arrhythmic endpoint 
of SCD, resuscitated cardiac arrest, sustained ventricular 
tachycardia, ventricular fibrillation, or appropriate defib-
rillator shock (HR: 28.0; 95% CI: 4.07–3,52). The presence 
of significant myocardial fibrosis, defined as fibrosis on vis-
ual assessment and greyzone fibrosis (GZF) > 5 g on CMR, 
was associated with the risk of SD and the arrhythmic end-
point (respectively sHR: 10.8; 95%, CI: 3.74–30.9 and sHR: 
7.40; 95% CI: 4.29–12.8). Furthermore, the burden of fibro-
sis was more closely associated with SCD than was ob-
served for reduced ejection fraction. The data, obtained 
in a population including patients with preserved left ven-
tricular systolic function, confirm other studies carried out 
in patients with reduced ejection fraction that correlated 
the extent of fibrosis on CMR expressed as GZF with the risk 
of SCD.7–9

A dual and different mechanism may trigger 
sudden cardiac death in ischaemic heart 
disease

Overall, pathological, angiographic, and CMR studies of 
SCD in IHD consistently dichotomize the causes into coron-
ary plaque complications and myocardial scarring, in 
roughly similar proportions (Figure 1). Investigation of pla-
que vulnerability in secondary prevention remains a key 
clinical issue. There is no doubt that recurrences of MI 
and cardiac death increase significantly in subjects with 
‘vulnerable’ plaques with thin fibrous caps, large lipid 
pools, and inflammation. This mechanism, however, ac-
counts for no more than 50% of SCD in IHD. The remaining 
50% is likely attributable to myocardial scars. Each mech-
anism requires targeted prevention and treatment strat-
egies. In the former, the mechanism is likely the acute 
thrombotic occlusion complicating a vulnerable plaque. 
In the latter, the most likely mechanism is ventricular ar-
rhythmias due to re-entrant circuits with arrhythmogenic 
potential in border zones (electrically active) between the 
transmural infarct scar (electrically silent) and spared 
myocardium. Similarly, non-transmural ischaemia may 

also trigger ventricular arrhythmias whose pathological 
substrate is that of border scar areas. Preferential sites 
of arrhythmogenesis in post-AMI are the conducting chan-
nels in the border zones of scars, where fibrosis is mixed 
with still viable myocytes and adipocytes.10 Cardiac mag-
netic resonance is the key diagnostic tool for myocardial 
fibrosis. Finally, hypertrophy can play a role; however, 
the hypertrophy as an isolated finding does not seem to 
be essential or sufficient to trigger fatal arrhythmias in 
IHD; in the series by Holmström et al.,5 isolated hyper-
trophy was present in a low percentage (2% of cases) of 
cases of SCD and stable atherosclerosis.

Questions more than answers

Prior imaging and pathology evidence and the recent study 
by Holmström et al.5 call for new considerations and ques-
tions in SCD of patients with IHD: 

(1) Is the burden, localization, and structural 3D conform-
ation of fibrosis synergistic (or alternative) with con-
tractile dysfunction in decision-making for secondary 
prevention in patients with IHD?

The guidelines still suggest ICD when the ejection 
fraction falls below 35%, regardless of the presence 
or absence of IHD. Prospective clinical trials and large 
registries will better clarify the role of fibrosis as de-
tected by CMR in arrhythmogenic risk stratification.

(2) What is the role of acute ischaemia as a cause of SCD in 
patients with coronary atherosclerosis? It can be hy-
pothesized that acute myocardial ischaemia due to 
abrupt interruption of coronary flow acts as a trigger 
for arrhythmic events. This hypothesis partially con-
trasts with the most recent data that seem to exclude 
a benefit from coronary angioplasty in cardiac arrest 
survivors.11–13 Even the study of coronary flow [frac-
tional flow reserve (FFR) or instantaneous wave-free 
ratio (IFR)] excluded that the functional evaluation re-
duces major cardiac events such as cardiac death or 
myocardial infarction.11–13 It is possible that cardiac 
arrest from fatal arrhythmia in this clinical setting is 

Figure 1 Dual etiopathogenesis of sudden cardiac death in ischaemic heart disease: acute plaque pathology (left panels) vs. myocardial scarring in post- 
acute myocardial infarction (right panels).

B138                                                                                                                                                                                            F. Prati et al.



a rare event, difficult to prevent by removing signifi-
cant narrowing.

(3) In a consistent percentage of patients (20%) in the 
Holmström et al. series, SCD was associated with pla-
que haemorrhage. This is a ‘black hole’ also with intra-
coronary imaging, which is increasingly important in 
the in vivo intravascular imaging of coronary athero-
sclerosis. The role of plaque haemorrhage in plaque 
rupture and thrombosis remains to be clarified. New 
intracoronary imaging techniques are needed because 
even studies carried out with Optical Coherence 
Tomography are not sufficient to clarify whether this 
structural aspect can be reliably detectable in vivo.14
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