1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
JACC Heart Fail. Author manuscript; available in PMC 2018 December 01.

-, HHS Public Access
«

Published in final edited form as:
JACC Heart Fail. 2017 December ; 5(12): 916-926. doi:10.1016/j.jchf.2017.08.014.

Implantable Cardioverter Defibrillators in Patients with a
Continuous-Flow Left Ventricular Assist Device: An Analysis of
the INTERMACS Registry

Kevin J. Clerkin, MD, MScl, Veli K. Topkara, MD, MSc!, Ryan T. Demmer, PhD, MPHZ, Jose
M. Dizon, MD?!, Melana Yuzefpolskaya, MD?, Justin A. Fried, MD1, Xingchen Mai, MD?,
Donna M. Mancini, MD3, Koji Takeda, MD, PhD#, Hiroo Takayama, MD, PhD#, Yoshifumi
Naka, MD?, Paolo C. Colombo, MD1, and A. Reshad Garan, MD?

1Department of Medicine, Division of Cardiology, Columbia University College of Physicians and
Surgeons, New York, New York

2Department of Epidemiology, Columbia University Mailman School of Public Health, New York,
NY

SDepartment of Medicine, Division of Cardiology, Icahn School of Medicine at Mount Sinai, New
York, New York

“Department of Surgery, Division of Cardiac Surgery, Columbia University College of Physicians
and Surgeons, New York, New York

Abstract

Background—Implantable cardioverter defibrillators (ICD) decrease mortality in selected
patients with advanced heart failure and have been associated with reduced mortality in patients
with pulsatile left ventricular assist devices (L\VVAD). However it is unclear whether that benefit
extends to patients with contemporary continuous-flow LVAD (CF-LVAD).

Objectives—To determine if ICD presence provided a mortality benefit during CF-LVAD
support.

Methods—~Propensity score matching was used to generate a cohort of patients with similar
baseline characteristics. The primary outcome was freedom from death during LVAD support.
Secondary endpoints included freedom from unexpected death, likelihood of transplantation &
recovery, and adverse events.

Results—Among 16,384 eligible patients in the INTERMACS registry, 2,209 patients with an
ICD and 2,209 patients without one had similar propensity scores and were included. The
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presence of an ICD was associated with an increased mortality risk (Hazard Ratio 1.20, 95%
Confidence Interval [C1] 1.04-1.39, p=0.013) and an increased risk of unexpected death during
device support (HR 1.33, 95% CI 1.03-1.71, p=0.03). Patients with an ICD were more likely to
undergo transplantation (HR 1.16, 95% CI 0.99-1.35, p=0.06) and less likely to have LVAD
explant for recovery (HR 0.53, 95% CI 0.29-0.98, p=0.04). Patients with an ICD had a higher rate
of treated ventricular arrhythmias (Rate ratio [RR] 1.27 95% CI 1.10-1.48, p=0.001) and
rehospitalization (RR 1.08, 95% CI 1.04-1.12, p<0.0001), but rates of hemorrhagic stroke were
similar (RR 1.01, 95% CI 0.81-1.26, p=0.98).

Conclusions—Among patients with a CF-LVAD, the presence of an ICD was not associated
with reduced mortality.

Keywords

Implantable cardioverter-defibrillator; left ventricular assist device; mortality; arrhythmia;
transplantation; heart failure

Introduction

Heart failure (HF) affects over five million in the United States, with 250,000 advancing to
Stage D. (1) Continuous-flow left ventricular assist devices (CF-LVAD) are now the most
common form of durable support for Stage D HF, with more than 2,500 implants annually in
the United States and a one-year survival of about 80%. (2) Ventricular arrhythmias (VA) are
common in this population as one third of ambulatory patients with advanced HF experience
VA. (3) Implantable cardioverter defibrillators (ICD) reduce the risk of mortality in
appropriately selected patients and the HRS/ACC/AHA guidelines provide a Class |
recommendation for ICD therapy for NYHA Class Il and Il patients with a left ventricular
ejection fraction less than 35%. (4) However ICD therapy is not indicated (Class 111
recommendation) for NYHA Class IV patients with drug-refractory HF who are not
candidates for heart transplantation or patients with less than one year of life expectancy. (4)
Most major societal guidelines do not address ICD use in LVAD patients (4,5). The
International Society for Heart and Lung Transplantation’s (ISHLT) 2013 guidelines for
mechanical circulatory support provide a Class | recommendation to reactivate an ICD
following LVAD surgery and a Class Ila recommendation for ICD placement after LVAD for
those without one. (6) Two recent studies involving the UNOS registry (7) and a meta-
analysis of previously published studies (8) found a 19% and 39% relative risk reduction in
death associated with ICD use during device support respectively; however both included
patients with the previous generation pulsatile LVAD in addition to current generation CF-
LVAD. A propensity score matched analysis limited to CF-LVVAD patients implanted with a
bridge to transplant strategy in the UNOS registry found that the presence of an ICD was not
associated with a survival advantage during device support. (9) However, this study was
limited to patients listed for transplantation and lacked a humber of covariates of interest
(e.g. arrhythmia history and anti-arrhythmic medication use). We therefore sought to use the
Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS)
registry to determine if the presence of an ICD was associated with a mortality benefit
during CF-LVAD support.
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Patient Selection

Data for this study was obtained from the INTERMACS registry, funded by the National
Heart, Lung and Blood Institute, National Institutes of Health, Department of Health and
Human Services under Contract No. HHSN268201100025C. The INTERMACS registry is a
prospective national registry of over 19,000 patients supported with Food and Drug
Administration (FDA) approved durable mechanical circulatory support devices and has
previously been described elsewhere. (10) The INTERMACS Data and Clinical
Coordinating Center and each participating institution have received institutional review
board/ethics review board approval for either active informed consent or a waiver of consent
to enroll participants, link data, and perform analytic studies. All procedures are Health
Insurance Portability and Accountability Act (HIPAA) compliant and INTERMACS has
received a Federal Certificate of Confidentiality and other protection for the identities of
patients and devices identified within the Registry. Analysis of the INTERMACS registry
was performed for all patients who received a CF-LVAD between June 1, 2006 and June 30,
2016. 18,733 adult candidates (age =18 years) who received a durable CF-LVAD were
identified (Figure 1). Patients who received a biventricular assist device at time of
implantation, right ventricular assist device only, or total artificial heart were excluded from
the analysis. Similarly, patients with an unknown ICD status, pulsatile device, and those
receiving their second LVVAD were excluded. Patients were analyzed from the date of LVAD
implantation to transplant, death, or device explant for recovery. The primary outcome was
freedom from death while on LVAD support. Secondary endpoints included freedom from
unexpected death, likelihood of transplantation & recovery, and adverse events including
arrhythmia, stroke (hemorrhagic), and infection. Pre-specified subgroup analyses were
performed for patients who were suspected to derive the greatest benefit from an ICD.

Propensity Score Matching

The ICD and non-ICD cohorts significantly differed in baseline characteristics (Table 1). In
order to create more comparable groups of patients, propensity score matching was
performed based on covariates (selected a priori) available in the INTERMACS registry. The
propensity score was calculated using a hon-parsimonious multivariable logistic regression
model including clinical (etiology of heart failure, duration of heart failure, device strategy
at implantation, type of device, INTERMACS profile at implantation, recurrent ventricular
tachyarrhythmias [frequent shocks from ICD or requirement for external defibrillator,
usually more than twice weekly], NYHA Class, intravenous inotrope use, IABP use, ECMO
use, ventilator use, amiodarone use, beta blocker use, BMI, MELD-XI [surrogate for RV and
hepatic dysfunction], severe diabetes, GFR, serum sodium, serum albumin, history of
smoking, peripheral vascular disease, pulmonary hypertension, pulmonary disease, ability to
work, previous cardiac surgery) and demographic characteristics (age, sex, ethnicity,
implanting center volume). Notable baseline covariates with excessive missing data
precluding inclusion in the propensity score were right ventricular function and
hemodynamic data. Patients were matched 1:1 using a greedy matching algorithm (nearest
match without replacement) based on the propensity score of each patient. A caliper width
of 20% of the standard deviation of the logit of the propensity score was used (eliminating
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99% of the bias due to measured confounding variables). (11) An absolute standardized
difference of less than 10% was considered to represent relative balance. (12)

Statistical Analysis

Results

Demographic and clinical variables were expressed as mean (+ standard deviation) for
continuous variables and count (with percentage) for categorical variables. Missing data
were assumed to be missing completely at random and handled with multiple imputation
using a Markov chain Monte Carlo method to generate ten imputations. Absolute
standardized differences were estimated for all the baseline covariates (between those with
and without an ICD) before and after matching to assess group balance. ICD group
comparisons were made with McNemar’s test and the Wilcoxon rank-sum test where
appropriate. Kaplan-Meier survival analysis and Cox proportional-hazards regression
(stratifying on the matched pairs) were performed to determine if survival differed by ICD
status. Competing risk analysis of transplantation, death, and recovery were estimated using
cause specific hazard regression. Subgroup analyses were performed sub-setting the entire
cohort based on pre-specified groups (implant strategy, age [60 years], etiology of HF,
duration of HF, INTERMACS profile, recurrent VT, amiodarone use, beta blocker use, type
of device, and duration of LVAD support) and then performing Cox proportional-hazards
regression, adjusting for the group propensity score. The rates of adverse events were
compared with rate ratios. Sensitivity analyses were performed to determine whether there
was a consistency of the findings using alternative methods. These included using the entire
cohort through stratification into quintiles by propensity score (13), adjusted Cox
proportional-hazards regression (using the propensity score and ICD status only to avoid
collinearity) (14), and both combined, which has been suggested to be superior to matching
alone for estimating the treatment effect. (15) A two-tailed p-value of less than 0.05 was
considered significant. Analyses were performed using SAS version 9.4 (SAS Institute, Inc.,
Cary, North Carolina). Figures were created using SAS version 9.4 (SAS Institute, Inc.,
Cary, North Carolina) and R version 3.3.1 (R Foundation for Statistical Computing, Vienna,
Austria).

A total of 16,384 patients met study entry criteria, of which 13,247 (80.9%) had an ICD and
3,137 (19.1%) did not. The baseline characteristics for the study cohort differed in most
baseline characteristics as demonstrated by an absolute standardized difference (ASD) of
greater than 10% (Table 1). The greatest differences (ASD>40%) were in duration of HF,
INTERMACS profile, recurrent VAs, ventilator use, and beta blocker use. Propensity score
matching generated a cohort of 4,418 patients; 2,209 patients with and 2,209 patients
without an ICD. The ASD was less than 10% for all baseline characteristics, indicating
suitable matching (Table 1).

In the matched cohort the median duration of CF-LVAD support was similar for both the
ICD and non-1CD groups (12.3 months [IQR 4.7-25.8] vs. 12.5 months [IQR 5.3-24.9],
p=0.63). The presence of an ICD was associated with a 20% greater risk of death during
LVAD support when compared to those without an ICD (95% Confidence Interval [CI]
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1.04-1.39, p=0.013, Figure 2). Recognizing that an ICD mitigates the risk of sudden and
unexpected death, a subsequent survival analysis was performed for freedom from
unexpected death. This demonstrated that again ICDs were not associated with a decreased
risk, but rather an increased risk of unexpected death (Hazard Ratio [HR] 1.33, 95% ClI
1.03-1.71, p=0.03, Figure 3). An exploratory analysis limiting the mode of death to only
"Circulatory: Sudden Unexplained Death™ and "Circulatory: Cardiac Arrhythmia" identified
37 (1.67%) deaths in the ICD group and 46 (2.08%) in the No ICD group. In this group there
was a non-significant reduction in risk over time (HR 0.81, 95% CI 0.43-1.53, p=0.52).
While cause of death did not differ overall between the two groups (X2 p=0.23), withdrawal
of support, neurological dysfunction, and multi-system organ failure account for a majority
of the increased mortality in the ICD group (Supplemental Table 1).

A cause-specific hazard model was created treating death, transplantation, and LVAD
explant for recovery as competing events (Figure 4). The likelihood of transplantation was
16% greater in those with an ICD, although this finding only approached statistical
significance (95% CI 0.99-1.35, p=0.06). LVVAD explant for recovery, however, was less
likely to occur in those with an ICD (HR 0.53, 95% CI 0.29-0.98, p=0.04).

Adverse Events

There was a greater rate of any arrhythmia in the ICD group during device support (Rate
Ratio [RR] 1.11, 95% CI 1.01-1.22, p=0.03, Table 2). This trend was largely attributable to
a 27% increased rate of VA requiring defibrillation or cardioversion (95% CI 1.10-1.48,
p=0.001). There was no difference in infection, bacteremia, neurologic dysfunction, or
hemorrhagic stroke. However, there was an increased rate of rehospitalization in the ICD
group (RR 1.08, 95% CI 1.04-1.12, p<0.0001).

Subgroup Analysis

An exploratory subgroup analysis was performed to investigate for effect modification by a
priori selected covariates (Figure 5). Tests for interaction failed to demonstrate heterogeneity
of treatment effect among subgroups (p=0.09-0.99). Only two subgroups (LVAD support = 2
years & no beta blocker use) had a point estimate for the HR favoring ICD use, though
neither approached significance. Conversely a number of subgroups found an association
between improved survival and the No ICD group: those with a NICM, chronic HF,
INTERMACS profile 1-2, no recurrent pre-implant VA, current beta blocker use,
amiodarone use in the prior year, and device support of less than two years. However, only
duration of LVAD support of less than two years remained significant after adjustment for
multiple comparisons.

Sensitivity Analysis

Recognizing that despite adequate matching on measured confounders there may be
confounding by unmeasured covariates, falsification-hypothesis analysis was performed to
assess for potential confounders to explain the primary outcome. This analysis evaluated the
matched cohort for the incidence of LVAD malfunction and/or device thrombosis, which was
not anticipated to be impacted by ICD status. This analysis demonstrated no significant
difference (RR 1.00, 95% CI 0.91-1.11, p=0.99). Additional sensitivity analyses were

JACC Heart Fail. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Clerkin et al.

Page 6

performed for the full study cohort of 16,384 using the propensity score to stratify and adjust
a Cox proportional hazard model. This analysis was consistent with the matched cohort,
failing to demonstrate an association between ICD use and decreased risk of mortality
during LVAD support using adjustment (HR 1.09, 95% CI 0.99-1.19, p=0.07), quintile
stratification (HR 1.09, 95% CI 1.00-1.19, p=0.05), and stratification and adjustment (HR
1.09, 95% CI 0.99-1.19, p=0.07).

Discussion

CF-LVADs improve survival and quality of life of Stage D HF patients. Within six months of
implantation over 80% of patients have NYHA Class | or I symptoms and over 97% have
less than NYHA Class IV symptoms. (16) VVAs remain common following LVAD
implantation and as many as half will experience VAs. (17) Further, increases in transplant
waitlist times (18) and increased use of LVADs as DT (nearly 50%) (2) have resulted in
longer durations of device support. While ICDs are often present at the time of LVAD
surgery (80.9% in this study), clinicians are still left with a decision regarding ICD
implantation in one of five LVAD patients. Furthermore, for those with ICDs generator
changes may be required after LVAD implantation. Many current societal guidelines
(ACC/AHA/HRS & ESC) do not specifically address LVADs, but the ISHLT provides a
Class lla recommendation for ICD implantation in L\VVAD patients without one. (6) Our
study examined the impact of ICDs in patients with CF-LVVAD and found that during a
median follow-up the presence of an ICD was not associated with improved survival during
LVAD support during a median follow-up of 12.4 months.

Prior single center studies have lacked adequate statistical power and other registry analyses
have lacked key information to conclusively examine the effect of ICDs in patients with CF-
LVAD. The present analysis utilized the largest LVAD registry to attempt to answer this
question, and following propensity score matching generated a cohort with nearly as many
patients without an ICD (n=2,209) as were enrolled in MADIT, MADIT Il, SCD-HeFT
(placebo arm), DINAMIT, MUSTT, and DEFINITE combined (n=2,362). (19-24) Analysis
of this large cohort with a median duration of follow-up of just over a year failed to detect
any evidence that the presence of an ICD improved survival. Interestingly, ICD presence was
associated with a statistically significant 20% increase in mortality rates in the propensity
score matched cohort. This may be in part the result of propensity score matching, which
resulted in an ICD group that had decreased prevalence of certain VA risk factors (=7% prior
VA, —31% HF >2 years, —14% beta blocker use, —7% amiodarone use) compared to the
complete cohort. This was reflected in the sensitivity analyses of the entire study cohort,
which found a non-significant 9% increased risk of death in the ICD group. Furthermore,
exploratory analyses were performed looking at subgroups that may be at the highest risk
(ischemic cardiomyopathy, prior VA, requirement of anti-arrhythmic medication, longer
duration of HF, and prolonged LVVAD support) to try to identify a specific group that may
derive benefit. Importantly, in no subgroup was the presence of an ICD associated with
improved survival, including those with a prior VA (Figure 5).

Post-LVVAD arrhythmic events were common in this study as nearly one quarter of patients in
both arms experienced significant arrhythmias during device support. Focusing specifically
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on treated VA, the rate was 27% greater in patients with an ICD. Despite this increase in
treated VA, there was not an association of improved survival with ICDs. Importantly, only
clinically reported treated VA were captured in the registry, which is the likely cause of a
lower prevalence of VA in this cohort compared with prior studies with more specific patient
level data (e.g. from routine ICD interrogation). Further, the nature of the dataset precludes
the ability to determine whether the rate of VA was actually greater in those with an ICD or
if those patients simply had more treated VA because the ICD delivered therapies for VA
that might have resolved spontaneously. Additionally, there was an increased rate of
rehospitalization in the ICD group, and while speculative, it is possible that ICD discharge
was a potential driver of the increased hospital utilization.

ICDs not only function to prevent arrhythmic death, but they also may help prevent syncope
and its associated head trauma during cerebral hypoperfusion from the cardiac arrhythmia.
The latter is especially of concern for LVAD patients who are routinely on therapeutic
anticoagulation and aspirin. Reassuringly there was no difference in the rate of neurological
dysfunction and specifically hemorrhagic stroke.

Our findings differ from prior studies reporting an associated survival benefit for patients
with an ICD and a pulsatile LVAD (7,8,25,26), but are consistent with a previous analysis of
bridge to transplant patients supported by CF-LVAD in the UNOS registry. (9) This
difference is mechanistically plausible, as pulsatile pumps may be more dependent of native
cardiac activity than continuous flow pumps. As previously mentioned medically-treated HF
patients often develop cerebral hypoperfusion and hemodynamic compromise during VA.
While cardiac output may be reduced during periods of VA, this reduction may be less likely
to cause hemodynamic collapse in the presence of a CF-L\VVAD; indeed, prolonged VA have
been reported (27,28) during which the CF-LVAD maintains systemic perfusion likely
through Fontan-like physiology.

It is important to note that data on RV function and PVR, which would impact Fantan-like
physiology, were not available for this study. While many of these events may resolve
spontaneously, this degree of hemodynamic support allows CF-LVAD patients with a VA
that does not resolve (with or without ICD) to present for arrhythmia treatment. (17)
Alternatively the lack of mortality benefit from an ICD may be artifact due to confounding
by a factor not measured in the INTERMACS registry. While possible, an association
between ICD use and improved survival was missing from both the primary analysis and all
sensitivity analyses, suggesting this may be less likely. Lastly, it is possible that ICD firing
to terminate VA that might have terminated spontaneously is detrimental in patients with a
CF-LVAD. ICD discharge has been linked to echocardiographic RV dysfunction (29) and
when recurrent, may precipitate RV failure. (30) Unfortunately specific information about
ICD discharge was not available in the INTERMACS registry and this could not be
examined. It is important to underscore the fact that these data do not support deactivation of
ICD therapies after LVAD implant. Furthermore, for patients who have received appropriate
shocks whether before or after LVAD-implant, we believe maintenance of ICD therapy is
important to prevent the morbidities associated with prolonged VA (most notably RV
failure). As such, we advocate for generator changes in patients with prior VA if required
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after LVAD implantation. However, we do believe these findings may put into question the
need for primary prevention ICDs in patients with a CF-LVAD.

Well conducted trials in non-L\VVAD patients have demonstrated that more permissive ICD
programming can be beneficial. The 1902 patient randomized ADVANCE Il trial
demonstrated that prolonged detection intervals decreased therapies delivered and
inappropriate shocks with no difference in mortality or arrhythmic syncope. (31) MADIT-
RIT found an increased rate threshold (>200 bpm, after a 2.5-second monitoring delay) and
delayed therapy (60 seconds with HR 170-199, 12 seconds HR>200 bpm) were both
associated with reductions in inappropriate therapy and all-cause mortality, while not
increasing syncope. (32) We propose that these data, in combination with this study, provide
an impetus to compare standard ICD therapy to more permissive ICD settings (combination
of increased threshold and delayed therapy) among CF-LVAD patients.

As a result of the observational nature, this study is limited in its ability to determine
causation. The INTERMACS registry that was used is of high-quality, though our analysis
was limited to the data collected which might have omitted confounders. ICD interrogation
data were not available, resulting in probable underreporting of ICD therapy (anti-
tachycardia pacing) and an unknown frequency of inappropriate shocks. Also absent were
individual patient ICD settings limiting our ability to comment on ICD programming. The
registry also does not specifically include data on de novo ICD implantation after LVAD,
creating the possibility of one-way patient crossover and introduction of bias. In this study
none of the patients were reported to be hospitalized for ICD implantation and in the UNOS
MCS registry fewer than 8% of patients without an ICD at the time of listing went on to
receive one (9), suggesting the amount of crossover was unlikely to have been large. The
data available also precluded inclusion of right ventricular function and pulmonary vascular
resistance in the propensity score, post- implant anti-arrhythmic drug use, and post-LVAD
implantation hospitalizations for syncope. While propensity score matching with a caliper
width of 20% of standard deviation of the logit of the propensity score eliminates 99% of the
bias due to measured confounding variables (11), this technique is unable to account for
unmeasured confounders. Lastly, in an effort to completely explore this topic a number of
secondary analyses and subgroup analyses were performed. Some of these had significant p-
values (p<0.05), however only a few would persist after adjustment for multiple testing (e.g.
Bonferroni correction, Hochberg step-up, or Holm step-down method)

Conclusion

The presence of an ICD was not associated with a decrease in mortality among patients with
a CF-LVAD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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COMPETENCY IN PATIENT CARE

Nearly 1 in 5 patients who receive a CF-LVAD do not have an ICD. ICDs were not found
to be associated with a decrease in mortality in patients in the INTERMACS registry with
a CF-LVAD, despite an increase in treated ventricular arrhythmias.
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TRANSLATIONAL OUTLOOK

Prospective randomized studies investigating permissive ICD programming (e.g.
increased use of antitachycardia pacing, prolonged detection intervals, and higher
detection rates) in CF-LVVAD patients are needed.
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18,733 patients in INTERMACS
registry implanted from June 1,
2006 — June 30, 2016

17,251 patients identified with
only LVAD implantation

16,384 included in study cohort
13,247 with an ICD
3,137 without an ICD

4,418 included in propensity
score matched cohort
2,209 with an ICD
2,209 without an ICD

Figure 1.
Study population

1,482 were excluded
1,032 Initial BiVAD
29 RVAD only
421 TAH

867 were excluded*
652 Non CF-LVAD
104 Second LVAD
119 Unknown ICD Status
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Figure 2.
Freedom from death following LVAD implantation for the propensity score matched cohort
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Figure 3.
Freedom from unexpected death following LVAD implantation for the propensity score

matched cohort
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Competing outcomes curves for events terminating device support. Outcome events are
mutually exclusive
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P Value
0.07

0.08
0.57

0.35
0.0003

Risk of death for individual subgroups. Note: Interaction testing was not significant for any

subgroup.
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