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EDITORIAL COMMENT

Time for MADIT-VAD?
ICDs Among LVAD Patients*
Robb D. Kociol, MD

R

andomized controlled trials have shown

In this issue of JACC: Heart Failure, Vakil et al. (12)

implantable cardioverter-deﬁbrillators (ICDs)

performed a systematic review and meta-analysis of

to be lifesaving among patients with heart fail-

studies pertaining to the very important question of

ure and a reduced ejection fraction (HFrEF) (1–5).

whether ICDs prolong survival in patients with

Guidelines recommend ICDs as primary prevention of

LVADs. No randomized controlled trials exist to

sudden cardiac death for patients with sympto-

answer these questions, and they found 6 retro-

matic HFrEF and those with asymptomatic systolic

spective observational studies suitable for inclusion

dysfunction with an EF <30% as a result of prior

in

myocardial infarction (6). Among patients with stage

different LVAD eras, and thus included both pulsatile

D heart failure who are supported with left ventricu-

pumps and the continuous-ﬂow pumps that are used

lar assist devices (LVADs), the utilization or implanta-

in contemporary practice. Most patients had the

tion of ICDs is likewise recommended. However, the

LVAD implanted as a bridge to transplant (BTT)

evidence

indication, and a minority of patients (39%) had

supporting

these

recommendations

is

their

limited to extrapolation from the cohort of patients

analysis.

Included

studies

were

from

SEE PAGE 772

with heart failure not supported by an LVAD, expert
consensus, or results of a few underpowered, retro-

continuous ﬂow (CF)–LVADs. An ICD was present in

spective observational studies (7). Patients with

38% of patients. The indication for ICD (primary

LVADs are at risk for ventricular arrhythmias (VAs),

prevention vs. secondary prevention of sudden car-

especially among patients with a pre-implant history

diac death) was not indicated. Mean follow-up time

of VA and those who are early post-LVAD implanta-

was 7 months. Among the 937 total patients in this

tion (8). These may be associated with increased mor-

analysis, 16% of patients with ICDs died in the follow

tality. Conversely, the unique physiology of LVAD

up period versus 26% in the cohort without ICDs,

support may allow for better hemodynamic tolerance

resulting in a statistically signiﬁcant 39% relative risk

of VAs when they occur (9). Several reports describe

reduction in all-cause mortality among those with

patients with an LVAD in situ tolerating rapid VT

ICDs. When the analysis was restricted to patients

and even ventricular ﬁbrillation without any hemo-

with contemporary CF-LVADs, those with ICDs had a

dynamic compromise (10,11). Although it is likely

nonsigniﬁcant trend toward reduced mortality. The

that some proportion of those patients would develop

authors conclude that implantation of ICDs among

circulatory collapse during VA, there is often time to

patients with LVADs is associated with decreased

receive medical attention and treatment.

mortality, and these data strengthen current guidelines recommending ICD implantation in this population. They also acknowledge that the association is
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pulsatile LVAD devices that are no longer used (12).
Patients with CF-LVADs in the contemporary era were

Time for MADIT-VAD?

F I G U R E 1 Fontan Physiology

much more likely to have ICDs, and it has been shown
in a randomized, controlled trial that CF-LVADs are
associated with increased survival versus pulsatile
pumps (13). Additionally, studies looking at temporal
trends in LVAD survival have demonstrated improved
1-year survival among LVAD patients as one progresses through time to the current era. Hence, the
presence of an ICD may serve as a marker for a population with CF-LVADs that were implanted more
recently, whereas those without ICDs were more
likely to have pulsatile pumps that were studied at an
earlier time point (14). Indeed, among patients with
CF-LVADs in this study, there was no signiﬁcant difference in survival between groups.
Next, we do not know the indication for ICD
implantation—was it for primary or secondary prevention? The utility of the ICD as a life-saving device
is likely to be different among those with prior SCD
versus those who received a device for primary pre-

A schematic illustration of the circulatory system relying on Fontan physiology Reprinted

vention. Patients who are sicker (or less sick) may be

with permission from Degiovanni and Grech (16). TCPC ¼ total cavopulmonary connection.

more likely to receive ICDs once on VAD support;
thus, there is the potential for confounding by
severity. Finally, the lack of actual cause of death and

Patients supported with LVADs have unique phys-

the relatively short follow-up time call in to question

iology in that their LV is fully supported by a device

the validity of these results when compared with

capable of generating up to 10 l/min of ﬂow. Yet, as in

randomized, controlled trials of ICDs for primary

the native heart, the LV remains dependent on a

prevention. A 39% reduction in all-cause mortality is

functional right heart for delivery of adequate pre-

a very large effect size, especially over a period of

load. In the extreme case of VA, ventricular ﬁbrilla-

7 months. In the landmark trials of primary preven-

tion, the right ventricle has no intrinsic organized

tion devices, among those without LVADs, signiﬁcant

contractions. Hence, one might expect, in the absence

beneﬁt did not accrue until a year after the device was

of a functional right ventricle, underﬁlling of the LV

implanted (1,2). If we knew the cause of death, for

would result in rapid circulatory collapse (7). At times,

example, patients without ICDs tended to succumb to

in the case of patients with LVADs, this does not

fatal arrhythmias or progressive right ventricular

occur,

failure, the association would have additional bio-

hemodynamically stable at least for a period of time.

logical plausibility; however, in the absence of these

Here we must consider the concept of Fontan physi-

and

the

patient

remains

remarkably

data and with the presence of signiﬁcant confound-

ology. The Fontan procedure, ﬁrst described by Fon-

ing, the association remains tenuous.

tan and Baudet (15) in 1971 for the correction of

As more data emerges to guide decision-making

tricuspid atresia, was premised upon the contribution

regarding ICD implantation among LVAD patients,

of potential energy in the central venous circulation to

one will need to take into account the individual

drive blood through the right heart, with minimal

patient’s LVAD indication (destination therapy [DT]

contribution from a hypertrophied right atrium, into

vs. BTT), personal physiology (such as the presence of

the pulmonary circulation and left atrium (Figure 1)

pulmonary hypertension), prior history of VT on and

(16). Fontan and Baudet (15) noted that among

off LVAD support, and if a patient with DT, speciﬁc

patients who underwent successful procedures, they

wishes around end-of-life care. Although a random-

had normal pulmonary arteries, had normal pulmo-

ized trial may not give us that level of personalized

nary artery pressures, and were post-operatively quite

detail, it will be a step forward in evaluating ICDs in

pre-load dependent. Similarly, among patients with

this population. A further understanding of each

LVADs and VA, the right heart may be able to operate

patient’s physiology will help the provider further

as a passive conduit, allowing blood ﬂow from right to

stratify risk to provide patients with the most com-

left; yet, the driving pressure must be sufﬁcient to

plete risk/beneﬁt analysis.

overcome the pulmonary vascular resistance (PVR).

781

782

Kociol

JACC: HEART FAILURE VOL. 4, NO. 10, 2016
OCTOBER 2016:780–2

Time for MADIT-VAD?

Patients with elevated pulmonary pressures and PVR

or non–life-threatening VA. Although among BTT

or those with low central venous pressures are un-

patients, it makes sense to err on the side of caution

likely to remain hemodynamically stable in case of

despite the potential for painful inappropriate shocks

VA, especially rapid VT or ventricular ﬁbrillation.

(assuming ICD effectiveness is proven in this popu-

Prior case reports support the notion of the potential

lation), among those with DT devices, careful dis-

for Fontan physiology among LVAD patients and

cussion with the patient is needed to determine his or

describe such patients with complete hemodynamic

her wishes and goals regarding longevity versus

stability despite potentially destabilizing VA (10).

quality prior to device implantation. These discus-

Knowing a patient’s individual hemodynamic proﬁle,

sions should also be revisited after instances of ICD

speciﬁcally right heart function, pulmonary pressures,

therapy or when the patient approaches end-of-life.

and PVR, will help clinicians better risk-stratify LVAD

Although Vakil et al. (12) do an excellent job

patients and determine if an ICD is more or less likely

summarizing the present data regarding the utility of

to rescue a patient from a destabilizing VA. Although

ICDs among LVAD patients and performing a meta-

implanting versus not implanting an ICD may be the

analysis, the evidence is not yet strong enough to

ﬁrst level of decision making, the ICD programming

recommend or not recommend ICD implantation

is the next consideration. Should there be a longer time

among patients with LVADs. Evidence generated from

period between detection of VA and delivery of shocks

prospective trials, consideration of the individual pa-

among patients with ICDs supported by a LVAD?

tient’s unique physiology, LVAD indication, and pa-

Should there be more attempts at ATP prior to shock

tient goals should all ultimately inform the decision to

delivery? With the growing population of LVAD pa-

place or activate ICDs in this group of patients, allow-

tients worldwide, prospective study is needed to

ing for shared decision making with their providers.

answer these questions.
DT LVADs are essentially a palliative therapy for
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