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BACKGROUND Implantable cardioverter-defibrillation  (ICD)
shocks after left ventricular assist device therapy (LVAD) are associ-
ated with adverse clinical outcomes. Little is known about the asso-
ciation of pre-LVAD ICD shocks on post-LVAD clinical outcomes and
whether LVAD therapy affects the prevalence of ICD shocks.

OBJECTIVES The purpose of this study was to determine whether
pre-LVAD ICD shocks are associated with adverse clinical outcomes
post-LVAD and to compare the prevalence of ICD shocks before and
after LVAD therapy

METHODS Patients 18 years or older with continuous-flow LVADs
and ICDs were retrospectively identified within the University of
Pittsburgh Medical Center system from 2006-2020. We analyzed
the association between appropriate ICD shocks within 1 year pre-
LVAD with a primary composite outcome of death, stroke, and
pump thrombosis and secondary outcomes of post-LVAD ICD shocks
and ICD shock hospitalizations.

RESULTS Among 309 individuals, average age was 57 * 12 years,
87% were male, 80% had ischemic cardiomyopathy, and 42% were
bridge to transplantation. Seventy-one patients (23%) experienced

pre-LVAD shocks, and 69 (22%) experienced post-LVAD shocks. The
overall prevalence of shocks pre-LVAD and post-LVAD were not
different. Pre-LVAD ICD shocks were not associated with the compos-
ite outcome. Pre-LVAD ICD shocks were found to predict post-LVAD
shocks (hazard ratio [HR] 5.7; 95% confidence interval [CI] 3.42-
9.48; P <.0001) and hospitalizations related to ICD shocks from ven-
tricular arrhythmia (HR 10.34; 95% CI 4.1-25.7; P <.0001).

CONCLUSION Pre-LVAD ICD shocks predicted post-LVAD ICD
shocks and hospitalizations but were not associated with the com-
posite outcome of death, pump thrombosis, or stroke at 1 year. The
prevalence of appropriate ICD shocks was similar before and after
LVAD implantation in the entire cohort.

KEYWORDS Ventricular tachycardia; Heart failure; Assist device;
Mechanical support; Defibrillation
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Introduction

In the United States, approximately 1% of more than 6
million patients with heart failure progress toward advanced
disease. A significant subset of these patients receives left
ventricular assist device (LVAD) implantation either as desti-
nation therapy or as a bridge to transplantation.'” LVAD

therapy improves both quality of life and survival. However,
complications including bleeding events, driveline infec-
tions, pump thrombosis, stroke, right-sided heart failure,
and ventricular arrhythmias (VAs) are common.” As the
prevalence of cardiovascular disease continues to climb and
the demand for transplantation outpaces availability, it has
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m Implantable cardioverter-defibrillator (ICD) shocks up
to 1 year before left ventricular assist device implan-
tation (LVAD) did not predict death, stroke, or pump
thrombosis risk 1 year after implant.

m Pre-LVAD ICD shocks were a significant predictor of
post-LVAD ICD shocks.

m The prevalence of ICD shocks within 1 year before LVAD
implantation was not different than the prevalence 1
year after implantation.

become increasingly important to identify predictors of
adverse postimplantation complications and to characterize
their impact on outcome measures.

Approximately one-third of patients experience VAs after
mechanical support implantation.” Postimplant VAs are
associated ~ with  painful implantable cardioverter-
defibrillator (ICD) shocks and posttraumatic stress disorder,
increased hospitalizations, and right ventricular failure.
Studies evaluating mortality risk have shown mixed re-
sults.” "' Preimplantation VAs have been reported as a risk
factor for postimplantation VAs; however, little is known
about the impact of pre-LVAD ICD shocks for VAs on post-
implant outcomes and whether LVAD therapy affects their
prevalence.®'” Not uncommonly, destination LVAD therapy
is declined for patients with pre-existing VAs. An improved
understanding of the effect of pre-LVAD ICD shocks on
post-LVAD outcomes will allow us to better care for this
complex patient population. We conducted a retrospective
cohort study of patients at a single academic medical center
involving ischemic and nonischemic cardiomyopathy who
had an ICD and underwent LVAD implantation. We sought
to describe the association of appropriate ICD shocks before
LVAD implantation with post-LVAD clinical outcomes.

Methods

Study population

A retrospective cohort study was performed to identify pa-
tients 18 years of age or older with a history of ICD implan-
tation who later underwent durable continuous-flow LVAD
implantation at the University of Pittsburgh Medical Center
between 2006 and 2020. For patients with multiple LVAD
implantations, the time of the first LVAD implantation was
considered for the study. The study was approved by the Uni-
versity of Pittsburgh Medical Center institutional review
board. Patient consent was waived due to the retrospective
nature of this study with review of de-identified data.

Study variables

Baseline data, including demographic variables, medical his-
tory, medications, echocardiographic, and arrhythmia data,
were collected from hospital records before LVAD implanta-
tion. The type of VA (monomorphic vs polymorphic) and

614 patients with mechanical
support reviewed

Excluded 221 patientswithout
durable continuous-flow LVADs

Excluded 45 patients with
missing data

Excluded 39 patients without

ICDs
309 patients met inclusion
criteria
Figure 1  Flowchart outlining study inclusion. ICD = implantable

cardioverter-defibrillator; LVAD = left ventricular assist device.

number of ICD shocks were determined based on device
interrogation and documentation data. The total number of
appropriate shocks received was collected. Outcome vari-
ables of post-LVAD appropriate shocks, shock-related hospi-
talizations, stroke, death, and pump thrombosis were
collected.

The primary outcome of the study was a composite
outcome of death, stroke, and pump thrombosis within 1
year post-LVAD implantation. Secondary outcomes
included the individual components of the composite
outcome, the association between pre-LVAD ICD shocks
and post-LVAD ICD shocks, and hospitalizations.

Statistical analysis

Statistical analysis was performed using SAS Version 9.4
(SAS Institute Inc., Cary, NC). Descriptive categorical var-
iables are reported as frequency (percentage) and contin-
uous variables as mean = SD or median [interquartile
range]. The Fisher exact test was used to compare categor-
ical variables. Univariate analysis was performed using all
baseline variables. Significant baseline variables were cho-
sen for multivariate Cox regression analysis. Preimplant
ventricular tachycardia (VT) ablation and Class III antiar-
rhythmic drug use were not included in the multivariate
analysis to avoid confounding with a diagnosis of VT. His-
tory of cardiac resynchronization therapy (CRT) device im-
plantation also was not included because the left ventricular
lead was turned off after LVAD implant. Backward elimi-
nation method was used to select the final model. Kaplan-
Meier analysis was used for time to outcome analysis. All
tests of significance were 2-sided, and P <.05 was consid-
ered significant.

Results

A total of 614 patients with LVAD implanted between
2006 and 2020 were reviewed (Figure 1). Of these patients,
221 without a durable continuous-flow LVAD, 45 with
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Table 1  Baseline demographic data before LVAD implantation

No Pre-LVAD
Pre-LVAD ICD shock ICD shock
(n=171) (n = 238) P value
Average age (y) 57 = 11 57 £ 12 1
Male 64 (90) 204 (86) 43
Obesity (BMI >30 kg/m?) 41 (58) 98 (41) .015
Nonischemic 29 (41) 94 (40) .90
cardiomyopathy
HeartMate II 16 (23) 84 (35) .045
HeartMate III 18 (25) 40 (17) 12
HeartWare 29 (41) 102 (43) .79
Other continuous-flow 8 (12) 13 (5) 11
LVAD
INTERMACS score 2.3*+0.8 2.3£0.8 1
Bridge to transplant 28 (39) 98 (41) .90
indication
Preimplant VT ablation 21 (30) 0 <.0001
Hypertension 61 (86) 172 (72) .04
Diabetes 29 (41) 102 (43) .79
Creatinine 1.3 = 0.4 [0.5-2.7] 1.5 * 0.7 [0.4-4.4] .02
Chronic kidney disease 29 (41) 81 (34) .32
Hemodialysis 2(3) 2 (1) .23
Obstructive sleep apnea 26 (37) 63 (26) .10
Chronic obstructive 29 (41) 46 (19) .0004
pulmonary disease
Atrial fibrillation 45 (63) 132 (55) .27
Previous stroke 20 (28) 30 (13) .003
History of smoking 48 (68) 155 (65) .78
Left ventricular ejection 16+5 17 =8 .32
fraction (%)
Left ventricular end- 6.5 * 1.1 [4.3-9.2] 6.1 + 1.2 [1.8-10.1] .01
diastolic diameter (cm)
Left ventricular end- 39 (55) 101 (42) .08
diastolic diameter >7
cm before LVAD
Cardiac resynchronization 45 (63) 104 (44) .004
therapy
Preimplant beta-blocker 60 (85) 196 (82) 72
use
Preimplant ACEi/ARB/ 46 (65) 152 (64) 1
ARNI use
Preimplant 33 (46) 100 (42) .59
mineralocorticoid
Preimplant Class III 41 (58) 74 (31) .0001

antiarrhythmic drug

Patient subsets divided between those receiving pre-LVAD ICD shocks and those not receiving pre-LVAD ICD shocks.

Value are given as n (%), mean = SD, or mean =+ SD [interquartile range] unless otherwise indicated.

ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; ARNI = angiotensin receptor-neprilysin inhibitor; BMI = body mass
index; ICD = implantable cardioverter-defibrillator; INTERMACS = Interagency Registry for Mechanically Assisted Circulatory Support; LVAD = left ventricular

assist device; VT = ventricular tachycardia.

Table 2  Multivariate Cox regression analysis for the primary composite outcome of stroke, pump thrombosis, and death

Adjusted hazard ratio (95% confidence interval) P value
Pre-LVAD ICD shock 0.75 (0.44- 1.3) 31
Hypertension 0.91 (0.52-1.6) T4
COPD 1.41 (0.77-2.56) .26
Obesity 0.61 (0.39-0.95) .03
History of stroke 0.09 (0.04-0.18) <.0001
LV end-diastolic diameter 1.45 (0.89-2.34) .13
Chronic kidney disease 1.08 (0.68-1.73) 74

COPD = chronic obstructive pulmonary disease; LV = left ventricle; other abbreviations as in Table 1.
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Table 3  Clinical outcomes up to 1 year after LVAD implantation

Pre-LVAD ICD

No Pre-LVAD ICD Adjusted hazard ratio

shock (n = 71 patients)  shock (n = 238 patients)  (95% confidence interval) P value

Composite outcome of stroke, pump 17 (24) 67 (28) 0.75 (0.44-1.3) 31
thrombosis, or death

Death within 1 year 12 (17) 52 (22) 1.18 (0.63-2.23) .61
Pump thrombosis 6 (8) 7(7) 0.83 (0.32-2.16) .70
Stroke 2(3) 9 (4) 2.77 (0.34-22.7) 34
Shock after LVAD implant 41 (58) 28 (12) 5.7 (3.42-9.48) <.0001
Hospitalization for ICD shocks 17 (24) 7 (3) 10.34 (4.1-25.7) <.0001
Heart transplantation 16 (23) 66 (28) 0.92 (0.57-1.5) T4

Patient cohort divided between those experiencing pre-LVAD ICD shocks and those without history of pre-LVAD ICD shocks.

Values are given as n (%) unless otherwise indicated.
Abbreviations as in Table 1.

significant missing data, and 39 patients without an ICD
were excluded. A total of 309 patients were included in
the study. Baseline variables are summarized in Table 1.
Average age was 57.4 * 11.9 years; 86.7% were male;
and 39.8% had nonischemic cardiomyopathy, with the re-
maining patients having ischemic cardiomyopathy. A total
of 119 patients (39.7%) were treated with Class I or III
antiarrthythmic drugs before implantation, and 21 patients
(6.8%) had previously undergone ablation for VA before
LVAD. All patients had an ICD implanted before LVAD,
and 149 (48.2%) had cardiac resynchronization. Of the
309 patients in the study population, 71 (23.0%) had
ICD shocks that occurred within the 1 year preceding
LVAD implantation. The first shock was due to monomor-
phic VT in 60 patients (19.4%) and polymorphic VT or
ventricular fibrillation in 11 patients (3.5%). Patients with
an appropriate ICD shock before LVAD implantation had
significantly higher comorbidities, with higher proportions
of obesity, hypertension, chronic kidney disease, chronic
obstructive pulmonary disease, previous stroke history,
and higher left ventricular end-diastolic diameter
(Table 1). These significant variables were included in

Product-Limit Survival Estimates
With Number of Subjects at Risk
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Figure2  Kaplan-Meier survival curve showing the composite outcome of

death, pump thrombosis, and stroke in patients with pre-LVAD ICD shocks
compared to patients without pre-LVAD ICD shocks. Abbreviations as in
Figure 1.

the multivariate Cox regression analysis (Table 2). Patients
with pre-LVAD shocks also had a higher usage of CRT de-
vices, higher rate of HeartMate II (CF-LVAD; St. Jude
Medical, Minneapolis, MN) devices, usage of Class III
antiarrhythmic drug therapy, and preimplant VT ablation
history as expected. CRT therapy was routinely turned
off post-LVAD implantation at our center.

During the year after LVAD implantation, the compos-
ite outcome of death, pump thrombosis, and stroke
occurred in 17 patients (24%) with pre-LVAD ICD shocks
and in 67 patients (28%) without pre-LVAD ICD shocks
(hazard ratio [HR] 0.84; 95% confidence interval [CI]
0.48-1.51; P = .57) (Table 3 and Figure 2). Pre-LVAD
shocks were not associated with the individual secondary
outcome variables of death, pump thrombosis, and stroke.
Among patients with pre-LVAD ICD shocks, 4 died with
progressive heart failure, 2 from infection, 2 from VAs,
and 4 from an unidentifiable cause of death. In the patients
without pre-LVAD ICD shocks, 16 died from progressive
heart failure, 6 from infection, 7 from stroke, 5 from hem-
orrhage, 5 from VAs, 3 from renal failure, 2 from pump
thrombosis, 1 from cancer, 1 from probable suicide, and
6 from an unidentifiable cause of death . Sixteen patients

Product-Limit Survival Estimates
With Number of Subjects at Risk
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Figure3  Kaplan-Meier survival curve showing shock-free survival 1 year
after LVAD implantation. Abbreviations as in Figure 1.
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Table 4 Baseline demographic data of patients with pre-LVAD ICD shocks with and without post-LVAD ICD shocks

+Pre-LVAD shocks
+Post-LVAD shocks

+Pre-LVAD shocks
—-Post-LVAD shocks

(N = 41) (N = 30) P value
Average age (y) 58+ 9 57 =13 .80
Male 41 (100) 23 (77) .002
Obesity (BMI >30 kg/m?) 25 (61) 16 (53) 63
Nonischemic cardiomyopathy 25 (61) 16 (53) 63
HeartMate II 9 (21) 7 (23) 1
HeartMate III 9 (21) 9 (30) 58
HeartWare 20 (48) 9 (30) 14
INTERMACS score 2.4 *0.7 22*09 21
Bridge to transplant indication 18 (44) 10 (33) 46
Preimplant VT ablation 3(7) 3 (10) 69
Hypertension 38 (93) 23 (77) 08
Diabetes 17 (41) 12 (40) 1
Creatinine 1.2 =17 1.4 =05 42
Chronic kidney disease 22 (54) 7 (23) 01
Hemodialysis 2 (5) 0 (0) 51
Obstructive sleep apnea 17 (41) 12 (40) 1
Chronic obstructive pulmonary disease 10 (24) 5(17) 56
Atrial fibrillation 30 (73) 15 (50) 05
Previous stroke 20 (49) 12 (40) 48
History of smoking 30 (73) 18 (60) 43
Left ventricular ejection fraction (%) 16 =5 16 =5 62
Left ventricular end-diastolic diameter (cm) 5.8 = 3.4 6.4+ 1.1 37
Left ventricular end-diastolic diameter >7 cm 23 (56) 16 (53) 1
before LVAD
Preimplant beta-blocker use 35 (85) 25 (83) 1
Preimplant ACEi/ARB/ARNI use 26 (63) 20 (67) 81
Preimplant mineralocorticoid 17 (41) 16 (53) 35
Preimplant Class III antiarrhythmic drug 26 (63) 15 (50) 30

Values are given as no. of patients (%) or mean = SD unless otherwise indicated.

Abbreviations as in Table 1.

(23%) with pre-LVAD ICD shocks underwent heart trans-
plantation within 1 year postimplantation compared with
66 patients (28%) without pre-LVAD ICD shocks (HR
0.92; 95% CI 0.57-1.50; P = .74).

Shocks after LVAD implantation occurred in 41 patients
(58%) with a history of pre-LVAD ICD shocks and in 28 pa-
tients (12%) without pre-LVAD ICD shocks (HR 5.7; 95%
CI 3.42-9.48; P <.0001) (Table 3 and Figure 3). Notably,
the prevalence of ICD shocks before and after LVAD were
similar in the entire cohort, with 71 patients receiving shocks
before LVAD and 69 receiving ICD shocks after LVAD
(P = .924). Amiodarone was frequently used empirically
post-LVAD implantation at our institution for arrhythmia
prevention. This protocol included initiation of intravenous
amiodarone, followed by transition to oral amiodarone and
discontinuation at 1 month for patients without a history of
arrhythmia. Sixty-six patients (93%) with pre-LVAD ICD
shocks received Class III antiarrthythmic drugs post-LVAD
compared to 178 patients (75%) without pre-LVAD ICD
shocks (P = .007). Hospitalization for ICD shock occurred
in 17 patients (24%) with pre-LVAD ICD shocks and in 7 pa-
tients (3%) without pre-LVAD ICD shocks (HR 10.34; 95%
CI 4.1-25.7; P <.0001).

Further subgroups analysis was performed based on the
presence or absence of ICD shocks pre- and post-LVAD
implantation. Baseline variables for the subgroups are
given in Tables 4 and 5. In subgroup analysis, patients
with new incidence of shock after LVAD implantation
had a higher prevalence of preimplant left ventricular
end-diastolic diameter >7 cm compared to patients with
no ICD shock incidence (61% vs 40%; P = .04)
(Table 5). Patients with pre-LVAD shocks but no incidence
of shocks post-LVAD had a significantly higher prevalence
of females and lower prevalences of hypertension and
chronic kidney disease.

Discussion

The current study is the first to comprehensively evaluate pre-
LVAD ICD shocks on post-LVAD clinical and mortality out-
comes. The study shows that ICD shocks for VAs occurring
within 1 year before LVAD implantation are not associated
with a composite outcome of mortality, stroke, and pump
thrombosis within 1 year postimplant after adjusting for co-
morbidities, despite an increased prevalence of post-LVAD
ICD shocks in this subgroup.



Wann et al

Impact of Pre-LVAD ICD Shocks on Post-LVAD Outcomes 713

Table 5 Baseline demographic date of patients without pre-LVAD
ICD shocks with and without post-LVAD ICD shocks
—Pre-LVAD —Pre-LVAD
shocks shocks
+Post-LVAD  -Post-LVAD
shocks shocks P
(N = 28) (N=210) value
Average age (y) 61 *+ 13 57 = 12 .13
Male 27 (96) 176 (84) .20
Obesity (BMI >30 kg/m?) 13 (46) 88 (42) .69
Nonischemic cardiomyopathy 15 (54) 117 (56) .84
HeartMate II 10 (36) 73 (35) 1
HeartMate III 5 (18) 35 (17) .79
HeartWare 13 (46) 88 (42) .69
INTERMACS score 2.3+0.9 22+ 1.1 .96
Bridge to transplant 11 (39) 87 (42) .84
indication
Preimplant VT ablation 0 (0) 0 (0) 1
Hypertension 22 (79) 150 (72) .51
Diabetes 9 (32) 93 (45) .23
Creatinine 1.2 +2.1 1.4+ 1.4 .53
Chronic kidney disease 10 (36) 71 (34) .84
Hemodialysis 1(4) 1(1) .22
Obstructive sleep apnea 6 (21) 57 (27) .65
Chronic obstructive 6 (21) 40 (19) .80
pulmonary disease
Atrial fibrillation 15 (54) 117 (56) .84
Previous stroke 17 (61) 94 (45) .16
History of smoking 17 (61) 137 (66) .83
Left ventricular ejection 16 = 11 16 = 8 .95
fraction (%)
Left ventricular end-diastolic 5.8 = 3.1 5.4+ 3.3 .52
diameter (cm)
Left ventricular end-diastolic 17 (61) 83 (40) .04
diameter >7 cm before
LVAD
Preimplant beta-blocker use 24 (86) 171 (82) .79
Preimplant ACEi/ARB/ARNI 16 (57) 136 (65) 41
use
Preimplant mineralocorticoid 10 (36) 89 (43) .1166
Preimplant Class III 12 (43) 62 (30) .1925

antiarrhythmic drug

Values are given as no. of patients (%) or mean = SD unless otherwise
indicated.
Abbreviations as in Table 1.

VAs are a common complication of advanced heart fail-
ure and are a major cause of morbidity and mortality."
The advent of the ICD for prevention of sudden cardiac
death has led to a significant reduction in arrhythmic death
in these high-risk patients; however, ICD shocks them-
selves are associated with several adverse outcomes,
including increased hospitalizations and mortality.'” Me-
chanical support with a continuous-flow LVAD is now a
mainstay of therapy in patients with refractory heart failure,
leading to improved quality of life and longevity.'*"
Several previous studies have evaluated predictors of
post-LVAD mortality. Brenyo et al® retrospectively evalu-
ated 61 patients with ICDs and LVAD implantation and
found that pre-LVAD ICD therapy was not associated
with post-LVAD mortality. Similarly, Efimova et al'” retro-

spectively studied 98 patients receiving an LVAD and
found that sustained pre-LVAD VAs were not associated
with post-LVAD mortality. A 2015 meta-analysis by
Makki et al'® of 9 studies including 1179 patients found
that a history of VAs preceding LVAD implantation was
an independent risk factor for mortality in patients with
post-LVAD VAs but not in those without post-LVAD
VAs. These findings suggest that pre-LVAD ICD shocks
for VAs may not be a significant factor in pursuing
LVAD implantation because post-LVAD clinical outcomes
are similar to those without pre-LVAD ICD shocks.

The prevalence of VAs after LVAD ranges between
22% and 59% depending on the presence of VAs before
LVAD implantation and other patient characteristics.® In
our study, the prevalence of ICD shocks in the entire group
was not different before vs after LVAD implantation. How-
ever, like previous studies, the current study also shows
that pre-LVAD ICD shocks for VA predicted the occur-
rence of post-LVAD ICD shocks and hospitalizations.*”"'?
Although unloading of the left ventricle may reduce the
risk of VAs through a reduction in myocardial stress and
ischemia, the LVAD itself may lead to VAs in some cases
through scar generated by the insertion of the apical LVAD
inflow cannula, or mechanical stimulation of the myocar-
dium by the inflow cannula, or through suction events.'”'®
Of interest, in this study, patients with new ICD shock
incidence after LVAD implantation had a higher
prevalence of pre-LVAD left ventricular dilation >7 cm.
In addition to the effect of the LVAD itself on arrhythmia,
patients with pre-existing scar based VA have an untreated
substrate with continued potential for arrhythmogenesis.
This is an important issue, and therapies to reduce VA inci-
dence can improve morbidity. These patients might benefit
from additional independent interventions such as catheter
ablation or intraoperative ablation during LVAD implanta-
tion for VA.

Study limitations

The study was a single-center retrospective study, and impor-
tant confounding factors may be unaccounted for. Our study
cohort was relatively large but was not powered to detect small
differences in mortality between the 2 groups. Subgroups
analysis is significantly limited, with a small number of pa-
tients in each group. We did not include data on antitachycar-
dia pacing events due to missing data; however, our study was
focused on ICD shocks given their clinical importance
compared to antitachycardia pacing therapy.'” We only
included appropriate ICD shocks as a means of identifying
the impact of VAs on post-LVAD outcomes. In addition,
the study included patients over a 14-year timespan over
which device and medication therapy approaches for heart
failure have evolved. Therefore, device settings post-LVAD
may have varied over time. Amiodarone usage was frequent
in the acute postoperative period at our center and could
have affected the arrhythmia incidence and clinical outcomes
post LVAD implantation.
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