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Left ventricular assist devices (LVAD) are used in the treatment of advanced left ventricular heart failure. LVAD can serve

as a bridge to orthotopic heart transplantation or as a destination therapy in cases where orthotopic heart transplantation

is contraindicated. Ventricular arrhythmias are frequently observed in patients with LVAD. 
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1. Introduction

Left ventricular assist devices (LVAD) are a heterogeneous class of devices increasingly used in the treatment of

advanced heart failure , with more than 50,000 LVADs having been implanted over the prior decades worldwide.

Currently, their application includes patients for whom standard pharmacological treatment and cardiac implantable

electronic devices (CIEDs) do not yield satisfactory results, with the only remaining viable option being orthotopic heart

transplantation (OHT). Due to a shortage of suitable donors, LVADs serve as a bridging method (BTT—bridge to

transplant) allowing patients time to wait for donor availability and to improve and optimize their general condition prior to

OHT surgery. These devices are also being used more frequently as a destination therapy (DT) . Providing care for

LVAD patients requires the establishment of a multidisciplinary mechanical support team comprising experienced

cardiologists, electrophysiologists, cardiothoracic surgeons, nurses, and a LVAD coordinator . This multidisciplinary

team must be capable of taking a holistic approach in optimizing the parameters of mechanical circulatory support and

treating any complications that may arise as well as treating the underlying condition of cardiac failure according to current

medical standards based on etiology. Many complications from mechanical circulatory support, including LVAD therapy,

arise from the interplay between hemodynamic function and cardiac electrical activity. In particular, ventricular arrhythmias

serve as a good disease model to demonstrate the interconnections between the pathophysiology of hemodynamic and

electrical function as well as to showcase therapeutic strategies that uniquely apply to this patient group.

2. Electrocardiography in Patients with Implanted Left Ventricular Assist
Devices

2.1. Twelve-Lead 12-Lead Electrocardiograms Findings in Patients with Left Ventricular Assist
Devices

There are limitations to interpreting a standard ECG in this specific group of patients due to potential electromagnetic

interference produced by the LVAD. Implantation of the device by itself may cause myocardial injuries, evoking ECG

changes. Additionally, muscle fasciculations during device operation can induce additional artifacts . Martinez SC et al.

 categorized these relevant ECG changes in LVAD patients according to LVADS2: low limb-lead voltage, ventricular

pacing, the electrical artifact duration of QRS complex, ST elevation in the lateral leads, and splintering of the QRS

complex. Among them, electrical artifacts and low limb-lead voltage may have the strongest impact on proper ECG

interpretation. In another study, the authors highlight additional general changes in ECG that occur after LVAD

implantation, including the reduction in the amplitudes of the R and S waves in some leads and an alternation of the R:T

ratio. These changes in baseline ECG as well as artifacts may have a significance in the proper functioning of implantable

cardioverter–defibrillator devices (ICD), which researchers will discuss further in the article . Interesting conclusions can

be drawn from a study by Zak Loring et al. , in which it was shown that the use of dedicated filters at modified

frequencies may contribute to the reduction in artifacts from cutaneous ECG in a group of patients with LVADs. The LVAD

devices operate at a rotational speed within the range of 2400–3200 rpm (Heart Ware Medtronic) and from 5000 to 6000

rpm (HeartMate III Abbott), corresponding to oscillatory frequencies of 50–53.3 Hz and 83.3–100 Hz, respectively. It is

worth considering their impact on the depiction of disturbances in the ECG. Furthermore, in the case of HM III, the device
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produces an artificial pulse every 2 s in order to prevent thromboembolic complications. This involves an acceleration of

rotation by 2000 rpm followed by a deceleration, which is detectable in both three-lead (Figure 1) and twelve-lead Holter

recordings (Figure 2) .

Figure 1. A 3-lead Holter recording in a patient with an implanted LVAD with a sinus rhythm and ventricular tachycardia.

Transient interference at regular intervals can be seen in upper line lead.

Figure 2. A 12-lead Holter recorded from the same patient as presented in Figure 7. Transient artifacts at regular intervals

from the artificial pulse can be seen in most leads.

2.2. Alternative Diagnostic Methods of Noninvasive Electrocardiography in Patients with Implanted
Left Ventricular Assist Devices

In our daily clinical practice, researchers have observed a few different diagnostic methods that are particularly useful in

recognizing arrhythmia origin in a LVAD patient. A 12-lead Holter is particularly high-yield. In contrast to standard ECG

(Figure 3 and Figure 4), a 12-lead Holter monitoring (Figure 5), depending on the hardware and analysis software used,

can provide tracings with minimal artifacts. A valuable diagnostic tool for assessing the incidence of arrhythmia is remote

monitoring of an implanted cardioverter–defibrillator. In the reports sent by the remote systems, researchers can obtain

precise information on the duration of arrhythmia, the number of episodes, delivered therapies, and the heart rate. An

example of a graph from a ICD showing statistics regarding the number of therapies delivered, heart rate, and number of

VT/VF episodes per day is presented in Figure 6.
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Figure 3. Sinus rhythm recorded in electrocardiography in a patient after implantation of a left ventricle assist device.

Electromagnetic interference is visible in the majority of leads.

Figure 4. Sinus rhythm with sequential ventricular pacing (VAT mode), as well as a ventricular premature beat in patient

with a LVAD. EM artifacts generated by the LVAD are visible in the III, V5–V6 leads.

 

Figure 5. Reports from remote telemonitoring showing sustained ventricular tachycardia on an intracardiac electrogram

recorded from transvenous leads of an implantable cardioverter–defibrillator.

3. Left Ventricular Assist Devices and Cardiac Implantable Electronic
Devices

Implantable cardioverters–defibrillators, both with and without resynchronization, make up the vast majority

(approximately 50–90%) of CIEDs in LVAD patients. Across multiple published guidelines, ICD therapy is recommended in

advanced heart failure patients who are candidates for LVAD or heart transplantation; however, its impact on survival in

this group remains doubtful. Secondary rather than primary prevention actually demonstrates benefits in ICD therapy .

De novo ICD implantations in subjects previously equipped with a LVAD are still a subject of debate. ICD use in LVAD

patients has also steadily decreased over the years .

3.1. Pulsatile vs. Continuous Flow in Terms of Implantable Cardioverter–Defibrillator Outcomes in
Patients with Left Ventricular Assist Devices

Pulsatile LVADs were a dominant form of mechanical circulatory support in the previous decade. The majority of older

data available (reaching together up to 2000 patients observed) show significant benefits of ICD use in pulsatile LVADs;

specifically, its use was associated with a significant reduction in mortality in these patients with the rate of appropriate

shocks being high though reduced vs. pre-LVAD periods . The multicenter European PCHF-VAD registry of 448
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patients with LVADs in which half (235 pts) were also implanted with an ICD showed that the ICD group had a 36%

reduction in mortality in a multivariate analysis with an average follow-up time of 1.1 years. Any single VA incident in LVAD

patients increased the risk of both all-cause and cardiovascular death, and an active ICD device resulted in its subsequent

almost 50% reduction. The results support the conclusion that ICD implantation was associated with significantly better

survival in LVAD patients regardless of when it was implanted .

In recent years, clinical practice has transitioned over to continuous flow devices. Galand V et al., in a multicenter

observational analysis of 494 continuous-flow LVAD patients, identified predictors of VA. They proposed a VT-LVAD score

with four risk groups stratified from 0–10 points each. This score could be useful in identifying patients, after the

implantation of continuous-flow LVADs, who might benefit from subsequent ICD implantation . Shockingly, compared to

previous data, the Interagency Registry for Mechanically Assisted Circulatory Support registry with 2209 ICD patients and

a propensity-score-matched group without the device, does not support the effectiveness and prognosis benefits offered

by an ICD in continuous-flow LVAD recipients . The presence of an ICD was actually associated with an increased

mortality risk, heart transplantation (HTX) rate, number of VA hospitalizations, and no recovery with LVAD explantation.

However, these data must be approached with caution, as the control group was selected on the basis of propensity score

matching which could have been prone to confounding bias by latent covariables such as additional unknown common

pre-existing conditions within the ICD group. In an observational INTERMACS group of 1444 different types of LVAD

patients remaining on a waiting list for HTX and divided evenly between ICD and non-ICD subgroups, no benefits of ICD

therapy were noted in total mortality, cardiovascular wait-list mortality, and HTX delisting in a median 5.6 month follow-up.

However, there was a greater yet statistically insignificant incidence of death in the non-ICD population (five vs. two) .

Additionally, a meta-analysis of three observational studies with 203 patients (69.5%) with an ICD and continuous-flow

LVAD, showed no benefit in terms of improved survival, severe right ventricular dysfunction, and LVAD-related

complications .

3.2. Implantable Cardioverter–Defibrillator Implantation Recommendations for Patients with Left
Ventricular Assist Devices

Because current long-term circulatory support devices are mostly continuous-flow systems, based on the above, the

available data only support the use of de novo ICDs in those patients with a cautious and individualized approach, even

as VAs remain a significant clinical challenge. Therefore, the 2022 ESC guidelines for the management of patients with

ventricular arrhythmias and the prevention of sudden cardiac death recommend that an ICD should be considered in

LVAD patients with symptomatic sustained VA (strength of recommendation IIa/quality of data B). One should also note

that therapeutic options such as ablation may be considered within a comprehensive approach. Over the coming years,

increasing survival time of LVAD patients, especially with the ever-increasing popularity of LVADs as destination therapy,

might lead to a reassessment of the role of CIEDs in this patient population. Theoretically, wearable cardioverter–

defibrillators could be an alternative in selected cases of advanced or end-stage heart failure, but due to a limitation on the

duration of their use and possible interference with LVADs, this method is currently rather limited to patients on the urgent

waiting list for HTX who have not previously been implanted with an ICD .

3.3. Technical Considerations in Implantable Cardioverter–Defibrillator Programming in Patients
with Left Ventricular Assist Devices

Optimal device programming (including but not limited to pacing modes, CRT function, and ICD shock thresholds) is

crucial for proper hemodynamics and ventricle performance. Additionally, with ICD shocks, “too aggressive” programming

with discharges may impair quality of life, while more conservative programming may not induce ICD shocks when

necessary . It is also worth noting the potential for electromagnetic interference (EMI) issues upon the LVAD

device with inappropriate shocks.

In regard to the strategy of pacing programming, the latest evidence may support switching off left ventricle pacing

altogether in LVAD patients with previously implanted CRTs. Furthermore, as Chung BB et al. have shown in a

randomized crossover study, in 30 LVAD patients with CRT, RV pacing was associated with only functional status and

quality-of-life improvement alongside a reduction in ventricular arrhythmias as compared to the CRT-only control group

. On the other hand, there are data available that support the superiority of biventricular pacing over other pacing

modes in acute improvement of RV contractility in patients with LVADs . Clearly, there is much room available for

personalized management of the ventricular pacing strategy in LVAD patients.

Vastly increasing numbers of various implantable therapeutic devices and external diagnostic devices are generating a

clinical problem of potential EMI. External sources of EMI have been listed on the safety instructions for a long time and

any new device or electric tool combination must be taken into account with respect to its clinical relevance. The main
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concern in cardiology is the use of defibrillation devices (ICD). LVADs, due to the proximity of an ICD lead-sensing dipole,

may cause EMI noise detection and inadequate device discharges, which has been the subject of many studies and

observations . The coexistence and proximity of ICD and LVAD devices is shown in Figure 6.

Figure 6. CIED interrogation in a LVAD patient. Presented is the “Metal lid” (or “frying pan”) technique. Here, the metallic

object serves as a pseudo Faraday cage (a conductive cage made of metal aimed to shield against electromagnetic and

electrostatic fields) above the LVAD in order to protect the programmer’s head from any potential interference.

The incidence of LVAD-related noises has been found to be significantly high in S-ICD patients, which affects implantable

defibrillator function. Incidence may extend from 15% up to 33%, and HeartMate III devices were prone to interfere with S-

ICDs, as in the presented case . There were cases where turning off the device must have been executed as the only

option to eliminate painful inappropriate shocks. The importance of awareness of such device interference should be

highlighted, and this indicates the need for further algorithm improvements to eliminate this phenomenon. Novel extended

device-based S-ICD screening methods have been developed for LVAD subjects as well, due to a small number of S-ICD-

eligible LVAD patients and screened with the standard test to eliminate EMI . Modified and robust screening should be

recommended in patients with LVAD who are candidates for S-ICD therapy.

Additionally, EMI which may seriously interfere with cardiac pacemakers can be generated by deep brain stimulation

devices. In regard to transvenous and leadless pacemakers, clinical experience and observational data are still limited

due to the rarity and novelty of the technologies. Their potential for EMI interactions with LVADs is yet to be explored .
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