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True Rate of Myocardial Recovery*
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dvanced heart failure (HF) is rarely thought

of as a reversible process; however, mechan-

ical unloading using a left ventricular assist
device (LVAD) has been shown to promote reversal
of the HF phenotype, with regression of pathologic
myocardial hypertrophy and improvement in both
left ventricular (LV) chamber size and LV function, a
process called “reverse remodeling.” This process
can be significant and may result in myocardial
recovery; that is, the normalization of functional,
structural, and hemodynamic changes sufficient to
allow sustained explantation of the LVAD. Improve-
ments are seen at the clinical, molecular, and cellular
levels (1).

It is a highly contentious topic because reported
rates of myocardial recovery sufficient to allow device
explantation have varied widely. The Interagency
Registry for Mechanically Assisted Circulatory Sup-
port (INTERMACS), the national LVAD database (2),
and some specific centers that do not specifically look
for recovery have reported low explantation rates (3);
conversely, individual studies from centers that
assess and promote recovery have reported much
higher rates (3). The INTERMACS highly valuable
dataset has transformed and advanced our field, but
it has many shortcomings when analyzed for recov-
ery. INTERMACS is not designed to optimally track
rates of recovery; it does not record many pertinent
pieces of information such as pump speed, echo data
performed at reduced speed, or post-explantation
information.
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In this issue of the Journal, Wever-Pinzon et al. (4)
studied the INTERMACS data to more thoroughly
investigate what these findings tell us about rates of
recovery. The authors analyzed 15,138 adult LVAD re-
cipients in the INTERMACS database between March
2006 and June 2015. Overall, 192 (1.3%) of the total
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INTERMACS patient population experienced cardiac
recovery resulting in LVAD explantation (n = 172) or
device deactivation (n = 20) after a median of 323.3
days. The incidence of cardiac recovery varied widely
depending on the implantation strategy. Only 125 pa-
tients (0.8%) had an a priori implantation strategy of
bridge-to-recovery (BTR) but, in this group, cardiac
recovery was observed in 11.2% (n = 14), compared
with1.2% (n =178) in patients with a non-BTR strategy
(p < 0.0001). Cardiac recovery using LVADs, or the
ability to induce remission from HF using these de-
vices, is increasingly recognized, yet likely remains
underreported and diagnosed. The problem is that
most centers implant the LVAD either as a bridge to
transplantation or destination therapy, and they do
not look for or promote recovery (ie, they do not
monitor the patient for improved LV function nor test
them with the pump reduced to a speed at which there
isnonet forward or backward flow to assess underlying
myocardial function). Centers do not generally run the
pump optimally for unloading to promote recovery,
instead selecting a speed that minimizes patient
symptoms (5) without really unloading the left
ventricle. Furthermore, many clinicians purposely
leave the aortic valve opening for some pulsatility,
again without adjusting the pump for maximal
unloading. In addition, many centers do not actually
explant a pump, even if the ejection fraction is good;
they are nervous to do so with limited confidence and
experience in recovery, and they believe trans-
plantation is the proven endpoint for these patients.
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Hence, the true rate of myocardial recovery is likely
underreported in registries such as INTERMACS.

This theory is supported in the current study (4) by
the subgroup of 7,084 patients who had at least 1
follow-up echocardiogram after 3 months of LVAD
support; of these, 892 (12.6%) achieved an LV ejection
fraction =40%, with a relative increase in LV ejection
fraction =50%. Hence, although device explantation
due to cardiac recovery only occurred in 1.3% of the
population overall, a favorable “cardiac response”
occurred in an additional 12.6% of patients who ulti-
mately did not undergo explantation (and might have
done so after further testing in more aggressive centers
that look for recovery). The higher explantation rate in
those with an a priori BTR strategy (9-fold) may in part
be explained by the group’s patient characteristics but
more likely suggests that these patients were in a
center that planned to monitor for and/or promote
recovery. This possibility is borne out by the fact that
even in patients with a similar clinical cardiac recovery
profile, the incidence of recovery was higherin the BTR
group than in the non-BTR group.

Although the rate of spontaneous recovery might
be low, it can be readily promoted by aggressively
optimizing pharmacotherapy. LVAD support allows
administration of neurohormonal and other HF
medications at high doses that are often not tolerated
before pump implantation due to hypotension and
renal dysfunction. HF medications have been shown
to promote reverse remodeling by reversing patho-
logic hypertrophy, reducing fibrosis, and normalizing
cellular metabolic functions, leading to improved
mortality and functional status (1). Once the LVAD
restores good flow to patients with advanced HF, the
patients can tolerate these medications at much
higher doses. Interestingly, in the current analysis (4),
patients with cardiac recovery were more frequently
receiving HF therapies after LVAD implantation
compared with those with no recovery; specifically,
at 12 months, patients with cardiac recovery were
more frequently taking a beta-blocker (95% vs. 77%;
p < 0.01), an angiotensin-converting enzyme (ACE)
inhibitor or angiotensin receptor blocker (80% vs.
53%; p < 0.01), and an aldosterone receptor blocker
(49% vs. 34%; p = 0.05). The probability of cardiac
recovery was 55% higher with the use of mineralo-
corticoid receptor antagonists and approximately
250% higher with the use of beta-blockers and
ACE inhibitors or angiotensin receptor blockers.
Patients who experienced cardiac recovery were less
frequently taking a beta-blocker, ACE inhibitor, or
aldosterone receptor antagonist before LVAD im-
plantation compared with patients without recovery,
suggesting that after LVAD implantation, patients
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overcame a previous intolerance to these agents.
Thus, an LVAD can be used as a platform for more
aggressive use of these drugs. Furthermore,
continuous-flow LVADs are afterload dependent;
therefore, increased afterload will decrease pump
flow and reduce LV unloading. Hence, the afterload
(and blood pressure) reduction provided by these
afterload-reducing HF medications will also increase
pump flow and unload the heart further. Ascertain-
ing the optimal unloading for each pump is an
important step to pursue recovery.

Assessing the clinical characteristics of patients
who experienced cardiac recovery in this study
showed that, with few exceptions, this was a fairly
homogeneous group independent of the LVAD im-
plantation strategy (4). After multivariable adjust-
ment, the authors identified 6 independent predictors
of cardiac recovery (age <50 years, nonischemic car-
diomyopathy, time from cardiac diagnosis <2 years,
absence of an implantable cardioverter-defibrillator,
serum creatinine level =1.2 mg/dl, and LV end-
diastolic diameter <6.5 cm). They then assigned
each of these variables a number of points propor-
tional to its regression coefficient to derive a prog-
nostic score they labeled the INTERMACS Cardiac
Recovery Score with a range of 0 to 9. They defined 3
groups with significantly different prognoses: low
probability (0 to 3 points), intermediate probability (4
to 6 points), and high probability (7 to 9 points). A
weighted score was derived and externally validated
in 190 recipients prospectively enrolled in the Utah
Cardiac Recovery program with good performance.
Such a score might help centers that do not want to
apply an extensive recovery protocol to all patients
yet still target individuals with a higher chance of
success. In those implanted with a BTR strategy ac-
cording to the INTERMACS database, those with an
INTERMACS Cardiac Recovery Score >7 had an
explanation rate of 24.5%. However, it must be noted
that this analysis is slightly misleading because most
INTERMACS centers will have only attempted to
monitor/recover patients they believe are more likely
to recover (e.g., younger patients, those with non-
ischemic cardiomyopathy). It is from these data that
the score is derived, which might skew the score; for
example, it might be that recovery has not really been
tested in older patients with ischemia.

Cardiac recovery occurred infrequently early after
LVAD implantation: only 2.1% (n = 4) in the first
month, 14.6% of patients by 3 months, and 80% of all
patients recovered by 2 years after LVAD implanta-
tion (4). Thus, at 319 days, the median follow-up in
this study might have been too short, resulting in
underreporting of recovery.
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Although implant volume was not associated with
explantation rate in this INTERMACS analysis, it is
probably not the center’s volume that is important but
its interest and the presence of protocols such as those
discussed earlier to monitor for and promote recovery
combined with earlier experience and, hence, confi-
dence in pump removal. A growing number of centers
are now using such protocols, and it would be inter-
esting to determine the rate of recovery in such cen-
ters compared with others.

INTERMACS contains little data regarding post-
explantation outcomes. Survival after LVAD explan-
tation was available for only 21 (11%) patients (4).
However, encouragingly, 18 (86%) of these patients
were alive 1 year post-explantation.

A rapidly increasing number of patients with
advanced HF are now being implanted with LVADs
(2), particularly since the introduction of continuous-
flow pumps, which have generally replaced pulsatile
pumps because they are associated with better sur-
vival, lower morbidity, and a much longer durability
due to a very low rate of device failure. Increased
pump durability, combined with the lengthening wait
for a donor organ for transplantation, means that
these patients experience long periods of stability
before transplantation, during which time myocardial
recovery can be attempted as a therapeutic target.
The bridge-to-transplant clinical trials also show that
even if the patient undergoes implantation as a bridge
to transplantation, fewer and fewer of these patients
are actually undergoing transplantation (6). Further-
more, a rapidly growing number of patients are now
undergoing implantation as destination therapy (i.e.,
there is no intent of transplantation). Although pump
durability has markedly improved, significant com-
plications remain, including stroke, pump throm-
bosis, gastrointestinal bleeding, and infection. These
complications limit long-term survival and quality
of life. Consequently, it is also important to strongly
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consider these destination therapy patients for
myocardial recovery to offer them a better thera-
peutic option.

Although this retrospective analysis by Wever-
Pinzon et al. (4) of the INTERMACS database reported
alowrate of recovery overall, given that monitoring for
reverse remodeling is not routine practice, the true
incidence of recovery remains unknown and under-
appreciated. Its incidence was 8.6-fold higher in pa-
tientsimplanted with an a priori BTR strategy, and this
higher rate likely reflected the center’s commitment to
more careful evaluation of these patients over time.
There were study limitations, too, such as the follow-
up duration <1 year, which also contributed to under-
estimation of the recovery rate.

Combining mechanical unloading with LVADs, run
at a pump speed optimized for unloading, with
aggressive pharmacotherapy together with regular
testing of underlying myocardial function (with the
pump reduced to a speed at which it is not contrib-
uting), is likely to dramatically increase the frequency
of sustained recovery from HF (7). Frequent echo-
cardiographic and hemodynamic evaluation of un-
derlying myocardial function should be performed,
particularly in selected patients. LVADs provide a
relatively safe platform to promote and monitor pa-
tients for myocardial recovery, hopefully avoiding
the need for heart transplantation (along with pre-
serving that much-needed donor heart for another
individual) or long-term mechanical support with its
associated complications.
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