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Abstract Left ventricular assist devices (LVADs) are an increasingly used strategy for the management of patients with advanced heart
failure. Although these devices effectively improve survival, atrial and ventricular arrhythmias are common with a prevalence
of 20-50% at one year after LVAD implantation. Arrhythmias predispose these patients to additional risk and are associated
with considerable morbidity from recurrent implantable cardioverter-defibrillator shocks, progressive failure of the unsup-
ported right ventricle, and herald an increased risk of mortality. Management of patients with arrhythmias and LVAD differs
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in many aspects from the general population heart failure patients. These include ruling out the reversible causes of arrhyth-
mias that in LVAD patients may include mechanical irritation from the inflow cannula and suction events. For patients with
symptomatic arrhythmias refractory to medical treatment, catheter ablation might be relevant. There are specific technical
and procedural challenges perceived to be unique to LVAD-related ventricular tachycardia (VT) ablation such as vascular and
LV access, signal filtering, catheter manoeuvrability within decompressed chambers, and electroanatomic mapping system
interference. In some patients, the arrhythmogenic substrate might not be readily accessible by catheter ablation after LVAD
implantation. In this regard, the peri-implantation period offers a unique opportunity to surgically address arrhythmogenic
substrate and suppress future VT recurrences. This document aims to address specific aspects of the management of ar-
rhythmias in LVAD patients focusing on anti-arrhythmic drug therapy and ablations.

Left ventricular assist device ® Atrial fibrillation ® Ventricular arrhythmia e Catheter ablation ® Heart failure
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Introduction

Left ventricular assist devices (LVADs) are an increasingly used strategy
for the management of patients with advanced heart failure (HF), de-
fined as the persistence of severe symptoms despite the use of opti-
mized medical, surgical, and device therapies.” Although these devices
effectively improve survival, atrial and ventricular arrhythmias (VAs)
are common with a prevalence of 20-50% at one year after LVAD im-
plantation.”™ Arrhythmias predispose these patients to additional risk
and are associated with considerable morbidity from recurrent implan-
table cardioverter-defibrillator (ICD) shocks, progressive failure of
the unsupported right ventricle, and herald an increased risk of
mortality.®

Aim of the paper

Management of patients with VAs and LVAD differs from the general
population of non-LVAD HF patients. Current guidelines of the
European Society of Cardiology” mention the LVAD patient population
very briefly (one recommendation regarding the ICD implantation indi-
cation). Guidelines do not provide clinical and practical advice on anti-
arrhythmic drug (AAD) management and specific aspects of catheter
ablation and peri-implantation arrhythmia intervention for LVAD pa-
tients nor is there a clinical reference for managing LVAD patients in
acute arrhythmic setting [such as electrical storm (ES)]. This document
aims to expand on the current guidelines.

The writing group has been comprised of cardiovascular specialists,
each having extensive experience with cardiac arrhythmias and LVAD:s.
As the management requires a multidisciplinary approach, this clinical
consensus statement represents the consensus of a panel of experts
from the European Heart Rhythm Association (EHRA) and Heart
Failure Association (HFA).

The lack of randomized trials makes the guidelines level recommenda-
tion a real challenge. This joint effort of HFA and EHRA provides a clinical
consensus statement that aims to review available data, summarize expert
opinion to guide the best medical practice (Figure 1) and identify the gaps
in knowledge. Controversial issues regarding the management of arrhyth-
mias in this specific population are discussed and advice for frequently en-
countered situations in clinical practice is provided.

The current document is focused on drug management and specific
aspects of catheter ablation in LVAD recipients. Issues regarding cardiac
implantable electronic devices (CIEDs) implantation, programming and
deactivation during the ‘LVAD patient journey’ are covered in the com-
plementary clinical consensus statement of the EHRA and the HFA of the
ESC that are being published in the European Journal of Heart Failure®
(Amir O. et al, EJHF, in press).

General considerations

Continuous-flow LVADs have become a standard of care in end-stage
HF patients with the nowadays dominance of HeartMate3, a fully mag-
netically levitated centrifugal-flow pathway pump with a frictionless ro-
tor and a fixed intrinsic pulse.

Before LVAD implantation, atrial arrhythmias are diagnosed in 21%
to 54% of patients, with the majority having atrial fibrillation (AF) and a
minority experiencing atrial flutter and atrial tachycardia.'® While pre-
implantation AF remains the most robust predictor of post-LVAD AF,
~20% to 30% of patients will experience the onset of de novo AF fol-
lowing LVAD implantation.* Following LVAD implantation, AF was
found to resolve in 43% of patients with a paroxysmal form of the ar-
rhythmia, a result likely associated with favourable remodelling in left
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STRENGTH OF ADVICE

Clinical advice, based on consensus of the writing group

May be appropriate, based on published evidence

May be appropriate, based on consensus of the writing

group

Areas of uncertainty

STRENGTH OF EVIDENCE

Randomized controlled trials
Meta-analysis
Observational studies

Expert opinion

Abbreviation

RCT
META
OBS
OPN

Figure 1 Table of advice structure.

atrial size and volume."" Patients with LVAD and AF may face an in-
creased risk of developing post-LVAD VAs.

VAs are also prevalent following LVAD implantation. They occur
with an incidence between 20% and 50% at one year.3‘5'12 The high in-
cidence of VAs in patients with LVAD is attributed to two main factors:
mechanical causes related to the assist device itself and its insertion site,
and causes arising from the underlying myocardial substrate.'® The pre-
dominant VA in these patients is monomorphic ventricular tachycardia
(VT), pointing to scar-related reentry as the primary mechanism. These
reentrant VTs can originate either from the pre-existing fibrotic sub-
strate related to underlying myocardial disease or from the formation
of new apical scar due to the insertion of the inflow cannula.'®
Several other mechanisms including high levels of sympathetic nerve ac-
tivity and endothelial dysfunction were also suggested as a possible link
between LVAD implantation and arrhythmias.'

Long-lasting VAs occur in the presence of the required haemo-
dynamic support provided by the LVAD. While initially well-tolerated,
extended periods of VA may contribute to increased mortality in LVAD
patients.16 The context of arrhythmia treatment in general should in-
clude its impact on haemodynamic stability, its potential effect on the
LVAD performance and if possible on the potential duration of the
LVAD long-term plan (bridge vs. destination therapy).

Drug therapy for arrhythmias in
LVAD patients

HF guideline-directed medical therapy

Guideline-directed medical therapy (GDMT) with angiotensin-converting
enzyme inhibitors or angiotensin receptor-neprilysin inhibitors, beta-
blockers (BB), MRA and sodium-glucose cotransporter-2 inhibitors
has been shown to improve survival, reduce the risk of HF hospitaliza-
tions, and reduce symptoms in patients with HF with reduced ejection
fraction without LVADs.'”"*? All GDMT drug classes reduce sudden
cardiac death (SCD) regardless of ICD use in the absence of
LVADs. ">

Current European Society of Cardiology Heart Failure 2021 guide-
lines recommend long-term mechanical circulatory support (MCS),
i.e. centrifugal-flow pump group LVAD:s in selected patients when HF
GDMT is insufficient or when short-term MCS has not led to clinical
improvement. LVAD can both prolong life and improve the quality of
life. LVADs can be utilized as bridge to transplantation or as destination
therapy."” Current data suggest that nearly 80% of the patients with
centrifugal-flow pump group LVADs, remained alive and free of disab-
ling stroke or reoperation at 2 years.26
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There is very little quality data regarding the use of HF therapies in pa-
tients with LVADs. Current evidence is limited by the observational nature
of the studies, relatively small sample sizes, and use of several LVAD mod-
els.”” Guidelines provide weak recommendations based on these data,'”?®

While total mortality seems to be reduced with the additional HF
GDMT, life-threatening arrhythmias were not specifically evaluated in clin-
ical studies of LVAD patients. Indeed, almost two decades ago, a small
single-arm, single-centre study (n = 15) suggested that combined therapy
with chronic mechanical unloading with LVADs and HF GDMT might re-
verse myocardial remodelling and improve myocardial structure and func-
tion.2”=" A further non-randomized, multicentre study (RESTAGE-HF)*
suggested that HF GDMT could result in sufficient myocardial recovery to
allow LVAD explantation (achieved in 40% of cases).

The role of HF GDMT continues to be uncertain.** Another small
(n=281) non-randomized trial suggested that GDMT might have
favourable effects on the structure and function beyond the beneficial
effects of the unloaded myocardium attributed to LVADs.*

High-quality randomized, multicentre trials with appropriate end-
points are necessary to establish the role of HF GDMT in patients
with LVADs.

Table of advice. HF GDMT

May be appropriate TO DO Evidence Strength

Continue GDMT titration for HF in addition OBS
to the LVAD support?”~>!

AAD therapy

Due to the lack of data in the LVAD cohort, recommendations for
medical therapy are based on data from non-LVAD HF patients, in
whom amiodarone is apart from BB the only AAD not contraindicated.
It remains unclear, whether it is feasible to use other AADs that have
contraindications in HF patients in the LVAD cohort. Efficacy and safety
of AADs in the severe HF patient cohort need to be taken into consid-
eration when managing LVAD patients.

AADs besides BB may be used in LVAD patients for recurrent or
persistent arrhythmias that lead to symptoms, reduce functional para-
meters or produce haemodynamic instability. In these circumstances,
AADs may be used as a therapeutic option besides catheter ablation.
Whether AADs should be preferred over catheter ablation remains
unclear as no comparative studies in this cohort are available.

Atrial arrhythmias

In comparison to the available data on VAs and SCD, there is a relative
scarcity of information regarding the occurrence and impact of atrial ar-
rhythmias in patients with LVADs.

Interestingly, with the current LVADs which carry a lower risk of
haemocompatibility-related events, AF does not appear to be associated
with increased thromboembolic or bleeding outcomes.** On the con-
trary, AF in LVAD patients was associated with mortality, right ventricle
deterioration, HF hospitalization and lower quality of life scores including
6-min walk distance, and peak VO2 consumption.34 In addition, AF was
found to be associated with the risk of post-implantation VAs.®

Rhythm control strategies are not yet thoroughly examined, al-
though the use of BB and digoxin may prove beneficial for rate control.
In a study of 418 LVAD patients, AF/atrial flutter was not associated
with increased mortality, thromboembolism, or bleeding, and rhythm
control measures were not associated with improved outcomes.*® In

a different study of 81 LVAD patients with AF, there was also no differ-
ence between rhythm and rate control strategy.*® Thus, whether the
haemodynamic benefit of sinus rhythm maintenance outweighs the po-
tential side effects of AADs used for rhythm control is controversial.
There is inconclusive data concerning the role of peri-implantation
left atrial appendage occlusion.*”3?

Ventricular Arrhythmias

Effective management of VAs in these patients necessitates collaborative
efforts between electrophysiologists and HF specialists. The primary treat-
ment options after ruling out reversible causes include adjusting LVAD
settings, medical therapy, ICD implantation/programming optimiza-
tion, and ablation. In terms of medical treatment, the initiation and ti-
tration of BB are advised, given their association with a reduced
frequency of VA in the post-operative setting.® For patients experien-
cing haemodynamically significant VT that does not respond to LVAD
adjustments and BBs, additional medical treatment with AAD is war-
ranted. Options include mainly amiodarone, but other drugs as sotalol,
mexiletine, and intravenous sodium channel-blocking agents like lido-
caine and procainamide might be advised on an individual basis.">

Amiodarone use in post-LVAD

arrhythmias

The most common AAD used in LVAD patients is amiodarone, which can
be indicated for the treatment of atrial as well as VAs. Up to 40% of pa-
tients undergoing LVAD implant and up to 36% of patients after LVAD im-
plantation receive amiodarone—mostly for rhythm control of AF,'%#041

In patients on amiodarone treatment before LVAD implant, but not
for those in whom amiodarone is initiated after LVAD implant, a higher
mortality has been documented (32.9% in the amiodarone group com-
pared with 29.6% in those not on amiodarone; P = 0.008).'® Whether
amiodarone initiated before LVAD implant should be stopped after
LVAD implant is unclear as data are limited. In one study, discontinu-
ation of amiodarone after LVAD implantation led to increased recur-
rence of arrhythmias, but not increased mortality.*'

Early short-term prophylactic use of amiodarone after LVAD im-
plantation may be beneficial but evidence to support this strategy is
not available. Initiation of amiodarone after LVAD implantation was
not associated with a lower incidence of VA but reduced atrial arrhyth-
mias during follow-up.*® Long-term amiodarone use is associated with a
high risk for medication-induced complications. Of note, cases of
hyperthyroid-induced hypercoagulability and pump thrombosis were
published*? and thus, long-term prophylactic prescription of amiodar-
one in all patients is not advised.

Table of advice. AAD therapy

Advice Evidence Strength

Advice TO DO

Amiodarone on the top BB therapy for acute  OBS
and/or chronic suppression of atrial and
VAs that are either symptomatic and/or
lead to RV failure provided reversible
cause have been excluded.”'*"®

Advice NOT TO DO

Long-term prophylactic use of amiodaronein ~ OBS
all LVAD patients is not advised and may
be associated with increased

mortality.'0#0#!
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Catheter ablation in LVAD
recipients

Catheter ablation of atrial arrhythmias

In two recent randomized controlled trials, catheter ablation of AF has
been shown to improve outcomes of patients with HF with reduced
ejection fraction, including those with end-stage HF eligible for heart
transplantation.*** Whether these positive findings can by any means
be translated to the population of patients with LVAD remains uncer-
tain. In fact, the unique dynamics of LVAD support, where the left at-
rium and left ventricle are unloaded, create a distinct scenario in
which the relative benefit of maintaining sinus rhythm on patient
haemodynamics, thromboembolic risk, and overall outcomes is yet to
be elucidated.®® To date, catheter ablation of AF in LVAD carriers
has only been case-reported.**® The procedure was successfully
performed using radiofrequency in two highly symptomatic patients
without complications. Subsequent follow-up assessments revealed
maintenance of sinus rhythm, contributing to patient stabilization.
Additionally, a case series reported on eight patients with LVAD sup-
port undergoing ablation for cavotricuspid-dependent atrial flutter
which had led to right HF. All procedures were successful and restor-
ation of sinus rhythm resulted in symptom relief.*” Until more data is
available, and considering the potential risk of intracardiac shunting48
when transseptal approach to the left atrium is required, it seems rea-
sonable that catheter ablation of atrial arrhythmias, particularly AF,
should be reserved for highly symptomatic patients only when all at-
tempts to rhythm control with anti-arrhythmic drugs have failed.*®
When rhythm control is not considered appropriate and rapid ven-
tricular response is refractory to medical management, ablation of
atrioventricular node and pacemaker implantation may be performed.

Table of advice. Catheter ablation of atrial arrhythmias

Adyvice Evidence Strength
Adyvice TO DO
Catheter ablation of highly symptomatic OBS
cavotricuspid-dependent atrial flutter.*”
AV node ablation in symptomatic patients (] ' l
ith AF and trolled rapid ventricul
wi and uncontrolled rapid ventricular o

response refractory to rate control
medication (who are not candidates for or
in whom rate control has not been [ ] '
successful).
May be Appropriate TO DO
Catheter ablation of highly symptomatic AF/  OBS
atrial tachycardia after failure of rhythm

control with anti-arrhythmic drugs.*>#

Catheter ablation of VAs prior to LVAD

implantation

Patients with recurrent VAs and advanced HF might be candidates
for both LVAD implantation and catheter ablation.®*’ The optimal se-
quence of treatment, whether ablation should be performed prior to
or after LVAD implantation, is not known and multiple factors should
be considered in the decision-making.

On the one hand, in some cases, VA ablation may stabilize the patient
and postpone or even prevent the need for LVAD implantation.
Additionally, a history of VAs before LVAD is a major predictor of
VAs after implantation,®>*°-¢ and ablation may potentially decrease
VA burden after LVAD that could otherwise complicate the early post-
implantation period. This might be also applicable to some patients with
no history of VAs that are at very high risk.%* Finally, pre-implantation
ablation might be reasonable in case where the VA will not be accessible
after LVAD implant (i.e. originating from epicardium) and an electro-
physiologic study in highly selected patients may help to elucidate the
presence of such a substrate.

On the contrary, LVAD candidates are often fragile patients with
end-stage HF, severely depressed LV ejection fraction, prone to peri-
procedural acute haemodynamic deterioration, requiring intravenous
vasopressors and inotropic agents to support cardiac output during
the procedure, or even temporary mechanical support, although its
benefit in terms of outcomes in uncertain.>’*® An individual risk as-
sessment is necessary to decide whether mechanical support is neces-
sary during VT ablation for a given patient. Thus, if an ablation is
considered, an accurate pre-procedural risk stratification is essential
to minimize the risk of peri-procedural complications° and every ef-
fort should be made to optimize the haemodynamic status before the
procedure. Finally, up to 9-24% of VTs after LVAD implantation are
due to the apical scarring from the LVAD cannula,®®=*? and one may
keep in mind that VAs may still occur despite a successful pre-LVAD
ablation.

Table of advice. Catheter ablation of VAs prior to LVAD
implantation

Adyvice Evidence Strength

Advice TO DO

Optimization of the haemodynamic status OPN
and careful assessment of potential risks
and benefits of catheter ablation of VAs in
LVAD candidates.

May be Appropriate TO DO

An ablation procedure prior to LVAD OPN
implantation in patients with a history of

recurrent VAs to reduce the arrhythmia

burden. o
An electrophysiology study prior to LVAD ~ OPN

implantation in selected patients with

suspected epicardial substrate to guide o

peri-implantation surgical VA ablation.

Peri-implantation surgical VAs ablation

During LVAD implantation, the epicardium and some endocardium
(through the ventriculotomy for the inflow cannula) are exposed for
mapping and peri-implantation surgical VA ablation. This is important
as access to the epicardial space for catheter ablation is limited after
LVAD implantation due to adhesions and the location of the LVAD
pump itself. Although subsequent surgical epicardial ablation via limited
thoracotomy has been reported,®® peri-implantation surgical ablation
was proposed for patients with a history of recurrent VA7 with a
presumed epicardial substrate (Table 7).

Surgical ablation can be guided by pre-operative imaging, electrophy-
siologic study and intra-operative mapping. The latter may be challenging
due to limited epicardial access in patients after previous coronary bypass
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Table 1 Published case series on peri-implantation VA ablation

N Access Type of mapping Ablation Recurrence during follow-up (%)

Emaminia et al.®* 2 Both epi/endo Pre-operative EP mapping Cryo 0

Mulloy et al.%® 7 Both epi/endo Pre-operative EP mapping Cryo 28
Patel et al.®® 5 Both epi/endo Intra-operative EnSite 4-mm tip + Cryo 40
Moss et al.’ 36 mapped Epi only Intra-operative EnSite Cryo 50

2 ablated

Kunkel et al.¢® 2 Epi only Intra-operative EnSite Cryo 100
Tankut et al.®® 10 Both epi/endo Pre-operative ECG and imaging 4-mm tip + Cryo 50

surgery, the necessity of selective lung ventilation for accessing the epi-
cardial left lateral aspect of the heart, low reliability of precordial leads
during surgery, limited accessibility of endocardial mapping, and electro-
magnetic interference (EMI) limiting the use of some electro-anatomical
mapping systems.®® Although conventional irrigated tip catheters were
used for ablation, surgical radiofrequency, or cryoablation are more ap-
propriate for creation of lesions. Despite positive results of small series,®®
cases of pump thrombosis after endocardial cryoablation have been re-
ported’® raising concern about thromboembolic risk associated with
perioperative surgical ablation. Currently, an ongoing prospective trial
(PIVATAL, NCT05034432)71 randomizes patients with a history of pre-
vious VA to either peri-implantation VA ablation or conventional medical
therapy with the primary endpoint being the total VA episodes.

Table of advice. Peri-implantation surgical VAs ablation

May be appropriate TO DO Evidence Strength
Peri-implantation surgical VA ablation OBS

targeting in selected patients with

recurrent VAs that failed AAD and/or

previous ablation, specifically, if arrhythmia o

substrate is not accessible by endocardial

approach (e.g. confined to

epicardium).6>¢®

Catheter ablation of VAs after LVAD

implantation

In patients presenting with recurrent VA episodes after LVAD implant-
ation, a secondary cause for VA should be always ruled out (Figure 2).
Non-sustained VT could be related to canula irritation or suction,
which is even more likely when haemolysis is documented, VA depends
on respiration or is linked to cough. Transthoracic or transoesophageal
echocardiography (TOE) and LVAD interrogation should be used to
diagnose these phenomena. If present, a decrease in the LVAD’s rounds
per minute and/or optimization of LV volume may stop the VT.
Indication of invasive treatment should consider the timing of VAs. Early
VTs during LVAD post-implantation period are common, especially, when
oceurring on high inotropic and vasopressor support.’> Due to the self-
limiting nature of these early VAs, treatment with AADs is usually sufficient.
For patients without any symptoms and preserved RV function, VAs
might be well-tolerated and no treatment might be necessary. In pa-
tients likely to undergo early heart transplant, a more conservative

approach may be taken. On the other hand, in patients with anticipation
for ‘long bridge’ or destination LVAD therapy, the risk of VA recur-
rences is higher and catheter ablation may be a reasonable option.

For recurrent symptomatic VTs, which do not respond to AAD
therapy and/or ICD reprogramming, catheter ablation should be pro-
posed after discussion between the electrophysiology and LVAD
teams. Retrospective case series showed the feasibility of VT ablation
with different LVAD devices.®*” When pooling the different studies,
non-inducibility of the clinical VT was achieved in 78% and peri-
procedural complications occurred in 9% (no death). Major complica-
tions (5.5%) included two groin pseudoaneurysms requiring surgery,
two cerebrovascular events, and one cardiogenic shock.

Ablation allowed VT storm termination in 90% of patients. After a
mean follow-up of 9 £ 9 months, 56% did not have VT recurrence with
significant VT reduction in the remaining patients, 23% underwent cardiac
transplant, and 48% died. The place of pulsed field ablation remains to be
determined in this indication. For patients with VAs recurring despite cath-
eter ablation, the use of stereotactic radiotherapy74 or stellate ganglion
block”® has been proposed. However, reported clinical experience for
stereotactic radiotherapy is limited to five patients with a positive impact
in three of them. Three patients underwent a heart transplant shortly after
irradiation (one for worsening HF in two and because of arrhythmia recur-
rence). No device failures were reported.

Table of advice. Catheterablation of VAs after LVAD implantation

Advice Evidence Strength

Advice TO DO

Mechanical causes of VAs, such as cannula OPN
irritation, should be ruled out. These
events can be diagnosed by
echocardiography, LVAD interrogation or
evidence of haemolysis.

Catheter ablation for recurrent symptomatic =~ OBS
VAs that do not respond to AAD therapy
and/or ICD reprogramming.**¢ o ' l

May be appropriate TO DO
In the presence of recurrent VA, ICD OPN
reprogramming with a long detection time

and favouring ATP over shocks may be useful
0
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Recurrent VAs in LVAD and ICD

|

Rule out reversible causes

* Check position of inflow cannula

A 4

"]  Interrogate LVAD to rule out suction events

| Interrogate and review all episodes in ICD minimize ICD shocks by lenient programming |

o Asymptomatic
e Low burden

Limit treatment of VAs if

| Use of AADs (Amiodarone + max dosage Bet:

aBlockers) as initial strategy |

In early post-implantation period consider conservative

management as VAs might be self-limiting

| Catheter ablation if recurrent VAs and/or electrical storm refractory to conventional treatment |

In case of heart failure

Consider expedit hea rt transplant

Figure 2 Management strategies for LVAD patients with recurrent VAs and ICD.

Management of ES—the role of drug

therapy and catheter ablation

ES is a life-threatening condition characterized by repetitive episodes of
sustained VAs (VT or fibrillation) over a short period of time.””*”” ES
was reported in 1 out of 10 patients during the first months after LVAD
implantation, often occurring during the initial 30 post-operative
days.5**787? The short-term mortality after ES is high, and one-third
of patients may die within 15 days post-ES.*’

LVAD patients often haemodynamically tolerate VAs, even ventricular
fibrillation, and may therefore receive numerous painful electrical shocks
while being fully conscious. Efforts should be made to avoid such a situ-
ation. In patients without LVAD support, the management of ES is a multi-
disciplinary multi-step approach based on a comprehensive diagnostic and
clinical assessment, an escalation of medical therapy, and catheter ablation
if indicated.”” A similar approach may be suggested for LVAD patients, as
described in the recent EHRA/HRS/LAHRS clinical consensus statement
on ES First, acute triggers, which are often present during the post-
operative period (i.e. adrenergic stimuli, inotropic drugs, electrolyte imbal-
ance, ischaemia, or QT prolongation), should be identified and treated.
ICDs should be reprogrammed to avoid appropriate but unnecessary
shocks (longer detection rates, less aggressive ATP therapies, or disabling
ICD shocks if the patient is monitored).®° Anti-arrhythmic therapy, based
on amiodarone, mexiletine, and/or BBs (preferentially non-selective) are
advised unless contraindicated.”’®”” IV magnesium, associated with
supplementation of potassium should be preferred for patients with
Torsades de Pointes. Mild to moderate sedation can be started to reduce
sympathetic tone. If VAs are refractory to medical therapy, deep sed-
ation®! or neuromodulation.®* Stellate ganglion block may be particularly
attractive in LVAD patients since it may be performed at the bedside in
unstable patients, and is less invasive than other neuromodulation alterna-
tives.”® Successful radiofrequency ablation of VAs has been shown to im-
prove survival in patients with ES and no LVAD. This procedure can also

be performed in LVAD patients®®**®3 with a good safety/efficacy profile.

In a recent series about ES in LVAD patients, only 10-14% benefited from
catheter ablation at the acute stage.**”®

Table of advice. Management of ES

Advice TO DO Evidence Strength

A multidisciplinary management including
various actors (electrophysiologist, HF
specialist, anaesthesiologist, cardiac
surgeons, nurses) is necessary for LVAD
patients presenting an ES

Identification and treatment of acute triggers OPN
(like adrenergic stimuli, inotropic drugs,
electrolyte imbalance, ischaemia, or QT
prolongation) that are often present
during the post-operative period

The usual therapeutic strategies used for ES ~ OBS
(including cardioversion/defibrillation
shocks or antitachycardia pacing, AADs,
adrenergic blockade, sedation/anxiolysis,
and pharmacological haemodynamic
support) are appropriate in patients with
LVAD.*78

Catheter ablation of VAs is adviced in
selected LVAD patients with refractory ES

OBS

presumed it is performed in high volume

2
expert centre ®%¢283
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Procedural aspects of catheter
ablation in LVAD patients

Pre- and peri-procedural imaging

Because of the absence or limited transaortic flow, a thrombus may de-
velop in the aortic root (Figure 3). Therefore, pre-procedural imaging is
crucial to rule out intracardiac thrombus as for any VT ablation,®* but
also to rule out intra-aortic thrombus, particularly when retrograde ac-
cess is planned. This can be performed by echocardiography or cardiac
CT scan. A CT scan may also help to identify cannula position and the
arrhythmogenic substrate, especially in ischaemic cardiomyopathy. CT

Table of advice. Pre- and peri-procedural imaging

Adyvice Evidence Strength

Advice TO DO
Pre-ablation echocardiography and/or CT OPN
imaging is advised to rule out intra-aortic

and/or intracardiac thrombus

May be appropriate TO DO
Pre-ablation CT for visualization of individual  OBS
anatomy, the position of inflow cannula,
and identification of arrhythmogenic '
substrate’? o
ICE to rule out the presence of intracardiac/  OBS
aortic thrombus and for the guidance of
transseptal puncture, catheter navigation, '
monitoring of LV filling during VT, o
visualization of individual anatomy and
position of inflow cannula®>
Advice NOT TO DO
MRI In patients With LVAD® OPN

scan protocol has been described in detail previously.2* These images
can be merged into a 3D mapping system to help navigation®’?
(Figure 4). Cardiac magnetic resonance imaging (MRI) is contraindicated
given the incompatibility due to the highly ferromagnetic compo-
nents.® Intracardiac echocardiography (ICE) may be helpful to rule
out intra-aortic or intra-cardiac thrombus,®® but is performed only
after the beginning of the procedure. ICE can be also used for guidance
of transseptal puncture, catheter navigation, monitoring of LV filling
during VT, visualization of cardiac anatomy, and position of inflow can-
nula (Figure 5).

Signal filtering and the role of ECG in the

location of the VT exit site

Analysis of the ECG during VT permits a rapid localization of the exit
site. This information can be used before the ablation procedure to
minimize mapping time and guide ablation. Multiple ECG algorithms
can be used®” however, in LVAD patients their value might be limited.
In the series of Anderson et al.® the presumed exit site of VT based on
12-lead ECG did not correspond to the ablation site in 45% of cases.
This might be explained by progressive diffuse myopathy, anatomical
distortion from LVAD placement, and LV decompression. On the
other hand, non-invasive electrocardiographic mapping®® was shown
in a case report to be effective for the identification of the exit site
of VT in an LVAD patient.

All LVADs generate EMI, which manifests as high-frequency noise ar-
tefacts on the surface 12-lead ECG.” Reducing the low-pass filter to
40 Hz (Figure 6) or adding a bandstop filter can exclude signals respon-
sible for this artefact and improve the clarity of the ECG.%

Table of advice Signal filtering and the role of ECG in the
location of the VT exit site

Advice TO DO Evidence Strength

Adjusting the low-pass filter and adding a OBS
bandstop filter to reduce the artefacts to
improve waveform tracings and quality of
the ECGs.”>®’

Figure 3 An example of an intra-aortic thrombus on a CT scan (arrow).
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Figure 4 (A) CT scan of a patient with HeartMate 3 and ischaemic cardiomyopathy treated with dedicated software to be integrated into a 3D
mapping system. (B) Integration of the images in the 3D mapping system with the bipolar voltage map.

Abl cath -

Figure 5 ICE during VT ablation in an LVAD patient. (A) Normal-sized LV cavity with the ablation catheter close cannula. (B) Small ‘decompressed’
LV cavity due to unloading by LVAD.

EMI and selection of mapping system Table of advice. EMI and selection of mapping system

Continuous-flow LVADs generate electrical artefacts on 12-lead May be Appropriate TO DO Evidence Strength
ECGs but also are responsible for EMI. LVADs may ML e o
with some of the 3D mapping systems that establish a low-energy Placement of mapping reference patches far  OPN

magnetic field around the patient’s chest to detect catheter posi- from the inflow cannula (lower on the

tions and navigation during ablation.”® EMI is dependent on the atient’s back)

distance to the turbine, the pump speed, and the type of the map- P 0 '

ping catheter and may result in inaccurate catheter localization, Reduction of LVAD pump speed in OPN

electro-anatomical point acquisition, inadequate respiratory com-

pensation, vector orientation, and contact force readings.® It typ- cooperation with the HF team to minimize

ically occurs when the catheter is in close proximity to the apical EMI. '
inflow cannula (reported already at 8 cm).”" Although EMI rarely .
completely prohibits mapping, several measures were proposed Use of a non-magnetic mapping systeminthe - OPN

to reduce EMI: (1) placement of mapping reference patches far solely electrical impedance mode to

from the inflow cannula (lower on the patient’s back)éz; (2) reduc- minimize EMI.

tion of LVAD pump speed (in cooperation with the HF team)®>®" 0 '

since slower speed is associated with less EMI and allows the
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Figure 6 An example of 12-lead ECGs recorded in a patient with HeartMate3 using conventional filter setting (A) and after adjusting the low-pass

filter to 40 Hz (B).

visualization of the catheter at shorter distance from LVAD. (3)
The use of a non-magnetic cardiac system in the solely electrical
impedance mapping mode can be done to minimize the risk of
EMI.*2

Mapping strategies and ablation targets

During VT ablation procedures, haemodynamic support with LVAD
prevents haemodynamic deterioration and facilitates mapping of other-
wise haemodynamically unstable VT.

The induction of VTs is advisable as they are tolerated in the majority
of patients. This allows use of activation and entrainment as the pre-
dominant mapping strategies. Left ventricular electro-anatomical map-
ping can be performed in 75% of cases, using activation mapping and
entrainment (60%), substrate mapping (20%), a combination of these

(16%), or pace mapping in a few cases.®? Scar-related reentry is ob-
served in 90% of cases,®” arrhythmias originating from the inflow can-
nula are present in only a minority,**¢*?*** and focal, micro reentry,
bundle branch reentry VT, or PVC—triggered arrhythmias in a few.6273

Expected challenges with mapping were rare without relevant im-
pact on the procedural efficacy. While the use of ICE has been sug-
gested to assess LV filling during VT, and assist catheter position and
contact, it is not used by all operators.62 Although sometimes utilized
without issue,”® it is unknown if multi-spline catheters can be safely
used in LVAD patients.

The primary goal of the procedure should be aimed at elimination of
the clinical VT. Given the extensive arrhythmogenic substrate in most
LVAD patients, it is unclear, whether ablation targeted at complete
elimination of all inducible VTs is always achievable and would not
lead to an excessive increase of procedure-related complications.
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Table of advice. Mapping strategies and ablation targets

Advice TO DO Evidence Strength

During VT ablation procedures, mechanical ~ OPN
support with LVAD can prevent
haemodynamic deterioration and facilitate
activation mapping of otherwise
haemodynamically unstable VA.

The induction of VT is advisable because OBS
tolerated in the majority of patients,
allowing activation and entrainment as the

pre-dominant mapping strategy.

Complications of catheter ablation in
LVAD patients

In experienced centres, the incidence and nature of complications of
VT ablation in patients with implanted LVAD devices are comparable
to or slightly higher than in other structural heart disease non-LVAD
patients. A meta-analysis comprising 110 patients found an overall in-
cidence of complications of 9.4% with major complications occurring
in 5.5% of cases (Table 2).°> Most complications are comparable to
those identified in non-LVAD VT ablation cases and relate to groin
access site or thromboembolic events. Increased risk of bleeding
complications in LVAD patients may occur from continued need
for uninterrupted anticoagulation during the procedure.
LVAD-related specific complications include management and ma-
nipulations to the cannulas (catheter entrapment, pump thrombosis)
or transseptal access (post-procedure persistent atrial shunting).
While to the best of our knowledge no cases with catheter entrap-
ment in the inflow cannula have been reported, caution is needed.
One comparative analysis revealed VT ablation to be an independent
predictor of pump thrombosis”™ and independent of the peri-
procedural anticoagulation regimen. The risk of pump thrombosis
depends on the specifications of the LVAD and increases immediate-
ly after VT ablation, may remain increased for several weeks, and may
relate to cerebrovascular events but the exact incidence remains un-
clear. Specific caution when mapping and ablating around the inflow
cannula is advised as this appears to be associated with the highest
incidences of pump thrombosis.*"">

Rare cases @7 of persistent atrial septal defect with right-to-left

shunting after transseptal access with iatrogenic hypoxaemia have
been reported. TOE imaging may help to detect and percutaneous at-
rial septal occlusion may help to prevent consequences.

Vascular cannulation and access to cardiac

chambers

Safe vascular cannulation and access to the left atrium or ventricle are
important to reduce complications and morbidity from ablation proce-
dures. Procedures should ideally be performed under continued un-
interrupted anticoagulation therapy (see Section ‘Peri-procedural
anticoagulation management’). Therefore, vascular access site compli-
cations are of most concern. Ultrasound-guided vascular access has
been shown to reduce major and overall groin complications in patients
undergoing catheter ablation.”® Therefore, ultrasound guidance for
venous and/or arterial access is advised.®®6%?>190-192 This is especially
important as in continuous-flow LVAD, arterial pulse may not be palp-
able in the groin.

In VT ablation cases, usually at least one venous (pacing catheter for
induction, transseptal access sheath) and one arterial access (LV retro-
grade access, invasive blood pressure measurement—also via radial ar-
tery possible) is performed. In AF ablation cases at least one transseptal
access is required.

For VT ablation, LV access is usually needed and can be gained either
via transseptal puncture or retrograde aortic approach (Table 3). The
transseptal access appears to be the preferred route in 60-76% of cases
and both, transseptal and retrograde in 1.1-56%, somewhat depending
on the preference of the operator.®¢** [f epicardial access is needed
after LVAD implantation surgical access and limited blunt dissection
may be feasible but data and cases are limited.'® Pre-ablation imaging
may help to determine the ablation target site and guide decision on the
preferred access route.

If a transaortic approach to the LV is performed, temporary re-
duction of pump speed may be helpful to allow sufficient opening
of the aortic valve. Aortic root thrombosis can be detected in up
to 10% of LVAD patients.'® Therefore, some centres routinely
perform TOE or CT imaging to rule out aortic thrombosis. *®101%4
In LVAD patients with AF, thrombus in the left atrial appendage
should be excluded using TOE or CT. Mechanical damage to
the aortic valve caused by catheter manipulation may increase the
aortic insufficiency with adverse haemodynamic consequences.
On the other hand, rare cases of right-to-left shunting after
transseptal access due to LVAD suction have been reported (see
complications).*® 1%

Table 2 Overview of complications associated with catheter ablation in LVAD recipients

Complication

Minor Groin haematoma

Major Cerebrovascular events

Major Groin/surgical repair

Major Cardiogenic shock

Major Pump thrombosis

Major Persistent atrial septal defect and right-to-left shunt
Major Catheter entrapment in percutaneous VAD cannula

Incidence Reference

3.6-4.4% (4/110) Anderson et al.¢?
1.8% (2/110)
1.8% (2/110)
0.9% (1/110)

Rare to 11%

Anderson et al.5?
Anderson et al.5?

Anderson et al.®?

Grinstein et al.”®

Anderson et al.®?

Rare Oates et al.*®
Tamura et al.”®
Wang et al.”’

Rare, not reported yet for LVAD D’'Angelo et al.”®
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Table 3 Pros and cons of different access routes used for LV ablation
Access route Pro Con To be contemplated
Transseptal ® No passage through the aortaand @ Remaining persistent atrial shunt ® Rule out left atrial appendage thrombus if AF
aortic valve ® Not if mechanical mitral valve prosthesis

® Noarterial groin puncture needed
® No passage of LVAD outlet

® Ultrasound-guided venous puncture

Transaortic/ ® No need for transseptal puncture @ Arterial groin puncture with increased risk @ Rule out aortic thrombus
retrograde ® |nvasive arterial pressure of haematoma ® Not if mechanical aortic valve prosthesis
monitoring ® large arterial sheath e Ultrasound-guided arterial groin puncture
® Risk of iatrogenic aortic dissection/ e Aortic valve opening required
regurgitation

Table of advice. Vascular cannulation and access to cardiac
chambers

Advice Evidence Strength

Advice TO DO

Use of ultrasound guidance for venous and/  OPN
or arterial groin puncture in all LVAD
patients to reduce access site

complications.

Peri-procedural anticoagulation

management

Due to a complex interplay of factors including haemolysis, platelet activa-
tion, platelet adhesion, and inflammation, patients with the current gener-
ation of continuous-flow LVADs have an increased risk of both bleeding
and thrombotic complications.106 In fact, pump thrombosis and stroke con-
tribute significantly to morbidity and mortality in LVAD carriers. This man-
dates LVAD patients to be on chronic oral anticoagulation with vitamin K
antagonists targeting an international normalized ratio (INR) goal between
2.0and 3.0."%” Recently, the addition of aspirin to VKA was shown to be re-
dundant and even harmful."®® Considering the additional thromboembolic
risk associated with endocardial ablation, and acknowledging reported cases
of pump thrombosis after VT ablation close to the inflow cannula, it seems
reasonable to perform the intervention under uninterrupted therapeutic
anticoagulation, with the administration of heparin to maintain an ACT >
300 s throughout the procedure and avoiding reversal of anticoagulation
with protamine after ablation.®"*>'%”1%? |n addition, although specific data
on this scenario is lacking, administration of unfractionated heparin or low
molecular weight heparin in the presence of a sub-therapeutic INR after ab-
lation would be advisable until therapeutic INR levels are reached.'®’

Peri-procedural haemodynamic

monitoring

Peri-procedural haemodynamic monitoring plays an important role dur-
ing catheter ablation of VT in LVAD patients. The automatic sphygmo-
manometer might not measure the blood pressure adequately in
patients with continuous-flow LVAD, and an arterial line for continuous
blood pressure monitoring is typically needed." Careful and close mon-
itoring of vital signs, fluid balance, arterial blood gas analysis, and para-
meters of peripheral perfusion (including lactate levels) is also

Table of advice. Peri-procedural anticoagulation management

Advice Evidence Strength
Advice TO DO
Performing catheter ablation under OBS

. : .60
uninterrupted oral anticoagulation.

Administration of heparin for the ablation OPN
procedure to achieve and maintain an
ACT >300s. '
0

Peri-procedural administration of OPN
unfractionated heparin or low molecular
weight heparin in the presence of a '
sub-therapeutic INR until a therapeutic o
INR is reached (2-3).

Advice NOT TO DO

Reversal of anticoagulation with protamine ~ OPN

after ablation should be avoided.

important during the procedure, particularly if procedure duration is
not short."'® Additionally, LVAD flow and power should be closely mon-
itored during catheter ablation.”® Direct recording of the central venous
pressure measured by an internal jugular central venous catheter could
also be useful. > In selected high-risk patients, even if VA may be tolerated
due to LV support, it might lead to RV failure and elevation of right-sided
pressures: thus, intra-procedural invasive monitoring with a pulmonary
artery catheter could be used in such cases, especially when the catheter
has already been positioned before the procedure in the intensive care
unit. However, direct left atrial pressure recording or left ventricular end-
diastolic pressure recording have been described as alternatives to pul-
monary artery catheter monitoring.>® Non-invasive cerebral oximetry is
also useful to evaluate cerebral desaturation during the procedure.®®'"°

Beyond intra-procedural monitoring, post-procedural close moni-
toring in the intensive care unit is usually needed after catheter ablation
of VT in LVAD patients.
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Table of advice. Peri-procedural haemodynamic monitoring

Adyvice Evidence Strength

Advice TO DO

Careful peri-procedural monitoring OPN
(including invasive arterial pressure
monitoring, LVAD flow and power '
monitoring, vital signs and perfusion o
assessment, and cerebral oximetry) during
catheter ablation of VT in patients with
continuous-flow LVAD.

May be Appropriate TO DO

Venous pressure, invasive monitoring witha ~ OPN
pulmonary artery catheter or direct left
atrial pressure recording or left ventricular
end-diastolic pressure recording in
selected patients

Gaps in knowledge

There is very little quality data regarding the use of devices, ablations,
and even implementation of guideline-directed HF medical therapies
in patients with LVADs. Current evidence is limited by the observation-
al nature of the studies, relatively small sample sizes, and the use of sev-
eral LVAD models. In addition, the decision in LVAD patients relies
heavily on very individual circumstances and on personalized risk and
benefit analysis that has to be performed in every single patient.

We believe that based on the current developments in mapping and
catheter ablation treatments in cardiac arrhythmias, dedicated trials
should be made regarding its clinical effectiveness in both atrial and
VAs pre- and post-LVAD implantation.

The vast majority of the clinical advice in this document is based on
extrapolations derived from our current knowledge and practice in pa-
tients with HF in general rather than based on clinical randomized stud-
ies in LVAD patients. Thus, many key issues are still unclear:

® What is the impact of GDMT in reducing VAs in LVAD patients?

® What is the optimal anticoagulation management for LVAD patients in
general and specifically for CIEDs implantation and ablation?

® |n LVAD patients with AF, does the haemodynamic benefit of sinus
rhythm maintenance outweigh the potential side effects of AADs
used for rhythm control?

® Does catheter ablation of AF improve symptoms and outcomes in pa-
tients with LVAD support?

® The role of intra-procedural or post-procedural left atrial appendage
procedures for the prevention of thromboembolic events is to be
established.

® Who are the appropriate candidates and what should be the optimal
mapping and ablation strategy for peri-implantation surgical VA
ablation?

® Should catheter ablation be systematically performed for recurrent VAs
and/or ES in LVAD recipients and what should be the optimal timing?

® Whether the VT-LVAD risk score would help identify, which patients
would benefit from catheter ablation is unknown.

® Can pre-LVAD catheter ablation of VAs decrease the incidence of
post-LVAD VAs and ES?

® Does prophylactic anti-arrhythmic treatment during the early
period-at-risk (30 days post-LVAD implantation) decrease the risk
of ES?

® Considering the severity of the underlying disease and the amount of in-
ducible VAs in some LVAD patients, what should be the optimal end-
point of the catheter ablation procedure?

® Should peri-procedural antibiotic prophylaxis be administered routinely
for catheter ablation in LVAD patients?

® |[s the usage of multi-electrodes catheters during mapping in LVAD pa-
tients safe?

® \What might be the clinically relevant interactions between electrophysi-
ology technology and LVAD machinery?

® The utility of stellate ganglion blockade in the management of
ES in patients with LVAD appears to be promising but needs further
study.

Conclusions

Both atrial and ventricular tachyarrhythmias occur frequently in
LVAD patients. The potential treatment strategies include mainly
medical therapy, anti-arrhythmic drugs, optimization of programming
in patients with implanted ICDs and catheter ablation in those with
significant arrhythmias resistant to medical treatment. For proper
management, close cooperation of HF specialists, electrophysiology
team, and also cardiac surgeons is required before, during and
after the LVAD implantation procedure. There is a need for further
accumulation of data and properly conducted studies in this
population.
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