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Congestive heart failure (HF) is a progressive affliction defined as
the inability of the heart to sufficiently maintain blood flow. Ven-
tricular arrhythmias (VAs) are common in patients with HF, and
conversely, advanced HF promotes the risk of VAs. Management of
VA in HF requires a systematic, multimodality approach that com-
prises optimization of medical therapy and use of implantable
cardioverter-defibrillator and/or device combined with cardiac re-
synchronization therapy. Catheter ablation is one of the most
important strategies with the potential to abolish or decrease the
number of recurrences of VA in this population. It can be a curative
strategy in arrhythmia-induced cardiomyopathy and may even save
lives in cases of an electrical storm. Additionally, modulation of the
autonomic nervous system and stereotactic radiotherapy have been
introduced as novel methods to control refractory VAs. In patients
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with end-stage HF and refractory VAs, an institution of the mechan-
ical circulatory support device and cardiac transplant may be
considered. This review aims to provide an overview of current evi-
dence regarding management strategies of VAs in HF with an
emphasis on interventional treatment.
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Introduction
Heart failure (HF) is a clinical syndrome characterized by
typical symptoms and signs caused by structural and/or func-
tional cardiac abnormalities, resulting in reduced cardiac
output and/or elevated intracardiac pressures at rest or during
stress.1 Multiple studies have shown that a high proportion of
deaths among patients with HF occur suddenly owing to ven-
tricular arrhythmias (VAs).2,3 This is especially true for sub-
jects with milder symptoms.4 Progress in the pharmacologic
treatment of HF over the last 2 decades has improved or de-
layed the progression of cardiovascular disease and reduced
the annual rate of sudden cardiac death (SCD). However,
the risk of arrhythmic events remains. In this respect, the
only effective protection against SCD is provided by implant-
able cardioverter-defibrillators (ICDs). These devices are
effective in preventing bradycardia and abolishing poten-
tially lethal VAs, in both primary and secondary prevention.
However, ICDs do not prevent the occurrence of VAs.
Recurrent VAs may lead to frequent appropriate shocks
that require complex treatment. This includes pharmacolog-
ical therapy, catheter ablation, and other treatment to
minimize the risk of shocks. This review aims to provide
an overview of current evidence regarding management
strategies of VAs in HF with emphasis on interventional
treatment. Although half of the patients with HF have a
preserved ejection fraction (EF), there is no proven treatment
by ICD for this population, and this review will focus mainly
on patients with HF and reduced EF.
The interplay between VAs and HF
There is a complex interplay between HF and VAs.While HF
can trigger arrhythmias and underlying heart disease forms
an arrhythmogenic substrate, VAs may, in turn, accelerate
HF.5 The structural changes that occur in patients with HF
comprise replacement fibrosis, regional ventricular hypertro-
phy, and changes in myocyte mechanical and electrical
function.6 Such a substrate is further modulated by neurohor-
monal activation, metabolic adaptation, and response to the
neurohormonal blockade.

In some studies, the occurrence of appropriate shock for
sustained VAs was associated with a significant increase in
pump failure death.7 It was unclear whether the shocks
were only a marker of disease progression or the cause of
the adverse outcome. In the ATITUTIDE study,8 the question
was answered, as the mortality risk was associated with un-
derlying rhythm rather than the shock therapy itself. There
was no significant difference in survival between no shocks
and inappropriate shocks. The mechanisms owing to which
VAs lead to the progression of HF are unclear, but it has
been proposed that VAs may result in delayed recovery of
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KEY FINDINGS

- Management of ventricular arrhythmias (VAs) in heart
failure requires a systematic, multimodality approach.

- Besides optimal medical therapy, implantable
cardioverter-defibrillators remain the key component
for secondary and primary prevention of sudden cardiac
death.

- In patients with recurrent VAs, catheter ablation effec-
tively decreases arrhythmia burden and represents
life-saving therapy in patients with electrical storm or
incessant VAs.

- Novel therapeutic modalities are currently under evalu-
ation to control otherwise refractory VAs.
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myocardial function through the metabolic stunning.5

Another piece of evidence that shocks per se are not harmful
was provided by the SIMPLE trial,9 which documented that
ICD shocks during implant testing did not significantly in-
crease the rate of adverse events.

Over time, large HF trials have documented that pharma-
cological treatment reduces both pump failure deaths and
SCD. Thus, therapies that lead to the reversal of HF can
reduce the incidence of VAs. On the other hand, it was shown
that although resynchronization therapy improves HF symp-
toms and leads to reverse remodeling, it did not reduce the
SCD and incidence of VAs.10,11 In the recent analysis of
the RAFT trial, resynchronization therapy decreased the inci-
dence of VAs only in patients with primary prophylactic indi-
cation, but not in those with secondary indication.12

Similarly, several studies have identified a very high preva-
lence of VAs after left ventricular assist device (LVAD)
insertion.13,14 This occurs despite the improvement in HF
that can be achieved with this therapy, mainly in patients
with a preimplantation history of ventricular tachycardia
(VT). Thus, it seems that improving hemodynamics in pa-
tients without previous history of VA delays the progression
of arrhythmogenic substrate. But once the arrhythmogenic
substrate is present, the hemodynamic benefit no longer pre-
vents the occurrence of VAs.
Pharmacological therapy
For long-term management of HF, guidelines-directed med-
ical treatment is crucial.1 The treatment should include
angiotensin-converting enzyme inhibitors, beta-blockers
(BBs), and mineralocorticoid receptor antagonists. Of these,
BBs and mineralocorticoid receptor antagonists have been
shown to prevent SCD.15,16 In the PARADIGM-HF trial,17

angiotensin neprilysin inhibitors were shown to reduce car-
diovascular death and hospitalization. Concerning VAs,
angiotensin neprilysin inhibitors were also shown to lower
the incidence of SCD by 20% and are currently recommen-
ded in HF with reduced EF.
Antiarrhythmic drugs (AADs) are mainly used as adjunc-
tive therapy to manage arrhythmias, especially in patients
receiving ICD therapies. Until now, no AAD has demon-
strated a reduction in all-cause mortality. Moreover, most
AADs have a negative inotropic effect that can lead to the
worsening of hemodynamic status. Class I drugs have been
shown to increase mortality in structural heart disease owing
to the proarrhythmic action.18 However, it should be noted
that quinidine has been recently proposed for the treatment
of polymorphic VAs in patients with ischemic heart disease19

and also as a bail-out therapy for patients with otherwise re-
fractory VAs.20

Amiodarone as a class III drug is currently used as the pri-
mary drug for the treatment of VTs in advanced HF. When
combined with BB, it has been shown to reduce the risk of
VAs compared with BB alone and with sotalol.21 A system-
atic review and meta-analysis of 8 trials22 evaluating the ef-
fect of AADs showed that amiodarone significantly
reduced appropriate ICD interventions (odds ratio [OR]
0.3, P, .001), while sotalol did not have a significant effect
(OR 0.83, P5 .59). However, it must be noted that amiodar-
one is associated with a 2- and 5-fold increase risk of pulmo-
nary and thyroid toxicity,23 potentially increasing
mortality.22 If VAs occur despite amiodarone therapy, mex-
iletine can be used as an adjunct, although catheter ablation is
favored in this setting.24

In some specific diseases such as sarcoidosis25 or myocar-
ditis,26 inflammation may play a crucial role in arrhythmo-
genesis, and immunosuppression therapy should be an
integral part of the treatment. The current expert consensus
recommendation is to consider assessment for active inflam-
mation (eg, by positron emission tomography scanning) and
administration of immunosuppression therapy with AADs, if
active inflammation is present.27 In patients with myocarditis
and active inflammatory phase, VAs are typically polymor-
phic and irregular, while monomorphic and regular VAs
are typical for healed myocarditis.28
Device therapy
ICDs are indicated to provide antitachycardia pacing or
deliver shocks in patients with a history of hemodynamically
significant sustained VAs or aborted SCD (class I indica-
tion).29 A meta-analysis of the 3 ICD trials30–32 comparing
ICD to medical therapy for secondary prevention of SCD
demonstrated a 28% mortality reduction. Although most
early trials have excluded patients with the presumed
reversible cause of VAs, these may still have a high
mortality rate.33 In a recent large observational study34 on
survivors of SCA attributed to a reversible and correctable
cause, subsequent ICD implantation was associated with
lower all-cause mortality except for aborted cardiac arrest
occurring in the presence of acute myocardial infarction.
Thus, except for patients with VAs during acute coronary
syndrome, the indication for an ICD for VAs occurring in
the context of potentially reversible cause should be decided
on an individual basis.
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For primary prevention of SCD, several randomized
controlled trials35–38 have defined the role of the ICD in
HF patients with a left ventricular EF �35%, and the
reported mortality reduction has recently been supported by
large contemporary prospective registries.39,40 The evidence
is most robust in patients with ischemic cardiomyopathy. The
results of the recent DANISH trial have indicated that the
mortality benefit may be less evident in contemporary pa-
tients with nonischemic cardiomyopathy.41 No reduction in
the primary endpoint of all-cause death for patients random-
ized to ICD therapy (OR 0.87, P 5 .28) was observed,
despite a significant decrease of SCD in the ICD group
(OR 0.50, P 5 .005). Potential explanations may be opti-
mized medical therapy, the high rate of cardiac resynchroni-
zation therapy, and low overall event rates. When grouped
with other trials in a meta-analysis,42 primary prevention of
SCD in nonischemic cardiomyopathy still demonstrated a
reduction in overall mortality with ICD therapy (OR 0.76,
P 5 .002). However, the benefit appears to be highest in
younger patients.

Although low EF (�35%) is now widely accepted for pri-
mary prevention ICD implantation, this practice has short-
comings. First, the risk of SCD has decreased in the last
years,43 and only a minority of ICD recipients will need the
therapy. Additionally, the absolute majority of SCD cases
occur not in patients with reduced EF, but in the low-risk pa-
tients with moderately reduced or preserved EF.2 Thus, novel
parameters for determining the risk of SCD are sought. These
include the presence of fibrosis as identified by late gadolin-
ium enhancement on cardiac magnetic resonance imaging,
specific genetic mutations (ie, lamin A/C, phospholamban,
truncating filamin, or SCN5A mutations), unexplained syn-
cope, family history of SCD, and others. The goal is to estab-
lish a personalized assessment of the individual risk. This is
the aim of the currently ongoing large PROFID project44 sup-
ported by an EU grant. Whether this approach will result in
improved prevention of SCD is to be elucidated.

It is important to emphasize that appropriate program-
ming for arrhythmia detection and therapy is also critical
for the reduction of burden of ICD therapies and improve-
ment of patient outcome.45,46 The strategies that effectively
reduced shocks and improved mortality included prolonged
and high rate detection rate, use of supraventricular/ventric-
ular tachycardia discrimination algorithms, multizone pro-
gramming, and systematic use of antitachycardia pacing.
The evidence is more robust for primary rather than for sec-
ondary prevention indications. Although infrequently, ICD
implantation may be adversely affected by severe complica-
tions. These include lead fractures, inappropriate therapies,
and device infections. To address problems related to trans-
venous leads, a subcutaneous ICD (S-ICD) is now widely
available. S-ICD has no intravascular lead and can therefore
not deliver antitachycardia pacing. In a recent PRETORIAN
trial, noninferiority of S-ICD to transvenous ICD for the pri-
mary endpoint of device-related complications and inappro-
priate shocks was demonstrated.47 S-ICD may therefore be
used as an alternative to transvenous ICD when pacing,
antitachycardia pacing, or resynchronization therapy are
not required.

A different option represents the wearable external cardi-
overter-defibrillator.48 Although observational studies have
indicated benefit of this therapy, in the randomized VEST
trial49 in patients with low EF early after myocardial infarc-
tion, wearable cardioverter-defibrillator failed to reduce the
primary endpoint of arrhythmic death. Thus, the use of the
device seems to be appropriate only for select patients
deemed to be at high risk for SCD (eg, after extraction of in-
fected device during subsequent antibiotic treatment).

Finally, like any other product, ICDs and leads may be
subject to device malfunction and recall. Once identified,
the associated risks are classified depending on the chance
of a device failure and possible damage.50 Severe device mal-
functions requiring replacement are rather infrequent, and the
benefits of ICD therapy still outweigh the potential risks.
Catheter ablation
ICDs do not prevent VAs, and many patients will experience
symptomatic VA episodes leading to syncope or ICD shocks.
In this respect, catheter ablation proved to be highly effective
in the prevention of VAs.27 Historically, the method was
limited to selected VAs as bundle branch reentry VT51 or
mappable and tolerated VTs. However, the advent of electro-
anatomical mapping enabled mapping of the myocardial sub-
strate even in sinus rhythm. In addition, cool tip technology
improved the success of ablation by the creation of deeper le-
sions. This development resulted in a significant improve-
ment in the efficacy of catheter ablation. It is now
considered an effective treatment strategy for controlling
incessant VTs and electric storm, and for reducing VA
burden.27
Technique of catheter ablation
In patients with structural heart disease, most VAs are pri-
marily due to a scar-related reentry.52–54 Ablation strategies
vary depending on the underlying heart disease, the nature
of the arrhythmogenic substrate and its location, and the
hemodynamic tolerability of VA. The optimal target for
catheter ablation is “the protected isthmus”—a corridor of
surviving muscle bundles with slow conduction within a
scar area. In hemodynamically tolerated VAs, activation
and entrainment mapping are typically used to describe the
reentrant circuit and locate the target ablation site. During
monomorphic VT, the local ventricular electrogram at the
protected isthmus is characterized by mid-diastolic timing
and concealed entrainment without fusion with postpacing
interval matching the VA cycle length. However, the major-
ity of structural heart disease patients have unmappable VAs
and thus, activation and entrainment mapping are not
possible.55 Thus, the so-called “substrate mapping and modi-
fication” strategy (Figure 1) that comprises extended ablation
of the arrhythmogenic substrate was proposed.56–58

Although there is currently no standardized approach for
substrate-guided ablation, most existing strategies rely on



Figure 1 Substrate mapping using a multipolar catheter in a patient after previous anterior myocardial infarction.A: Bipolar voltage map of the left ventricle in
the right anterior oblique view. Voltage is color-coded, with violet representing healthy tissue and gray color dense scar. B:Activation map during sinus rhythm.
Blue color corresponds to the late activated regions and areas of late potentials (arrow). A set of ablation lesions encircling the anterior scar led to the elimination
of late potentials and suppressed ventricular tachycardia inducibility.
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elimination of abnormal tissue. Such is defined by a combi-
nation of lower bipolar/unipolar voltage and abnormal elec-
trogram characteristics (ie, fragmented, split, and late
electrograms). These abnormal electrogram features usually
represent slow or delayed activation, constituting surrogate
markers for potential VT circuits.27 The most commonly
used substrate-guided ablation strategies include core scar
isolation,59 late potential abolition,60 scar dechanneling,58

and scar homogenization.57 Some studies have shown a po-
tential benefit of preprocedural imaging to identify the extent
of the scar tissue and possibly even arrhythmogenic chan-
nels.61 Although noninducibility of VAs by programmed
stimulation after ablation is the most commonly used
endpoint,62 some studies demonstrated better long-term
outcome when complete elimination of abnormal electro-
grams on remapping is achieved.56 In the VISTA trial,
patients with tolerated VT were randomized to substrate-
guided ablation vs ablation targeting only clinical and stable
VT. The former, more extensive strategy was found to be su-
perior for prevention of VAs recurrences, while the risk for
complications remained comparable.

A portion of patients with HF may present with polymor-
phic VAs. These do not have a stable reentrant circuit, but
may be initiated by similar premature ventricular complexes
(PVCs). These commonly originate from the Purkinje
network, the outflow tract region, and right and left ventricu-
lar papillary muscles,63 and may serve as a target for catheter
ablation (Figure 2). Successful elimination of the triggering
ectopy was shown to effectively prevent recurrent VAs.64
Outcome of catheter ablation
The acute success rate in abolishing all VTs by ablation is re-
ported around 70%, and the mean long-term success rate of
VT ablation varies from 30% to 70%, depending on the
severity of the HF and underlying structural heart dis-
ease.65–67 The clinical outcomes of VT ablation are better
in ischemic heart disease as compared to nonischemic
cardiomyopathy.68,69 An analysis of 780 patients with VT
in nonischemic cardiomyopathy showed that the etiology
of cardiomyopathy is a significant predictor of outcome.
The best results were observed in arrhythmogenic right ven-
tricular cardiomyopathy, myocarditis, and dilated cardiomy-
opathy as compared to hypertrophic cardiomyopathy,
valvular heart disease, and sarcoidosis.70 This may be caused
by the difference in the characteristics and localization of ar-
rhythmogenic substrate in respect to the underlying heart dis-
ease. In patients with a postinfarction scar, the VT circuits are
dominantly located endocardially and amenable to endocar-
dial ablation. In patients with nonischemic cardiomyopathy,
the location of the arrhythmogenic substrate is more vari-
able,71,72 and epicardial involvement is more common. For
such cases, a technique of dry pericardial puncture has
been developed by Sosa and colleagues.73 This method
uses a specialized needle with blunted tip (Tuohy) and subxi-
phoid puncture of the pericardial sack in the absence of peri-
cardial fluid. In certain diseases (eg, arrhythmogenic right
ventricular cardiomyopathy), the use of epicardial access
(Figure 3) has dramatically improved the outcome.74 On
the other hand, the arrhythmogenic substrate is in some dis-
eases (eg, lamin A/C mutation) located intramyocardially,
and despite the use of combined endo/epicardial approach,
recurrences of VA are common.75 Another problem may be
the inability to get into the pericardial space owing to previ-
ous cardiac surgery or postinflammatory adhesions. Some
studies suggested that inaccessibility of the substrate can be
observed in up to 10% of cases. For such cases, various
bail-out strategies were proposed. These include transcoro-
nary arterial or venous alcohol ablation,76,77 bipolar abla-
tion,78 use of high-impedance irrigant,79 radiofrequency
needle ablation,80 and surgical ablation.81 At this time, all
of these techniques are used on an individual basis and can
be considered investigational. Recently, radiotherapy
(Figure 4), a standard oncology treatment for solid tumors,
has been evaluated for the treatment of VAs.82,83 Although
the concept of noninvasive ablation may look attractive and



Figure 2 Ablation of an electrical storm caused by recurrent episodes of polymorphic ventricular tachycardia/ventricular fibrillation (pVT/VF) in a patient after
inferior myocardial infarction. A: Multiple episodes of pVT/VF requiring repeated shocks. All episodes were triggered by monomorphic premature ventricular
contractions (triggering beat). B: The electrocardiogram morphology of the triggering beat. C: An electroanatomical voltage map of the left ventricle in the right
anterior oblique view. Themap shows localized scar in the posteroseptal region of the left ventricle; sites with conduction systemwere marked by yellow tags. The
triggering ectopy was localized to the border zone of the scar area (arrow). Elimination of the triggering ectopy suppressed the episodes of pVT/VF.
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the initially reported outcome is favorable, it must be empha-
sized that the biological effects of radiation in nonmalignant
myocardium are not fully understood, and many questions
regarding optimal target volume and dose are to be deter-
mined.

In patients with ischemic heart disease, several random-
ized trials24,84,85 have demonstrated that catheter ablation
prevents recurrent VA episodes and decreases the likelihood
of subsequent ICD shocks, but not mortality. Thus far, there
has not been a randomized controlled trial to compare cath-
eter ablation to AAD therapy as a first-line treatment. The
currently ongoing VANISH-2 trial (NCT02830360) is aimed
to examine this question. The timing of the ablation was eval-
uated in the BERLIN VT86 trial, where patients were ran-
domized for preventive ablation at the time of ICD
implantation or deferred ablation after the third appropriate
ICD shock. Although the study showed a reduction of
likelihood of appropriate ICD interventions, it failed to
reduce the composite endpoint of all-cause mortality and hos-
pitalization for symptomatic VAs or worsening HF. On the
contrary, the results of the PAUSE-SCD trial
(NCT02848781) were recently presented. The trial has ran-
domized patients to ICD implantation vs ICD implantation
and prophylactic VT ablation and has demonstrated a reduc-
tion of combined endpoint of VT recurrences, cardiovascular
hospitalization, and death (OR 0.58, P 5 .036). Other in-
sights that VA ablation may have benefits beyond arrhythmia
control come from observational studies. An international
VT ablation center collaborative group has analyzed catheter
ablation of VT in structural heart disease in 2061 patients and
showed 70% freedom from VT recurrence, with an overall
transplant and/or mortality rate of 15% at 1 year.87 Freedom
from VT recurrence was associated with improved
transplant-free survival, independent of HF severity.



Figure 3 Epicardial mapping and ablation in a patient with nonischemic cardiomyopathy.A:Cardiac magnetic resonance image with late gadolinium enhance-
ment located dominantly in the epicardial circumference of the left ventricle (LV). The endocardium is spared. B: Puncture of the epicardial space using percu-
taneous subxiphoid access. Tenting of the parietal pericardium is marked by a small amount of contrast media. C: Electroanatomical voltage map in the inferior
view. Large areas of late potentials (arrow) were located and abolished by radiofrequency ablation (red dots). RV 5 right ventricle.
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However, it should be noted that patients who did not have
recurrent VT after ablation in this retrospective analysis
were less sick than patients with VT recurrences, which illus-
trates the further need for randomized controlled trials.
Other adjunctive therapies
HF is associated with autonomic dysbalance in favor of sym-
pathetic upregulation and parasympathetic withdrawal that
correlates with the severity of HF and increases the risk of ar-
rhythmias. Autonomic modulation is another emerging ther-
apeutic strategy to modify the risk of VAs in HF. Multiple
techniques of autonomic modulation do exist. Stellate gan-
glion blockade involves the injection of local anesthetic un-
der ultrasound guidance into the left or bilateral stellate
ganglia.88 Thoracic epidural anesthesia89 uses the injection
of local anesthetics in thoracic epidural space. Both strategies
can be used as a temporary measure to control VAs until
more definitive treatment (eg, catheter ablation) is available.
Left cardiac sympathetic denervation involves thoracoscopic
or open surgical removal of the lower half of the left stellate
Figure 4 Stereotactic body radioablation for refractory ventricular tachycardia
voltage map of the left ventricle in the left lateral view. Despite endo-epicardial rad
anatomical map with planning computed tomography image with highlighted targ
and T2-T4 thoracic ganglia.90 Cardiac sympathetic denerva-
tion has been shown to reduce ICD shocks significantly in pa-
tients with otherwise resistant VT. Factors associated with
worse outcomes were advanced HF, slower VTs, and left-
sided-only denervation.
Specific clinical situations
Arrhythmia-induced/aggravated cardiomyopathy
One of the relatively frequent clinical scenarios is cardiomy-
opathy induced by frequent PVCs or runs of VT. It is essen-
tial to recognize this entity, as cardiomyopathy may be
reversed by the elimination of arrhythmia.91 Although the
pathogenesis related to this specific condition remains largely
unknown, clinical experience highlights several points. First,
the depressed left ventricular function has been observed
with frequent PVCs from all common anatomic regions of
origin. However, a higher risk of PVC-induced cardiomyop-
athy is observed for PVCs that lead to a higher degree of left
ventricular dyssynchrony (eg, originating from epicar-
dium).92 Second, the development of dysfunction appears
(VT) in patient with nonischemic cardiomyopathy. A: Electroanatomical
iofrequency ablation, VTs were still inducible. B: Integration of the electro-
et for radioablation (red color). C: Prescribed radiotherapy doses.



Figure 5 A:Ventricular bigeminy interfering with cardiac resynchronization therapy. The ectopic focus was successfully eliminated by catheter ablation on the
basal left ventricular septum, which restored biventricular pacing to 100% (B) and led to improvement of left ventricular ejection fraction.
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to be triggered by a certain threshold of PVCs, with a mini-
mum of 10% PVCs per day.93 Third, in some patients, the
reversal of the left ventricular function is incomplete, despite
complete elimination of PVCs.94,95

The latter scenario includes aggravation of preexisting left
ventricular dysfunction by frequent ectopy in patients with
heart disease. Progression of left ventricular dysfunction
can either be a direct consequence of PVCs, as in PVC-
induced cardiomyopathy, or be due to the interference of
PVCs with biventricular pacing in cardiac resynchronization
therapy patients (Figure 5). Several parameters were shown
to predict the improvement of left ventricular function after
the abolition of PVCs. These include smaller left ventricular
end-diastolic diameter, shorter intrinsic QRS duration, and
higher PVC burden.96 Additionally, cardiac magnetic reso-
nance imaging may be used to exclude subtle forms of struc-
tural heart disease.97 The presence of late gadolinium
enhancement suggests nonischemic cardiomyopathy with
frequent PVCs rather than PVC-induced cardiomyopathy.
The diagnosis of PVC-induced cardiomyopathy vs PVC-
aggravated cardiomyopathy can sometimes be confirmed
only after left ventricular EF improvement/normalization
(reverse remodeling) following the suppression of PVCs.

In some rare cases, a genetic cause of PVC-induced car-
diomyopathy and HF can be recognized. One of these clinical
entities is multifocal ectopic Purkinje-related premature con-
tractions, characterized by the presence of polytopic PVCs
(Figure 6), decreased LV systolic function, and increased
risk of SCD.98 The other monogenic disease that may mani-
fest as frequent PVCs associated with HF is Andersen-Tawil
syndrome.99 Owing to the multifocal nature of PVCs in these
diseases, radiofrequency catheter ablation is generally not
recommended. Conversely, treatment with flecainide, hydro-
quinidine, or amiodarone may suppress the ectopy and
improve systolic function.
Electrical storm
An electrical storm has been defined as 3 or more episodes of
sustained VA occurring within 24 hours, requiring either
antitachycardia pacing or cardioversion/defibrillation, with
each event separated by at least 5 minutes.100 Patients who
experience an electrical storm are prone to psychological
disorders, HF decompensation, and increased mortal-
ity.101,102 Electrical storm often manifests as a life-
threatening situation with electrical instability and VAs that
frequently recurs after multiple shocks or that is incessant
despite repeated termination attempts. Such a situation of
an ongoing electrical storm when only short periods of stable
rhythm can be achieved requires rapid intervention. A multi-
faceted approach is required for management, consisting of
ICD reprogramming when appropriate, AAD therapy, seda-
tion, catheter ablation, autonomic modulation, and mechani-
cal circulatory support (MCS). It must be emphasized that in
the context of an electrical storm, catheter ablation is often
life-saving therapy. It was shown that acute procedural suc-
cess of ablation in patients with an electrical storm is associ-
ated with a significant reduction in VT recurrence and
improved 1-year survival.103 Therefore, based on these data
and our own experiences,104 we believe that the threshold
for catheter ablation of recurrent VAs should be, in an expe-
rienced center, low. Earlier ablation could not only prevent
VAs in these patients, but also potentially improve long-
term survival.
VAs in advanced HF
Patients with advanced HF and otherwise refractory VAs
might be considered for cardiac replacement therapies, such
as heart transplant or long-term mechanical assist device.
When catheter ablation of VAs is considered in this popula-
tion, there is a risk of periprocedural hemodynamic decom-
pensation. The potential benefit of MCS in patients
undergoing VT ablation has been evaluated in multiple
observation series. Overall, MCS allows the possibility to
map during ongoing VT to better define the arrhythmia cir-
cuit with a higher chance of acute VT termination. Some
studies proposed scoring systems to predict the risk of acute
decompensation. One of them is called PAINESD and was
used to evaluate the prophylactic use of percutaneous support
to improve the outcome of catheter ablation in high-risk pa-
tients.105 In an observational study comparing patients with
a high and low risk score, prophylactic MCS device
placement was associated with a reduced risk of acute hemo-
dynamic decompensation and death/transplant during
follow-up without affecting VT-free survival. Rescue use



Figure 6 Resting electrocardiogram in a patient with multifocal ectopic Purkinje-related premature ventricular contractions (PVCs). The typical feature of
multifocal ectopic Purkinje-related PVCs is that the PVCs are very “narrow” and may be mistaken for aberrant conduction of premature atrial beats. The under-
lying mechanism is pathogenic mutations in the SCN5A gene, which leads to a gain of function of the sodium channel and hyperexcitability of the fascicular-
Purkinje system. The high burden of ventricular ectopy led to PVC-induced cardiomyopathy. The treatment with hydroquinidine suppressed the ectopy and
improved left ventricular ejection fraction.
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of MCS during ablation was, on the other hand, found to be
associated with a very highmortality rate.106 In a recent meta-
analysis107 that included 2465 patients, prophylactic MCS
was associated with improved survival compared to rescue
or no MCS treatment among patients suffering from an elec-
trical storm or those with high-risk PAINESD score. Howev-
er, the benefit of MCS for ablation of VAs was not
universally confirmed by other studies that showed higher
risk of complications and longer fluoroscopy and procedure
time associated with MCS.108,109 The potential explanation
may be that available studies were observational and
compared mostly percutaneous support for mapping during
VT vs mapping during VT without the support. There is no
real comparison of the use of percutaneous support for acti-
vation mapping vs substrate-based ablation in sinus rhythm.
Thus, a prospective randomized controlled trial is required to
Figure 7 Catheter ablation of recurrent ventricular tachycardia in a patient after i
the left ventricle in the right oblique view. Arrow marks the location of the inflow ca
in the left ventricle close to the inflow cannula. C: Position of the ablation cathete
identify if and in which patients periprocedural MCS will
impact clinical outcomes.

Another proposed scoring system is called I-VT.110 It
aims to predict 1-year recurrence and mortality after VT abla-
tion and uses parameters such as left ventricular EF, the pres-
ence of an ICD or cardiac resynchronization therapy device,
previous VT ablation, or electrical storm. The first 3 param-
eters were the best predictors of VT recurrence, while left
ventricular EF, previous VT ablation, and electrical storm
were identified as the best predictors of mortality.
Patients with LVAD
Implantation of LVAD currently serves as a bridge to trans-
plant or as destination therapy in patients with the most
advanced HF, including those with intractable VAs. On
mplantation of the left ventricular assist device. A: Electroanatomical map of
nnula. B: Fluoroscopic image with an ablation catheter inserted transseptally
r close to the inflow cannula shown by intracardiac echocardiography.
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one side, VAs are usually well tolerated, since LVADs main-
tain adequate cardiac output and prevent circulatory collapse.
However, sustained untreated VAs may worsen right ventric-
ular dysfunction and adversely affect patient outcome. VAs
pre- and post-LVAD implantation have been associated
with an increased risk of cardiovascular and all-cause mortal-
ity.111–113 The patients with a history of VAs before LVAD
implantation are at the highest risk of recurrent VAs
following LVAD implantation. Thus, perioperative
cryoablation at the time of LVAD implantation has been
suggested. Probably a more viable option is catheter
ablation of VA after LVAD implantation.13 Based on our
experience and several other observational studies, this abla-
tion has a high success rate with a good safety profile
(Figure 7). However, several specific considerations have
to be taken into account. Since the patients show no periph-
eral pulsation, ultrasound-guided vascular access is typically
used. Owing to the closed aortic valve, transseptal access is
the preferred strategy. Electromagnetic interference disturbs
the function of electroanatomic mapping systems with mag-
netic sensor, and intracardiac echocardiography may be very
useful to map the substrate close to the inflow cannula.
Conclusion
Management of VA in HF requires a systematic, multimodal-
ity approach that comprises optimization of medical therapy
and the use of ICD and/or device combined with cardiac re-
synchronization therapy. Catheter ablation is one of the most
important strategies with the potential to abolish or decrease
the number of recurrences of VAs in this population. It can be
a curative therapy in arrhythmia-induced cardiomyopathy
and may even save lives in cases of an electrical storm. Cath-
eter ablation may be used even in patients with VAs after im-
plantation of LVAD.
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