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Abstract

Purpose of review Left ventricular assist device (LVAD) implantation is a well-known
treatment option for patients with advanced heart failure refractory to medical therapy
and is recognized both as bridge to transplant and a destination therapy. The risk of
ventricular arrhythmias (VAs) is common after LVAD implantation. We review the patho-
physiology and recent advances in the management of VA in LVAD patients.
Recent findings VAs are most likely to occur in the early post-operative periods after LVAD
implantation and a prior history of VA is the most important risk factor. Post-LVAD VAs are
usually well tolerated with less morbidity and decreased risk of sudden cardiac death.
However, risk of right heart failure in the setting of persistent VAs is being increasingly
recognized. The mechanisms of post-LVAD VAs may vary depending on the time from LVAD
implantation. Electrical remodeling may play an important role in the immediate post-
implant phase. Preexisting myocardial scar and to a lesser extent mechanical irritation
from the LVAD cannula are important in the later phases. Most LVAD patients have a
previously placed implantable cardioverter-defibrillator (ICD). The benefit of implanting a
new ICD in LVAD patients is unknown and should be individualized. For ICD programming,
a conservative strategy with higher detection zones and prolonged time to detection is
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usually recommended aiming to minimize ICD shocks. More aggressive programming is
appropriate if the VA results in hemodynamic instability. Antiarrhythmic drugs including
amiodarone, mexiletine, and beta blockers are usually the first-line therapy for VAs.
Catheter ablation has been shown to be safe and effective in LVAD recipients with
recurrent VAs not responsive to antiarrhythmic drugs.
Summary LVAD-related VA is most frequently reentrant secondary to myocardial scar and
usually well tolerated. Management options include antiarrhythmic drugs and catheter ablation.

Introduction

Since its first introduction in 1969—when the world’s
first artificial heart was placed [1]—a left ventricular
assist device (LVAD) has emerged to become a well-
establishedmode of treatment in patients with end stage
or advanced heart failure (New York Heart Association
class IIIB or IV symptoms) refractory to standardmedical
therapy [2]. It has shown survival benefit with decreased
morbidity and overall improvement in quality of life [3,
4]. LVAD was first introduced as a bridge to transplant

(BTT). However, only a minority of advanced heart
failure patients were found eligible for heart transplant.
Now, LVAD is also well recognized as destination ther-
apy (DT) since its approval for this in January 2010, with
approximately 50% of implants in the USA currently for
this indication [1]. The first generation introduced was a
pulsatile pump which evolved to become a continuous
flow pump in the second- and third-generation LVADs.

Ventricular arrhythmias in LVAD patients

It is now widely known that LVAD implantation is associated with increased
risk of arrhythmias particularly ventricular arrhythmias (VAs). VAs occur more
frequently in the early post-operative period, principally in the first 30 days
post-implantation [5•, 6, 7]. The reported incidence of VA in LVAD patients is
between 22 and 59% [6, 8, 9]. This wide range in the reported incidence is likely
due to variability in the patient population and implantable cardioverter-
defibrillator (ICD) programming. VAs can occur de novo after LVAD implan-
tation without a prior history of VAs. However, previous history of VA is
reported as one of the main predictors among others like ischemic heart disease
[6, 7, 9–11]. Also, the type of the implanted assist device plays a role with VAs
being more recognized in continuous flow LVAD (CF-LVAD) [8].

The majority of LVAD patients have good tolerability to VAs with decreased
morbidity, mild symptoms, and considerably decreased risk of sudden cardiac
death compared with those without a LVAD [12, 13]. This is even more
pronounced in CF-LVAD when the outflow is less affected by the native heart
preload [14, 15]. The most common symptoms are palpitations, pre-syncope,
and fatigue, but syncope is rare. This being said, LVAD inflow can be affected if
there is underlying pulmonary hypertension or right ventricular (RV) dysfunc-
tion that impairs left ventricular (LV) filling. Some patients can experience
significant symptoms, mainly of right heart failure, ICD shocks, and hemody-
namic instability, affecting their quality of life. There is also potential for RV
thrombosis due to lack of contraction. Cardiac arrest, however, is rarely seen
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[16]. Concerns about the association between post-LVAD VAs and mortality
was raised and reported in few studies. In some studies, a significant increase in
mortality was described in the first month after LVAD implantation [17, 18]
with preexisting VAs as a major risk for mortality [19•]. However, this associ-
ation was not confirmed in another study [20]. It is also unclear if the VA has a
causal effect on mortality or if it is a marker of cardiac dysfunction. LVAD-
associated VAs are also recognized to cause increased financial burden with
increased use of resources from multiple hospital readmissions [21, 22].

Mechanisms of VA in LVAD patients

The mechanism of VA may vary by the underlying heart disease, time interval
from LVAD implantation, and patient characteristics. In the immediate post-
implant phase, the left ventricle is unloaded, resulting in structural and electro-
physiologic remodeling. This leads to a shortened QRS duration and prolonged
QT interval, predisposing to VA [23]. The early remodeling also represents a
stage of electrical instability and dispersion of repolarization. IncreasedQT after
LVAD implantation was reported to be associated with 3-fold higher incidence
of post-operative VA [24]. Electrolyte imbalance, inotropic drugs, changes in
ion channel expression, and calcium handling post-operatively can also predis-
pose to VAs [22]. Thereafter, weeks or months post-implantation, electrophys-
iological remodeling corresponds to the decreased risk of VAs [23].

In the later phases, preexistingmyocardial scar plays themost important role
in arrhythmogenesis. Themost common underlyingmechanism is re-entry, but
enhanced and triggered automaticity can also be seen. Mechanical causes of VAs
that are unique to the LVAD population have also been reported. These include
reentrant ventricular tachycardia (VT) involving the apical scar created by
insertion of the inflow cannula. Also, the inflow cannula can impinge on the
myocardium resulting in VT that may sometimes be positional. Finally, mis-
match between the VAD inflow and outflow can result in greater unloading of
the LV compared with the venous return. This can cause a suction effect, small
LV cavity size, and direct contact of the inflow cannula with the myocardium
leading to VT [25, 26]. Echocardiography can help recognize LVAD “suck
down” which can be addressed by reducing the rotational speed of the pump
and increasing preload (fluid resuscitation). Although mechanical causes of VA
are uncommon, their recognition is critical since they are usually not responsive
to antiarrhythmic drugs. In a systematic review of VA mechanism in patients
undergoing ablation, 90% were related to scar related re-entry, with cannula-
related VT and focal VT accounting for the rest.

ICD programming in LVAD

Given advanced heart failure in LVAD patients, concomitant LVAD and ICD use is
very common. In fact, the majority of patients with LVAD already have an ICD in
place. Among those who do not, post-LVAD ICD placement remains of question-
able benefit especially in the current generation of CF-LVAD [12]. The most recent
American Heart Association (AHA) scientific statement concludes no sufficient
data is available to declare a survival advantage from ICD in LVAD patients with
themajority of the available data suggesting no survival benefit in patients with CF-
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LVAD [27••]. The 2017 AHA/American College of Cardiology (ACC)/Heart
Rhythm Society (HRS) guidelines on VA give it a class IIa recommendation [28].
The decision to implant an ICD post-LVAD should be individualized, with greater
consideration given to patients with hemodynamic instability during VA.

When it comes to tachyarrhythmia programming, given sustained VA’s
associated with LVAD are usually well tolerated, conservative programming
strategy is recommended aiming to minimize ICD shocks. ICD shocks that
occur in conscious LVAD patients can have significant adverse psychological
impact and should be avoided. The following general principles are applicable
in patients with well-tolerated VAs:
1. Programming a high VF zone (≥ 220 bpm) with prolonged intervals to

detection.

2. Multiple rounds of ATP can be programmed in the VF zone to increase the
probability of painless termination of monomorphic VT or spontaneous
termination of VA prior to triggering a shock. Current ICDs do not allow
programming “off” shocks in the VF zone.

3. A VT zone can be programmed, and the cut-off individualized to the
patient’s prior VA characteristics. Prolonging the time to detection to the
maximum allowed by the device will allow non-sustained VAs to terminate
and prevent unnecessary therapies.

4. Multiple rounds of ATP should also be programmed in the VT zone for
reasons noted above. One caveat, however, is potential for acceleration of
the VA following aggressive ATP resulting in rapid VAs leading to hemody-
namic instability or shocks in a small proportion of patients. Aggressive ATP
therapy should be avoided in patients who have previously demonstrated
acceleration of VA.

5. The VT zone can be programmed without shocks if the VA is hemodynam-
ically stable. If ATP is not effective, an elective cardioversion can be consid-
ered under sedation.
More aggressive programming is appropriate if the VA results in hemody-

namic instability.
Additional considerations include measures to increase battery longevity to

minimize need for generator change with its attendant risk for infection. Given
the uncertain utility of cardiac resynchronization therapy in LVAD patients,
consideration can be given to turning off LV pacing to conserve battery. How-
ever, clinical data with regard to best practice are sparse.

Some LVAD patients might prefer programming their ICD off to minimize
painful ICD shocks. This is based on the reduced risk of cardiac death from VAs
post-LVAD. Such decision will need to be made in a shared fashion with the
patient and the family on a case-by-case basis.

Management of VAs in LVAD
Medical management

As discussed previously, VAs are usually well tolerated by LVAD patients.
Although antiarrhythmics can help prevent hemodynamic instability in LVAD
patients with VAs, their use remains of questionable benefit with limited data
guiding the medical therapy in this population [7, 20, 22].
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Most LVAD patients, unless contraindicated, are usually already on the
maximum tolerated dose of beta blockers. There are conflicting data about
the benefit of initiating beta blockers after LVAD implantation. While one
retrospective study showed significant association between increased risks of
VAs and nonuse of beta blockers after LVAD placement [22], this was
contradicted by a prospective study that revealed no association [7]. It is
however reasonable to maximize beta blocker therapy in patients with VAs.

In the acute setting, intravenous amiodarone, lidocaine, or procainamide is
usually advised. Chronically, oral amiodarone is frequently used to prevent
recurrence of VA. In one randomized controlled study, amiodarone in combi-
nationwith beta blocker reduced the risk of both appropriate and inappropriate
ICD shock [29]. Although one small study showed significant arrhythmia-free
survival with amiodarone used for secondary prevention [20], another multi-
center study revealed amiodarone is independently associated with increased
mortality [30]. There are also concerns regarding its use in cardiac transplant
recipients. Amiodarone use in patients awaiting cardiac transplant is associated
with increased one-year mortality after transplant. In conclusion, amiodarone
use should always be balanced between benefits and side effects or drug
interaction. Sotalol in one study of non-LVAD patients with VA significantly
reduced the risk of any shock or death by 48% and is a potential option for
patients with LVAD also [31]. Mexiletine can be added for breakthrough VA
despite chronic use of amiodarone or as an alternative if amiodarone is not
tolerated. It can also be used for adequate acute control in patients with
successful use of lidocaine [1].

Ablation therapy
Catheter ablation for VAs in LVAD recipients is usually considered in recurrent
VAs leading to either hemodynamic instability or recurrent ICD shocks despite
antiarrhythmic drugs. VT storm is a common indication for ablation. Patients
with slow hemodynamically tolerated VT should also be considered for abla-
tion if there is concern for VA-induced RV failure or thrombosis.

Several small retrospective cohort studies [25, 32–38] have described tech-
niques and outcomes of VT ablation in LVAD patients, but the collective
experience remains limited. In a systematic review of the published literature,
Anderson et al. [39•] reported VT ablation outcomes in 110 patients. One-third
of ablations were performed for VT storm. Acute procedural success defined as
non-inducible clinical VT was achieved in 78%. Two-thirds of patients were
non-inducible for any VT at the end of the procedure. Major complications
occurred in 5.5% including cerebrovascular accident, vascular access–related
complications, and cardiogenic shock. There were no reports of pump throm-
bosis or catheter entrapment [36]. The rate of major complications is compa-
rable with that of VT ablation in non-LVAD patients with structural heart
disease.

During long-term follow-up, VT recurrence occurred in approximately 40%
and repeat ablation was performed in 10%. However, a significant decrease in
ICD shocks was observed. While there is insufficient data to assess survival
benefit, catheter ablation can be useful to reduce morbidity associated with VT
and to stabilize patients as a bridge to transplant [27••].
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Technical considerations
The preferred access to the LV in LVAD patients is via the trans-septal approach.
The retrograde aortic approach that was used in one-third of the reported cases
may be more challenging due to low flow and poor opening of the aortic valve.
[39•] Retrograde aortic access is not feasible if the aortic valve was oversewn
during LVAD placement. Careful review of the operative report and echocar-
diogram is essential to recognize this. Percutaneous epicardial access is chal-
lenging if not impossible in these patients. In patients with hemodynamically
significant epicardial VTs, surgical epicardial access with limited thoracotomy
can be considered.

The hemodynamic stability afforded by the LVAD allows arrhythmia induc-
tion and mapping in most cases. Anderson et al. [39•] reported the use of
activation or entrainment mapping in 60% of cases, substrate only mapping in
20%, and a combination of these in the other 20%. This contrasts with non-
LVAD patients in whom ablation is guided predominantly by the substrate due
to hemodynamic instability during VT.

Carefulmonitoring of catheter position using intracardiac echocardiography
and fluoroscopy is essential to avoid catheter entrapment inside LVAD. The risk
of this complication is low but can occur if the catheter is placed deep in the
rotating impeller. In the immediate post-implant period, caution should be
exercised while mapping or ablating around fresh suture lines and is best
avoided. Electromagnetic interference to magnetic guided mapping systems
has been reported but is rarely significant enough to affect the outcome of the
procedure. In our experience, magnetic interference that prevents acquisition of
points and spatial localization of the catheter may occur during mapping at the
apex in close proximity to the inflow cannula. The newer generation HeartMate
3 device has been reported to cause high-frequency noise on surface ECGwhich
can pose challenges to pace mapping [39•]. Temporary reduction of pump
speed can be tried in cases with electromagnetic interference but is not uni-
formly successful in eliminating this problem. However, use of purely imped-
ance based mapping systems will eliminate electromagnetic interference.

Monitoring of hemodynamics is critical during the ablation. Commonly
used targets for blood pressure are not applicable to this patient population.
Hence, in addition to close monitoring of mean arterial pressure, pump-related
parameters including rotations per minute and flow should be continuously
monitored in collaboration with a heart failure LVAD specialist. Additional
monitoring of markers of end-organ perfusion such as urine output, serum
lactate, and pH is useful. Central venous pressure monitoring can also help
identify and treat RV dysfunction and fluid overload.

Ablation during LVAD implantation
In order to limit post-operative VA in LVAD recipients and given the challenges
of post-LVAD VA ablation, surgical ablation during the time of LVAD implan-
tation is sometimes considered. Intraoperative epicardial and endocardial
cryoablation in one study was found to be safe, leading to significantly reduced
post-operative arrhythmia burden especially in patients with history of recur-
rent preoperative VA [40]. Another study with 2 patients found an increased risk
of thrombosis with endocardial ablation and recommended surgical VT
cryoablation to be limited only to epicardial ablation during LVAD placement
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[41]. In conclusion, the safety and efficacy of this preemptive approach remains
uncertain warranting further evaluation.

Conclusion

Ventricular arrhythmias are common after LVAD implantation, with peak
incidence in the immediate post-operative period. Most VAs are well tolerated
in the context of an LVAD, and ICD programming must be revisited after LVAD
implantation to minimize unnecessary shocks. Catheter ablation is feasible
with good acute success rate for treatment of VT non-responsive to antiarrhyth-
mic drugs, though recurrence is common.
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