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ATP Antitachycardia therapy
AV Atrioventricular block
BBR Bundle branch reentry
CA Catheter ablation
CASTLE-AF Catheter ablation vs. standard conventional treatment in patients 

with left ventricular dysfunction and atrial fibrillation
CMR Cardiac magnetic resonance
DCM Dilated cardiomyopathy
EAM Electroanatomic mapping
ECG Electrocardiogram
ES Electrical storm
ESC European Society of Cardiology
HF Heart failure
HR Hazard ratio
HRS Heart Rhythm Society
ICD Implantable cardioverter-defibrillator
LBBB Left bundle branch block
LGE Late gadolinium enhancement
LMNA Lamin A/C
LVEF Left ventricular ejection fraction
NS Nonsustained
OR Odds ratio
PJRT Permanent junctional reciprocating tachycardia
RBBB Right bundle branch block
RF Radiofrequency
SCN5A Sodium voltage-gated channel alpha subunit 5
SCD Sudden cardiac death
SR Sinus rhythm
VA Ventricular arrhythmias
VEB Ventricular ectopic beats
VT Ventricular tachycardia

10.1  Burden and Kinds of Arrhythmias in Dilated 
Cardiomyopathy: Risk Stratification of Sudden Death

Patients with dilated cardiomyopathy (DCM) can develop a broad range of brady-
rhythmias and tachyarrhythmias including sinus node dysfunction, various degrees 
of atrioventricular block, interventricular conduction delay, and atrial and ventricu-
lar arrhythmias.

Conduction system disease (sinus node dysfunction, various degrees of atrioven-
tricular block (AV), interventricular conduction delay, and bundle branch block) can 
occur with all cardiomyopathies, particularly in some familial forms such as lamin 
A/C mutations (LMNA), mitochondrial diseases, storage disorders (Fabry disease), 
and infiltrative diseases (amyloidosis).
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The arrhythmogenic substrate can be explained by an “irritable focus” resulting 
from myocardial fibrosis, high catecholamine levels, or stretching of myocardial 
fibers. In addition, the disruption of the link between the sarcolemma, the cytoskel-
eton, and the sarcomere can lead to modifications of ion channel function [1].

As the majority of dysfunctional ion channels are localized in the sarcolemma, 
disruption of the sarcolemma-sarcomere link could cause ion channel dysfunction; 
conversely, it is possible that the function of an ion channel caused by a gene muta-
tion is primarily disturbed, leading to dysfunction of cytoskeletal protein binding 
partners and mechanical impairment with “secondary” DCM.

For example, in patients with DCM and sodium voltage-gated channel alpha 
subunit 5 (SCN5A) mutations, arrhythmias can be particularly frequent, including 
supraventricular arrhythmias (86%), sick sinus syndrome (33%), atrial fibrillation 
(AF) (60%), ventricular tachycardia (VT) (33%), and conduction disease (60%) [2]. 
Functional abnormalities in the sarcolemma, cytoskeleton, or sarcomere can occur 
secondarily to the SCN5A mutations, while desmosomal and other intercalated disk 
proteins could also play a role in the different phenotypes (arrhythmic and DCM) 
that result from SCN5A mutations.

10.1.1  Bradyrhythmias and Conduction Abnormalities

Conduction system diseases can occur with virtually all cardiomyopathies but is 
particularly prevalent in some familial forms of DCM such as the LMNA mutations 
and inflammatory, mitochondrial, storage, or infiltrative diseases [3]. Mutations of 
LMNA account for 6% of patients with DCM and [4] account for 33% of the DCMs 
with AV block [5]. In a large population with familial and sporadic DCM, conduc-
tion defects were present in 62% of patients with and only in 6% without LMNA 
mutations [6]. In these patients conduction abnormalities can occur even years 
before heart failure or left ventricular (LV) dysfunction, so the onset of AV conduc-
tion defects in middle age or earlier should prompt an evaluation for inflammatory 
or familial cardiomyopathy, and even in the presence of normal left ventricular 
function, a close follow-up is needed.

Left bundle branch block (LBBB) is present in 25–30% of patients with DCM; 
right bundle branch block (RBBB) is rare, accounting for less than 5% of patients 
[7, 8], while RBBB and AV block are the predominant features in sarcoidosis [9].

No clear data about the meaning of bradyrhythmias in patients with DCM have 
been reported, but LMNA defects, often present in these patients, are associated with 
a worse prognosis [6]. Some data suggest that an implantable cardiac defibrillator 
(ICD) should be considered in all patient candidates to pacemaker implantation even 
in the absence of left ventricular dysfunction or ventricular tachyarrhythmias [10].

The prognostic role of bundle branch blocks (particularly LBBB) is debated; 
patients with LBBB can have a higher risk of death from heart failure or heart trans-
plantation [7], but its onset during follow-up, rather than its mere presence, seems 
to be more relevant for the risk stratification of all-cause mortality: Aleksova et al., 
analyzing 608 patients with DCM from our registry [8], observed that patients with 
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baseline LBBB had a significantly higher mortality rate than those without LBBB 
at the univariate analysis, but after a multiple covariate adjustment, only new-onset 
LBBB was an independent predictor of all-cause mortality (HR 3.18, 95% CI:1.90–
5.31, P < 0.001) at multivariable analysis.

10.1.2  Supraventricular Arrhythmias

Supraventricular arrhythmias can occur in patients with DCM, but their presence 
should prompt investigation for familial LMNA cardiomyopathy (present in 73% of 
patients with these gene carriers and only in 36% of patients without this gene 
defect) [6].

AV nodal reentry and accessory pathway-related tachycardia are usually unre-
lated to the DCM, while incessant atrial tachycardia can be the cause rather than the 
consequence of left ventricular dysfunction; however, in these patients diffuse fibro-
sis or alterations in the structure or LV function can be present also in the long-term 
follow-up, suggesting that, even after a successful treatment of arrhythmias, recov-
ery can be incomplete due to a late treatment or the coexistence of a structural heart 
disease.

AF is present in about 10–15% of patients with DCM [11].

10.1.3  Ventricular Arrhythmias

Ventricular ectopic beats (VEB) and nonsustained ventricular arrhythmias (nsVA) 
are observed in about 40% of patients with DCM and reflect a particular arrhythmo-
genic substrate involving rapid nonsustained VT (nsVT) and/or frequent VEB, the 
latter occurring in up to 30% of cases [12]. However, the prognostic role of these 
arrhythmias is not clear, and conflicting data have been published in the last 30 years. 
Some studies [13–16] suggested a worse prognosis and a higher risk of Sudden 
Cardiac Death (SCD) in patients with nsVA. In others [17], nonsustained VT were 
predictors of SCD at univariate, but not at multivariable analysis, or were not predic-
tive of SCD, maybe in light of the high incidence of nsVT in patients with DCM.

It was proposed that only the association of VA with other risk factors, as low left 
ventricular ejection fraction (LVEF), could help to identify patients at higher risk. 
Differently from other experiences, we observed that nsVT are associated with a 
higher risk only in patients without severe LV dysfunction (LVEF > 0.35) while in 
patients with LVEF ≤ 0.35 they do not give any additional information [18].

In addition, we did not identify any specific characteristic VT that can be useful 
for the risk. However, an “arrhythmic pattern” at presentation, as defined by the 
presence of unexplained syncope, nsVT, ≥1000 VEB/24 h, or ≥50 ventricular cou-
plets/24 h, was associated with a higher incidence of SCD, sustained VT, or ven-
tricular fibrillation compared with other patients (30.3% vs. 17.6%, P  =  0.022), 
independently from LVEF, with no difference in the total mortality [12].
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10.1.4  Mechanisms

In heart failure, the mechanisms of atrial and ventricular tachyarrhythmias can be 
multiple.

According to old studies published decades ago, VEB and nonsustained VT in 
patients with DCM are initiated by a focal mechanism [19]. However, sustained VA 
are caused by reentry [20] in a significant amount of patients with DCM, as sug-
gested also by the high rate and efficacy of antitachycardia therapy (ATP), unex-
pectedly similar to that found in patients with ischemic cardiomyopathy [21].

Bundle branch block reentry (BBR) VT is a form of sustained monomorphic VT 
that utilizes the conduction system as a reentry circuit, usually with anterograde 
propagation over the right bundle and retrograde conduction over the left bundle. 
Activation of the ventricles via the right bundle fibers produces VT that has a typical 
LBBB QRS morphology. More rarely, the reverse sequence of conduction can also 
occur, leading to an RBBB configuration. BBR VT are not uncommon in 
DCM. Rapid VT (>200 beats/min), often resulting in syncope or cardiac arrest, is 
the clinical presentation. Catheter ablation of the right bundle is highly effective in 
abolishing BBR VT, often (but not always) resulting in complete AV block (because 
of the preexistent LBBB, which sometimes is not complete). However, because of 
severe LV dysfunction, ICD and/or cardiac resynchronization therapy is required in 
most patients.

10.1.5  Risk Stratification of Sudden Cardiac Death

The assessment of SCD risk in patients with DCM has been a challenge for the last 
30 years; nevertheless, both total mortality and SCD rate have been definitely 
reduced in the last three decades: [22] in the 1980s, SCD rate was up to 18% per 
year [13, 15], but it was only around 2–3% in patients medically evaluated in the 
early 2000 [17, 23]. According to the Trieste Cardiomyopathy Registry, including 
more than 1000 DCM patients with a mean follow-up of 10 years, the incidence of 
major cardiac events has fallen to less than 2% per year, while the incidence of SCD 
is less than 0.5% per year. This could have several explanations, including a better 
diagnostic definition, an earlier diagnosis, the widespread of beta-blockers and min-
eralocorticoid receptor antagonists (the only drugs significantly associated with a 
SCD reduction) and, finally, ICD and resynchronization therapy [24].

Because of the relatively low incidence of events, it is difficult to identify patients 
who could benefit more from ICD treatment and to demonstrate a significant mor-
tality reduction in a not well-selected population. This could also explain why most 
trials evaluating patients with DCM failed to prove a statistically significant benefit 
of ICD even in the presence of SCD reduction. In addition, in some trials, patients 
with nonischemic cardiomyopathy (which is not always synonymous of DCM) of 
different etiologies and a non-negligible risk of non-arrhythmic death (due to pump 
failure or noncardiac events) were included [25].
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Another important issue is the timing of risk stratification. Only 31% of the 
patients with LVEF ≤ 0.35 and NYHA class II–III at first presentation still have 
ICD indications 6 months after medical therapy implementation [26]. According to 
current European guidelines, at least 3 months of optimal medical treatment is 
required before considering ICD implantation [27].

Despite hundreds of publications and several parameters analyzed, the severity 
of left ventricular dysfunction is still the major predictor of arrhythmic events, and 
current guidelines for ICD implantation in patients with DCM rely solely on LVEF 
value (together with the New York Heart Association functional class) [27, 28].

However, the odds ratio (OR) for LVEF is only 2.86, with sensitivity and speci-
ficity of 71.1% and 50.5%, respectively [29], suggesting that many patients with 
severe LV dysfunction do not benefit from ICD implantation but also that many 
patients with LVEF ≥ 0.35 can be at risk of SCD.

In addition to LVEF, many other parameters have been evaluated. According to 
the meta-analysis by Goldberger et al., four groups of parameters were considered: 
autonomic parameters (heart rate variability, baroreflex sensitivity, heart rate turbu-
lence), functional parameters (as LVEF, left ventricular dimensions), depolarization 
abnormalities (fragmented QRS, intraventricular delay, signal-averaged ECG), 
repolarization abnormalities (T wave alternans), and arrhythmic markers (spontane-
ous or induced arrhythmias) [29].

Taken individually, disturbances in autonomic function are poorly correlated with 
the risk of SCD, but also for other parameters, at best, the OR is generally between 2 
and 4. T wave alternans was the most sensitive predictor, while electrophysiologic 
study (EPS) was the most specific. EPS has been thought to have no utility in predict-
ing the risk of SCD, despite the presence of scars, and reentry has been considered 
the most frequent mechanism of sustained VT in DCM. However, Gatzoulis et al. 
recently found that the incidence of VT terminated by the ICD during a median fol-
low-up of 42 months was 73% in patients with induction of sustained VA at EPS, 
compared with 18% in non-inducible patients [12].

Despite its utility for selecting patients to receive an ICD has yet to be demon-
strated, late gadolinium enhancement (LGE) by cardiac magnetic resonance (CMR) 
can detect the presence, site, and extension of cardiac fibrosis. Recently, two meta- 
analyses involving approximately 3000 patients each were published. According to 
the analysis performed by Disertori et al. [30] in a population with both ischemic and 
nonischemic cardiomyopathy, a composite arrhythmic end point (SCD, aborted 
SCD, VT/VF, and appropriate ICD therapy) was reached in 23.9% of patients with a 
positive LGE test (annualized event rate of 8.6%) vs. 4.9% of patients with a negative 
LGE test (annualized event rate of 1.7%; p < 0.0001). The OR was 5.62, without 
finding any difference between ischemic and nonischemic patients. In the subgroup 
of patients with LVEF ≤0.30, the OR for the arrhythmic events increased to 9.56.

The CMR Guide (Cardiac Magnetic Resonance Guided Management of Mild- 
Moderate Left Ventricular Systolic Dysfunction) trial, which is currently randomizing 
ischemic and nonischemic patients with LVEF 36–50% and presence of LGE to either 
ICD or an implantable loop recorder, will help to identify the role of CMR for selec-
tion of candidates to ICD but is estimated to be completed in December 2020 [31].
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Another promising tool for the risk stratification, at least in some subgroups of 
patients, is the genetic analysis. Some genetic defects have been associated both 
with LV dysfunction and high risk of SCD. In most cases, these defects can be sus-
pected through some “red flags” as conduction defects or supraventricular arrhyth-
mias sometimes preceding the occurrence of LV dysfunction [6, 32] or alteration in 
the ion channel gene SCN5A [2]. When associated to other risk factors as nsVT, 
LVEF < 0.45, non-missense mutation, and male sex, LMNA defects even in the 
absence of severe LV dysfunction represent a IIa recommendation to ICD implant 
according to both European and American guidelines [27, 28, 33]. In addition, in 
muscular dystrophies involving LMNA defects, an ICD is suggested as a IIb recom-
mendation in the presence of conduction abnormalities and need of pacemaker 
implantation [27].

10.1.6  Role of Supraventricular and Ventricular Arrhythmias 
in Pathogenesis of DCM

10.1.6.1  Definition and Pathophysiology
Arrhythmias can initiate or aggravate acute heart failure (HF) in patients with pre-
existing heart disease. The arrhythmia-induced cardiomyopathy (AIC), known also 
as tachycardia-induced cardiomyopathy, is an important and potentially reversible 
cause of HF and DCM.

In 1949, Philips and Levine published the first description of HF induced by AF 
in patients without structural heart disease [34]. In the last decades, many reports 
underlined the role of arrhythmias in inducing HF or a DCM with a recovery of LV 
function after restoration of sinus rhythm or an adequate rate control.

Currently the AIC is defined on the basis of clinical criteria:

• Sustained heart rate >100/min
• Exclusion of other causes of HF
• Recovery (partial or complete) of LV function after achieving arrhythmia control 

(i.e., restoration of sinus rhythm or rate control)

Two forms of AIC can be identified: in the first form, “arrhythmia-induced” car-
diomyopathy, the arrhythmia is the only identifiable cause of ventricular dysfunc-
tion, and in the second form, “arrhythmia-mediated,” the arrhythmias aggravate 
ventricular dysfunction or worsens HF in subjects with underlying heart disease 
[35]. In patients with recent-onset HF and concomitant arrhythmias, a small LV 
end-diastolic diameter and mass index could indicate an AIC instead of a true DCM.

In animal models, the ventricular rapid pacing model demonstrated a more rapid 
reduction in LV function compared to the atrial pacing model, suggesting that myo-
cardial electrical dyssynchrony plays an additional role accelerating the LV dys-
function [36].

In patients with AIC, the temporal relationship between occurrence of arrhyth-
mias and development of LV remodeling, dysfunction and HF are not predictable. It 
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is multifactorial, and there is no specific cutoff in heart rate determining a higher 
risk of developing AIC.

10.1.6.2  Specific Clinical Pictures
In adults, AF is the most common cause of AIC and is a concomitant arrhythmia in 
10 up to 50% of patients in different cohort with HF [37]. Many mechanisms have 
been suggested as triggers for AIC during AF: loss of atrial contraction with con-
comitant irregular rhythm, resting tachycardia and inadequate exercise response 
affecting diastolic filling, and increasing left-sided filling pressure eventually lead-
ing to functional mitral regurgitation and mechano-electrical changes in the left 
atrium with a perpetuating cycle. The therapeutic options and strategies in patients 
with AF vary from a rate control (drugs or AV-node ablation with biventricular pac-
ing) to a rhythm control strategy (amiodarone and cardioversion or ablation).

In adults a persistent atrial flutter can play a significant role in patients with sus-
pected AIC, because rate control is more difficult to achieve, given less concealed 
AV-node conduction. In this subgroup of patients, a catheter ablation is the therapy 
of first choice.

Less often, a persistent supraventricular tachycardia can induce an AIC, and also 
in this subset, whenever possible, a catheter ablation can normalize LV function.

Another important subset of AIC includes patients with idiopathic VT or fre-
quent VEB; also in this subset, many different mechanisms have been postulated as 
ventricular dyssynchrony (in particular in VEB arising from right or left ventricular 
outflow tract with LBBB morphology), abnormal ventricular filling, and modifica-
tion of Ca++ handling. Moreover, some clinical characteristics have been identified 
in patients at high risk for AIC development: a high VEB burden (>24% or >26% 
per day is cutoff strongly related to AIC with recovery after VEB ablation) [38, 39], 
interpolated VEB, retrograde P waves, male sex, asymptomatic VEB, QRS dura-
tion, and LBBB morphology.

In children, supraventricular arrhythmias are the main trigger for AIC, in particu-
lar atrial ectopic tachycardia and permanent junctional reciprocating tachycardia 
(PJRT). Atrial tachycardias arising from foci near the sinus node are more difficult to 
identify, usually appearing in children without structural heart disease. The clinical 
course of PJRT is often incessant with an unlikely spontaneous resolution and a 
higher risk of AIC; also in this setting, the catheter ablation is the treatment of first 
choice. In children, ventricular arrhythmias are rarely identifiable as the cause of HF.

10.1.7  Management of Atrial Arrhythmias in Dilated 
Cardiomyopathy and Heart Failure

Congestive HF and AF often coexist and adversely affect each other with respect to 
management and prognosis. No specific data on patients with DCM exist. Generally 
HF predisposes to AF promoting atrial electrical and structural change, whereas 
conversely, AF is implicated in the development and/or exacerbation of LV 
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dysfunction as discussed. AF has been demonstrated to increase the mortality risk 
1.5- to 2-fold in both sexes and across a wide range of ages. The risk of patients with 
HF developing AF is 1.6-fold in males and 2.7-fold in females, and the prevalence 
of AF increases with HF severity, ranging from 5% in functional class I patients to 
≈50% in class IV patients [40]. It is intuitive that maintenance of normal sinus 
rhythm (SR) should improve functional status and possibly reduce mortality in this 
population. Nevertheless, large randomized trials failed to demonstrate any signifi-
cant mortality benefit of a pharmacologically based rhythm control strategy, even in 
patients with LV dysfunction when compared to a rate control strategy [41–43]. 
In-depth analysis of these trials, indeed, demonstrated that the use of antiarrhythmic 
drug therapy to restore SR was associated with a 49% increase in mortality rate. 
Therefore, pursuing SR by non-pharmacologic means can be justified, considering 
also that several studies have demonstrated the superiority of catheter ablation over 
medical therapy [44, 45]. Catheter ablation has demonstrated its superiority also 
compared to AV-node ablation and biventricular pacing and is associated with the 
reduction of inappropriate and appropriate ICD therapies and with improvement in 
LVEF in patients with DCM [46]. The multicenter randomized AATAC (Ablation 
vs. Amiodarone for Treatment of Atrial Fibrillation in Patients with Congestive 
Heart Failure and an Implanted ICD/CRTD) trial [40] first showed a mortality ben-
efit of catheter ablation vs. amiodarone, albeit in a combined secondary end point. 
In the CASTLE-AF trial [47], catheter ablation reduced death or hospitalization for 
heart failure in patients with congestive HF and AF compared with those assigned 
to medical therapy. Freedom from AF was strongly associated with stroke-free 
survival.

Cure of AF does not necessary imply its complete elimination. A significant 
reduction in the amount of time in AF after catheter ablation may be sufficient for 
achieving clinical benefit in patients with congestive HF. Although available data 
suggest that the safety and efficacy of catheter ablation are very similar in patients 
with HF and in those with normal hearts [48], success rate and long-term outcomes 
are expected to be influenced by patient complexity and concomitant comorbidities. 
It is well known that HF is an independent predictor of recurrent arrhythmia after 
catheter ablation; however, other covariates (such as age, sex, diabetes mellitus, and 
hypertension) have shown an association with ablation outcome. Additional 
imaging- based variables to predict efficacy and risk of ablation (as left atrial strain 
by speckle-tracking echocardiography and CMR for left atrial fibrosis size) are cur-
rently under investigation.

10.1.8  Management of Ventricular Arrhythmias in Dilated 
Cardiomyopathy

The life expectancy of patients affected by DCM is progressively growing. As a 
consequence, recurrent VT and electrical storm (ES) represent an emerging prob-
lem mainly in patients with severely depressed LVEF in whom frequent ICD 
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shocks have been associated with poor quality of life, repeated hospitalizations, 
and increased mortality. In this setting, catheter ablation (CA) has demonstrated 
to be superior to antiarrhythmic drugs (AAD) in reducing VT recurrences and 
ICD shocks even if a mortality benefit has never been convincingly proven [49, 
50]. The management of VT in this setting is challenging because of the complex-
ity of the substrate and the underlying HF.  Outcomes after CA are generally 
poorer compared to those of post-infarct VT. However, the evolution of electro-
anatomic mapping (EAM) systems together with the integration of noninvasive 
imaging modalities has significantly improved ablation strategies and long-term 
outcomes.

10.1.9  Antiarrhythmic Drug Therapy of Ventricular Arrhythmias

Therapy with AADs is often used to prevent long-term recurrences. In a recent 
meta-analysis of randomized controlled trials, a 1.5-fold reduction of VAs leading 
to appropriate ICD shocks has been noted with AADs compared to control medical 
therapy in patients with structural heart disease [49]. However, there is a substan-
tial lack of data on efficacy and safety of AADs in patients with DCM. In such 
population, the choice of a specific drug should always take into account a poten-
tial negative inotropic effect with the associated possibility of worsening of the 
hemodynamic status along with proarrhythmic effects (Table 10.1). Amiodarone is 
usually the drug of choice as its efficacy has been demonstrated in randomized 
controlled trials with an overall threefold reduction of the risk of recurrent VT 
compared to beta- blockers. Unfortunately, the use of amiodarone is burdened by a 
high prevalence of organ toxicity (i.e., thyroid disorders, hepatitis, pulmonary 
fibrosis). Furthermore, the long-term use of amiodarone has been associated with 
an increased risk of death [49, 51, 52]. Another commonly used class III AAD is 
sotalol. Albeit its use seems to be safe in patients with structural heart disease and 
HF, it has failed to demonstrate its superiority to other β-blockers in preventing 
recurrent ICD shocks [53–55]. Class I AADs should usually be avoided due to their 
significant negative inotropic effect and their potential proarrhythmic effect. 
Specifically, class IC drugs are contraindicated having been demonstrated to 
increase mortality in patients with structural heart disease [56]. Other class I AADs 
like mexiletine or procainamide may be used in adjunction to class III AADs or 
whether class III AADs cannot be administered. Adjuvant therapy with mexiletine 
has shown to reduce appropriate ICD therapies in case of amiodarone inefficacy 
[57]. However, it can worsen hemodynamic status in patients with severely reduced 
LVEF, and therefore its administration should be considered with caution. 
Procainamide is currently available only as an intravenous formulation in most 
countries, and there is some evidence suggesting high efficacy for acute termina-
tion of hemodynamically stable monomorphic VT even if it is generally avoided 
due to a significant risk of severe hypotension. No data concerning long-term oral 
administration are currently available.
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Table 10.1 Antiarrhythmic medications for acute and long-term treatment of ventricular tachy-
cardia in patients with structural heart disease

Acute 
management

Long-term 
treatment

Desired plasma 
concentration

β-blockers Propranolol Bolus: 0.15 mg/kg 
IV over 10 min

10–40 mg orally 
three to four 
times a day

NA

Metoprolol Bolus: 2–5 mg IV 
every 5 min up to 
three doses in 
15 min

25 mg orally 
twice a day up to 
200 mg a day

NA

Esmolol Bolus: 300–
500 mg/kg IV for 
1 min
Infusion: 
25–50 mg/kg/min 
up to a maximum 
dose of 250 mg/
kg/min (titration 
every 5–10 min)

Not 
recommended

NA

Class III 
agents

Amiodarone Bolus: 150 mg IV 
over 10 min, up to 
total 2.2 g in 24 h
Infusion: 1 mg/
min for 6 h and 
then 0.5 mg/min 
for 18 h

Oral load: 
800 mg orally 
twice a day until 
10 g total
Maintenance 
dose: 200–
400 mg orally 
daily

1.0–2.5 μg/mL
No efficacy proven for 
plasma concentrations 
<0.5 μg/mL
Serious toxicity risk for 
plasma concentrations 
>2.5 μg/mL

Sotalol Not recommended 80 mg orally 
twice a day, up to 
160 mg twice a 
day (serious side 
effects >320 mg/
day)

1–3 μg/mL (not of great 
value, usually 
monitored by QT 
prolongation with 
indication to reduction/
discontinuation if 
prolongation >15–20%)

Class I 
agents

Procainamide Bolus: 10 mg/kg 
IV over 20 min
Infusion: up to 
2–3 g/24 h

3–6 g orally daily 
fractionated in 
≥3 
administrations

4–12 μg/mL

Lidocaine Bolus: 1.0–
1.5 mg/kg IV, 
repeat dose of 
0.5–0.75 mg/kg 
IV up to a total 
dose of 3 mg/kg
Infusion: 20 μg/
kg/min IV

Not 
recommended

2–6 μg/mL

Mexiletine Not recommended 200 mg orally 
three times a day, 
up to 400 mg 
orally three times 
a day

0.6–1.7 μg/mL
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10.1.10  Catheter Ablation of Ventricular Arrhythmias

Current American Heart Association/American College of Cardiology/Heart 
Rhythm Society guidelines recommend CA in patients with sustained monomor-
phic VT refractory to AAD therapy, including patients with ES not due to a transient 
or reversible cause [28]. Radiofrequency CA has proven to be highly effective in 
controlling VT compared to AADs. However, a clear mortality benefit related to CA 
has never been reproduced [50, 58–60]. Outcomes after CA of VT in the setting of 
DCM are heterogeneous and generally poorer compared to ischemic cardiomyopa-
thy (Table 10.2). Technically, comprehensive substrate-based ablation approaches 

Table 10.2 Principal studies assessing the role of VT ablation in dilated cardiomyopathy

Study

Number 
of 
patients Age

Baseline 
LVEF 
(%)

Epicardial 
procedures 
(%)

Amiodarone at 
time of 
procedure (%)

VT 
recurrence, 
%

Follow-up, 
months

Hsia et al. 
2003 [61]

19 61 ± 16 34 ± 11 0 63 58 22 ± 12

Soejima 
et al.  
2004 [20]

28 54 ± 14 30 ± 11 29 43 36 9 ± 9

Cano et al. 
2009 [62]

22 56 ± 13 30 ± 13 100 59 29 18 ± 7

Nakahara 
et al.  
2010 [63]

16 59 ± 11 27 ± 12 75 88 50 15 ± 13

Schmidt 
et al.  
2010 [64]

16 57 ± 11 32 ± 8 94 69 47 12 (median)

Arya et al. 
2010 [65]

13 57 ± 18 33 ± 9 24 – 38 23 (median)

Haqqani 
et al.  
2011 [66]

31 59 ± 12 30 ± 14 45 74 32 20 ± 28

Piers et al. 
2013 [67]

45 60 ± 16 44 ± 14 64 42 53 24 (median)

Dinov et al. 
2014 [68]

63 59 ± 13 34 ± 11 30 33 59 12

Oloriz et al. 
2014 [69]

87 – – 74 – 51 18 (median)

Dinov et al. 
2015 [70]

102 59 ± 15 33 ± 12 28 – 56 24

Tung et al. 
2015 [59]

966 – – – – 32 12

Yu et al.  
2015 [71]

73 – – – – 60 6

Muser 
et al.  
2016 [58]

282 59 ± 15 36 ± 13 38 59 31 48 (median)
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are related to better outcomes with long-term recurrence rates as low as 30% in 
experienced centers [58, 72].

Patients with advanced HF or ES are a high-risk group in which recurrent VT 
may simply represent a marker of worsening HF status, with limited possibility for 
achieving long-lasting arrhythmia control. In this setting, even if not able to directly 
improve survival, CA can still result in improved quality of life by reducing the 
number of ICD therapies and the need for AADs. In a large series of 193 patients, 
acute hemodynamic decompensation (AHD) occurred in 11% of subjects and was 
significantly related to increased mortality at follow-up (50% mortality after a mean 
follow-up of 21 months vs. 11%) [73]. In the same study, logistic regression analy-
sis identified eight predictors of AHD which formed the PAINESD risk score, 
namely, chronic obstructive pulmonary disease (five points), age >60 years (three 
points), general anesthesia (four points), ischemic cardiomyopathy (six points), 
NYHA functional class III or IV (six points), ejection fraction <25% (three points), 
presentation with VT storm (five points), and diabetes mellitus (three points) 
(Fig. 10.1) [73]. The predictive value of this score in identifying patients at high risk 
of adverse procedural outcomes has been subsequently validated in independent 
studies and, more recently, in a large international multicenter VT ablation registry 
[74]. It has been recently reported how patients undergoing VT ablation and consid-
ered at high risk on the basis of PAINESD score (PAINESD ≥15) showed a substan-
tial mortality benefit if treated with preemptive mechanical hemodynamic support 
(MHS) highlighting its potential role as bedside tool to select patients who may 

PAINESD RISK SCORE

VARIABLE

Pulmonary disease [chronic obstructive] – COPD

Age >60 years

Ischemic cardiomyopathy

NYHA class III or IV

Ejection fraction <25%

Storm [VT]

Diabetes mellitus

Anesthesia [general]

SCORE

5

3

6

6

3

5

3

4

Incidence of AHD
All variables included

%

25

30

20

15

10

5

0
T1 (<10 points) T2 (10-16 points) T3 (≥17 points)

Incidence of AHD
Excluding the variable 
“general anesthesia”

%

25

30

20

15

10

5

0
T1 (£8 points) T2 (9-14 points) T3 (≥15 points)

Fig. 10.1 Schematic representation of the PAINESD risk score to predict acute hemodynamic 
decompensation (AHD) during catheter ablation of ventricular tachycardia in patients with struc-
tural heart disease (Reproduced with permission from Santangeli et al. [73])
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mostly benefit by advanced HF management and prophylactic implantation of a 
MHS device to reduce the risk of AHD and improve post-procedural outcomes.

10.1.11  Characteristics of the Arrhythmogenic Substrate and Its 
Impact on Catheter Ablation Approach

The electrophysiologic substrate of sustained VT in the setting of structural heart 
disease is usually represented by scar-related reentry, and the destruction of this 
substrate can potentially prevent VT (Fig.  10.2). The EAM substrate typically 
involves the basal perivalvular region of the LV and the interventricular septum with 
a high prevalence of midmyocardial or subepicardial substrates. Two typical scar 
patterns (anteroseptal and inferolateral) are found in up to 90% of patients with 
DCM and VT [66, 76]. Two VT morphologies are usually seen in presence of 
anteroseptal substrate: RBBB with inferior axis and positive concordance through-
out the precordial leads or LBBB with inferior axis and early (≤V3) precordial 
transition (Figs. 10.3 and 10.4) [76]. Occasionally, VT arising from the septum may 
also present a characteristic precordial transition pattern break in V2 with a pre-
dominant R wave in V1 and V3 but an abrupt loss of the R wave in lead V2 due to 
an exit close to the anterior interventricular sulcus (opposite to lead V2) [66, 77]. A 
predominant inferolateral substrate can instead be identified in about half of the 

Fig. 10.2 Classic figure-of-eight reentry circuit as described by Stevenson et al. [75]. Blue regions 
represent areas of dense scar not excitable during tachycardia. The activation wave front propa-
gates around two lines of conduction block sharing a central common isthmus. Bystander path-
ways can be attached to any point in the circuit and represent areas of tissue activated by the wave 
front but not playing an active role in the reentrant circuit
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patients, and, in the majority of them (about 60%), the critical VT sites are located 
on the epicardium. These patients typically present VTs of RBBB morphology with 
right superior axis and late (≥V5) precordial transition (Fig. 10.5) [76]. The distinc-
tion between these two patterns is of great clinical value in terms of both procedural 
planning and outcomes. In patients with a predominant anteroseptal substrate, an 
epicardial approach is largely unnecessary, and the complex local anatomy (i.e., 
proximity to coronary vessels, presence of epicardial fat) usually limits the possibil-
ity to perform CA. Conversely, an epicardial approach is often required to achieve 
VT control in patients with a predominant inferolateral pattern. Even if epicardial 
coronary vessels and the phrenic nerve may obstacle epicardial CA in patients with 
inferolateral substrate, these patients typically have a more favorable outcome (75% 
vs. 25% VT-free survival at 1.5-year follow-up) and a lower need for redo proce-
dures (7% vs. 59%) compared to patients with anteroseptal substrate [69]. In patients 
with septal VTs, the intramural location of the substrate can be difficult to address 
and may require sequential LV and right ventricular (RV) CA as well as the use of 
high RF energy potentially leading to collateral injury of the conduction system. A 
series of different approaches like bipolar RF ablation, high- intensity focused ultra-
sound, retractable needle ablation, and intracoronary ethanol ablation have been 
described to overcome the aforementioned limits, but none of them is currently 
available in routine clinical practice.

A variety of criteria can be used to address the need for epicardial mapping/abla-
tion: (1) a 12-lead ECG of the VT suggesting an epicardial origin; (2) evidence of 
epicardial substrate on imaging studies (i.e., magnetic resonance, intracardiac echo-
cardiography); (3) a unipolar voltage abnormality (<8.3 mV) in the presence of no 
or minimal bipolar (<1.5 mV) abnormality; and finally, failure of endocardial abla-
tion (either early VT recurrence or persistent inducibility of clinical VT). Epicardial 
ablation approach is usually associated with a higher incidence of complications; 

VT#1
I

II

III
aVR

aVL

aVF

V1

V6

VT#2 VT#3 VT#4a b

Fig. 10.3 Endocardial bipolar electroanatomic maps of a patient with multiple ventricular tachy-
cardias (VT) arising from the interventricular septum who underwent extensive ablation from both 
the left ventricular (a, red dots) and right ventricular (b, light blue overlaid on LV septum) side of 
the septum
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VT#1

I

II

III
aVR

aVL

aVF
V1

V6

VT#2 VT#3

I

II

III

363 msec
165 BPM

9:43:52 PM 9:43:53 PM

aVR

aVL

aVF

V1

V6

a

ed

b

c

Fig. 10.4 Example of a 60-year-old lady with idiopathic dilated cardiomyopathy and left ven-
tricular (LV) ejection fraction of 30% presenting with multiple ventricular tachycardias (VT) with 
both left bundle and right bundle branch morphology and inferior axis (a) consistent with an origin 
from the interventricular septum. Electroanatomic voltage mapping showed the presence of a 
small bipolar (b) and a larger unipolar (c) voltage abnormality involving the anterior septum. 
Extensive septal substrate ablation was performed from both the right and left side of the septum 
(b–d, red dots) targeting sites showing late potentials (d, red arrow) and long stim to QRS (e)

moreover, in a substantial proportion of cases (about 30%), even if critical VT sites 
are found on the epicardial surface, CA cannot be safely performed due to close 
proximity of epicardial coronary vessels and left phrenic nerve or presence of epi-
cardial fat. Several ECG features have been correlated to epicardial VT origin like 
wide QRS complexes (shortest RS complex in precordial leads ≥121  ms), slow 
initial upstroke of the QRS complex “pseudo delta wave” ≥34  ms, intrinsicoid 
deflection time ≥85  ms, and maximum deflection index (shortest QRS onset to 
maximum precordial deflection/QRS duration) ≥0.55 (Fig. 10.6) [78].
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0.00 mV Uni 8.30 mV 0.00 mV

0.50 1.00

Bi 15.96 mV Late Potentials
Pre Ablation

EGM

ECG

EGM

ECG

LV Endocardial Unipolar map Epicardial Bipolar map

Ablation
Catheter

Post Ablation

a b c

Fig. 10.5 Example of endocardial (a) and epicardial (b and c) substrate modification in a patient 
with minimal endocardial substrate and typical inferolateral epicardial substrate. Black dots (b and 
c) indicate abnormal electrograms. Coronary angiography was performed to confirm safe distance 
of the ablation sites on the epicardium from the major coronary vessels (Reproduced with permis-
sion from Muser et al. [58])

10.1.12  Role of ICD in DCM

Since the beginning of this century, many studies evaluated the role of ICD for pri-
mary prevention of SD in patients with DCM. Despite a striking reduction of SD 
was evident in most cases, total mortality was not significantly reduced in all trials 
with the exception of the COMPANION study, comparing resynchronization ther-
apy (CRT-P) only with resynchronization therapy + ICD (CRT-D).

Mortality rate in nonischemic heart disease is lower than in ischemic heart dis-
ease (5.4% per year vs. 11.3% per year, respectively) [79], and this could partially 
explain why the absolute mortality reduction in patients with LV dysfunction of 
nonischemic origin is less evident [79]. In addition, nonischemic heart disease is not 
a synonymous of DCM: in unselected population with “nonischemic” HF, patients 
with other etiologies (hypertension, valvular heart disease, unrecognized myocardi-
tis) have been included. The risk of death for other reasons (HF or noncardiac 
causes) can be not negligible, especially in older patients with other comorbidities, 
so the benefit of ICD could have been weakened by the competing risk due to other 
causes of death. Therefore, it is not surprising that in nonischemic patients, a signifi-
cant effect on total mortality can be observed only in patients less likely to die for 
reasons different from SD (as young patients without severe heart failure symp-
toms) [25].

Nevertheless, the 2015 European Society of Cardiology (ESC) [27] Ventricular 
Arrhythmia Guidelines and the 2016 ESC Heart Failure Guidelines [80] give a 1B 
recommendation, while the 2017 AHA/ACC/HRS Guidelines give a 1A recommen-
dation for ICD implantation for primary prevention in patients with nonischemic 
etiology [28].
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