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arrhythmias is common after left ventricular assist device implantation and is influ-

arrhythmias can be a challenge when they become refractory to medication or to
device therapy and their impact on prognosis can be detrimental despite the me-
chanical support. In this setting, catheter ablation is being increasingly recognized
as a feasible option for patients in which standard therapeutic strategies fail, but
also with preventive purpose. Catheter ablation is being increasingly considered for
the management of ventricular arrhythmias in patients with left ventricular assist
device despite complex clinical and technical peculiarities due to the characteristics
of the mechanical support. Much conflicting data exist regarding the predictors of
success of the procedure and the rate of recurrence. In this review we discuss the
latest evidences regarding catheter ablation of ventricular arrhythmias in this subset
of patients, focusing on clinical characteristics, arrhythmia etiology, technical aspects

and postprocedural features which must be considered by the electrophysiologist.
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1 | INTRODUCTION arrhythmias (VAs) in patients with advanced heart failure reaches

5% and this burden persists with an upward trend after left ven-
Ventricular assist devices (VADs) represent a consolidated strategy tricular assist device (LVAD) implantation.?® Around 28%-52% of
used either as a bridge to cardiac transplantation or as destination patients with LVAD experience episodes of sustained VAs after im-
therapy for nontransplant candidates.! The incidence of ventricular plantation, with some authors considering those as the second most
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common post-procedural complication.*? According to the second
INTERMACS study, VAs represent the first cause of mortality during
the post-implantation period.® Although mechanical circulatory sup-
port permits a better hemodynamic tolerance of the arrhythmia,
with case reports documenting duration of more than 48 hours
without impairment,””? right ventricular failure due to arrhythmias
can exert detrimental effects on the efficacy of LVAD, especially in
the presence of pulmonary hypertension.'® Antiarrhythmic drugs
are often not successful for the treatment of events during post-
implantation period but are useful as first-line therapy when the ar-
rhythmia is not refractory. Drug classes Ib and Il are the most used,
often in association in the long term.!12 Additional therapeutic
strategies are represented by electrical cardioversion or implantable
cardioverter defibrillator (ICD) implantation. Catheter ablation has
been used for more than a decade in LVAD recipients, with Maury
et al describing the first case of percutaneous RF ablation procedure
for atrial arrythmias'® and others such as Dandamudi et al or Osaki
et al reporting the first experiences of VT ablation.'*!* Indication
exists in case of incessant VAs, recurrent ICD interventions or pro-
gressive right ventricular failure, defined as the need of right ventric-
ular support, prolonged use of pulmonary vasodilator or prolonged
use of inotropes.*® This interventional procedure is characterized by
specific technical and procedural variables with uncertain impact on
outcome. The aim of this review was to summarize the main charac-
teristics of VAs in LVAD patients, focusing on the role of transcath-
eter ablation in this population, outlining clinical and procedural
outcomes.

2 | LVAD STRUCTURE AND MECHANISM

Common elements among the LVADs actually used are the inflow
cannula that drains blood from the LV apex to the pump; the out-
flow cannula that delivers blood to the arterial circulation, typically
inserted in the ascending aorta, and an electrical continuous-flow
pump consisting in an impeller working at high speeds. LVADs
can consist in an axial pump, such as the HeartMate 2 (HM 2)
(Abbott Labs, Chicago, IL), or centrifugal pump, such as the HVAD
(Medtronic, Inc, Minneapolis, MN) and HeartMate 3 (HM3) (Abbott
Labs, Chicago, IL).}” The first-generation LVADs had pulsatile flow
with the purpose of reproducing the cardiac function and were
shown to improve the outcome of patients with end-stage HF com-
pared to medical therapy.18 The second and third generation devices
instead (eg HeartMate I, HVAD, HeartMate Ill) provide continuous
flow which can reach 10 L/minute.’’ LVAD flow increases propor-
tionally to the pump speed and is inversely related to the pressure
difference across the inflow and outflow. Although the continuous
flow pattern, there are phasic changes due to the intrinsic cardiac
cycle and its pressure variations.?° It was the “HeartMate 11" trial
to show that continuous flow led to improved survival compared to
pulsatile flow and with a significant reduction of adverse events and
hospitalization.?* Power source of LVAD is represented by a percuta-

neous cable connecting the external batteries to the pump.

3 | EPIDEMIOLOGY

The results of the ASSIST ICD observational study highlighted that
on a population of more than 66 implanted patients, 9% presented
an electrical storm (ES) within nine months since implantation (inter-
quartile range [IQR] 2.5-22.1), with the first event registered on the
17th day (IQR 4.0-56.2). Nearly 63% of patients with ES presented
the first episode during the first month and 33% of patients had exi-
tus within 2 weeks from ES. Almost 90% of ventricular arrhythmias
(sustained and non-sustained) are symptomatic, both in LVAD and
Biventricular assist device (BiVAD) patients.22'23 Not least, the onset
of malignant VAs was associated with a seven-fold increase of mor-
tality during the first post-operative days.24

4 | ETIOLOGY OF VENTRICULAR
ARRHYTHMIAS IN LVAD PATIENTS

The mechanisms triggering VAs span from subendocardial is-
chemia, myocytes remodeling and fibrosis, inotropes, electro-
lytes disturbances, mechanical contact with the device and inflow
cannula-related scar.}?>?> The analysis of Gordon et al and Enriquez
et al points at monomorphic sustained ventricular tachycardia (VT)
as the most recurrent arrhythmia (nearly 85% of cases), followed by
ventricular fibrillation (VF) (31% of cases).>?® The reported preva-
lence of inflow cannula related VAs is variable, ranging from 14%
to 43%, since the same patients often have an intrinsic apical scar
which makes difficult the recognition of the precise origin of the
circuit.*>?”28 The most common definition of cannula-adjacent ar-
rhythmia is that of an arrhythmia with origin within 2 cm from the
inflow cannula.?’ Data from 44 inducible VTs among 611 recipients
of LVAD, referred for electrophysiological (EP) study, documented a
mean cycle length of 339 + 59 ms and recorded a total number of 40
monomorphic VT (91%) with superior axis, right bundle branch block
morphology, and 4 polymorphic VT or VF (8%). Electroanatomical
mapping of these VAs demonstrated more frequently a reentrant
mechanism related to intrinsic scar (75%) than to the apical inflow
cannulation site (14%), focal/microreentry VT (7%) or bundle branch
reentry (3.5%).%° Sacher et al showed that cannula related VTs tend
to manifest within 38 days from implantation with an increased in-
cidence after 48 hours.®! An additional mechanism counting for 3%
of cases® could be linked to the contact between the inflow can-
nula and the left ventricular wall in case of excessive unloading.
Such VTs are predominantly monomorphic, tends to occur in the
immediate post-implantation period and are usually well responsive
to pump speed reduction (Figure 1).%23% Concerning the molecular
mechanism, Refaat et al evidenced that in LVAD patients with VAs
there is a down-regulation of proteins such as connexin 43, Na+/
K+-ATPase, and voltage-gated K+ channel Kv 4.3, and an increase
in the expression of sodium/calcium exchanger and structural genes
such as titin, laminin, calsequestrin, skeletal muscle isoform of tro-
ponin T, and skeletal muscle isoform of troponin 1.22 Finally, electro-

cardiograms (ECGs) registered in the first 6 hours after implantation
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FIGURE 1 Main predisposing factors
to ventricular arrhythmias in patients with
left ventricular assist device

Electrolytes
disturbances

Inotropes

S Episodio: 29 49 Xy

__Registrazioni

2% 53
H
v v

PE -

ALK

25 mm/s

Cannula-LV
wall contact

m Inflow cannula scar

documented a statistically significant shortening of QRS duration
and an increase in both QT and QTc,%* potential additional determi-

nants of arrhythmia.

5 | PREDICTORS OF ARRHYTHMIA IN
LVAD PATIENTS

According to literature, the following are the most important
predictors of VAs during the 12 months after implantation: his-
tory of VAs during pre-LVAD period, pre-implant atrial fibrillation,
heart failure lasting more than 12 months, no therapy with ACE
inhibitors and betablockers.*?4%5%7 |n all the reviewed reports,
the presence of VAs was associated with a significant increase in
all-cause mortality (HR 7.28; 95% ClI 3.50-15.15; P = .001). The
same role of a history of VAs during pre-implantation period was
confirmed in a case series of 61 patients treated at the University
of North Carolina between 2006 and 2011. In this study, the pres-
ence of post-implantation VAs was associated with higher hospi-
talization rate and with an increased use of antiarrhythmic drugs.'*
Corre et al evidenced the following as important risk factors for
electrical storm (ES) during post-implantation: high body surface
area (BSA), history of VAs, previous ICD implantation, interruption
of betablocker therapy, weaning from inotropes after 72 hours,
use of extracorporeal membrane oxygenation (ECMO).%® Many
predictors of late VAs were recently summarized as the VT-LVAD
score in the largest series published so far involving 494 LVAD re-
cipientsin 19 centers between 2006 and 2016. After multivariable
analysis, predictors were history of VAs (HR 2.320, 95% Cl 1.560-
3.430, P <.001), no ACE inhibitors (HR 2.140, 95% Cl 1.420-3.240,
P < .001), heart failure duration >12 months (HR 2.580, 95% ClI
1.470-4.530, P < .001) early VAs after implantation (HR 2.050,
95% Cl 1.390-3.020, P < .001), history of atrial fibrillation (HR

1.720, 95% Cl 1.150-2.580, P = .009) and non-ischemic cardio-
myopathy (HR 1.500, 95% CI 1.010-2.220, P = .045).2 In the study
by Bedi et al 22% of 111 patients undergoing LVAD implantation
as bridge to transplantation had symptomatic VAs during sup-
port, which were more prevalent among patients with ischemic
cardiomyopathy (71% in the group with VAs Vs 45% in the group
without VAs, P < .05). VAs led to a significant increase of mortal-
ity rate compared to patients without history of arrhythmias (33%
vs 18%, P < .001), particularly when the onset was within seven
days from implant (54% vs 9%, P < .001).%? Also brain natriuretic
peptide (BNP) levels, indicators of severity of heart failure, seem
to act as significant predictors of VAs in the post-implantation pe-
riod (Table 1).4°

6 | TIMING OF VENTRICULAR
ARRHYTHMIAS ABLATION IN CANDIDATES
TO LVAD

6.1 | Ablation before implantation

The adequate timing of catheter ablation after LVAD implanta-
tion basically depends on the onset of the arrhythmia. In the
case series by Corre et al the indication to ablation for ES was
established in 8 patients on a total of 43 within 30 days from
implantation.®® Many authors agree that in patients with history
of VAs catheter ablation performed before the implantation with
prophylactic purpose could represent an overtreatment. The use
of prophylactic epicardial and endocardial cryoablation, guided
by visual inspection during surgical ventricular reconstruction
in patients with preoperative inducible or spontaneous VTs, has
proved to give a significant reduction in the inducibility of ar-

rythmia during the postoperative period and provided a more
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TABLE 1 Significant predictors of

.No. of . ventricular arrhythmias in patients with
implanted % of patients left tricul ist devi ding t
Author patients Predictor with predictor P e. ven rlf:u ar assist device according to
cited studies
Efimova et al® 98 Pre-LVAD AF 75 ,04
Pre-LVAD VAs 39 ,008
Antiarrhythmic drugs 38 ,01
Yoruk et al* 149 Pre-LVAD AF 41 ,007
Pre-LVAD VAs 38 ,012
Galand et al'® 494 Pre-LVAD AF 46 <,001
Pre-LVAD VAs 33 <,001
No ACE-i 52 <,001
Non ischemic CM 28 ,007
Previous ICD 62 ,001
Martins et al?® 652 Pre-LVAD VAs 34 <,001
Prolonged HF 20 <,001
BBs before implantation 65 ,002
Previous ICD 62 ,001
Raasch et al! 61 Pre-LVAD VAs 34 <01
Bedi et al®! 111 Ischemic heart failure 71 <,05

Abbreviations: ACE-1, Angiotensin converting enzyme inhibitor; AF, atrial fibrillation; CM,
cardiomyopathy; HF, heart failure; ICD, implantable cardioverter defibrillator; LVAD, left

ventricular assist device; Vas, ventricular arrhythmias.

durable arrythmia-free survival after the procedure.** For this
reason, some authors support the use of cryoablation in all LVAD
patients with history of recurrent VAs and suggest to perform
an EP-programmed electrical stimulation in the remaining pa-
tients, considering cryoablation at the time of implantation if
inducibility is present.42 Snipelisky et al?® considered 9 patients
undergoing HeartMate (HM) Il implantation and showed that, in
those ablated previously to surgery, the burden of arrhythmias,
shocks and anti-tachycardia pacing (ATPs), and also the number
of EP procedures requested, increased after the ablation and
during all the period between ablation and implantation (average
time 238 days). This was probably due to the progression of the
original cardiopathy.*® LVAD implantation increases the risk of
VAs when compared to the burden during the pre-implantation
period. It explains why, even though catheter ablation causes a
reduction of the arrhythmic burden, this one remains superior to
the pre-implantation period. This fact points out that a complete
elimination of the substrate is difficult.

6.2 | Ablation during implantation

There are few advantages in performing ablation during implanta-
tion. A combined epicardial and endocardial ablation provides a
superior result and excellent visualization of the ablation site that
cannot be achieved by endovascular techniques.***¢ Endocardial
and epicardial ablation during implantation revealed to be safe with

a significant reduction in the post-procedural arrhythmic burden,

in particular when VAs were recurrent during the preoperative
period. Mulloy et al suggested a concomitant surgical procedure
and ablation through ventriculotomy after localizing the scar with
cardiac magnetic resonance (CMR) or computed tomography (CT),
performed previously to procedure in order to avoid prolonged
extracorporeal circulation. In this report, cryoablation during im-
plantation determined a significant reduction in intensive care unit
(ICU) stay (165 vs 441 hours; P = .01) and global hospital stay (26
vs 57 days; P = .03).2 A single report showed an increased risk of
thrombosis when endocardial ablation was associated to epicardial
ablation during implantation, suggesting that in patients with a high
thrombotic risk epicardial cryoablation alone could be safer than
when associated with endocardial ablation.*®# Patel et al reported
cases of epicardial radiofrequency (RF) ablation performed in the im-
mediate post-implantation period in 5 patients. After implantation,
the patients were monitored in ICU, keeping the thoracic cavity cov-
ered only with the skin. Once the clinical stability was confirmed,
the EP study was performed with substrate and activation mapping
with subsequent successful ablation.** Moss et al*® reported a case
series of 36 patients who underwent open chest epicardial electro-
anatomical mapping immediately prior to LVAD implantation.
Mapping consisted in high density intraoperative epicardial voltage
mapping and required a median of 11.8 minutes per patients. During
a median follow-up of 311 post-operative days (IQR 168-469), 4 pa-
tients (27%) had sustained VAs and these patients had also showed
a significantly higher burden of epicardial low bipolar voltage points:
55.4% vs 24.9% of points with voltage <0.5 mV (P = .01) and 88.9%
vs 63.7% with voltage <1.5 mV (P = .004).
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7 | ABLATION IN PATIENTS ALREADY
IMPLANTED: TECHNICAL ASPECTS

7.1 | Planning the procedure

There are different technical features to be considered in the peri-
procedural setting of LVAD patients undergoing catheter ablation.
Concerning ICD programming, all anti-tachycardia therapies must be
interrupted before the procedure. Post-procedural ICD reprogram-
ming must be performed considering the arrhythmia cycle length
and the sensitivity to the overdrive pacing. In the experience of Moss
et al, the VT zone was augmented to >190-200 bpm for shock ero-
gation, with longer detection time and multiple ATPs pre shock (be-
tween 5 and 10), while the threshold for VF remained >250 bpm.?’
On the contrary, according to literature, no LVAD reprogramming is
necessary before and after the procedure.'® A pre-procedural com-
puted tomography (CT) scans can be useful in defining the inflow
cannula projection into the ventricle and can aid with expeditious
mapping during the procedure.49 Epicardial mapping and ablation,
which may be necessary in some cases, can be problematic in pa-
tients already implanted due to obliteration of the pericardial space
following device placement and surrounding adhesions, as well as
the potential hazard of damaging mechanical components of the
system (cannulae, motor housing) or causing infection. An adequate
planning of mapping and ablation at the time of initial LVAD place-
ment can be helpful in these situations.*

7.2 | Access to ventricular cavities

Ultrasound guidance for vascular access may be helpful due to re-
duced or absent pulses that would ordinarily mark the puncture sites.
Peripheral arterial puncture can be challenging as well as the LV cav-
ity access because of the reduced opening of the aortic valve and the
encumbrance represented by the outflow cannula. Concerning the
access to left ventricle (LV), the trans-septal puncture should be con-
sidered the first choice since the retrograde aortic access is usually
limited by low peripheral arterial flow. Moreover the reduced open-
ing of the aortic cusps represents a source of thromboembolism even
in patients under anticoagulation therapy, making trans-esophageal
echocardiography (TOE) very useful previously to the retrograde
access.3° This step can also be facilitated by intracardiac echo-
cardiography (ICE) through visualization of LV outflow tract and the
aortic valve. Some operators suggest the use of a long sheath (de-
ployed in the LV over a guidewire) to preserve LV access and prevent
catheter dislodgement into the aortic root. Decreasing LVAD flow
temporarily may allow LV ejection to open the aortic valve enough
to allow catheter entrance. Retrograde aortic access may be the first
choice if transseptal access cannot provide adequate reach, despite
use of deflectable sheaths, to areas of importance, most often the
basal septum and basal inferior LV segments.*’ Trans-septal access
may be slightly favored given the avoidance of the outflow cannula

and output graft in the aorta. Lowering the LVAD pump speed can
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yield an increased left atrial (LA) and LV volume that may be benefi-
cial in transseptal puncture and aid in maneuverability with the LV
during mapping: LA volume is reduced due to the suction effect from
the LVAD and adjustments of the LVAD settings may be needed be-
fore atrial septal puncture for accessing the LV.4° A relevant issue
to be considered is the inter-atrial shunt following the transseptal
puncture, which usually resolves during the following 3 months.>!
Atrial septal defect is a contraindication for LVAD placement given
the risk of hypoxemia due to creation or exacerbation of right-to-
left shunt following the left ventricular unloading which occurs dur-

ing left ventricular support.®?

Transoesophageal echocardiography
should be routinely performed after procedure to exclude significant
iatrogenic inter-atrial shunting also with different pump speed, since
a high rate of long-term persistent atrial septal defect after trans-

septal puncture has been described.>®

7.3 | Troubleshooting and precautions

The reported risk of catheter entrapment in the inflow cannula and
related suction is low, but the reduction of LV volume due to LVAD
activity is a modification to be considered by the operator since can
impede maneuverability.?® In some case reports, the risk of cath-
eter suction was controlled by reduction of pump speed during the
procedure.’* The main limiting factors, when ablation must be per-
formed near the inflow cannula, are the power of RF, often inad-
equate nearby sutures, interferences with the mapping system and
difficulty to reach the peri-cannula epicardial region.>® The operator
should carefully consider that in centrifugal LVAD pumps the inflow
cannula accesses the rotating impeller directly with no turns, as with
HVAD and HeartMate 3. In these settings, intracardiac echocardi-
ography (ICE) can be very useful because modification of LV geom-
etry secondary to LVAD placement can alter standard fluoroscopic
views.”® ICE, complementary to fluoroscopy, has a relevant role in
avoiding that the catheter enters the impeller in particular using the
representation of the inflow cannula in the anatomical map. This
point must be mapped and eventually ablated with caution when the
procedure is performed in the immediate post-implantation period
given the fresh sutures (Figure 2).

Cases of refractory VAs were also reported in patients with
LVAD and mechanical mitral prothesis. In these cases, a trans-septal
access was performed, and the valve was crossed through the pe-
ripheral ring, outer inferior orifice of the bi-leaflet tilting disk. No
hemodynamic impairment or troubles of the valve were reported.>’

When surgical ablation is performed a history of coronary bypass
surgery should be considered, in order to preserve bypass grafts and
graft touchdowns. Moreover selective lung ventilation may be use-
ful since deflation of the left lung permits optimal exposure of the
anterior and lateral walls of the heart.”®

Anticoagulation should not be interrupted during ablation given
the high risk of thromboembolism. In the case series reported in lit-
erature INR was kept between 2 and 3 or when UFH was preferred
an ACT >250-300 s was maintained.®
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FIGURE 2 Schematic representation of the main technical aspects faced by operators during catheter ablation of LVAD patients. LVAD,
left ventricular assist device; INR, international nationalized ratio; ACT, activated clotting time; TOE, trans-oesophageal echocardiography;

ICE, intracardiac echocardiography; LV, left ventricle

8 | MAPPING: OVERVIEW

The hemodynamic stability given by LVAD permits to perform the
induction of the arrhythmia in most of cases. In the largest cohort of
patients with LVAD undergoing ablation, 75% of VAs were related to
intrinsic scar, while only 14% were related to the cannulation site.%°
The same proportion was confirmed by Sacher et al using entrain-
ment mapping and activation mapping in a population of 34 patients
with LVAD undergoing ablation, showing that on a total of110 VTs,
95% were dependent on macro-reentrants, 5% on micro-reentrants
or focal activity, 9% related to scar of the inflow cannula.®! In the
case series by Anderson et al the activation mapping and the entrain-
ment mapping were used in 60% of cases, the substrate mapping in
20% of cases (<1.5 mV) and in the remaining 20% a combination of
both was used. These proportion are different from non LVAD pa-
tients in whom the VAs ablation is predominantly guided by substrate

mapping.50

8.1 | Entrainment mapping

The use of entrainment mapping has been associated with a reduced
incidence of arrhythmic relapses in the long term.?’ Entrainment
mapping is a versatile tool that can help differentiate excellent abla-
tion sites from bystanders and other poor ablation targets. In addi-
tion, entrainment mapping is more feasible in LVAD patients than
in those without LVADs, as VTs in the former group are well toler-
ated.*”” Patients with RV failure may not tolerate sustained VT epi-

sodes even in the presence of a VAD and then care should be taken

to limit the total duration of VT during mapping to prevent severe RV
decompensation.®

8.2 | Substrate and pace mapping

The substrate mapping is generally performed with the acquisition
of voltage in unipolar and bipolar, during RV pacing or during sinus
rhythm. Pace mapping may be used in concert with other mapping
modalities as a mean of localizing possible exit sites of VT. When
sites with matching to clinical VT are detected, particularly when
longer stimuli to QRS are noted, these sites should be tagged and
further investigated as sites that may be important to the VT cir-
cuits.>® The ECG morphology has been correlated to the site of
ablation only in 45% of cases in LVAD patients due to several fac-
tors such as intrinsic scar, anatomic distortion due to the device,
LV decompression.*’ In particular, the typical ECG morphology of
cannula related arrhythmias is right bundle branch block with su-
perior axis, with precordial transition in V3-V5.2? In case of peri-
procedural ablation, due to open chest exposure, ECG precordial
leads are not available and only limb leads are reliable for deter-
mining the location of the VT origin or comparing the induced and
clinical VTs. Mapping through a small incision impedes to map the
entire chamber, and the lack of electroanatomic correlation may be
challenging. In addition, the metal chest retractors can interfere
with the mapping systems or prohibits mapping in certain areas of
the heart.>

Acceptable procedural endpoints, as with other VT ablations, in-

clude termination and non-inducibility of the clinical VT, whenever
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possible, additional substrate modification and targeting of non-
clinical VT can be done.*’

8.3 | Electromagnetic interference

Concerning electromagnetic interference (EMI), this can impede the
localization of the mapping catheter and the interpretation of the ECG
or EGM but does not seem to compromise the global outcome, being
faced no more than in 1.8% of procedures.>® Specifically, mapping sys-
tems that are reliant on magnetic fields (eg Carto, Biosense Webster,
Diamond Bar, California and Rhythmia, Boston Scientific, Cambridge,
Massachusetts) to create precise 3D shells, encounter multiple LVAD
interactions including loss of catheter visualization, electro-anatomical
point acquisition inhibition, loss of vector orientation, and loss of con-
tact force readings, and thus accurate 3D mapping is inhibited when
the patient is being supported with a partially or fully magnetic LVAD.>
EMI seems to involve predominantly the LV apex, at the level of the
inflow cannula. Solutions to EMI in these systems could be represented
by positioning the patches away from the inflow cannula and reduc-
ing the speed of the device. Systems relying on impedance mapping (eg
EnSite NavX, St. Jude Medical, St. Paul, Minnesota) have been success-
fully used in some reports without being disabled by EMI.3%° The HM
3 causes high-frequency noise on the surface ECG that compromises
morphology discrimination or pace mapping; noise seems to disappear
with higher revolutions/minute during the delivery of pulse by the de-
vice every 2 seconds.’®>¢®! |n the case of HM 2, electromagnetic inter-
ference was rarely reported which troubled the catheter visualisation
and substrate mapping at the level of the inferior or septal apical seg-
ments around the cannula and facing the turbine. This was avoided with

the use of conventional mapping but also with impedance mapping.3%:¢!

9 | POST-PROCEDURAL FEATURES
9.1 | Recurrences and prognosis

A recent statement of the American Heart Association (AHA), based
on literature revision, highlighted that the short term success of VAs
ablation is around 77%-86%, with relapses in the long term spanning
from 15% to 85%.°° The study by Cantillon et al on patients under-
going LVAD implantation with symptomatic refractory VT referred
for EP study and catheter ablation from 1991 to 2010 showed that
the overall net mean survival of the cohort was 38 + 4 months and
120 + 90 days while on mechanical support. VT recurrence was in 7
of 21 patients (33%) at a mean of 133 + 98 days, including 1 patient
(5%) with recurrence of the previously ablated tachycardia. A repeat
procedure was required in 6 patients (29%) with subsequent VT re-
currence in 4 of 21 patients (19%).%° Concerning medical therapy
after the procedure, in the meta-analysis by Cantillon et al adjunc-
tive medical therapy excluding beta-blockers was used in 7 of 21
patients (in detail 33% was treated with amiodarone: n 6; lidocaine/

mexiletine: n 4; sotalol: n 1).30
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9.2 | Complications

In 8 case series comprehensive of 100 patients, pooled incidence of
acute procedural complications was 9.4% (95% Cl: 5.0% to 17.2%).
4.4% patients manifested minor complications, all with groin hema-
tomas, and major complications occurred in 5.5%, with 2 cases of
groin pseudoaneurysm requiring surgical repair, 2 cerebrovascular
events, and cardiogenic shock in 1 patient.*® Since the arterial punc-
ture is often challenging the risk of groin hematoma is increased
when compared to normal population. Moreover the risk of bleeding
tends to be higher in case of epicardial ablation.’* Among complica-
tions, Moss et al showed that there is an increased incidence of pump
thrombosis following ablation in LVAD patients, especially when it is
performed next to the inflow cannula. The first recorded event oc-
curred at 148 days and the median time to diagnosis was 273 days.*®
Thrombosis after endocardial ablation has a theoretical basis that de-
serves additional attention. As a general rule, ablation of a substrate
determines a proinflammatory and thrombogenic state. Additionally, it
is also possible that the LV endocardial surface is more inclined to be
site of thrombus formation due to inflammation and injury that results
from the ablation itself. There are alterations in blood flow within the
LV related to flow into the LVAD cannula that can result in stasis within
certain portions of the LV cavity (eg due to the inflow cannula position,

the LV apex cannot contract causing blood stasis).*¢%7

10 | CONCLUSION

Catheter ablation is an effective procedure in the management of
VAs post LVAD implantation, often enough representing a treatment
of last resort when ICD and drug therapy have failed. In this setting,
ablation can improve the arrhythmogenic burden, being particularly
effective in ES termination, and can promote the reduction of defi-
brillator shocks. The most known technical troubles such as catheter
entrapment are infrequent and have showed no impact on procedural
outcome. Scar related re-entry within pre-existing regions is the pre-
dominant mechanism of VT, while inflow cannula-related VT is re-
sponsible for a minority. Rates of transplantation and mortality are
high, confirming that ablation is performed in a high risk population.
Despite acute success of this procedure, VA frequently recurs and for
this reason a first ablation strategy should be planned taking into ac-
count the evolution of the cardiomyopathy, the predisposing condi-
tions to arrhythmias and the electrophysiologists' technical skills.
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