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Abstract

Electrocardiographic findings and arrhythmias are common in cardiomyopathies. Both
may be an early indication of a specific diagnosis or may occur due to myocardial
fibrosis and/or reduced contractility. Brady- and tachyarrhythmias significantly
contribute to increased morbidity and mortality in patients with cardiomyopathies.
Antiarrhythmic therapy including risk stratification is often challenging and plays
amajor role for these patients. Thus, an “electrophysiological” perspective onguidelines
on cardiomyopathies may be warranted. As the European Society of Cardiology (ESC)
has recently published a new guideline for the management of cardiomyopathies,
this overview aims to present key messages of these guidelines. Innovations include
a new phenotype-based classification system with emphasis on a multimodal imaging
approach for diagnosis and risk stratification. The guideline includes detailed chapters
on dilated and hypertrophic cardiomyopathy and their phenocopies, arrhythmogenic
right ventricular cardiomyopathy, and restrictive cardiomyopathy as well as syndromic
and metabolic cardiomyopathies. Patient pathways guide clinicians from the initial
presentation to diagnosis. The role of cardiovascular magnetic resonance imaging
and genetic testing during diagnostic work-up is stressed. Concepts of rhythm and
rate control for atrial fibrillation have led to new recommendations, and the role of
defibrillator therapy in primary prevention is discussed in detail. Whilst providing
general guidelines for management, the primary objective of the guideline is to
ascertain the disease etiology and disease-specific, individualized management.
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Electrocardiographic findings and ar-
rhythmias are closely related to car-
diomyopathies (CM). Both may be an
early indication of a specific diagnosis or
are (just) the consequence of structural
heart disease with myocardial fibrosis
and impaired contractility. Arrhythmias
significantly contribute to increased
morbidity and mortality, and CM are
the leading cause of exercise induced
syncope and sudden cardiac death (SCD)
in young people (. Fig. 1). Antiarrhyth-

mic therapy including risk stratification
in CM is often challenging and plays
a major role in cardiac electrophysiol-
ogy. Thus, an “electrophysiological”
perspective on CM guidelines may be
warranted. As the European Society of
Cardiology (ESC) has recently published
a new guideline for the management of
CM [1] this overview aims to present key
aspects of this guideline.
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Electrophysiologic findings or abnormali�es in cardiomyopathies

History
• Palpita�ons
• Arrhythmogenic syncope
• Exercise-related syncope
• Evidence for systemic 

(arrhythmogenic) disease
• Pacemaker/ICD implanta�on
• Fx for premature death (< 

50yrs)
• Fx of ICD/pacemaker implant

Brady- or tachyarrhythmias
Symptoma�c bradycardia, asystole Pacemaker (discuss ICD and/or CRT)
Conduc�on disease: high-grade AV block Pacemaker (discuss ICD therapy)
Atrial fibrilla�on/flu�er OAC & rhythm vs. rate control
Non-sustained Ventricular Arrhythmias/VEs Risk stra�fica�on (discuss AAD/abla�on)
Sustained monomorphic VT ICD therapy (consider AAD/abla�on) 
Sustained polymorphic VT/VF ICD therapy (discuss AAD/abla�on) 

ECG
• Low/high QRS voltages 
• Delayed conduc�on (e.g., 

atypical RBBB; QRS width↑)
• T-Wave inversion (e.g., V1-V3

and terminal ac�va�on delay)
• AV block (I° - III°)
• Short PR/ pseudo pre-

excita�on
• Q waves/pseudo infarc�on

Fig. 19 Characteristics of
cardiomyopathies focusing
on history of arrhythmias,
electrocardiographic
and electrophysiological
findingswith selected ther-
apeutic options. Fx family
history, ICD implantable
cardioverter defibrilla-
tor,RBBB right bundle
branch block,CRT cardiac
resynchronization therapy,
OAC oral anticoagulation,
VEs ventricular extrasys-
toles,AAD antiarrhythmic
drugs,VT/VF ventricular
tachycardia/fibrillation

Brief overview of the new
guidelines on cardiomyopathies

Cardiomyopathies (CM) are common and
may lead to heart failure and life-threat-
ening ventricular arrhythmias (VA). Preva-
lence and incidence of arrhythmias are
difficult to assess, as disease expression
varies throughout life. Geographical distri-
bution of genetic variants also influences
the prevalence in different populations,
ethnicities, regions, and countries. Hyper-
trophic cardiomyopathy (HCM) for exam-
plehasgotanestimatedoverall prevalence
of 0.2%, while for dilated cardiomyopathy
(DCM) estimates are wider ranging from
0.036% to 0.4% [1]. In the past, CM were
mainly classifiedbyanatomical and clinical
characteristics, usingecho- and electrocar-
diography, invasive angiography, and his-
tology. Nowadays, knowledge about CM
has expanded exponentially by utilizing
new imaging approaches and molecular
technologies. For the first time, the new
ESC guideline addresses CM other than
HCM. It includesdetailed chaptersonHCM,
DCM, arrhythmogenicrightventricular car-
diomyopathy (ARVC), restrictive cardiomy-
opathy (RCM) including cardiac amyloido-
sis (CA) aswell as syndromic andmetabolic
CM including Anderson-Fabry disease but
also discusses important differential di-
agnoses such as cardiac sarcoidosis. The
new term “non-dilated left ventricular car-
diomyopathy” (NDLVC) replaces “hypoki-

netic non-dilated cardiomyopathy.” It is de-
fined “as the presence of non-ischemic LV
scarring or fatty replacement regardless
of the presence of global or regional wall
motion abnormalities, or isolated global
LV hypokinesiawithout scarring.” Thus, the
diagnosis is predominantly based on car-
diac magnetic resonance imaging (CMR).

General aspects of arrhythmias in
cardiomyopathies

The spectrum of arrhythmias ranges from
bradyarrhythmia, atrial and/or ventricu-
lar extrasystoles (VEs) to atrial fibrillation/
flutter (. Fig. 2) and/or life-threatening VA
[2]. Atrial fibrillation (AF) represents the
most common arrhythmia and is associ-
ated with an increased risk of cardioem-
bolic events, heart failure, and death in
patients with CM. In parallel to AF patients
without CM, there is increasing evidence
forAFablation inaneraof a steady increase
in catheter ablations [3, 4]. The preven-
tion of SCD plays an important role in
the new recommendations. The guideline
includes five class I indications for ICD ther-
apy in CM (all secondary prevention) and
is in line with the 2022 ESC Guidelines for
the management of patients with VA and
the prevention of SCD [2, 5, 6]. It expands
the previously established concept of indi-
vidualized decision-making and supports
etiology-specific individual management
and risk stratification. Recommendations

for genetic testing have increased (seven
class I recommendations!) and the guide-
line acknowledges the growing evidence
on certain high-risk genotypes regardless
of LV morphology and function. This in-
cludes, for example, Class I recommen-
dations for genetic testing in all patients
fulfilling diagnostic criteria for CM as well
as genetic cascade testing of relatives in
case of a pathological or likely patholog-
ical variant in the index patient (Class I).
Next to genetic testing, the role of CMR
has increased in recent years [7] but still
lacks randomized trials to guide ICD ther-
apy. Thus, the ESC guideline stresses the
importance of a tailored, etiology-based
individual management approach incor-
porating the patient’s history, electro- and
echocardiography, CMR, laboratory analy-
sis, genetics, aswell aselectrophysiological
findings/studies.

A standardized pathway after
initial presentation and the
role of electrocardiography in
cardiomyopathies

The proposed systematic diagnostic ap-
proach includes characterization of a phe-
notypewithmultimodality imaging. In ad-
dition to routine echo- and electrocardio-
graphy [8], CMR characterizes myocardial
tissue and identifies edema and/or scar-
ring [9–14]. The distribution and severity
of interstitial expansion, as visualized by
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Fig. 29 Typical atrial flut-
ter in a 69-year-oldmale
with apical hypertrophic
cardiomyopathy (septal
thickness of 16mm). Please
note the electrocardio-
graphic signs of left ven-
tricular hypertrophywith
high Rwaves going along
with prominent negative
T-waves in V4–V6

late gadolinium enhancement (LGE), may
suggest a specific diagnosis [7]. As LGE
patterns have been shown to be prog-
nostic for VA in various CM, the guideline
also acknowledges the role of CMR in risk
stratification [15, 16]. A key message is the
Class I recommendation for all individuals
with a CM to undergo contrast-enhanced
CMRduring the initial assessment anddur-
ing follow-up to detect disease progres-
sion. Ofnote, the interpretationof imaging
results should always consider the clini-
cal context, including personal and family
history, clinical presentation, for example,
arrhythmias and other more specific tests
such as genetic testing if an inheritable
CM is suspected.

A resting 12-lead electrocardiogram
(ECG) is often an early diagnostic step.
ECG abnormalities in patients with CM are
common and can occur years before overt
morphological or functional abnormal-
ities (. Fig. 1). Most ECG abnormalities are
nonspecific. For example, epsilon waves
may occur in ARVC but also in other
CM such as cardiac sarcoidosis (. Fig. 3;
[17, 18]). Recently, an easily applicable
algorithm including PR prolongation and
the surface area of the maximum R’ wave
in leads V1 through V3 has been demon-
strated to distinguish cardiac sarcoidosis
from ARVC. This QRS terminal activation
in precordial leads V1 through V3 may

reflect disease-specific scar patterns [19].
Unspecific ECG abnormalities should al-
ways be interpreted in conjunction with
imaging findings, patient history, and clin-
ical features and may provide important
clues to the underlying diagnosis [17].
Some features, such as atrioventricular
(AV) block, pseudo pre-excitation, lowQRS
voltages, or the distribution of repolariza-
tion changesmay also behelpful (. Fig. 1).
Accordingly, the guideline recommends
acquiring an ECG at the first visit from
all patients with suspected or known CM
and during regular follow-up. As arrhyth-
mias are common in CM, ambulatory ECG
monitoring at initial presentation and in
regular intervals (e.g. every 1–2 years in
stable patients [Class I]) is also advised for
stroke and SCD risk stratification. On an
individual basis a biopsy may be helpful
[20, 21], but is only specifically mentioned
for RCM (Class IIa).

Atrial fibrillation in cardiomy-
opathies

AF is by far the most common sustained
arrhythmia in patients with CM and associ-
atedwith aworse prognosis, i.e., increased
mortality and incidence of stroke [22].
Early-onset AF may be an early marker for
an underlying syndromic ormetabolic car-
diomyopathy. ACMmayontheotherhand

be an important predisposing factor for AF
in the elderly [23]. The EURObservational
Research Programme (EORP) CM registry
[24, 25] demonstrated an AF prevalence
of 28% at baseline (with an overall an-
nual incidence of 3%) with more severe
symptoms and worse prognosis for CM
patients with AF. The incidence of stroke
was increasedthreefoldascomparedtothe
general population. Short atrial runs may
better predict AF in CM patients than in
other patients but this needs to be eval-
uated, for example, with loop recorders
[26]. Although the “Atrial Fibrillation Bet-
ter Care (ABC)” approach [25, 27] has not
beencomprehensivelyassessed inpatients
with CM, two randomized trials (the RACE-
III trial [28] and the mobile Atrial Fibrilla-
tion App Trial (mAFA-II trial) [29, 30]) pro-
vided some evidence in favor of an inte-
grated approach inCM. Thus, theguideline
recommends modification of risk factors
such as obesity, reduced physical activity,
as well as alcohol consumption, hyper-
tension, diabetes, and chronic obstructive
pulmonary disease in CM patients with re-
current AF (Class I). CM seem to have dif-
ferent thromboembolic risks. Several ob-
servational studies reported an increased
risk in HCM, RCM, and cardiac amyloi-
dosis. In an unselected transesophageal
echocardiography population, 20% of AF
patients with a left atrial appendage (LAA)
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Fig. 38A 49-year-oldmalewith biopsy-proven cardiac sarcoidosis.aAtypical right bundle branchblock (RBBB)with promi-
nent second component of the QRScomplex in the presence of atrioventricular block I.b Sustained hemodynamically toler-
ated ventricular tachycardia (CL 430ms).c–f Electro-anatomical CARTOactivationmap andbipolar right ventricular voltage
mapwith extensive fibrosis that correlatedwith the cardiacmagnetic resonance imaging illustrated by late gadoliniumen-
hancement

thrombus had a CHA2DS2-VASc score <2
[31] and there is evidence suggesting that
the CHA2DS2-VASc score, which has not
been validated for CM patients, may in-
sufficiently assess thromboembolic risks in
patients with HCM, RCM, or cardiac amy-
loidosis. Thus, the current guideline rec-
ommends oral anticoagulation (OAC) for
all patients with HCM and cardiac amyloi-
dosis and AF (Class I) and gives a Class IIa
recommendation for RCM. In contrast, for
AF patients with DCM, NDLVC, or ARVC,
anticoagulation is recommended utilizing
the CHA2DS2-VASc score for risk stratifica-
tion (Class I). As in patients without CM,
non-vitamin K-dependent OAC (NOAC) is
preferred, except in patients with severe
mitral stenosis and/or mechanical valve
replacement.

Acknowledging the lack of consistent
data for CM patients, rate control may be
considered for all patients with AF, espe-
cially as AF-induced cardiac dysfunction
may worsen the underlying CM [32]. As
diastolic filling is reduced with increasing

heart rates, AF can result in hemodynamic
and clinical decompensation. This can be
especially relevant for CM patients. In par-
allel to AF patients without CM, a lenient
rate control (resting <110bpm) may be
sufficient, but observational studies [33,
34] also suggest that CM patients with
heart failure may benefit from lower heart
rates. As there is no reliable data regarding
the choice of pharmacological rate control
in CM patients the guideline recommends
beta-blockers as the preferred agent due
to their established safety profile. Digoxin
may be considered as an alternative; how-
ever, caution is advised due to potentially
harmful effects in particular in combina-
tion with antiarrhythmic drugs (AAD) [35,
36] and inconsistent data regarding mor-
tality in observational studies [37, 38]. In
patients with left ventricular outflow tract
obstruction (LVOTO), digoxin should be
avoided (Class IIa). Non-dihydropyridine
calcium channel blockers such as vera-
pamil or diltiazem should only be used in
CM patients with LVEF ≥40% though ver-

apamil may be beneficial in combination
with Class III AAD in reducing proarrhyth-
mia [39]. AAD therapy is mostly limited to
amiodaroneand sotalol [40] inCMpatients
with significantly reduced left ventricular
function (HFrEF) or significant left ventric-
ular hypertrophy. For some CM such as
ARVC [41], there is evidence that patients
may benefit from flecainide [42]. In the
presence of an implantable cardioverter
(ICD), an individualized AAD strategy bal-
ancing risks and benefits of, for example,
class III vs. class I AAD should be consid-
ered. In the case of insufficient rate con-
trol, AV-node ablation with concomitant
pacemaker or preferably CRT is an alterna-
tive for selected patients (e.g., unsuitable
for ablation or failed ablation) [43] and
may promise symptomatic improvement
in those aged >75 years [44]. Perspec-
tively, the potential benefit of conduction
system pacing compared to CRT after AV-
node ablation has to be identified [45].
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Table 1 Class IandClass IIa recommendations for implantablecardioverterdefibrillator therapy
in primary prevention of sudden cardiac death (SCD) in patients with cardiomyopathy.Modified
from [1]
Recommendations Class

General recommendations

The use of validated SCD algorithms/scores as aids to the shared decision-making when offering ICD
implantation, where available

Is recommended in patients aged ≥16 with HCM (see. Table 2) I

Should be considered in patients with DCM, NDLVC, and ARVC IIa

If a patient with cardiomyopathy requires pacemaker implantation, comprehensive SCD
risk stratification to evaluate the need for ICD implantation should be considered

IIa

Choice of ICD

When an ICD is indicated, it is recommended to evaluatewhether the patient could benefit
from CRT

I

Subcutaneous defibrillators should be considered as an alternative to transvenous defibril-
lators in patientswith an indication for an ICDwhen pacing therapy
for bradycardia, cardiac resynchronization, or antitachycardia pacing is not anticipated

IIa

Hypertrophic cardiomyopathy (HVM)

It is recommended that the 5-year risk of SCD be assessed at first evaluation and re-evalu-
ated at 1- to 2-year intervals or whenever there is a change in clinical status

IIa

Implantation of an ICD should be considered in patients with an estimated 5-year risk of
sudden death of ≥6%, following detailed clinical assessment considering:
(i) The lifelong risk of complications
(ii) Competingmortality risk from the disease and comorbidities, AND
(iii) The impact of ICD on lifestyle/socio-economic status/psychological health

IIa

In patients with LV apical aneurysms, decisions about primary prevention ICD based on
an assessment of risk using the HCM Risk-SCD or a validated pediatric risk-prediction (e.g.,
HCM Risk-Kids) tool and not solely on the presence of the aneurysm should be considered

IIa

Dilated and non-dilated left ventricular cardiomyopathy

An ICD should be considered to reduce the risk of SCD and all-cause mortality in patients
with DCM/NDLVC, symptomatic heart failure, and LVEF ≤35% despite >3months of OMT

IIa

The patient’s genotype should be considered in the estimation of SCD risk in DCM/NDLVC
(see. Table 2)

IIa

An ICD should be considered in patients with DCM/NDLVCwith a genotype associated with
high SCD risk and LVEF >35% in the presence of additional risk factors.b

IIa

Arrythmogenic right ventricular cardiomyopathy (ARVC)

High-risk featuresc should be considered to aid individualized decision-making for ICD
implantation in patients with ARVC

IIa

The updated 2019ARVC risk calculator should be considered to aid individualized decision-
making for ICD implantation (see. Table 2)

IIa

aShared decision-making is greatly enhanced by patient decision aids tailored specifically to receivers
of care as well as more traditional decision-support tools for healthcare practitioners
bAdditional risk factors in DCM/NDLVC include syncope, LGE presence on CMR
cHigh-risk features in ARVC: arrhythmic syncope, NSVT, RVEF <40%, LVEF <45%, SMVT at PES

Benefits of rhythm versus rate
control in cardiomyopathies

More recently, the benefits of rhythm con-
trol over ratecontrol havebeenextensively
discussed for symptomatic and asympto-
matic [46] patients with AF [47, 48]. In the
EAST trial, attaining sinus rhythm seemed
to be the key mediator for reduction in
cardiovascular outcomes in patients with
recently diagnosed AF and cardiovascular
risk factors [49]. Patients with AF at the

12-month follow-up visit did not benefit
from rhythm control during the remaining
4 years of follow-up. Whether these results
are transferable toCMhasnotbeen investi-
gatedyet. Nevertheless, thecurrentguide-
line prefers rhythm control with maintain-
ing sinus rhythm at an early stage, espe-
cially in symptomaticCMpatientswith lim-
ited success of long-termAAD therapy and
knownrelevantclinical andexperimentally
proven side effects [50–52], but also for
asymptomatic patients without major risk

factors for AF recurrence (Class IIa). AF
ablation should be considered as first-line
therapy to improve symptoms in selected
CM patients (Class IIa). For patients with
genetic CM (other than HCM) the guide-
line recognizes a lack of data whilst at the
same time emphasizing the potential of
proarrhythmia when using class I antiar-
rhythmic drugs [53, 54] in the presence
of structural abnormalities in CM patients.
Consequently, catheter ablation is recom-
mended as a safe and superior alterna-
tive to AAD for rhythm control, alleviating
symptoms, and improving quality of life,
and inselectedpatients to improvesurvival
and reduce heart failure hospitalizations
(Class IIa). Inaddition, AFablationis recom-
mended for all symptomatic CM patients
after failedAAD therapyor in caseof tachy-
cardia-induced LV dysfunction regardless
of symptoms (Class I). When comparing AF
ablation to AAD in patients with heart fail-
ure, several trials have demonstrated im-
pressive benefits in favor of ablation [55].
For patients suffering from heart failure
with preserved ejection fraction (HFpEF)
some observational ablation studies have
also suggested a benefit in AF burden and
mortality [56].

The role of AF ablation in CM subtypes
has been investigated in several registries,
mostly in HCM patients and to a lesser
extent for rarer diseases such as cardiac
amyloidosis [57–59] or sarcoidosis [60].
In HCM (see below), rhythm control is
achieved in about two thirds of patients;
however, repeat procedures and/or con-
tinuation of AAD is often needed. CM pa-
tients have a higher risk of AF recurrences,
particularly in the presence of atrial fibro-
sis/remodeling, for example, in patients
with HCM, a laminopathy, or cardiac amy-
loidosis. In HCM patients with planned
septal myectomy, surgical ablation and/or
LAA occlusion/resection may be consid-
ered (Class IIb). Further studieswill have to
clarify who benefits most, which technol-
ogy should be used (single tip, vs. balloon
vs. variable loop catheters [3, 61]), and
whether, for example, gender differences
[62] regarding outcome of antiarrhythmic
therapy are present in CM.
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Table 2 Validated risk calculators according to the newEuropean Society of Cardiology guide-
line on cardiomyopathies [1]
Cardiomyopathy Risk calculator Parameters

Age

Maximum LV wall thickness

Left atrial size

LVOT gradient

Family history of SCD

NSVT

Hypertrophic car-
diomyopathy (HCM)

HCM risk SCDa

Unexplained syncope

Sex

Syncope

Number of inverted T-waves

Amount of PVC/24h

Non-sustained VA

RVEF

Arrhythmogenic
right ventricular
cardiomyopathy
(ARVC)

ARVC riskb

PES (patients without prior sustained VA)

Sex

Non-missense LMNAmutation

AV-Block

Non-sustained VA

DCM/laminopathy
(LMNA)

LMNA risk VTA
calculatorc

LVEF

LVEF

Amount of inferior or precordial leads with negative
T-waves

Low-voltage ECG

DCM/
phospholamban
(PLN)

PLN risk
calculatord

Amount of PVC/24h
ahttps://qxmd.com/calculate/calculator_303/hcm-risk-scd, as viewed on 27/09/2023
bhttps://arvcrisk.com/, as viewed on 27/09/2023
chttps://lmna-risk-vta.fr, as viewed on 27/09/2023
dhttps://plnriskcalculator.shinyapps.io/final_shiny/, as viewed on 27/09/2023

Management of ventricular
arrhythmias and prevention
of sudden cardiac death in
cardiomyopathies

Data regarding management of VA in
patients with specific genetic cardiomy-
opathies is scarce; however, the new
ESC guideline illustrates some general
concepts. Referencing the 2022 ESC
Guidelines for the management of pa-
tients with VA and the prevention of SCD
[2, 5, 6], the Task Force highlights the
importance of identifying reversible and
precipitating factors. Acute termination of
sustained VA should be accomplished by
cardioversion, AAD, or pacing, depending
on hemodynamic tolerance, etiology, and
patient profile. In a patient with electrical
storm, mild-to-moderate or even deep
sedation should be considered. If pa-
tients are not responding to AAD therapy,

catheter ablation is recommended. In
refractory cases, autonomic modulation/
mechanical circulatory support can be
considered. For prevention of VA recur-
rences, AAD (in scar-related VA mostly
limited to beta blockers, amiodarone, or
sotalol [40]), and catheter ablation (es-
pecially for sustained monomorphic VA,
or polymorphic VA triggered by VEs of
similar morphology) are indicated.

Shared-decision making that is evi-
dence-based and takes individual pref-
erences, circumstances, and values into
account, guides ICD recommendations
(Class I). An ICD is only reasonable when
good quality survival of longer than
1 year is expected. Furthermore, counsel-
ing about inappropriate shocks, implant
complications, and social, occupational,
and driving implications is obligatory
before implantation (Class I). For sec-
ondary prevention, ICD implantation is

recommended irrespective of CM phe-
notype (Class I). For primary prevention
(. Table 1), a comprehensive SCD risk
stratification is recommended at initial
presentation and at 1- to 2-year intervals,
or whenever there is a change in clinical
status (Class I). The use of validated risk
scores (. Table 2) to aid decision-making
is recommended in HCM (Class I) and
should be considered in DCM, NDLVC,
and ARVC (Class IIa). It must always be
evaluated whether a patient might profit
from CRT (Class I). Given the expected
need for CMR during follow-up, simpler
ICD devices (e.g. single chamber or sub-
cutaneous [63–65] coils in particular in
children [66]) should be considered. Data
on benefits of the wearable cardioverter
defibrillator for primary prevention, for
example, inmyocarditis or peripartumCM,
are so scarce that no recommendations
are given.

Hypertrophic cardiomyopathy and
selected phenocopies

The guideline provides a focused update
of the 2014 ESC guidelines on diagnosis
andmanagement of HCM [67] considering
advances in genetics, cardiac imaging, as
well as novel therapies such as cardiac
myosin inhibitors. The annual incidence
for cardiovascular death in HCM is around
1–2%, with SCD, heart failure, and throm-
boembolic events in the presence of a high
AF prevalence (up to 40%) being the main
causes of death. Spontaneous ventricular
fibrillation (VF) is often associated with
fatal events; however, asystole, AV block,
and pulseless electrical activity have also
been documented. Of note, most HCMpa-
tients are asymptomatic and have a nor-
mal lifespan [1] but should be monitored
on a regular basis (including ECG and
Holter monitoring). A concise assessment
of SCD risk is a key part of clinical manage-
ment and a detailed discussion of clinical
features associated with increased risk of
SCD is provided (age, non-sustained VT,
maximumLVwall thickness, family history,
syncope, left atrial diameter, and LVOT
diameter). There is lack of randomized
data to support pharmacological therapy
for prevention of SCD. One small study
[68] suggested a lower incidence of SCD
with amiodarone [40, 51] but other obser-
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Fig. 48A 51-year-oldmalewith genetically provenAnderson–Fabry disease and ahistory of aborted sudden cardiac death
4 years before presentation. After initial diagnosis of an assumed viralmyocarditis, the patient presented 4 years later to the
authors’ departmentwith recurrent ventricular tachycardia (VT) (b). Late-stage Fabry diseasewith cardiac, neurological, and
renal impairmentwas diagnosed.Cardiacmagnetic resonance imaging (d,f) demonstrated apical and extensive posterolat-
eral scarring that correlated to electroanatomical bipolar CARTOmaps (c,e). The patient underwent endo- and epicardial VT
ablation
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Fig. 59 Electrocardio-
gram (a) of a 74-year-old
malewithwild-type ATTR
amyloidosis initially pre-
sentingwith a sustained
ventricular tachycardia (b).
Note the prominent diffuse
late gadolinium enhance-
ment on cardiacmagnetic
resonance imaging (c,d)
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Fig. 68A 21-year-old female competitive athletewhopresentedwith a syncopewhile playing handball.The electrocar-
diogram (a) was already suspicious for arrhythmogenic right ventricular cardiomyopathy (right precordial negative Twaves
andVEswith superior and inferior axis). Please also note the unspecific signs of inferolateral early repolarisation.During pro-
grammedelectrical stimulation, a sustained ventricular tachycardia (VT)with left bundle branch block inferior axis was in-
ducible. Electroanatomic bipolar (color range 0.5–1.5mV) (b) and unipolar (color range 5–8mV)maps illustrate the predom-
inately epicardial low voltage areas.The VTwas successfully ablated from the endocardial anterior right ventricular outflow
tract (c)

vational studies [69] found no such effect.
Nevertheless, beta-blockers and/or amio-
darone are recommended in patients with
an ICD and recurrence of symptomatic VA,
paroxysmal AF, or repeated shocks despite
optimal treatment and ICD programming.
Regarding risk stratification, the validated
HCM risk-SCD calculator (https://qxmd.
com/calculate/calculator_303/hcm-risk-
scd) is recommended as the primary tool
for estimating risk of sudden death at
5 years and guiding ICD implantation in
primary prevention (Class I). It is recom-
mended to assess the risk initially, and
thereafter at 1- to 2-year intervals or
when a change in clinical status occurs
(Class I). Based on risk score and further
clinical risk factors (LVEF, LGE), implanta-
tion of an ICD may be considered with
shared decision-making (Class IIa for high
risk >6%, Class IIb for intermediate risk
between 4% and 6%). For the low-risk
category (<4%), the presence of extensive
LGE (>15%) may be considered in shared

decision-making (Class IIb). For secondary
prevention of SCD, ICD implantation is
recommended after cardiac arrest due
to VT/VF, or after sustained VA causing
syncope or hemodynamic compromise.
The role of subcutaneous ICD (S-ICD) in
HCM with a potentially increased rate of
inappropriate shocks is a matter of debate
[70, 71].

Anderson–Fabry disease with inborn
deficient or absent enzyme alpha-galac-
tosidase A may be a clinically challenging
phenocopy of HCM (. Fig. 1). It is often
diagnosed in patients with left ventric-
ular hypertrophy and additional cardiac
and extracardiac red flags [1]. Bradycardia,
chronotropic incompetence, short PQ in-
tervals, and first to third degree AV blocks
have been described. AF as well as VA
may occur in patients with late diagnosis
(. Fig. 4).

Cardiac amyloidosis is another poten-
tial phenocopy of HCM in the form of an
RCM that deserves special consideration

in cardiac electrophysiology (. Fig. 5).
Electrical conduction disease with symp-
tomatic bradycardia and advanced AV
block or pseudo Q waves may be red
flags for amyloidosis. Data on specific
antiarrhythmic therapy including ablation
for AF or VT and/or ICD implantation for
primary prevention is too limited for evi-
dence-based recommendations. The role
of non-specific antiarrhythmic therapy
such as transthyretin stabilization for AF
and/or VT/VF prevention will hopefully
be clarified in the next years.

Arrhythmogenic right ventricular
cardiomyopathy (ARVC)

The termARVC—originating from the pre-
genetic and pre-CMR era—already indi-
cates the interaction of arrhythmias with
a cardiomyopathy. ARVC usually mani-
fests at the second to fourth decade of
life and is characterized by fibro-fatty re-
placement of myocardial fibers resulting
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Fig. 78 Complete atrioventricular block (a) in a 40-year-oldmalewith non-ischemic cardiomyopathywithmildly reduced
left ventricular function but prominent intraseptal late gadoliniumenhancement (b,c); the patientwas found to have a likely
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in a fertile environment for arrhythmias.
Though many patients with ARVC have
left ventricular involvement or may even
presentwithonlyLVdisease (leftdominant
ARVC) the new guideline has preserved
the term arrhythmogenic “right ventricu-
lar” CM. This may be debatable in view of
concealed and subclinical as well as left-
dominant disease forms. Some physicians
nowadays prefer the more umbrella like
term “arrhythmogenic CM.” However, the
task force does not recommend its use
as it lacks a morphological or functional
definition consistent with the guidelines
proposed classification scheme. Moreover,
a significant number of conditions, which
couldbedefinedasACM, arenowclassified
as NDLVC.

The overall prevalence of ARVC is
around 0.08%. Many patients initially
present with ECG abnormalities and VA.
Of note, cardiac sarcoidosis may be an
important phenocopy ([18–20]; . Fig. 3).
In addition, in up to 20% of patients
with acute myocarditis ARVC is diagnosed
[1]. Characteristic ECG findings include
T wave inversion in V1–V3 with terminal

activation delay often combined with
atypical right bundle branch block ([19,
72]; . Fig. 6). Ventricular extrasystoles
(VEs) and/or VT with left bundle branch
block (LBBB) morphology (with a superior
axis) are a hallmark and must be dis-
tinguished from idiopathic RVOT VEs/VT
with LBBB and inferior axis [5, 73]. AF
is also relatively common with a preva-
lence around 9–30%. Rhythm control is
preferred in the case of symptoms and/or
heart failure/LV dysfunction [1].

Data on antiarrhythmic therapy in
asymptomatic ARVC is scarce but there is
good evidence for beta-blocker therapy
in symptomatic patients with VEs or VT
(Class I). If beta-blockers fail to control
arrhythmia-related symptoms flecainide
or amiodarone are options (Class IIa).
Patients with a sustained VT—even if
hemodynamically tolerated—are candi-
dates for an ICD (Class IIa). There is some
evidence that ARVC patients may also
benefit from S-ICD [74], but due to lack
of pacing most physicians prefer conven-
tional ICDs. In general, pregnancy in ARVC
has not been associated with negative-

long term outcome, but previous VT in
pregnant women represent a WHO risk
class III indicating close follow-up at an
expert center. Patients with high-risk
features (i.e., arrhythmic syncope, non-
sustained VT, RVEF <40%, LVEF <45%,
sustained VT with programmed electrical
stimulation [PES]) should also be offered
an ICD (Class IIa) (see also arvcrisk.com;
. Table 2). Of note, the role of PES is not
well defined in thosewho are asymptoma-
tic illustrating someparallels to other fields
in electrophysiology such as primary elec-
trical diseases (e.g., Brugada syndrome
[75–77]). In the case of incessant VT
or frequent ICD interventions catheter
ablation (with availability of epicardial ap-
proach) should be considered (Class IIa).
In cardiac sarcoidosis, VT ablation may
also reduce episodes and shocks, but the
VT recurrence rate is relatively high [78,
79]. Based on disease acceleration with
high-intensity exercise, the ESC guideline
recommends against competitive sports
in ARVC (Class III) including those who are
genotype positive/phenotype negative
(with less evidence: Class IIb).

Herzschrittmachertherapie+ Elektrophysiologie 4 · 2023 319



Reviews

Dilated cardiomyopathy and
non-dilated left ventricular
cardiomyopathy

The etiology of DCM is heterogenous and
includes inheritedandacquired forms. The
guideline focuses mainly on genetic DCM.
The diagnostic work-up of these patients
and especially the results of CMR and ge-
netic testing are relevant for risk stratifi-
cation and management of VA. A recent
retrospective studydemonstrated ahigher
rate of major antiarrhythmic events in pa-
tientswithgeneticDCM variantscompared
to genotype-negative patients [80]. In cer-
tain genotypes, an increased arrhythmo-
genicriskwasobserved irrespectiveofLVEF
[80]. The following genes are, for example,
associatedwith increased risk: LMNA, PLN,
FLNC, RBM20, EMD, TMEM43, DSP, DSG2,
DSC2, and PKP2 [80–84]. In addition to
these genetic variants, myocardial scaring
determined by LGE on CMR has been es-
tablished as a strong risk marker for all-
cause mortality and VA, both in prospec-
tive and retrospective studies. Certain LGE
distribution patterns, for example, a “ring-
like” pattern, have also been found to be
highly prognostic for VA [7, 85].

Regarding primary prevention of SCD
the Task Force points out conflicting data
from randomized trials, which have in-
cluded patients with a LVEF <35%, but
overall, an only modest survival benefit in
patients with ICD in DCM is observed, as
demonstrated by a recent meta-analysis
[86]. Nevertheless, patients with high-risk
genotypes and additional risk factors (syn-
cope, LGE) should be considered for ICD
implantation, even if no LV dysfunction is
evident (Class IIa). If no risk factors are
present an ICD may even be considered
in genotype-positive patients with a LVEF
is >35% (Class IIb). In contrast, in geno-
type-negative patients with a LVEF >35%,
an ICD may be only considered if risk fac-
tors (syncope, LGE) are present (Class IIb).
In patients with LVEF ≤35% and symp-
tomatic heart failure after >3 months of
optimal medical therapy, an ICD should
be considered (Class IIa).

The management of patients with
NDLVC regarding prevention of SCD is
identical to patients with DCM, albeit
with a lower evidence level, mirroring the
lack of randomized trials in patients with

absent or up to moderate LV dysfunc-
tion. Of note, the significance of resting
and ambulatory ECG is highlighted for
patients with NDLVC, as specific ECG fea-
tures may suggest an underlying genetic
cause (. Fig. 1). Therefore, ambulatory
ECG monitoring is recommended in pa-
tients with NDLVC annually or when there
a change in clinical status (Class I). For
specific genotypes, namely LMNA and
PLN, validated risk calculators are rec-
ommended (. Table 2). In patients with
unexplained syncope, PES may provide
useful information concerning the un-
derlying cause: in view of lack of very
conclusive data supporting the use of
PES for risk stratification it experiences
a renaissance [2–4]. In summary, the
guideline leaves a lot of room for indi-
vidualized and shared decision-making
regarding ICD implantation, but there is
no Class I recommendation for primary
prevention.

Conclusions

Next to other areas of specialization, car-
diac electrophysiology plays an integral
role in the management of patients with
CM. A multidisciplinary and expert ap-
proachtoCM“has thepatientand its family
at its heart” [1]. Important innovations of
the new guideline include a new pheno-
type-based classification system with em-
phasis on a multimodal imaging approach
for diagnosis and risk stratification. Patient
pathways guide clinicians from the initial
presentation to diagnosis. Whilst provid-
ing general guidelines for CM manage-
ment, the primary objective of the new
guidelines is to ascertain the disease eti-
ology for facilitating a disease-specific, in-
dividualized management.
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