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�Introduction

Noncompaction cardiomyopathy (NCCM) was first described almost a half century 
ago, it initially began as an unusual autopsy finding [1, 2]. Over the past three decades 
increased interest and dedicated research have given us more insight about this relatively 
uncommon and new clinicopathologic entity. However, questions regarding the appro-
priate diagnosis, management, and prognosis remain unanswered. NCCM is now recog-
nized as a distinct primary genetic cardiomyopathy by the American Heart Association 
(AHA) and as unclassified cardiomyopathy by the European Society of Cardiology 
(ESC) [3, 4]. This cardiomyopathy could have poor prognosis in certain adult patients 
[5, 6]. In childhood the consequences of this disease can be more severe and is often 
associated with other congenital anomalies [7]. NCCM has a highly variable clinical 
presentation and is usually diagnosed when the condition becomes symptomatic or 
when complications occur in patients. These complications are chronic heart failure, 
lethal arrhythmias and thromboembolic events [8–10]. But, Sudden cardiac death (SCD) 
is the most devastation outcome. The mortality in patients with NCCM has been reported 
in 18% of adults and 0–13% in children [11].
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SCD is defined as death from cardiac causes with an abrupt loss of conscious-
ness less than 1 h after the onset of the symptoms. In the usual clinical practice, 
coronary artery disease is often the culprit of sudden cardiac death, approximately 
65–70%; and with almost 10% of deaths in patients with non-ischemic cardiomy-
opathies [12]. Non-ischemic cardiomyopathies include hypertrophic cardiomy-
opathy, dilated cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, 
takotsubo cardiomyopathy, cardiac amyloidosis, cardiac sarcoidosis  and also 
NCCM.  Most sudden cardiac deaths within the NCCM population are due to 
malignant ventricular arrhythmias, specifically caused by ventricular tachycardia 
(VT), ventricular fibrillation (VF), with some due to asystole [13, 14]. As an unex-
pected event, it has devastating effect for the patients and families.

The implantable cardioverter defibrillator (ICD) is the single most effective 
therapy to prevent sudden death in patients resuscitated from sudden cardiac 
arrest or after an episode of sustained VT [15]. In patients with ischemic heart 
disease several large, randomized, multicenter trials have shown the superiority of 
the ICD over drug (anti-arrhythmic) therapy for both primary and secondary pre-
vention of sudden death [16, 17]. Studies about the role of ICD’s in the prevention 
of SCD however, are limited in NCCM patients [18]. Furthurmore, the application 
of ICD therapy in relatively young patients with NCCM for primary prevention 
has only recently become a focus [19]. Although there is a general consensus that 
NCCM patients who survive cardiac arrest with VF should be offered ICD for 
secondary prevention, those patients represent a small portion of the at-risk 
population.

�Epidemiological Overview

In the general population, NCCM is reported in infants at a frequency of 0.80 
per 100,000 individuals per year, in children, the incidence is found to be 0.12 
per 100,000 individuals per year and in adults 0.05% [6, 23, 30]. In patients with 
heart failure, the prevalence of NCCM was up to 3-4% [22, 23]. Age at which 
NCCM is recognized is highly variable, ranging from early infancy to late adult-
hood [24]. The true prevalence of NCCM may be even higher, because asymp-
tomatic individuals may go unnoticed in studies. Due to increased awareness of 
NCCM, as wel as the improvement of modern imaging modalities, including 
cardiac magnetic resonance imaging and CT-scan, the incidence of NCCM will 
probably increase in the future. Albeith SCD is the most striking complication 
of NCCM, it is usually believed to occur in relatively small percentage of the 
population. A large pediatric study in NCCM reports the risk of sudden death to 
be 6% [20]. However, recent studies have shown sudden death ranging from 13 
to 18% in adults and 0–13% in the children with NCCM [11]. The children who 
did poorly often showed rhythm abnormalities related to sudden death as a pre-
dominant sign [20]. The variable prevalence of SCD can be probably 
best explained by the diagnostic criteria applied for NCCM, length of follow-up 
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and the studied population [6, 20–26]. There is currently no consensus on abso-
lute diagnostic criteria, which limits the strength of the conclusion regarding 
exact prevalence and incidence of sudden death in NCCM. Furthermore, epide-
miological research in NCCM is often based on retrospective studies of patients 
referred for echocardiography [10, 27, 28].

A variety of arrhythmias has been identified in association with NCCM, includ-
ing bundle branch reentry, idiopathic VT, right ventricular outflow tract (RVOT) 
origin, left bundle branch and right bundle branch morphologies, bidirectional, fas-
cicular VT, polymorphic and VF [27–32]. But malignant ventricular tachyarrhyth-
mia’s (VA’s), including cardiac arrest due to VT/VF, have been considered as the 
hallmark [29]. Ventricular arrhythmias are reported in 38–47% in adult NCCM 
population and 0–38% in children with NCCM [11, 22]. In our series, 14 out of 84 
patients (16.7%) presented primarily with SCD/VA’s [34].

�Pathophysiology of SCD/VA in the NCCM population 

Substantial data from several electrocardiograms and Holter’s show that sudden 
death events in NCCM are caused by sustained ventricular tachyarrhythmias, like 
rapid ventricular tachycardia (VT) and/or ventricular fibrillation [13, 44, 45]. 

However,  the pathogenesis of arrhythmia's in NCCM patients  is still  poorly 
understood. It has been hypothesized that an arrest in the embryogenic development 
of the heart, results in disturbed compaction process of the myocardium. Normal 
myocardium gradually compacts from the epicardium inward and capillaries are 
formed by the compressed intertrabecular recesses  [8]. Concurrent inappropriate 
maturation of the primary cardiac conduction system could cause  a more pro-
nounced manifestation of rhythm disturbances [21, 47, 51]. Histological examina-
tion shows myocardium around deep intertrabecular recesses that may serve as slow 
conducting zones with reentry. Impaired flow reserve, causing intermittent isch-
emia, may play a role [51]. Subendocardial ischemia and coronary microcirculation 
disturbances could cause VT and VF [47]. It has been also hypothesized that abnor-
malities of the cardiac conduction system or intramyocardial fibrosis and scar for-
mation could be a trigger. Recently, we described a mismatch between the origin of 
premature ventricular complexes (PVC’s) and the noncompacted segments in 
NCCM. The PVC’s on the surface electrocardiograms of NCCM patients looked 
mainly originating from the conduction system and related myocardium [41]. In 
another case series of 9 patients by Muser et al. VA substrate typically localized in 
the mid-apical LV segments, whereas focal PVCs often arisen from LV basal–septal 
regions and/or papillary muscles [42]. In a case report by Casella et al., electro-
anatomic mapping in a 43-year old man, ventricular noncompaction is character-
ized by electrical abnormalities including low voltage and scar areas, mainly related 
to the presence and extent of myocardial fibrosis rather than noncompacted myocar-
dium [43].

5  Malignant Arrhythmias and Sudden Cardiac Death in Patients…
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According to current guidelines frequent PVCs and runs of NSVT in subjects 
with a prior myocardial infarction have been associated with an increased risk of 
death [52]. In contrast, in patients with non-ischemic cardiomyopathy, PVCs do not 
appear to be associated with a worse prognosis although data are limited [53]. In a 
recent study no statistically significant correlation could be found between the ori-
gin of PVCs and the occurrence of a previous spontaneous VT. Also the data sug-
gest that PVCs in NCCM originate mainly from areas that are not affected 
echocardiographically by NCCM [54].

Also, prior theories about ventricular arrhythmias in NCCM involve microreentry 
in the trabeculated myocardium, epicardial coronary hypoperfusion, and concurrent 
developmental arrest of the conduction system [55]. However, electrophysiological 
mapping in NCCM patients with sustained VT did not reveal the anatomical sub-
strate. Another relevant finding in recent years, is a high prevalence of early repolar-
ization (ER) being reported in patients presenting with cardiac arrest or sudden cardiac 
death (Fig. 5.1). Previous studies showed a high prevalence of ER in NCCM patients, 
especially in those patients presenting with malignant ventricular arrhythmias (75%). 
Interestingly, early repolarization was also frequently observed (31%) in NCCM 
patients not presenting with ventricular arrhythmias [13, 29].

The pathophysiology of ER and associated arrhythmias in NCCM remains unclear. 
Increased regional trabeculation, with deep intramyocardial invaginations carrying 
the Purkinje system deeper into the mid-myocardium, as in NCCM, may cause inho-
mogeneous depolarization and repolarization. This transmural heterogeneity may 
result in the development of (malignant) ventricular arrhythmias [29]. This looks be in 
line with the recent findings that show, that normal LV twist is absent in patients with 

Fig. 5.1  Leads V5–V6 On the surface electrocardiogram of a patient with noncompaction cardio-
myopahty who survived a sudden cardiac arrest due to ventricular fibrillation (VF): there were 
early repolarization both in inferior and lateral leads (arrows only for leads V5–V6 are shown)
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NCCM, which is probably due to also  an immature endocardial helical system. 
Further studies are needed to identify the mechanism of the arrhythmias in NCCM to 
adopt an appropriate therapeutic approach for this distinct patient group.

�Case Report

A 35-year old woman was admitted to the cardiology department because of palpita-
tions. A 24-h Holter monitor and an echocardiogram were ordered after routine con-
trol. The 24h-Holter showed frequent PVCs and nonsustained VTs (Fig. 5.2a, b) and 

a

b

Fig. 5.2  (a) Electrocardiogram showing frequent premature ventricular beats in a patient with 
NCCM. (b) Holter study showing multiple PVC's and a bradycardia-related nonsustained VT in 
patient with NCCM
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the echocardiogram showed characteristics of “asymmetrical hypertrophic cardio-
myopathy”. The patient received ACE inhibitors, she didn’t continue the beta-
blockers, probably because of intolerance. After her discharge from the hospital, the 
patient remained a couple years asymptomatic. Unfortunately, 3 years after the initial 
presentation, she was again admitted but now because of an out-of-hospital cardiac 
arrest. She had collapsed suddenly in a grocery store and was resuscitated by bystand-
ers. Ambulance had arrived after 6 min and the ECG monitor showed ventricular 
fibrillation. She was successfully resuscitated. During her  hospitalization a new 
echocardiogram revealed moderate LV dysfunction (LVEF 35%) and heavy trabecu-
lations were noted at the posterior and apical walls (Fig. 5.3a, b). Considering the 
NCCM with decreased LVEF and VF as complication, an ICD device according to 
current guidelines was successfully implanted  for secondary prophylaxes. The 
patient received drug therapy and she was discharged without complications. After 
the implantation of the ICD, she had several appropriate ICD shocks with need of 
adjustment of the medical therapy (Fig. 5.3). Last years, the patient remains stable, 
NYHA class I, with also stable moderate LV dysfunction.

�Clinical Presentation

NCCM is a heterogeneous and unforeseeable disease with respect to its natural his-
tory and clinical expression. A significant number of affected individuals go unrec-
ognized or only have intermittent symptoms. The symptomatic NCCM patients may 
have (atypical) chest pain, dyspnea (with or without exertion), palpitations, edema, 
syncope, embolic ischemic stroke, myocardial infarction, pulmonary embolism, or 
sudden cardiac death [10]. Patients, whether adults or pediatric, should undergo a 
careful history taking and physical examination, with specific attention to cardiac 
symptoms such as unexplained syncope, palpitations and discomfort on the chest. 
Also, a thorough  family history of CMPs and SCD should be obtained. Major 

Fig. 5.3  (a) Four-chamber view of this patient demonstrating extensive trabeculation in the apical 
and lateral LV walls. (b) three chamber view, showing extensive trabeculation in posterior wall

a b
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clinical manifestations of NCCM are: heart failure, supraventricular of ventricular 
arrhythmias, and/or thrombo-embolic events [40]. In this chapter we will focus on 
the presentation, diagnosis and managment of malignant ventricular arrhythmias 
and sudden cardiac death.

Patients with NCCM are often accompanied by electrocardiographic abnormali-
ties. The frequency of these abnormalities is high, approximately 90% in adults and 
in pediatric patients [11]. However, these ECG findings were thought to be not 
specific [56]. Although, conduction delay and QTc prolongation were correlated 
with reduced systolic function and LV hypertrophy was significantly associated 
with thromboembolism. Against that, patients with normal ECGs at presentation 
had often a preserved left ventricular ejection fractions (LVEF) [29].

Supraventricular arrhythmias and conduction abnormalities are relatively 
common in NCCM patients.  They occur in up to one-quarter of the patients, 
including atrial fibrillation, atrial flutter, paroxysmal supraventricular tachycar-
dia, or complete atrioventricular block [21–23]. The symptoms may manifest as 
palpitations, (near) syncope or heart failure, with potiential tachycardiomyopa-
thy. Atrial fibrillation occurs in 5–29% of adult patients with NCCM but has not 
been described in pediatric patients. Wolff-Parkinson-White syndrome found 
often in patients with NCCM [11]. Wolff-Parkinson-White syndrome is one of 
the best known preexcitation syndromes. It is characterized by the presence of 
an accessory pathway which predisposes tachyarrhythmias and sudden death. 
Wolff-Parkinson-White syndrome was found often in pediatric patients 13–15% 
and in 0–3% of adult patients with NCCM [11, 57, 58] . Also, sinus node dys-
function can be a clinical manifestation of NCCM. Recently, association with 
ion channel gene HCN4 mutation is described linked to sinus bradycardia and 
NCCM. 

Ventricular arrhythmias are since its initial description prevalent in patients 
with NCCM in both adults as in children. In a study of 17 adult patients with 
NCCM, VT was observed in almost the half of the patients during a follow-up 
of 30 months. Five out of these 8 patients died during the follow up. An impaired 
left ventricular systolic function was seen in 82% of the patients [23]. Electric 
instability can lead to short episodes of VT, also termed as non-sustained VT. If 
sustained, it can be life threatening and could lead to hemodynamic compro-
mise. Between VT in NCCM and impaired systolic function there seems to be a 
correlation, but it can’t be concluded that a normal systolic function excludes 
the risk of VT [13]. In our study, about the indications for an implantable car-
dioverter defibrillator therapy and the outcomes in 77 adult NCCM patients, 44 
of them had such a device according to the guidelines for non-ischaemic cardio-
myopathy. During a follow-up (mean) of 33 months, eight patients presented 
with appropriate defibrillator shocks as a result of sustained ventricular tachy-
cardia. Most of patients implanted with an ICD for secondary prophylaxis has 
minimal LV dysfunction and no  HF.  This suggests that patients with NCCM 
could be at high risk for sudden cardiac death regardless of the presence of HF 
and/or significant LV dysfunction [19].

5  Malignant Arrhythmias and Sudden Cardiac Death in Patients…
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�Diagnosis and Risk Stratification

Early diagnosis of noncompaction cardiomyopathy can be challenging, given the 
low prevalence in general practice [23, 25, 60]. Another important factor is the phe-
notypic heterogeneity of the population [29, 61]. Clinical presentation can be vari-
able from asymptomatic patients to end-stage heart failure, or supraventricular, 
ventricular arrhythmias, including ventricular tachycardia, ventricular fibrillation 
and sudden cardiac death. Moreover, no consensus has been reached yet regarding 
the diagnostic criteria and the best diagnostic approach. Therefore, pathomorpho-
logical findings currently appear to be the gold standard for diagnosing NCCM with 
Jenni criteria most useful for the daily clinical practice [27]. The debate on the true 
incidence and prevalence of malignant ventricular arrhythmias in NCCM patients 
continues, because of  the lack of large-scale controlled, randomized trials. Thus, 
definitive risk factors for SCD remains speculative.

The annual incidence of SCD in the general population is 0.1–0.2%, specific 
subgroups of patients like coronary artery disease and reduced LV function, dilated 
cardiomyopathy (DCM), arrhytmogenic  cardiomyopathy (ARVC), hypertrophic 
cardiomyopathy (HCM), Brugada syndrome, long QT syndrome, and NCCM are at 
higher risk. The only way for appropriate risk stratification is by collecting relevant 
clinical data in a multi-center, prospective registry and follow-up studies. This is 
however lacking in most nonischemic cardiomyopathies, with no exception for the 
new disease entity of NCCM. Despite lack of definitive risk factors, it is still impor-
tant to evaluate each patient for potential risk factors for SCD. The risk factors for 
SCD that are most commonly cited include: increased LV size, decreased LV sys-
tolic function, and the presence of ventricular arrhythmias [6, 20, 25]. Possible other 
high-risk features are symptomatic heart failure (NYHA class: II to IV) and atrial 
fibrillation in adults and repolarization abnormalities (ST changes and T wave 
inversion) in pediatric patients may also indicate a poor outcome [26, 29]. Therefore, 
periodic echocardiogram and Holter recordings are recommended [20]. Risk of 
SCD seems greatest in pediatric patients, less than 1  year of age [6, 20, 25]. 
Subsequent studies showed that sex, localization, and degree of (non)compaction 
did not seem to be risk factors. Inducible arrhythmias during electrophysiology (EP) 
testing has been suggested to be useful in NCCM, however it has not been shown to 
be a reliable predictor of SCD in NCCM patients. But, it must be said that data 
regarding EP is limited. The usefulness of EP for risk stratification in NCCM 
remains to be determined [9]. In the following section, we describe out current clini-
cal approach in the view of the scarce contemporary evidence, but with a our more 
than decade experience with a broad spectrum of NCCM patients. 

�Management

ICD therapy is an effective therapy to prevent sudden cardiac death. The ICD ther-
apy can be applied for primary and secondary prevention. Primary prevention means 
that individuals are at high risk for, but did not yet have an episode of sustained VT, 
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VF or resuscitated cardiac arrest,  especially in the presence of spontaneous ven-
tricular unrest in the form of frequent premature ventricular complexes and/or non-
sustained VT. ICD therapy is applied for secondary prevention in patients who have 
been resuscitated from cardiac arrest or present with documented, sustained ven-
tricular tachyarrhythmia, or unexplained (near)-syncope. Current guidelines recom-
mend implantation of an ICD in patients with impaired left ventricular (LV) function 
(LVEF ≤35%) caused by coronary artery disease or cardiomyopathy [15, 63]. 
Ventricular tachyarrhytmias, including cardiac arrest due to VT/VF, are reported in 
38–47% and sudden death in 13–18% of adult patients with NCCM [6, 64]. 
Therefore, implantation of an ICD in these patients is a valid option, although in 
previous trials no known NCCM patients were included. However, no specific risk 
factors for SCD in NCCM patients have yet been identified [13]. In our center, our 
approach for risk stratification of SCD in NCCM patients, whether symptomatic or 
asymptomatic, is described in the flowchart, (Fig. 5.4). For secondary prevention of 
sudden cardiac death, an ICD is always advised. If there is a significant dysfunction 
(i.e. LVEF ≤35%), especially in the setting of symptoms or signs of systolic heart 
failure, a prophylactic ICD for primary prevention is advised. In other patients 
empiric individualized risk stratification should be applied, after through anamne-
sis, physical examination, ECG, an exercise test, and a 48h-Holter. If spontaneous 
ventricular unrest is found, i.e. nonsustained VT’s, especially in the setting of sys-
tolic LV dysfunction (LVEF <50%), familial history of premature SCD <50 years, 
early repolarization and/or fragmented QRS on the 12-leads ECG, a prophylactic 

NCCM with arrhythmia, palpitation, syncope, family 
history with premature SCD (<50y) 

No abnormalities

No treatment / FU in 2–3
years

Supraventricular 
arrhythmia’s Ventricular arrhythmia’s

Treatment according to
guidelines

PVC’s Nonsustained
VT’s

Sust. VT, (unexplained)
syncope, VF, abortedSCD

>10.000 / 
dayor 
≥10%

<1.000 / 24 h 

ConsiderICD 
for primary
prevention

ICD indication
for secundary
preventionConsider BB 

Consider
ablation

LV function <50 %, 
family history SCD, 
early repolarization 
and/or fragmented 
QRS 

Full history, physical examination, 48-h Holter, 
X-ECG, genetic counseling/DNA sequencing

SCD sudden cardiac death; PVC premature ventricularcontraction; VT ventriculartachycardia; VF ventricularfibrilation; BB beta-blocker

>1.000 up to
10.00 /24 h 

Expectative

Fig. 5.4  Flowchart for the risk stratification for sudden cardiac death and management of NCCM 
patients
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ICD should be considered after through extensive counseling and shared-decision 
making. With this empiric approach, no episode of SCD, sustained VT or syncope 
had been encountered in our national referral center for NCCM in the Netherlands 
with > 200 outpatient patients and up to 15 years of follow-up.

Information on the long-term  outcome after ICD therapy in this population 
remains however limited. Caliskan et al. investigated the indications and outcomes 
of ICDs in 77 adult patients with NCCM, of whom 44 had a device implanted on the 
basis of current guidelines for non-ischaemic cardiomyopathy. During a mean fol-
low up of 34 months, eight patients presented with appropriate ICD shocks because 
of sustained VT after a median of 6  months. The relatively high percentage of 
appropriate shocks for sustained VT in our population confirms that these NCCM 
patients are at high risk for SCD and that implanting ICD in this population is an 
appropriate approach.

 It is an interesting finding to see that all the appropriate ICD interventions in our 
population were due to (fast) VTs, although it isn’t known whether the initial rhythm 
from our SCD/VF patients was also started with a VT.

�Conclusion

In conclusion, in patients with NCCM, malignant ventricular arrhythmia’s and sud-
den cardiac death are frequently encountered. In selected patients, an ICD implanta-
tion in these patients is a valid option and highly effective. Until we have reliable 
prospective data, it remains reasonable to use the current guidelines for manage-
ment of patients with VA and the prevention of SCD in non-ischemic cardiomyopa-
thy patients. 
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