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Abstract Improvement in functional status, long-term sur-
vival, and quality of life has always been the goal of therapy
in patients with heart failure with reduced ejection fraction.
Neurohormonal modulating medications help patients achieve
these goals and, in a subgroup of patients, can promote
“reverse remodeling” resulting in the recovery of left ventric-
ular systolic function. In the era of durable mechanical sup-
port, myocardial recovery that leads to explantation of the
ventricular assist device occurs in a minority of cases. Optimal
medical therapy appears to be a key component of achieving
myocardial recovery, with recovery more likely in patients
with a shorter duration of heart failure and a non-ischemic
etiology. However, little is known about future management
of patients who attain myocardial recovery, either with or
without mechanical support. This review explores the epide-
miology, physiology, cellular biology, and long-term out-
comes for this subgroup of heart failure patients and outlines
areas for future study.
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Introduction

Heart failure (HF) is traditionally divided into two broad, clin-
ically distinct subtypes. HF with reduced ejection fraction
(HFrEF) has been variously categorized as clinical HF with
a left ventricular ejection fraction (LVEF) <40, <40, or <35 %
[1-3], whereas HF with preserved ejection fraction (HFpEF)
is usually described as clinical HF with LVEF >40 or >50 %
[1-3]. Although improvements in ejection fraction have long
been a goal of HF pharmacological therapy, coronary revas-
cularization, cardiac resynchronization, and temporary me-
chanical circulatory support, it is in the era of durable mechan-
ical circulatory support that the phenomenon of myocardial
recovery has attracted widespread attention and investigation.
Much of the recent myocardial recovery literature centers on
patients with left ventricular assist devices (LVADs), but the
potential for achieving “HF with recovered ejection fraction”
(HFrecovEF) is well recognized as a possibility within the
natural history of HFrEF [4].

In this review, we will describe the epidemiology of
HFrecovEF, both in patients receiving pharmacological HF
management and those who undergo LVAD support. We will
explore the clinical characteristics, outcomes, and cellular bi-
ology of those patients that experience myocardial recovery,
as compared to those that do not. We will also review the
available published experience regarding management op-
tions for patients who achieve myocardial recovery and out-
line future steps in defining optimal treatment of this incom-
pletely understood subgroup of HF patients.

Epidemiology of Myocardial Recovery

HFpEF and HFTEF are often considered as two very distinct
clinical entities; compared to HFrEF, HFpEF patients tend to
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be older and more often female, have a greater prevalence of
medical commodities, and respond poorly—if at all—to med-
ications that demonstrate benefit in HFrEF [1]. However, de-
spite the differing demographics and management strategies,
the division between HFpEF and HFrEF is not as distinct as
had once been thought. It is now recognized that there is
fluidity of ejection fraction measurements over time, with
39 % of HFpEF patients having an LVEF <50 and 39 % of
HFrEF patients having an LVEF >50 % at some point after
diagnosis over a mean S-year follow-up in one community-
based cohort [5].

HFrecovEF was relatively prevalent in a single tertiary HF
clinic setting [6]. Within a sample of 358 HF patients, 56 were
defined as HFpEF, 181 as HFrEF, and 121 as HFrecovEF
(LVEEF previously <40 but >40 % at time of review). Patients
with mechanical support were excluded from this report, and
the range of HF etiologies in the HFrecovEF group spanned
ischemic, valvular, restrictive, toxic, viral, familial, and
tachycardia-mediated cardiomyopathies. The patients with re-
covered LVEF were a clinically distinct group, being younger
in age than patients with HFpEF and having a lower preva-
lence of comorbidities such as hypertension, diabetes, and
atrial fibrillation, and larger chamber dimensions. Compared
to the HFrEF, the HFrecovEF patients tended to be younger
and less likely to have coronary artery disease. In addition,
patients with HFrecovEF had milder symptoms, with 73 % of
this subgroup designated New York Heart Association
(NYHA) I/IT and fewer hospital admissions, as compared to
patients with HFpEF or HFrEF. The mean LVEF in
HFrecovEF patients was 49+7 %, with a mean improvement
in LVEF of 23+10 %. There was equal use both of
angiotensin-converting enzyme inhibitor/angiotensin receptor
blockers in HFrEF and HFrecovEF groups (81 % versus
81 %), and of beta-blockers (87 % HFrEF versus 82 %
HFrecovEF, p=0.35). Conversely, mineralocorticoid antago-
nist use was significantly less prevalent in the HFrecovEF
group (38 versus 19 %, p=0.001).

Basuray and colleagues recently added insights into the
clinical features, biomarker profiles, and clinical prognosis
for patients with the HFrecovEF subtype [4]. Their report
from the Penn Heart Failure Study (n=1821 chronic HF pa-
tients recruited from tertiary referral clinics) identified 176
subjects with LVEF >50 % on cohort enrollment, but with a
prior LVEF of <50 %. The median difference between enroll-
ment EF and EF nadir was 28 % (25th and 75th percentiles, 20
and 35 %) during a median time period of 29 months (25th
and 75th percentiles, 16 and 53 months). The HFrecovEF
subgroup had higher than normal levels of brain natriuretic
protein (BNP), troponin I, soluble fms-like tyrosine kinase
receptor-1 (sFlt-1), and uric acid although significantly lower
than patients with HFrEF and HFpEF. This suggests ongoing
abnormalities of salt and water homeostasis and abnormal
myocyte biology that may place the patient at increased risk

of cardiac events as compared to the general population de-
spite improvement in LV function. As in Punnoose et al.,
HFrecovEF patients had less severe symptoms, with a greater
prevalence of patients in NYHA class I-1I than the HFrEF or
HFpEF subgroups [4]. The use of angiotensin-converting en-
zyme inhibitors/angiotensin receptor blockers was also com-
mon among these HFrecovEF patients (85 versus 90 % in
HFrEF, p<0.001), as was beta-blocker use (88 versus 92 %
in HFTEF, p<0.001). Mineralocorticoid antagonist use was
higher in the HFrEF group, as were the use of digoxin and
diuretics. Data regarding HF medication strategies in
HFrecovEF are presented below, although prospective inves-
tigation of the long-term use of the neurohormonal medica-
tions in the recovery cohort is lacking.

At a maximum of 8.9 years’ follow-up, all-cause mortality,
or the need for cardiac transplantation or mechanical circula-
tory support, was lower in patients with HFrecovEF when
compared to patient with HFrEF and HFpEF: hazard ratio
for HFrEF, as compared to HFrecovEF, 4.1, 95 % confidence
interval (CI) 2.4-6.8; hazard ratio for HFpEF, 2.3, 95 % CI
1.2-4.5. However, in addition to the persistent abnormalities
in biomarkers, the HFrecovEF subgroup still experienced a
significant number of hospitalizations for HF, with approxi-
mately 50 % of this group having been hospitalized by 6 years.

Select etiologies of cardiomyopathy may have a particular
propensity towards myocardial recovery. The recently pub-
lished results from the Investigations of Pregnancy-
Associated Cardiomyopathy (IPAC) study confirmed a high
likelihood of recovery in women who develop peripartum
cardiomyopathy [7]. Seventy-two percent of participants with
complete data available demonstrated an improvement in
LVEEF to >50 % at 12 months of follow-up. Takotsubo, also
known as stress cardiomyopathy, is characterized by transient
left ventricular dysfunction with an apical ballooning pattern
that spontaneously recovers [8]. There may be significant im-
provements in systolic function in the days and weeks after an
acute myocardial infarction [9], as well as the potential for
recovery after revascularization for patients with myocardial
stunning or hibernation [10].

Epidemiology of Myocardial Recovery
with Mechanical Circulatory Support

Ventricular assist devices have revolutionized the manage-
ment of stage D HF. Continuous-flow LVADs (CF-LVAD)
have become the standard of care for patients with advanced
HFTEF and refractory symptoms despite optimal medical ther-
apies, and have been demonstrated to improve both quality of
life and survival as either a bridge to transplant (BTT) or
destination therapy (DT) [11, 12]. Since their advent, ventric-
ular assist devices (pulsatile as well as continuous flow) have
been associated with the possibility of myocardial recovery.
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There are reports in some patients of reverse remodeling ac-
companied by significant improvement in LVEF over time;
however, only in a minority of LVAD patients is this improve-
ment sufficient to allow successful explanation of the mechan-
ical support device [13]. There is also geographic variation in
the degree of interest in promoting and monitoring for myo-
cardial recovery during LVAD support, as well as variations in
the rates of LVAD explantation. Overall in North America,
only approximately 1 % of patients underwent LVAD explan-
tation for myocardial recovery in the latest Interagency Reg-
istry for Mechanically Assisted Circulatory Support
(INTERMACS) report [14]. Similarly, in the HeartMate II
BTT and DT trials, the rate of myocardial recovery allowing
for device explantation was 1.8 % [15]. It is postulated that the
powerful mechanical unloading of the LV offered by these
devices, accompanied by increases in the doses of HF phar-
macotherapy tolerated by patients after LVAD implantation, is
a major contributor towards the process of myocardial recov-
ery during mechanical support.

The initial reports of myocardial recovery during the pul-
satile LVAD era were mixed. Although there was some rec-
ognition both in the USA and Germany that LV recovery with
mechanical unloading was a possibility [16, 17], this was bal-
anced by concerns that the rate of successful progression to
explantation was too low to justify the intensive testing re-
quired to ascertain myocardial recovery [18]. There were also
preliminary observations that patients with less pre-
implantation myocardial fibrosis may be more likely to
achieve successful explantation [17]. The most encouraging
step forward in this area of investigation came in 2005, when
Birks and collogues published their experience with a formal
HeartMate I (pulsatile LVAD) weaning protocol [19]. Among
15 patients with severe HF secondary to non-ischemic cardio-
myopathy and no histologic evidence of active myocarditis,
11 achieved sufficient myocardial recovery to undergo LVAD
explantation. In preparation for explantation, this cohort was
managed with maximally tolerated doses of lisinopril, carve-
dilol, spironolactone, and losartan to enhance reverse remod-
eling. Once regression of left ventricular dilatation was
achieved, the beta 2-adrenergic receptor agonist clenbuterol
was added to the regimen. Post-explantation, one patient died
due to refractory arrhythmias at 24 h, and a second died of
lung cancer at 27 months post-explantation. The cumulative
freedom from recurrent HF among the surviving patients was
100 and 88.9 % 1 and 4 years post-explantation, respectively,
with an almost-normal quality of life assessment at 3 years.
Fifty-nine months post-explantation, the mean left ventricular
ejection fraction was 64+12 % and the mean left ventricular
end-diastolic diameter was 59.4+12.1 mm. Other centers have
also reported sustained recovery and survival exceeding
9 years post-explantation [20, 21], although there is also rec-
ognition that severe and potentially fatal HF recurrences can
occur even years after a seemingly successful explantation
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again highlighting the persistence of risk factors, whether ge-
netic, cellular or environmental, in this group of patients.

Dr. Birks furthered her observations regarding the potential
for recovery with a prospective study of LVAD weaning in 20
non-ischemic HF patients supported by CF-LVADs
(HeartMate II) [22]. The protocol again included high-dose
neurohumoral antagonists and the addition of clenbuterol.
Twelve patients had sufficiently encouraging echocardio-
grams, exercise tests, and right heart catheterizations per-
formed at low pump speed settings to proceed to explantation
surgery. The estimated survival without HF recurrence was
83.3 % at 1 and 3 years. After a mean 431-day follow-up,
surviving explants had an ejection fraction of 58.1+13.8 %
and left ventricular end-diastolic diameter of 59.0£9.3 mm.
Patients who recovered sufficiently for explantation tended to
be younger than those who did not recover. Other groups that
have looked at predictors of successful LVAD explantation
have identified non-ischemic HF etiology, younger age,
shorter HF duration and recovery time, and higher pre-
weaning LVEF as predictors of successful LVAD explantation
[15, 23]. It has also been suggested that the unloading capacity
of the prior era of pulsatile devices may have been superior to
the current CF-LVADs, although mechanisms for this obser-
vation remain unclear [24, 25]. The Utah group has demon-
strated that prolonged continuous-flow LVAD unloading does
not induce hypertrophy regression to the point of atrophy and
degeneration [26]. There is a growing consensus that given the
scarcity of donor hearts, the potential complications of re-
maining on LVAD support, and the importance of
protocolized pharmacological and imaging interventions, it
is important to raise the profile of the potential for myocardial
recovery during LVAD support [27, 28]. However, many chal-
lenges to expanding the recovery pathway remain—chiefly
the fact that successful reverse cardiac remodeling does not
necessarily lead to sustained clinical myocardial recovery, the
reasons for which continue to require further basic and clinical
investigation [13].

Mechanical Support Myocardial Recovery Protocols

Myocardial recovery during LVAD support still requires de-
tailed prospective studies to identify not only the pharmaco-
logic and testing strategies that maximize potential for expla-
nation, but also to define optimal management beyond device
explantation. The left ventricular volume overload of ad-
vanced heart failure is responsible for the initial compensatory
chamber dilatation. This remodeling process is increasingly
deleterious over time and leads to a vicious cycle of neurohor-
monal, histological, and clinical changes that manifest as pro-
gressive worsening of heart failure. Hemodynamically,
LVADs can be very successful in unloading the failing left
ventricle. Improved ventricular geometry and function has
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been demonstrated with both pulsatile and continuous-flow
devices, and in some cases halting and even reversing remod-
eling of the left ventricle [29]. On occasion, this “reverse
remodeling” phenomenon is sufficient to translate into mean-
ingful clinical recovery of the left ventricle, allowing for
LVAD explantation as described above.

Thus far, the mixed success with the “bridge to recovery”
strategy may in part be due to the lack of standardized LVAD
weaning protocols and patient selection for potential recovery,
as well as heterogeneity in clinical and echocardiographic
markers of LVAD recovery, lack of consensus for medical
therapy pre- and post-explantation, and a paucity of prospec-
tive data supporting the recovery approach. Standardized
LVAD weaning protocols continue to be developed and pro-
spectively studied. The ongoing Remission From Stage D
Heart Failure (RESTAGE-HF) trial is a multi-center, prospec-
tive study of subjects with non-ischemic cardiomyopathy and
a HeartMate II LVAD device [30]. This trial is studying a
standardized protocol of pharmacologic therapy and device
weaning procedures, with optimization of pump speed for
maximal unloading from early after implantation. At 4, 6, 9,
and 12-18 months post-implantation, echocardiography is
performed at a low LVAD speed of 6000 rpm, with a 6-min
walk test at 6 weeks, 4, 6, 8, and 12—18 months post-implan-
tation. Preliminary results are promising thus far, with five
subjects of a total of 22 enrolled successfully explanted at a
median of 265 days post-explantation. Subjects who are suc-
cessfully explanted remain on the high-dose HF medications
after pump removal.

Beyond evaluating which tests best assess the heart’s abil-
ity to withstand LVAD explantation, there is also interest in
determining whether ventricular reconditioning maneuvers
may promote a sustained recovery. There is some experience
with designing weaning protocols that incorporate periods of
withdrawal of LVAD support by decreasing LVAD speed
while closely monitoring the left ventricular end-diastolic di-
mension (LVEDD) and left ventricular end-systolic dimension
(LVESD), aortic valve opening time, and ejection fraction. Dr.
Frazier and colleagues at the Texas Heart Institute prospec-
tively studied 30 LVAD patients for weaning and explantation,
the majority of whom were supported by HeartMate II devices
[31]. NYHA functional class I patients, who tended to be
younger and who were treated with optimal HF medical ther-
apy, were selected for the reconditioning protocol. This pro-
tocol incorporated a period of ventricular unloading, achieved
by increasing the pump speed to decrease the LVEDD to the
upper limit of normal and correct or minimize mitral regurgi-
tation. Initially, this was only achieved when the aortic valve
remained closed throughout the cardiac cycle. If the patient
was clinically stable, the device speed was briefly decreased to
6000 rpm with close measurement of the aortic valve opening
time. Once the opening time exceeded 10 % of the cardiac
cycle, the speed was gradually reduced as long as the LV

dimensions remained normal and MR was controlled. The
reconditioning phase was advanced at every outpatient visit.
Device explantation was considered once the aortic valve
opening time was normal at 6000 rpm with LVEDD <6 cm.
Subsequent exercise testing with bicycle stress or dobutamine
was performed to determine the appropriateness of explanta-
tion. Twenty-seven patients successfully proceeded to explan-
tation with one patient requiring re-implantation 2.7 years
post-explant. The remaining patients remained in NYHA clas-
ses I and IT with medical therapy alone with a mean survival of
1172+948 days. These results promote consideration of the
merits of LVAD programming that could reduce the pump
speeds automatically at programed intervals to “exercise”
the heart to promote myocardial recovery.

Cellular Mechanisms of Recovery

Cardiac remodeling is a complex, typically pathological state,
in which cellular and extracellular changes take place altering
the geometry and kinetics of the heart muscle, resulting in
clinical heart failure. Cellular remodeling incorporates chang-
es in cardiomyocyte size and shape, as well as molecular and
signaling abnormalities that result in fetal gene expression,
modification to excitation-contraction coupling, alterations
in cell-survival signaling, and derangements in myofilament
function and cellular metabolism. Extracellular changes ob-
served in the remodeling heart include alterations in the com-
position of the fibrous and vascular elements of the cardiac
extracellular matrix leading to deformation of the cardiac
chamber. The phenotype of the pathologically remodeled
heart depends greatly on the inciting event. For example,
when volume overload takes place, the cardiomyocytes,
which are typically thin and elongated, ensue a formation in
series. In pressure overload, cardiomyocytes become short-
ened and bulky, aligning themselves in parallel [32].
“Reverse remodeling”—the process of cardiac chamber
volume (particularly end-systolic volume) decreasing, often
accompanied by improved beta-adrenergic responsiveness—
has long been a secondary endpoint of HF pharmacotherapy
trials. Renin-angiotensin-aldosterone inhibition, beta-block-
ade, cardiac resynchronization, and ventricular assist devices
all have the potential to achieve reverse remodeling, and to
date, every therapy with mortality benefits in HFrEF is capa-
ble of inducing reverse remodeling [33]. At a cellular level,
reverse remodeling reduces myocyte size and interstitial fibro-
sis, increases microvascular density, inhibits fetal gene expres-
sion, and upregulates sarco(endo)plasmic reticulum Ca*"
ATPase 2 (SERCA?2) gene expression, thus improving cellular
calcium cycling [32]. However, not every patient exposed to
these therapies achieves reverse remodeling, and the reverse
remodeling response is not always durable. There have been a
number of observations regarding which patients are more
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likely to successfully reverse remodel, as well as efforts to
identify new molecular targets for the inhibition or reversal
of maladaptive cardiac remodeling.

Patients with LVADs undergo a similar process of reverse
remodeling that, as described above, can extend as far as
myocardial recovery in some cases. As described by Drakos
et al., the unloading of the failing left ventricle with an LVAD
results in endothelial cell activation, increased density of the
microvasculature, and increased fibrosis [26]. Whether this
cascade of events could lead to eventual myocardial atrophy
or degeneration is controversial. Drakos el al. found that the
increased interstitial and total collagen content of the heart
after unloading is not associated with hypertrophy regression
to the point of atrophy or degeneration [26]. Wohlschlager
et al. reported a marked decline in the deoxyribonucleic acid
(DNA) content, nuclear size, and the number of nuclei in the
myocytes of patients with LVADs [34]. In addition, LVADs
are associated with a decline in polyploidy and an increase in
the number of diploid cells suggesting a decline in the process
of protein synthesis as a result of unloading [34]. Whether
these cellular changes are durable is unknown and requires
ongoing, prospective investigation. In addition, the role of
chronic, heart failure pharmacotherapy in LVAD patients is
not clearly understood and is often underutilized, likely at
least partially due to the historically low rates of recovery that
have been previously reported.

Interesting insights into optimizing myocardial energetics
have come from the cardiac resynchronization (CRT) field.
Unlike inotropic therapy, CRT appears to energetically advan-
tage the failing heart enabling it to achieve improved cardiac
output for a lower level of substrate consumption. Compo-
nents of this pathway include redox modifications to the myo-
cardial mitochondria that enhance the efficiency of ATP gen-
eration [35, 36], as well as improvements in the physical align-
ment of ryanodine receptors in relation to SERCA to optimize
excitation-contraction coupling [37]. Mechanical unloading
with LVAD placement also has the potential to improve
excitation-contraction coupling [38]. Understanding which
patients have the greatest potential to achieve these subcellular
reverse remodeling changes will be a key component in pur-
suing clinically meaningful myocardial recovery.

Post-recovery Management

There is still a paucity of prospective data to guide the man-
agement of patients who experience myocardial recovery. The
persistent abnormalities in biomarker profile despite a high
prevalence of ongoing neurohumoral antagonist therapies not-
ed by Basuray and colleagues lends weight to the hypothesis
that HF pharmacotherapy should be continued to maximize
the likelihood of a sustained LVEF and clinical response.
However, the data to support this approach is scarce. Two

@ Springer

reports from Korea have retrospectively studied management
strategies and the risk of HFrEF recurrence [39, 40]. Moon
and colleagues retrospectively studied 42 patients with non-
ischemic cardiomyopathy who had achieved LVEF recovery
(LVEF >40 % and a >10 % increase in absolute value). The
LVEEF subsequently fell below 40 % in 19 % of the cohort;
patients who experienced deterioration in LVEF were more
likely to have discontinued HF medications (62.5 versus
5.9 %, p<0.05).

Park et al. retrospectively evaluated a cohort of 85 consec-
utively enrolled subjects (62 males, mean age 57 years),
whose LVEF had recovered to >45 % accompanied by an
incremental LVEF change of >10 % compared with the initial
LVEF. Outcomes were reviewed for a mean of 50+33 months
after LVEF recovery with no changes in baseline medical
pharmacotherapies. Thirty-three patients developed a recur-
rence of LV systolic dysfunction. When divided by the pres-
ence or absence of recurrence of systolic dysfunction, both
groups had high prevalence of angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers (100 versus 92 %, re-
spectively, p=0.62). However, there was a non-significant
trend towards lower beta-blocker and mineralocorticoid an-
tagonist use in patients who had a recurrence of systolic dys-
function: beta-blocker use 18 versus 29 %, respectively, p=
0.100 and mineralocorticoid antagonist use 24 versus 35 %,
respectively, p=0.105. On multivariate analysis, older age,
diabetes, and larger LV end-diastolic dimension at presenta-
tion were all independent predictors of systolic dysfunction
recurrence. The authors concluded that patients in these
groups should be more intensively managed after an improve-
ment in LVEF. A recent systematic review of HF medication
withdrawal within mixed populations of chronic stable HF
and HFrecovEF also concluded that there were risks associat-
ed with the withdrawal of renin-angiotensin-aldosterone sys-
tem inhibitors or beta-blockers [41].

Although suggestive, these retrospective studies do not
prove causality and may be confounded by other reasons that
independently increase the risk of recurrence. For example,
patients who have blood pressure or renal intolerance of HF
medications are most likely to have their medications
discontinued, and may also have the highest risk of future
clinical deterioration. Regardless, in the absence of more ro-
bust prospective data, these studies suggest potential benefit
of HF medication continuation in the HFrecovEF population.
Should the patient and/or provider opt to withdraw goal-
directed medical therapy following recovery of function, these
data would suggest that ongoing screening of LV function at
periodic intervals is reasonable to ensure stability of cardiac
function. Society practice guidelines are yet to make recom-
mendations on management after LVEF improvement, prob-
ably owing to the paucity of data in this area. Recalling the
persistent abnormalities of biomarker profile observed by
Basuray et al., the ongoing use of neurohumoral antagonism
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in HFrecovEF seems to be a sensible approach, given the
safety profile of beta-blockers and ACE inhibitors with careful
clinical monitoring.

There is also limited data to guide the ongoing need for
implantable cardioverter-defibrillator (ICD) therapy in the set-
ting of HFrecovEF. Among 91 patients undergoing ICD gen-
erator exchanges, 25 had LVEF improvement of at least 10 %
to greater than 35 % [42]. The incidence of appropriate ICD
shocks was the same between individuals with or without
LVEF recovery. A subgroup of the Defibrillators in Non-
ischemic Cardiomyopathy Treatment Evaluation
(DEFINITE) trial population received serial LVEF assess-
ments; 56 of the 187 with a follow-up LVEF had a measure-
ment >35 % on their last assessment during the first 2 years of
the trial. There were four arrthythmic events in subjects with a
recovered LVEF versus 24 events in those with an LVEF
<35 % (p=0.006). Likewise in a cohort of 231 Veterans Af-
fairs patients, 26 % no longer met guideline indications for
ICD therapy at the time of generator exchange [43]. Subjects
without ongoing ICD indications received a smaller number
of appropriate ICD therapies than patients with indications
(2.8 versus 10.7 % annually, p<0.001), but once again, appro-
priate shocks were delivered in the HFrecovEF group. Most
recently, the Prospective Observational Study of Implantable
Cardioverter-Defibrillators (PROSE-ICD) study prospective-
ly studied the outcomes of 538 subjects undergoing primary
prevention ICD placement [44]. During the 4.9-year follow-
up, 126 subjects had an LVEF improvement to >35 %. Of
these, only four subjects received an appropriate ICD shock.
Therefore, although the incidence of life-threatening ventric-
ular arrhythmias is lower in individuals with an improvement
in LVEF, as compared to those who continue to meet ICD
indications, the risk is not completely eliminated. Conversely,
the MADIT-CRT investigators observed only one ventricular
arrhythmia event among 55 subjects with LVEF recovery
>50 % and therefore suggested these patients could be con-
sidered for downgrade from CRT-defibrillator to CRT-
pacemaker at the time of battery depletion, if ventricular ar-
rhythmias have not been detected [45].

Conclusions and Future Directions

Recovery of myocardial function is not uncommon in patients
with reduced ejection fraction. This is a primary goal of med-
ical therapy and increasingly sought in LVAD patients. How-
ever, it is also recognized that patients who do recover are at
ongoing risk for future deterioration and adverse events,
which raises concerns about the safety of HF medication dis-
continuation in the HFrecovEF cohort. Prospective studies are
needed to further explore the pathophysiology of
HFrecovEF—both to optimize clinical outcomes for these

patients and also to aid in the development of therapies that
target novel pathways of myocardial recovery.
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