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Abstract
Background: Ventricular arrhythmias (VAs) are observed in 25%– 50% of 
continuous- flow left ventricular assist device (CF- LVAD) recipients, but their 
role on mortality is debated.
Methods: Sixty- nine consecutive patients with a CF- LVAD were retrospectively 
analyzed. Study endpoints were death and occurrence of first episode of VAs post 
CF- LVAD implantation. Early VAs were defined as VAs in the first month after 
CF- LVAD implantation.
Results: During a median follow- up of 29.0  months, 19 patients (27.5%) died 
and 18 patients (26.1%) experienced VAs. Three patients experienced early VAs, 
and one of them died. Patients with cardiac resynchronization therapy (CRT- D) 
showed a trend toward more VAs (p = 0.076), compared to patients without CRT- 
D; no significant difference in mortality was found between patients with and 
without CRT- D (p = 0.63). Patients with biventricular (BiV) pacing ≥98% experi-
enced more frequently VAs (p = 0.046), with no difference in mortality (p = 0.56), 
compared to patients experiencing BiV pacing <98%. There was no difference in 
mortality among patients with or without VAs after CF- LVAD [5 patients (27.8%) 
vs. 14 patients (27.5%), p = 0.18)], and patients with or without previous history of 
VAs (p = 0.95). Also, there was no difference in mortality among patients with a 
different timing of implant of implantable cardioverter- defibrillator (ICD), before 
and after CF- LVAD (p = 0.11).
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1  |  INTRODUCTION

Continuous- flow left ventricular assist devices (CF- 
LVADs) were developed as a bridge to transplant in 
patients needing mechanical circulatory support for end- 
stage heart failure (HF). Due to the increased incidence of 
advanced HF, the relative paucity of available organ do-
nors, and the significant technological devices improve-
ments, destination therapy (DT) has become a further 
indication.1

Advanced HF is characterized by an increased arrhyth-
mic burden. Ventricular arrhythmias (VAs) are a negative 
prognostic marker, but it is not ascertained if they directly 
impact disease progression, or they are a marker of an 
end- stage disease. Proposed mechanisms of VAs in CF- 
LVAD carriers vary by patient population and duration 
of CF- LVAD support; they include ischemia, fibrosis, un-
derlying cardiomyopathy substrate, inotropic and pressor 
therapies, mechanical origin from the inflow cannula or 
suction events.1– 3

Contrasting results are available regarding the effects 
of ICDs and CRT- D in patients with CF- LVADs; it is also 
not known whether ICD implantation is associated with 
better prognosis.4

In this single- center retrospective observational study, 
we sought to investigate the clinical characteristics of VAs, 
the role of ICD and CRT- D, and mortality in CF- LVAD 
recipients.

2  |  MATERIALS AND METHODS

In the present single- center, retrospective study, we en-
rolled all consecutive patients who underwent CF- LVAD 
implantation at San Raffaele University Hospital in Milan 
from 2011 to 2019. With the approval of our local Ethical 
Committee, we collected data on patients with ICD who 
were implanted an LVAD at our institution from 2011 to 
2019; data were anonymized prior to insertion in the elec-
tronic database.

According to the most recent HF guidelines,5 we se-
lected for CF- LVAD implantation only patients with 
Stage D HF with reduced ejection fraction and reduced 

functional capacity, as measured by a maximal oxygen 
consumption VO2 < 14 mg/kg/min. Final careful multi-
disciplinary evaluation of patients' candidacy was essen-
tial before implantation. Lavare Cycle and suction alarms 
were active in all HeartWare patients. ICD or CRT- D were 
implanted following current guidelines on sudden cardiac 
death (SCD) prevention and HF management.6,7 CRT- D 
was programmed with biventricular pacing (BiV) ON and 
left ventricular lead ON.

The CF- LVAD controller monitor was checked during 
every clinical visit, according to state- of- the- art standard 
of care for CF- LVAD recipients management. ICD interro-
gation was performed every 6 months. Clinical follow- up 
was also provided by in- person visits, in- patient and out-
patient medical records, and by phone interview.

Variables collected during patient visits were ICD pro-
gramming parameters, VAs occurrence, CF- LVAD param-
eters, and laboratory parameters including hematologic 
and biochemical values. Vas were defined as sustained 
ventricular tachycardia (VT) or ventricular fibrillation 
(VF). VAs were classified according to their time of occur-
rence: early VAs occurring within 30 days after CFLVAD 
implantation and late VAs occurring after 30  days. CF- 
LVAD parameters collected were pump flow (PF) (L/min), 
pump power (PP) (W), pulsatility index (PI). Study out-
comes were death and occurrence of first episode of VAs 
post LVAD implantation.

2.1 | Statistical methods

Descriptive statistics were expressed in terms of median 
and interquartile range (IQR) for continuous variables, 
while frequency distribution and percentage were re-
ported for categorical variables. Since normality distri-
bution assumption within groups was not met for most 
of the variables, Mann– Whitney test or Fisher's exact test 
was applied to compare patient groups, respectively, in 
presence of continuous or categorical variables. Kaplan– 
Meier's curves were drawn to describe the patients' free-
dom from death and VAs during the follow- up period. 
The alpha level was set at the conventional 0.05 level. 
Analyses were performed using R statistical software 

Conclusions: VAs in CF- LVAD are a common clinical problem, but they do not 
impact mortality. Timing of ICD implantation does not have a significant impact 
on patients' survival. Patients with BiV pacing ≥98% experienced more frequently 
VAs.
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version 3.6.3 (R Foundation for Statistical Computing, 
Vienna, Austria).

3  |  RESULTS

3.1 | Patients' characteristics

Figure 1 illustrates the flow diagram of the study design.
One hundred and four patients underwent CF- LVAD 

implantation procedure at San Raffaele Hospital from 2011 
to 2019. Seventeen patients did not have any implanted 
ICD; 18 patients performed ICD interrogations in other 
centers; therefore, their ICD reports were not available 
for analysis. A total of 69 were retrospectively analyzed. 
Median age at implantation was 66.0  years (IQR: 63.0– 
71.0), 65 (94.2%) were males; median age at follow- up was 
70.0 years (IQR 65.0– 73.0). In 43 patients (62.3%), indica-
tion to implant was end- stage ischemic cardiomyopathy, 
and in 19 patients (27.5%), nonischemic dilated cardio-
myopathy; other indications and clinical characteristics 
at implantation are summarized in Tables 1 and S1. The 
implanted device was HeartMate II in 1 patient (1.4%), 
HeartMate III in 33 patients (47.8%), and Heartware 
HVAD in 35 patients (50.8%).

3.2 | Ventricular arrhythmias  
and mortality

All analyzed patients had an implanted ICD. Fifty- nine 
patients (85.5%) received an ICD before CF- LVAD im-
plant, and 10 patients (14.5%) after CF- LVAD. These 10 
patients received CF- LVAD as bridge- to- recovery therapy; 
however, after 8.6 months (IQR 7.5– 9.3) from CF- LVAD 
implant, refractory hemodynamic instability persisted, 
and an ICD was implanted in primary prevention.

Despite expected real- world practice- related het-
erogeneity, ICD detection and therapy settings showed 
limited inter- individual variability: VF zone was pro-
grammed ON in all patients for median heart rate of 
210.0  bpm (200.0– 212.0); 54 patients (78.3%) had 1 VT 
detection zone and 12 patients (17.4%) 2 VT detection 
zones. VT1 detection zone was programmed ON in 66 
patients (95.7%) for heart rate of 167.0  bpm (161.0– 
171.0), and VT2 zone was ON in 12 patients (17.4%) for 
heart rate of 183.0 bpm (181.8– 184.0).

At the median follow- up of 29.0  months (18.0– 44.0) 
after CF- LVAD implantation, 18 patients (26.1%) expe-
rienced VAs; all VAs were appropriately detected and 
treated by ICD shock. The median time from implantation 
to first VA occurrence was 9.5  months (4.2– 13.5). Three 
patients experienced early VAs, and one of them died. 
No electromagnetic interference episodes were observed. 
Among CF- LVAD parameters, PP was lower in patients 
that experienced VAs [3.8 W (3.5– 4.1) vs. 4.3 W (3.8– 5.2), 
p = 0.004]; no significant differences among patients with 
and without VA regarding PF [4.2  L/min (3.8– 4.6) vs. 
4.4 L/min (3.8– 5.2), p = 0.21] and PI [3.8 (3.2– 3.9) vs. 4.2 
(3.3– 5.2), p = 0.22] were found. No significant differences 
regarding time to first VA occurrence among patients re-
ceiving ICD before or after CF- LVAD implantation were 
found [15 patients (25.4%) vs. 3 patients (30.0%), LogRank 
p = 0.92]. No significant differences were found between 
LVAD model in mortality (LogRank p = 0.6), first VA oc-
currence (LogRank p = 0.48), and VAs history (LogRank 
p = 0.85).

At the median follow- up, 19 patients (27.5%) died. 
Causes of death were: cerebral hemorrhage in 9 patients 
(47.4%), septic shock in 7 patients (36.8%), and end- stage 
respiratory failure in 3 patients (15.8%). There was no 
death due to VAs. Among CF- LVAD parameters, PP was 
higher in patients that experienced death [5.0  W (4.2– 
5.5) vs. 4.1  W (3.6– 4.4), p  =  0.003], with no significant 

F I G U R E  1  Flow diagram of the 
study design [Color figure can be viewed 
at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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differences regarding PF [4.8  L/min (3.9– 5.4) vs. 4.2 L/
min (3.7– 4.6), p = 0.076], and PI [4.2 (3.1– 5.0) vs. 3.8 (3.3– 
4.7), p = 0.94].

There was no difference in mortality among patients 
with and without VAs after CF- LVAD [5 patients (27.8%) 
vs. 14 patients (27.5%), LogRank p = 0.18], and patients 

T A B L E  1  Characteristics of patients implanted with CF- LVAD and comparisons between patients with versus without post- implant 
VAs occurrence

No- VAs group (N = 51) VAs group (N = 18) Total (N = 69) p value

Age at implantation (years) 66.0 (62.5– 71.0) 66.5 (65.0– 69.0) 66.0 (63.0– 71.0) 0.89

Gender (male) 48 (94.1) 17 (94.4) 65 (94.2) 0.99

Diagnosis 0.35

ACM 1 (2.0) 0 (0.0) 1 (1.4)

HCM 1 (2.0) 1 (5.6) 2 (2.8)

ICM 34 (66.7) 10 (55.6) 44 (63.8)

NIDCM 12 (23.5) 7 (38.9) 19 (27.5)

Radiation- related CM 1 (2.0) 0 (0.0) 1 (1.4)

Chemotherapy- related CM 1 (2.0) 0 (0.0) 1 (1.4)

Valvular heart disease 1 (2.0) 0 (0.0) 1 (1.4)

Hypertension 22 (43.1) 8 (44.4) 30 (43.5) 0.99

COPD 15 (29.4) 5 (27.8) 20 (29.0) 0.99

CABG 6 (11.8) 2 (11.1) 8 (11.6) 0.99

PTCA 22 (43.1) 8 (44.4) 30 (43.5) 0.99

Diabetes 16 (31.4) 2 (11.1) 18 (26.1) 0.12

CKD 26 (51.0) 9 (50.0) 35 (50.7) 0.99

AF history 16 (31.4) 8 (44.4) 24 (34.8) 0.39

VAs history 26 (51.0) 13 (72.2) 39 (56.5) 0.17

Cardiac surgery 19 (37.3) 6 (33.3) 25 (36.2) 0.99

Anti RAAs 24 (47.1) 4 (22.2) 28 (40.6) 0.09

BBs 47 (92.2) 18 (100.0) 65 (94.2) 0.57

AADs 14 (28.0) 9 (50.0) 23 (33.8) 0.14

ICD implanted after CF- LVAD 7 (13.7%) 3 (16.7%) 10 (14.5%) 0.71

Echo LV EDV (ml) 202.5 (184.8– 220.2) 244.0 (217.5– 291.0) 238.0 (191.0– 244.0) 0.25

Echo LV EDD (mm) 60.5 (57.2– 66.0) 61.5 (57.0– 65.0) 61.0 (57.0– 66.0) 0.67

Echo LV ejection fraction (%) 20.0 (18.0– 20.0) 20.0 (17.0– 23.0) 20.0 (19.0– 22.0) 0.31

Echo RV TAPSE (mm) 15.0 (13.0– 16.0) 16.0 (15.0– 17.0) 14.5 (13.0– 16.0) 0.22

Echo RV S′ TDI (cm/s) 9.0 (8.0– 10.0) 10.0 (8.1– 10.0) 9.0 (8.0– 10.0) 0.20

Echo MR 25 (49.0) 6 (33.3) 31 (44.9) 0.28

Echo AR 4 (7.8) 3 (16.7) 7 (10.1) 0.37

Pump speed (rpm)

HeartMate III 5400.0 (5275.0– 5550.0) 5300.0 (5200.0– 5400.0) 5300.0 (5200.0– 5400.0) 0.17

HeartWare HVAD 2720.0 (2610.0– 2800.0) 2600.0 (2500.0– 2655.0) 2640.0 (2585.0– 2785.0) 0.12

Pulse flow (L/min) 4.4 (3.8– 5.2) 4.2 (3.8– 4.6) 4.3 (3.8– 5.0) 0.21

Pulse power (W) 4.2 (3.8– 4.8) 4.2 (3.6– 5.0) 4.2 (3.7– 5.0) 0.55

Pulse index 4.2 (3.3– 5.2) 3.8 (3.2– 3.9) 3.8 (3.3– 4.8) 0.23

Note: Results are reported as n (%) for categorical variables and median (interquartile range) for continuous variables.
Abbreviations: AADs, anti arrhythmic drugs; ACM, arrhythmogenic cardiomyopathy; AF, atrial fibrillation; AR, aortic regurgitation at least moderate; BBs, 
Beta blockers; CABG, coronary artery bypass graft; CF- LVAD, continuous- flow left ventricular assist device; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease; EDD, end- diastolic diameter; EDV, end- diastolic volume; HCM, hypertrophic cardiomyopathy; ICM, ischemic cardiomyopathy; 
MR, mitral regurgitation at least moderate; NIDCM, nonischemic dilated cardiomyopathy; PTCA, percutaneous transluminal coronary angioplasty; RAAS, 
Renin– angiotensin system inhibitors; TDI, tissue doppler imaging; VAs, ventricular arrhythmias.
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with or without previous history of VAs [11 patients 
(28.2%) vs. 8 patients (26.7%), LogRank p  =  0.95]. Also, 
Kaplan– Maier analysis did not show significant differ-
ences in mortality among patients with ICD implanted be-
fore and after CF- LVAD [16 patients (27.1%) vs. 3 patients 
(30.0%), LogRank p = 0.11] (Figure 2).

Thirty- two patients (46.4%) received a CRT- D, 28 pa-
tients (40.6%) before, and 4 patients (5.8%) after CF- LVAD 
implantation. Twenty- seven patients (39.1%) received 
BiV pacing for ≥98% of the time. Within the group of 
patients experiencing VAs after LVAD implantation, pa-
tients with CRT- D showed a trend toward more VAs 
[12 patients with CRT- D (38.7%) vs. 6 patients without 
CRT- D (16.2%), LogRank p  =  0.076] and, moreover, pa-
tients with BiV pacing ≥98% more frequently experienced 
a VA episode [10 patients (37.0%) vs. 8 patients (19.0%), 
LogRank p = 0.046]. Regarding mortality rate, no signif-
icant differences were found between patients with and 
without CRT- D [11 patients (35.5%) vs. 8 patients (21.6%), 
LogRank p = 0.63], and between patients with BiV pacing 
≥98% and < 98% [8 patients (29.6%) vs. 11 patients (26.2%), 
LogRank p = 0.56], (Figure 3). There were no significant 
differences regarding the time to first VA occurrence 
among patients with ischemic, nonischemic dilated, and 
other cardiomyopathies (LogRank p = 0.5).

4  |  DISCUSSION

In a retrospective cohort of CF- LVAD patients, this study 
demonstrated that early VAs are a common phenomenon; 
higher BiV pacing percentages were associated with in-
creased VA rate, with no apparent impact on mortality. 

No differences on deaths were observed among patients 
with ICD implanted before and after CF- LVAD.

4.1 | Clinical role of VAs in CF- LVAD

VAs were previously reported in 25%– 50% of CF- LVAD 
recipients8,9; that observation is concordant with our 
findings. The impact of VAs on early and total mortality 
in this subset of patients is still a matter of debate. Only 
one study demonstrated that early VAs within 30 days 
after CF- LVAD implantation are associated with an in-
creased risk for death.8 Of note, the authors reported 
that early VAs occurrence trended to reduction in re-
cent years (2008 to 2015), concomitant with the increase 
in the HeartMate II and HeartWare implantation.8 In 
our study, most patients received HeartMate III and 
Heartware HVAD; we found a low number of early VAs, 
which might be related to technological improvements 
of devices.

History of previous VA and new VA occurrence was 
not associated with increased mortality in our cohort; this 
might be related to the relatively low number of early VAs 
observed. A meta- analysis reported that post- CF- LVAD 
VAs were associated with an increased risk of all- cause 
mortality.10 However, these results should be interpreted in 
the context of a low SCD risk population.11 Furthermore, 
in an analysis from the INTERMACS registry, VAs were 
not found to be a predictor of mortality,12 and the inci-
dence of post- CF- LVAD VAs has been decreasing over the 
past decade.8 However, in the absence of randomized tri-
als, ICD may have a role in improving outcomes in LVAD 
recipients.

F I G U R E  2  Kaplan– Meier curve for 
death in patients with CF- LVAD stratified 
by ICD implantation [Color figure can be 
viewed at wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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Our data are consistent with previous study from 
Gordon et al. that reported 37% of patients experiencing 
a new onset VA after CF- LVAD implantation, with a mor-
tality of 21% at a comparable mean follow- up. Of note, 
the reported mean time to first VA was 42 days, which is 
shorter than the current study (9 months); this can be ex-
plained by the indication of CF- LVAD as bridge to trans-
plant, which was higher in the study from Gordon et al. 
(59%) with a younger and more “acute” population.13

4.2 | Implantable cardioverter- 
defibrillators and cardiac 
resynchronization therapy in CF- 
LVAD patients

The role of the implantable cardioverter- defibrillator 
(ICD) for primary prevention of SCD in patients with HF 
has been well established in multiple large randomized 
trials.14,15 However, there have been reports of CF- LVAD 
recipients surviving long time despite ventricular fibrilla-
tion occurrence, thus questioning the indication to ICD 
implant in these patients.16

Garan et al.17 reported their single- center experience 
with CF- LVADs and VAs in 94 patients; 17 of them did not 
have any ICDs; no patient discharged from the hospital 
without an ICD died during follow- up.17 These results are 
consistent with Lee et al.,18 who reported no significant 
benefit from ICD therapy in patients with a CF- LVAD 
(p = 0.56), and no patients with SCD. Building upon these 
premises, in our study we observed no SCD and no dif-
ference in mortality among patients who were implanted 
with an ICD before or after CF- LVAD.

We found that patients with BiV pacing <98% were 
more ischemic, but the difference is not statistically 
significant (p  =  0.06). However, it is in line with previ-
ous findings, in which high PVC count (≥200 PVC/h) is 
mostly associated with ischemic cardiomyopathy and 
with a reduction of BiV pacing percentage and of clinical 
response.19

Cardiac resynchronization therapy has been associ-
ated with several clinical effects in patients with HF, left 
ventricular ejection fraction ≤35%, and a wide QRS, in-
cluding improvement in left ventricular dimensions, func-
tional status, quality of life in patients, and survival.20,21 
However, CF- LVAD recipients were not included in clini-
cal trials, and the benefit of CRT in these patients remains 
unclear. In the ASSIST- ICD study, CRT in CF- LVAD was 
a predictor of late VAs at univariate analysis, with a haz-
ard ratio of 2.21.9 However, observational studies showed 
a possible decrease in VAs in patients with CRT, without 
overall survival benefit.22,23

A randomized single- center study and various ret-
rospective studies reported no changes between CRT- D 
ON and OFF in mortality, inappropriate shocks, arrhyth-
mic hospitalizations, and hospitalizations for HF.23– 25 
However, in two of these studies, the reported percent of 
BiV pacing was 96%, and no separate analysis was per-
formed for higher and low percent of biventricular pac-
ing. In our study, CRT- D was associated with increased 
VAs only if BiV was ≥98%, with no effect on mortality. 
Previous studies suggested that BiV pacing might hesitate 
into a pro- arrhythmic effect, due to reversal of myocardial 
depolarization through epicardial stimulation via the cor-
onary sinus, or by pacing within re- entry circuit; it might 
also promote SCD.26– 28 In the CARE- HF trial, despite a 

F I G U R E  3  Kaplan– Meier curve for 
first VA occurrence in patients with CF- 
LVAD stratified by biventricular pacing 
≥ or ≤ 98% [Color figure can be viewed at 
wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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significant decrease in all- cause mortality in CRT group, 
the percentage of SCDs was higher (35.4% vs. 31.7%).21 
Finally, the CRT group and the subgroup with higher BiV 
pacing percentage do not have clinical features of greater 
severity than the other patients (Table S2). In our opin-
ion, in this group of patients, BiV pacing may worsen a 
labile arrhythmic compensation picture by increasing 
pro- arrhythmic factors such as QTc intervals and PVC 
daily burden: this could increase the occurrence of PVC 
and VAs; despite all, it may not cause any effect on overall 
mortality.

4.3 | Study limitations

This study was a retrospective single- center study from of 
a referral University Hospital. The main limitation of this 
study is the limited number of patients included. Moreover, 
this study evaluated only ICD- detected VAs in CF- LVAD 
recipients; in fact, patients who did not receive any ICD 
were excluded from the study. As for the Kaplan– Meier 
curves, the reduced number of patients at risk after the sec-
ond year did not allow to reach unbiased conclusions about 
long- term follow- up analyses. The occurrence of pre-  and 
post- operative VAs was evaluated as a dichotomous vari-
able, not allowing the evaluation of differences between 
patients experiencing single or multiple episodes. Finally, 
although no statistically significant difference is reached re-
garding LVEDV in patients with and without VAs history, 
it cannot be excluded that this is due to the fact that this 
study is underpowered for these findings; larger, long- term 
prospective trials could overcome this limitation, expand-
ing and completing the presented preliminary results.

5  |  CONCLUSIONS

VAs in CF- LVAD are a clinical problem that might be 
increased by biventricular pacing, without significant im-
pact on mortality. Furthermore, timing of ICD implanta-
tion may not have an impact on patients' survival.
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SUPPORTING INFORMATION
Additional supporting information may be found in the 
online version of the article at the publisher’s website.
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