
CONGESTIVE HEART FAILURE (J LINDENFELD, SECTION EDITOR)

Catheter Ablation for Premature Ventricular Contractions
and Ventricular Tachycardia in Patients with Heart Failure

Saurabh Kumar & William G. Stevenson & Roy M. John

# Springer Science+Business Media New York 2014

Abstract Ventricular arrhythmias (VA) are a significant
contributor to morbidity and mortality in patients with
heart failure (HF). Implantable cardioverter defibrillators
are effective in reducing mortality, but do not prevent
arrhythmia recurrence. There is increasing recognition
that frequent premature ventricular contractions or repet-
itive ventricular tachycardia may also lead to new onset
ventricular dysfunction or deterioration of ventricular
function in patients with pre-existing HF. Suppression
of the arrhythmia may lead to recovery of ventricular
function. Catheter ablation has emerged as a safe and
effective treatment option for reducing arrhythmia recur-
rence and for suppression of PVCs but its efficacy is
governed by the nature of the arrhythmias, the underly-
ing HF substrate and the accessibility of the arrhythmia
substrates to ablation.
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Introduction

Heart failure (HF) afflicts an estimated 5.1 million Americans
over the age of 20 and is a leading cause of cardiac morbidity

and mortality [1]. Ventricular arrhythmias (VAs) are a signif-
icant contributor to adverse outcomes in patients with HF. VAs
and sudden death predominantly occur in the context of
reduced left ventricular (LV) systolic function. They are less
common in HF with preserved ejection fraction (EF) except
when associated with some genetic, infiltrative or inflamma-
tory cardiomyopathies [2••]. Rarely, frequent idiopathic pre-
mature ventricular contractions (PVCs) or repetitive non-
sustained ventricular tachycardia can cause a tachycardia-
mediated cardiomyopathy [3, 4]. Although, the risk of sudden
death is low in such cardiomyopathies, their recognition is
important as a potentially reversible cause of heart failure.

Implantable cardioverter defibrillators (ICDs) while highly
effective in terminating sustained ventricular arrhythmias and
reducing mortality, have no effect on the arrhythmia substrate
and recurrent shocks occur in approximately 20 % of patients
[5]. Shocks worsen quality of life and are associated with
progression of heart failure and increased mortality [5–7].
Beta-blockers and amiodarone are moderately effective in
reducing ICD therapies but drug intolerance and serious tox-
icities of amiodarone necessitate drug cessation in a quarter of
patients [8].

Catheter ablation has emerged as an effective treatment for
control of frequent ventricular tachycardia (VT) episodes and
can be life saving in cases of incessant VTor VTstorm [9–15].
For idiopathic VT or PVCs that worsen LV function catheter
ablation may offer a more effective option than available drug
therapy [16, 17].

Types of Ventricular Arrhythmias and Related
Mechanisms

The approach and outcomes of catheter ablation are dependent
on the nature of the arrhythmia substrate. The presenting
arrhythmia often suggests the VA mechanism and location
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of the arrhythmia substrate. Monomorphic PVCs or VT have
the same ventricular activation sequence from beat to beat.
The QRS morphology is a clue to its origin. The majority of
sustained monomorphic VTs (MVT) are due to scar related re-
entry. The scars can remodel over time producing recurrent
VT after years of stability. A single large ventricular scar can
support multiple VT circuits. Once VT occurs, up to 50 % of
patients will experience a recurrence within 2 years [13].

In approximately 8–10% of patients, MVToriginates from
the Purkinje system due to automaticity or re-entry [18]. A
specific form of VT known as bundle branch reentry is seen
typically in patients with structural heart disease, and inter-
ventricular conduction delay or left bundle branch block on
the sinus rhythm ECG. The reentry wavefront propagates
antegradely down the right bundle, then through the septum
and retrogradely back up the left bundle to complete the
reentrant circuit. VT has a left bundle branch block-like con-
figuration, but can also occur in reverse, creating a right
bundle branch block-like VT. Although catheter ablation of
the right bundle is curative, most patients have other scar-
related VTs as well [19].

Idiopathic VT, so termed because of the absence of a clear
disease related substrate, often manifests as monomorphic
PVCs or repetitive MVT and tends to have a focal origin.
They are typically provoked by adrenergic stimulation and
triggered automaticity is the likely mechanism. The
right and left ventricular outflow tracts are the most
common sites followed by regions around a valve an-
nulus or within a papillary muscle [20••]. When they
are present in association with LV dysfunction, it is
often difficult to know if an idiopathic VA is contribut-
ing to ventricular dysfunction or is not idiopathic, but a
consequence of ventricular disease. A specific form of
idiopathic LV VT due to re-entry within the fascicles is
responsive to verapamil and amenable to ablation, but is
rare in patients with heart failure [21].

Polymorphic VT is characterized by beat-to-beat variation
in QRS morphology due to altering ventricular activation
sequences and frequently degenerates into ventricular fibrilla-
tion. These arrhythmias are usually triggered by acute myo-
cardial ischemia, electrolyte disturbances, or repolariza-
tion abnormalities such as QTc prolongation induced by

drugs used in HF patients (e.g., class 3 antiarrhythmic
drugs). Patchy areas of myocardial fibrosis, more com-
mon in the non-ischemic cardiomyopathies, can theoret-
ically lead to spiral wave break up of a re-entrant VT
producing a polymorphic VT.

Rarely, monomorphic PVCs of Purkinje origin can trigger
ventricular fibrillation (Fig. 1) often presenting with VT
storms (three or more VT or ventricular fibrillation [VF]
episodes in 24 hours). Although initially described in patients
without structural heart disease (idiopathic VF), this can also
occur in patients with heart failure, and cardiomyopathies,
including amyloidosis [22–24].

Patient Selection for Ablation andGeneral Considerations

Indications for catheter ablation in ventricular arrhythmias are
shown in Table 1. Recent advances in imaging, ablation
techniques and hemodynamic support have allowed for safe
and effective ablation even in unstable patients. Hence, abla-
tion should be an early consideration in the course of recurrent
VT that triggers symptoms or ICD shocks. However, patient
selection should consider careful balancing of risks and ben-
efits. Appropriate expertise and facilities including cardiac
surgical back up are needed for optimal success while mini-
mizing procedural complications [25].

In patients with VAs, reversible aggravating factors such as
ongoing ischemia, drug toxicity, and electrolyte disturbances
must be corrected. Pre-procedural optimization of congestion
and hypoperfusion is crucial [2••]. Right ventricular (RV)
function is a key predictor of prognosis after VT ablation in
HF patients [26]. Despite a low LV ejection fraction, patients
with recurrent VTwith preserved RV function without elevat-
ed pulmonary pressures have a favorable prognosis after VT
ablation. The presence of RV dysfunction and elevated pul-
monary pressures carries a higher mortality risk [26].

Prior to endocardial ablation, ventricular thrombus should
be excluded by echocardiography. The presence of concomi-
tant atrial fibrillation without sufficient period (>4 consecutive
weeks) of therapeutic anticoagulation, must prompt consider-
ation of transesophageal echocardiogram to exclude a left
atrial appendage thrombus, as cardioversion of VT during

Fig. 1 Monomorphic PVCs triggering recurrent idiopathic ventricular
fibrillation (VF). Telemetric trace of a 34 year-old male with no detectable
structural heart disease or ECG abnormalities, is shown. Following
successful resuscitation from an out-of-hospital cardiac arrest, recurrent
VF was refractory to intravenous amiodarone and lidocaine. Short-

coupled monomorphic PVCs are seen prior to onset of ventricular fibril-
lation (arrows). At electrophysiological study, earliest activation during
PVCs was detected along Purkinje fibres (premature beats preceded by
Purkinje potentials) in the right ventricular anterior septum. Ablation to
abolish PVC prevented recurrence of VF.
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ablation may revert the patient to sinus rhythm with height-
ened risk of thromboembolic events. General anesthesia is
increasingly used in our laboratory during ablations for scar
related VT. It has the advantage of keeping the patient still
during long procedures, facilitates stable electro-anatomic
mapping and is preferred when epicardial access is necessary
[27••]. Hemodynamic support such as an intra-aortic balloon
pump, or ventricular assist device may permit longer periods
of mapping during hemodynamically unstable VTs by main-
taining end-organ perfusion, [28] but are associated with
increased risk of vascular complications (12 %) [29].

As most patients with systolic heart failure will have an
ICD, the majority of VAs are documented on intracardiac

electrograms (EGMs) recorded from the pacing and
defibrillating electrodes. These EGMs can provide clues to
the nature of the arrhythmia and are important to exclude the
possibility of unnecessary ICD therapy due to atrial fibrillation
or sinus tachycardia at rates above the VT detection rate.
Long-short intervals from some pacing algorithms, such as
in the minimal ventricular pacing mode, initiate VT in some
patients and can be corrected by reprogramming [30]. The
presence of a uniform PVC initiating VF can be a clue to
triggers from the Purkinje fibers (Fig. 1). Intracardiac EGMs
also allow documentation of the VT cycle length and the
response to anti-tachycardia pacing may be helpful in
assessing the nature of the arrhythmias.

Whenever possible, a 12 lead ECG recording of spontane-
ous VT (termed a clinical VT) should be obtained as the QRS
morphology suggests the VTorigin, which facilitates planning
of the initial mapping approach. In lead V1 a right bundle
branch block-like configuration indicates likely LVorigin, and
a left bundle branch block-like configuration indicates a likely
septal or RV origin. Superior and inferior frontal plane axes
indicate exit from the inferior or anterior walls respectively.
Dominant R or S waves in V3/V4 indicate a basal or apical
origin respectively [20••, 27••]. These guidelines are not al-
ways reliable, particularly in the presence of extensive scars.
In non-ischemic cardiomyopathy, QS complexes in lead I
during VT often indicate that VT arises from a circuit in the
subepicardium of the basal lateral LV. These criteria are not
reliable in ischemic heart disease [27••].

Approaches to Ablation in Structural Heart Disease

Programmed ventricular stimulation should be performed first
to induce the arrhythmias to unequivocally confirm the diag-
nosis, assess the QRS morphology, and define an endpoint for
ablation. If non–inducible or the induced arrhythmia is hemo-
dynamically unstable, a substrate based mapping and ablation
approach is generally used. If the VT is inducible and hemo-
dynamically tolerated, the reentrant circuits can be character-
ized using mapping techniques and ablation applied to termi-
nate VT, providing confirmation that the ablation target is
causing the VT.

In substrate-based approaches to mapping and ablation,
scar regions are defined during sinus or paced rhythm by
creating voltage maps of the area of interest. There is a close
correlation of endocardial and epicardial scar with low EGM
voltage (bipolar EGM less than 1.5 mV on the endocardium
and 1.0 mV for the epicardium) [31]. Endocardial bipolar
EGMs do not reliably identify intramural or epicardial scar,
but these can often be detected from analysis of unfiltered or
minimally filtered unipolar EGMs, as these have a broader
“field of view” [32, 33].

Table 1 Indications for catheter ablation for ventricular arrhythmias

In the presence of structural heart disease

Catheter ablation is recommended for:

1. Symptomatic sustained monomorphic VT including those treated
by an implanted defibrillator that recurs despite antiarrhythmic
drugs or when drugs are not tolerated

2. Control of incessant monomorphic VTor VTstorm that is not due
to a reversible cause

3. Frequent PVC or VT that is deemed to be causing ventricular
dysfunction

4. Bundle branch re-entrant VT or inter-fascicular VT

5. Recurrent polymorphic VT of VF refractory to antiarrhythmic
drugs when there is a suspected trigger that can be targeted for
ablation

Catheter ablation should be considered for:

1. Patients with recurrent monomorphic VT and LVEF > 30–35 %
even if they have not failed prior antiarrhythmic therapy or as an
alternative to long-term amiodarone therapy

In the absence of structural heart disease

Catheter ablation is recommended for:

1. Symptomatic monomorphic VT

2. Drug refractory monomorphic VT or when antiarrhythmic drugs
are not tolerated

3. Recurrent sustained polymorphic VTorVF that is unresponsive to
antiarrhythmic medications when there is a suspected trigger that
can be targeted for ablation

Contraindications to catheter ablation for ventricular arrhythmias

1. Presence of a mobile ventricular thrombus (epicardial ablation or
alcohol ablation should be considered)

2. For asymptomatic PVCs or non sustained VT that is not causing
or contributing to ventricular dysfunction

3. VT due to transient reversible cause or torsade de Pointes VT
related to prolongation of the QT interval

VT ventricular tachycardia, PVC premature ventricular complexes, VF
ventricular fibrillation; LVEF left ventricular ejection fraction

(Adapted from: Aliot EM, Stevenson WG, Almendral-Garrote JM, et al.
EHRA/HRS Expert Consensus on Catheter Ablation of Ventricular Ar-
rhythmias: developed in a partnership with the European Heart Rhythm
Association (EHRA), a Registered Branch of the European Society of
Cardiology (ESC), and the Heart Rhythm Society (HRS); in collaboration
with the American College of Cardiology (ACC) and the American Heart
Association (AHA). Europace 2009;11:771–817) [19]
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In addition to defining the area of low voltage, specific
features of recorded EGMs allow definition of the reentry
substrate. Multicomponent, fractionated EGMs, split or late
potentials (occurring after the QRS complex) indicate asyn-
chronous activation of myocyte bundles with intervening
fibrosis causing slow conduction [34]. Pacing in the area of
interest identifies excitable tissue in the scar, areas of slow
conduction characterized by long stimulus to QRS duration
and a paced QRSmorphology that approximates the morphol-
ogy of the VTsuggesting close proximity to the VTcircuit exit
[35]. Ablation is performed during stable sinus or paced
rhythm, targeting these abnormal areas. Our approach is to
render the tissue electrically un-excitable to pacing.

Mapping during an induced or spontaneous clinical VT
offers the advantage of potentially identifying a critical isth-
mus in a re-entrant circuit where ablation can abolish VTwith
a limited area of ablation. During VT critical isthmuses often
show EGMs that precede surface QRS (presystolic or diastol-
ic) and pacing at a rate slightly faster than the VT rate can
often entrain the tachycardia, advancing it to the pacing rate
without changing its QRS morphology. Furthermore the in-
terval from the last paced complex to the first return cycle
(post pacing interval) approximates the tachycardia cycle
length. Analysis of these features can be used to refine the
ablation target site location. Ablation based on these criteria is
likely to terminate VT although in large scars, the isthmus
maybe broad and multiple ablations may be required to render
VT non-inducible [36]. Multiple inducible VTs due to multi-
ple reentry circuits are also common, requiring ablation in
more than one area or over a region. Substrate guided and VT
mapping approaches are often combined to address these scar
related VTs.

In approximately 5 to 15% of patients with coronary artery
disease, and more than a third of patients with non-ischemic
cardiomyopathy, scar-related VT circuits are located in the
subepicardium and cannot be ablated from the endocardium.
In the absence of pericardial adhesions from prior cardiac
surgery or pericarditis the epicardium can be accessed percu-
taneously for mapping and ablation. Epicardial ablation is
usually preceded by coronary angiography to make sure a
coronary vessel does not overly the ablation target, with risk
of coronary occlusion due to ablation [27••].

If clinical VT is inducible at the beginning of the procedure,
non-inducibility of such VT should be the minimum proce-
dural endpoint [27••]. Abolition of all inducible VTs has been
associated with a lower risk of VT recurrence and cardiac
mortality in some, but not all studies [11, 27••, 37, 38].
Location of arrhythmia substrate and the underlying disease
state affects the likelihood of success. Ablation is most suc-
cessful in conditions where potential re-entry channels can be
defined on the endocardium or epicardium (e.g., myocardial
infarction, arrhythmogenic right ventricular cardiomyopathy)
but is less successful for intramural circuits or epicardial

circuits in close proximity to coronary arteries [20••, 39–41].
Ablation failure is often due to inability to create transmural,
durable lesions or failure to reach intramural substrate (e.g,
intraventricular septum), or protection of the VT substrate by
close proximity to coronary arteries or the left phrenic nerve,
or by epicardial fat [20••].

Transcoronary ethanol ablation has been used in select-
ed patients when catheter ablation fails. A coronary vessel
supplying the VT substrate is identified for administration
of absolute ethanol. Limitations include failure to identify
a coronary target, potential for damage to large areas of
myocardium and administration of intravenous contrast
load in HF patients who may have pre-existing renal
impairment [42]. Surgical cryoablation is also an option
when catheter ablation fails and may allow separation of
an overlying coronary artery from epicardial substrate and
dissection through epicardial fat allowing successful abla-
tion [43, 44].

VTAblation in Specific Substrates

Ischemic Cardiomyopathy

Ventricular scar is present from prior myocardial infarction,
with ongoing remodeling, creating the anatomic substrate for
scar-related, often multiple, re-entrant VTs [19]. Challenges
for post infarct VTablation include: (i) inducibility of multiple
VTs (on average 3/patient due to separate reentry circuits or a
shared area of slow conduction with variable exits) [15, 19,
45]; (ii) likelihood of a broad reentry circuit isthmus (>2–
3 cm) [46]; (iii) hemodynamically unstable VTs [19]. Hence
substrate mapping is increasingly preferred to activation and
entrainment mapping alone for treatment.

Multicenter studies of catheter ablation in ischemic cardio-
myopathy show that at least one VT is abolished in 72–96 %
of patients and all inducible VTs eliminated in 38–72 % of
patients with 50–88 % of patients remaining VT free over a
mean follow up of >12 months and 30–100 % continuing on
previously ineffective AADs [19, 46–49]. VT episodes
are markedly reduced in the majority of patients [15].
Procedural mortality is approximately 3 % with 1 year
mortality of 9 to 18 % with most deaths attributed to
recurrent VAs or HF [15, 19, 20••, 27••].

Early performance of catheter ablation to prevent VT after
initial arrhythmia presentation in ischemic cardiomyopathy
patients has been studied in two randomized trials. Catheter
ablation with ICD compared to ICD alone reduced the likeli-
hood of recurrent VT, increased time to first VT recurrence,
and showed a trend to reduction in likelihood of electrical
storm, but the studies were too small to assess an effect on
mortality [13, 14].
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Non-ischemic Cardiomyopathy

Non-ischemic cardiomyopathy (NICM) is a heterogeneous
group of diseases including unknown, genetic LV cardiomy-
opathies (lamin A/C, Titin mutations), arrhythmogenic RV
cardiomyopathies (ARVC), inflammatory disease (sarcoid
heart disease, myocarditis) and hypertrophic cardiomyopathy
(HCM). Sustained monomorphic VT is due to scar mediated
re-entry in over 80 % of patients with the remainder being
focal in origin or due to bundle branch re-entry. Key differ-
ences compared to ischemic cardiomyopathy include: (i) gen-
erally smaller scars with multiple re-entrant VTs despite small
scar; (ii) predilection for anatomical location around the valve
annuli or septum; (iii) less frequent transmural scars; (iv) more
frequent intramural scars; (v) extensive epicardial scarring that
may occur in the presence of normal endocardium or extend
beyond the region of endocardial scarring [19, 50–53]. A
recent study found basal anteroseptal or inferolateral scar
accounting for 89 % of arrhythmogenic substrate in patients
with NICM and sustained MVT [54]. The former can be
targeted endocardially whereas the latter frequently require
an epicardial approach [54].

Catheter ablation for VT in the non ischemic cardiomyop-
athies is less well studied and VT recurrence rates are higher
than in the ischemic patients, occurring in 50–60 % in short
term follow up (up to 1 year), although VT burden can be
significantly reduced [40, 55]. Complete non-inducibility can
be achieved in 38–67 % of patients [39, 40, 55]. Persistent
inducibility for VT predicts future recurrence [40, 55].

In ARVC, fibrofatty replacement progresses from the
subepicardial layer to the endocardium particularly affecting
the free wall of the RV along the tricuspid annulus and in the
outflow tract. Epicardial scar area is often larger than endo-
cardial scar [56]. Thus epicardial ablation is frequently re-
quired either as primary target or after failed endocardial
ablation [19, 57]. Endocardial unipolar mapping with a cut
off <5.5 mV identifies epicardial scar [33]. Ablation is often
directed from a valve annulus to scar transecting an isthmus
has been used [58, 59]. With the use of epicardial ablation
freedom from VT is achieved in 77–89 % of patients, but late
recurrences can occur due to the progressive nature of the
disease [19, 27••, 57, 58] .

SMVT is rare in patients with HCM, and usually due to
scar-mediated re-entry [60]. Combined epicardial and endo-
cardial mapping and ablation are feasible and can reduce
spontaneous VTs but data on outcome is limited [60–62].

Ablation for VT Storm

Electrical or VT storm is associated with a high mortality. A
meta-analysis of all VT storm studies found a mortality of
17 % a little over 1 year follow up with heart failure account-
ing for ~ two-thirds of all deaths post ablation [10]. Catheter

ablation controls VT in >90 % of patients with 74–92 %
remaining free of incessant VT or recurrent VT storm [10,
12, 15]. Single episodes of VT recurrences occur in a third of
patients [19]. Sympathetic denervation or renal artery dener-
vation are emerging potential therapies [63]. In rare patients,
recurrent VT is provoked by unifocal PVCs from the Purkinje
fibers, outflow tracts, or papillary muscles that can be targeted
for ablation (see above).

Cardiomyopathy Related to Idiopathic PVCs or VT

Very frequent PVCs or non-sustained VTcan induce a cardio-
myopathy that can be reversed with either pharmacological
suppression or catheter ablation [3, 4, 64••]. Such arrhythmias
may also exacerbate pre-existing left ventricular function and
is a cause of loss of effective biventricular pacing in patients
dependent on cardiac re-synchronization therapy [65]. The
diagnosis of PVC cardiomyopathy is one of exclusion and
often retrospective based on recovery of LV function after
control of the arrhythmia.

The exact mechanism of PVC-induced cardiomyopathy is
unclear. Ventricular dyssynchrony, alterations in intracellular
calcium handling, changes in heart rate dynamics, hemody-
namic parameters as well as changes in myocardial and pe-
ripheral autonomic function have been postulated [64••]. The
frequency of PVCs correlates with the severity of left ventric-
ular dysfunction at the time of initial presentation [66–69].
However, in some patients, a high PVC burden does not
impair LV function whereas in others a lower PVC burden
may do so. The lowest PVC burden resulting in a reversible
cardiomyopathy was noted to be 10 % in one study [69]. This
relationship is likely to be complex however, not appreciated
by a single “cut off” value. PVC duration (≥140 ms [70] to
150 ms [71]), an epicardial site of origin, [71] PVC coupling
intervals≤600 ms, [72] PVC interpolation, [73] long history
of palpitations (>60 months), and the complete absence of
symptoms [74] have all been associatedwith higher likelihood
of LV dysfunction.

Most idiopathic PVCs originate from the ventricular out-
flow tracts and tend to be monomorphic [70]. Myocardial
extension for a variable distance above the aortic and pulmon-
ic valves is thought to form the necessary electrophysiological
substrate for idiopathic PVCs. An autopsy study showed that
extensions are most common in the right coronary cusp
(55 %) than the left coronary cusp (24 %) and non-coronary
cusp (<1 %). In contrast, myocardial extensions above the
pulmonic valves are evenly distributed (45 to 60 %) [75].
Other sites for idiopathic PVCs include the papillary muscles,
areas close to the AV valves and from the fascicles of the
conduction system. An epicardial peri-venous focus has been
identified in some patients and may need mapping in the great
cardiac vein or the anterior inter-ventricular branch [76].
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Beta blockers and calcium channel blockers have a modest
effect in suppressing PVCs. Antiarrhythmic drugs such as
flecainide, mexilitine [77, 78] and amiodarone are more ef-
fective but long term use is limited by side effects and
flecainide is avoided in the presence of heart disease or de-
pressed ventricular function. Hence, catheter ablation is an
attractive option. A recent randomized study of patients with
frequent PVCs from the RV outflow tract found a greater
decrease in burden of PVCs compared to drug therapy al-
though LV function improved in both groups [16]. Whether
PVC ablation is superior to drugs in reversing LV dysfunction
is unknown.

The ECG can help localize site of origin, with most having
a left bundle branch morphology with precordial transition at
V3 and inferiorly directed axis, consistent with a RVoutflow
tract origin. A prominent R wave in V1 or early transition
before V3 suggests a left ventricular outflow tract origin.
However, the complex anatomy of the outflow tract and
variable distance of myocardial extensions above the valves
precludes precise localization from ECG criteria [75].
Systemic mapping of the RVoutflow tract pulmonary artery,
great cardiac/anterior interventricular vein via the coronary
sinus followed by the aortic root and cusps, and LV outflow
tract is often required [20••]. Papillary muscle VTs tend to
have a broader QRS (typically greater than 150 milliseconds),
present a monophasic R or qR in V1, and Q waves tend to be
absent. Axis is superiorly directed for those originating from
the posterior LV papillary muscle and inferiorly directed when
the origin is the anterior papillary muscle [79, 80].

Catheter ablation is successful in achieving greater than
80% reduction in ectopic activity in 70–90% of patients, with
highest success rates for arrhythmias arising from the RV
outflow tract [4, 64••, 70]. The efficacy of ablation for the less
common foci such as the LV outflow tract, are not well
characterized. A common reason for failure is the inability to
induce the arrhythmia for adequate mapping.

In our lab, we place ECG leads on arrival to the lab in an
effort to document the 12-lead morphology and avoid exces-
sive administration of lidocaine for local anesthesia to prevent
systemic absorption and suppression of PVCs. In the absence
of spontaneous arrhythmia, aggressive provocation with iso-
proterenol, epinephrine, or atropine with or without burst
pacing is used. Documentation of the PVC morphology aids
approximate localization with pace-mapping although activa-
tion mapping is more accurate especially in the aortic root
where preferential conduction can yield misleading informa-
tion with pace maps [81]. Combined bipolar and unipolar
recordings are utilized for mapping earliest activation sites.
At the site of origin, bipolar recording typically precede QRS
onset by 30 milliseconds or more. The corresponding unipolar
signal displays the earliest rapid negative deflection. The use
of a three dimensional mapping system and intra-cardiac
echocardiography is particularly valuable in defining anatomy

for idiopathic VA originating in the LVoutflow region, coro-
nary cusps, and papillarymuscles. Coronary angiographymay
be necessary to confirm a safe distance (>5 mm) when the
ablation target is in the aortic root or great cardiac vein.

There is limited data on the time course of recovery of LV
function after ablation of PVCs. One study showed that 68 %
of patients recover within 4 months with 32 % requiring a
mean of 12+/−9 months (range 5−45 months) for recovery
[82]. Early improvement (within 1 week) predicted near com-
plete reversibility [83].

In patients with heart disease PVCs may be idiopathic or
intimately related to an abnormal substrate, such as within an
infarct scar or at its border, and the site of origin may corre-
spond to the exit site of an inducible reentrant VT [84, 85].

Ventricular Arrhythmias in Patients with Ventricular Assist
Devices

Implantable ventricular assist devices (VADs) are increasingly
used in patients with advanced HF as destination therapy,
bridge to recovery, bridge to cardiac transplant [86] or in
patients with refractory VT [87]. Ventricular arrhythmias oc-
cur in 22–52 % of patients during left VAD (LVAD) support
[88••]. The presence of VAs prior to LVAD placement is a
predictor of post-LVAD arrhythmias [89]. Intravascular vol-
ume depletion or high LVAD flow rates (creating suction
events) can trigger excess mechanical stimulation and non-
sustained VT that may precipitate sustained VT [90]. VAs can
cause a drop in VAD output, with concern for increased risk of
VAD thrombosis, reduced likelihood of surviving a subse-
quent cardiac transplant, and precipitation of right ventricular
failure (if incessant) or death [89, 91]. Catheter ablation in
VAD patients poses unique challenges. In patients with pre-
existing ventricular arrhythmias, pre-operative mapping of the
arrhythmia origin with a view to intra-operative cryoablation
is a reasonable consideration. In one study, such an approach
with lesions created to connect scar to fixed anatomic borders
in the region of the clinical ventricular arrhythmia reduced the
risk of VAs with reduction in re-intubation rates and hospital-
ization times [92]. Percutaneous catheter ablation in LVAD
patients may be complicated: (i) vascular access may be
difficult due to loss of systemic pulsatile flow in continuous
flow VADs; (ii) retrograde aortic access may be limited due to
restricted aortic valve opening with potential of valve calcifi-
cation; (iii) catheter manipulation may be difficult in the
collapsed LV; (iv) there may be a tendency of the catheter to
be drawn into the inflow cannula from suction effects with risk
of entrapment or damage to the cannula (v) progressive RV
failure due to long activation mapping during VT. Despite
aforementioned risks, catheter ablation can be safe and effec-
tive when performed in experienced hands [93]. Single center
experience report success rates of 85 % albeit, with a
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recurrence rate of 33 % within 6 months, often requiring
repeat procedures [94].

Conclusion

Patients with HF represent a heterogeneous population with
various structural and electrical substrates for PVCs and VT.
Ventricular arrhythmias are an important cause of morbidity
and mortality in the HF population. AADs are limited in their
efficacy and catheter ablation has emerged as a useful therapy.
HF remains the major cause of mortality after VT ablation,
consistent with the concern that VT is an indication of disease
progression, warranting attention to heart failure therapies.
The efficacy of catheter ablation for SMVT varies with un-
derlying disease etiology, the pattern and distribution of scar,
proximity of scar to critical epicardial structures and accessi-
bility of scar areas for catheter ablation. Novel technologies
are hoped to improve future outcomes. PVC-induced cardio-
myopathy is important to recognize as a reversible condition.
Further work is needed to elucidate the mechanism of PVC-
induced cardiomyopathy and the relationship between PVC
burden and development of cardiomyopathy.
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