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Heart Failure With
Improved Ejection Fraction
Is it Possible to Escape One’s Past?
Gaurav Gulati, MD, James E. Udelson, MD

ABSTRACT
Among patients with heart failure with reduced ejection fraction, investigators have repeatedly identiﬁed a subgroup
whose left ventricular ejection fraction and structural remodeling can improve to normal or nearly normal levels with or
without medical therapy. This subgroup of patients with “heart failure with improved ejection fraction” has distinct
clinical characteristics and a more favorable prognosis compared with patients who continue to have reduced ejection
fraction. However, many of these patients also manifest clinical and biochemical signs of incomplete resolution of heart
failure pathophysiology and remain at some risk of adverse outcomes, thus indicating that they may not have completely
recovered. Although rigorous evidence on managing these patients is sparse, there are several reasons to recommend
continuation of heart failure therapies, including device therapies, to prevent clinical deterioration. Notable exceptions to
this recommendation may include patients who recover from peripartum cardiomyopathy, fulminant myocarditis, or
stress cardiomyopathy, whose excellent long-term prognoses may imply true myocardial recovery. More research on
these patients is needed to better understand the mechanisms that lead to improvement in ejection fraction and to guide
their clinical management. (J Am Coll Cardiol HF 2018;-:-–-) © 2018 by the American College of Cardiology Foundation.

S

ince the earliest studies of vasodilator therapy

current published reports regarding management of

in patients with heart failure (HF) with reduced

these patients are summarized. Finally, current

ejection fraction (HFrEF), it has been noted

knowledge gaps are highlighted, and priorities for

that left ventricular (LV) ejection fraction (LVEF)

further investigation are identiﬁed.

can improve during the course of therapy (1). As
new medical and device-based therapies for HFrEF

DEFINITION AND NOMENCLATURE

have been developed, investigators have repeatedly
identiﬁed a subset of patients who have substantial

Although it is acknowledged that a distinct cohort of

improvement of LVEF with or without therapy (2).

patients with improved or recovered LVEF exists,

The characteristics and clinical outcomes of this sub-

there is currently no consensus deﬁnition of this

group of HF patients have only recently been out-

cohort. Current American College of Cardiology/

lined, although optimal management strategies have

American Heart Association guidelines deﬁne a

not been prospectively studied.

cohort of “HFpEF, improved” patients as those who

In this review, we explore the nomenclature,

have LVEF >40% but who previously had LVEF #40%

epidemiology, clinical characteristics, and outcomes

(3). European Society of Cardiology guidelines intro-

of this group of patients. Mechanisms that may un-

duced a category called “HF with midrange EF”

derlie improvement of LVEF are reviewed, and

(HRmrEF) (LVEF 40% to 49%) but do not distinguish
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ABBREVIATIONS

between patients who previously had lower

lower in cohorts of patients with chronic HF. In a

AND ACRONYMS

LVEF and those who have never had HFrEF

tertiary care center cohort of over 1,800 patients

(4). Other investigators have deﬁned a cohort

with HF, only 10% of patients had HFiEF (to

of patients with HF with recovered EF

LVEF $50%) (5). Similarly, only 9% of the nearly

(HFrecEF) or HF with better EF (HFbetterEF)

4,500 patients selected for analysis from Val-HeFT

blocker

as those who have LVEF $50% but with a

(Valsartan Heart Failure Trial) went on to experi-

CRT = cardiac

previously documented LVEF <50% (5,6). HF

ence LVEF improvement to $40% during the ﬁrst 12

resynchronization therapy

with improved EF (HFiEF) has been proposed

months of follow-up (7).

HF = heart failure

to deﬁne patients with LVEF >40% with a

HFiEF = heart failure with

previously documented LVEF <35% (7).

ACE = angiotensin-converting
enzyme

ARB = angiotensin receptor

Rates of LVEF improvement in patients receiving
cardiac resynchronization therapy (CRT) are also

improved ejection fraction

We propose using the term HFiEF to deﬁne

HFrEF = heart failure with

patients who had LVEF <40% and who have

Deﬁbrillator

reduced ejection fraction

experienced

LVEF

Resynchronization Therapy), 79% of patients had

ICD = implantable

beyond the reproducibility and variability of

partial improvement in LVEF (to 36% to 50% from a

the imaging techniques. We favor this deﬁ-

baseline of 30%), but only 7.3% of patients were

nition because it acknowledges that varying

“super-responders” and had LVEF improvement to

degrees of improvement can exist and that

>50% (10). In smaller cohorts, rates of super-response

the magnitude of change likely has prog-

ranged from 12% to 17% (11,12). The existence of CRT

nostic

patients

super-responders suggests that in these patients,

whose need for ongoing HF therapy is

unlike other HFrEF patients, LV dyssynchrony was a

uncertain and whose physicians have ques-

predominant cause of LV dysfunction.

cardioverter-deﬁbrillator

LBBB = left bundle branch
block

LV = left ventricular
LVEF = left ventricular ejection
fraction

PPCM = peripartum
cardiomyopathy

any

improvement

implications.

For

HFiEF

in

variable.

In

MADIT-CRT
Implantation

(Multicenter
Trial

Automatic

With

Cardiac

tions regarding the need for ongoing HF

Table 1 summarizes selected studies that have re-

therapy in these patients, we discuss recommenda-

ported on LVEF improvement as a consequence of

tions later. We also use the term “improved” rather

various therapies and have reported baseline pre-

than “recovered” because it highlights 2 important

dictors of improvement. The frequency of improve-

features of this clinical entity: 1) despite having very

ment is variable, in part because of differing

improved or even normalized LVEF, these patients

deﬁnitions of HFiEF, but also because of heteroge-

may continue to have clinical HF and abnormal

neity of study populations regarding HF origin,

biomarker signs of functional impairment; and 2) the

duration, and underlying medical therapy. Ideally,

improvement experienced by these patients does not

frequency of LVEF improvement would be assessed

necessarily reﬂect recovery from their underlying

in patients with new onset HFrEF; in these patients,

structural

Moreover,

initiation of full guideline-directed medical therapy

improvement in LVEF is generally considered a surro-

would provide a purer assessment of the incidence of

gate for the underlying process of reverse remodeling

LVEF improvement with contemporary management.

occurring at the myocardial and ventricular structural

When considering data from clinical trials of HFrEF

and functional levels, and therefore it should be

patients whose inclusion criteria include stability on

accompanied by a reduction in LV volumes (8).

background medical therapy, patients who have

cardiomyopathic

process.

EPIDEMIOLOGY OF HFiEF
FREQUENCY OF LVEF IMPROVEMENT. For some pa-

tients, such as those with stress cardiomyopathy

already had LVEF improvement are selected out, and
any subsequent improvement observed is to a large
degree a consequence of the new therapy being
evaluated (7).

(Takotsubo), LVEF improvement may occur rapidly,

FACTORS THAT PREDICT LVEF IMPROVEMENT. Despite

even in the absence of medical therapy. For others,

differences in HFiEF deﬁnition, several demographic

medical therapy may be partially or wholly respon-

and clinical characteristics are repeatedly identiﬁed

sible for LVEF improvement. What is clear, however,

as

is that the frequency of LVEF improvement depends

improved LVEF (Table 1). These include female sex,

on the cause of the underlying cardiomyopathy. In a

nonischemic cause of HF, shorter duration of HF, and

comprehensive review, Givertz et al. (9) documented

less severe adverse cardiac remodeling at initial

rates of LVEF improvement (to LVEF >50%) of 60%

evaluation. These factors have also been associated

being

associated

with

greater

likelihood

of

to 100% when considering causes of cardiomyopathy

with super-response to CRT (13). However, although

such as tachycardia, Takotsubo, and hyperthyroid-

the presence of left bundle branch block (LBBB) is

ism among patients with recent onset (<6 months)

also predictive of CRT response, LBBB is associated

cardiomyopathy. Rates of LVEF improvement are

with attenuated LVEF improvement or lack of LVEF
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T A B L E 1 LVEF Improvement in HFrEF Patients

Publication
Year

Study
Size (n)

Population

Baseline Medical
Therapy
(>70% Use)

Ciofﬁ
(Online Ref. 9)

2004

110

Chronic HFrEF

Digoxin, diuretics

LVEF >51%

18

Absence of diabetes, higher SBP, shorter
duration of HF, nonischemic origin

McNamara
(Online Ref. 10)

2011

373

ROCM

ACE, BB

LVEF $50%

25

Smaller LVIDs, higher SBP, race other than black,
higher NYHA class

Merlo (14)

2011

242

Chronic HFrEF

ACE, BB, digoxin

Increase in
LVEF >10%

37

Higher SBP, absence of LBBB

Biteker (Online Ref. 11)

2011

24

PPCM

ACE, diuretics

LVEF >50%

46

Smaller LVIDd, smaller LVIDs, higher LVEF,
smaller LA diameter

Wilcox (Online Ref. 12)

2012

3,994

Chronic HFrEF

ACE, BB

Increase in
LVEF >10%
LVEF $50%

First Author
(Ref.)

Deﬁnition
of LVEF
Improvement

Frequency
of LVEF
Improvement (%)

Not given
39

Baseline Characteristics
Associated With
LVEF Improvement

Female, nonischemic origin, higher LVEF,
higher SBP, no digoxin use

Dunlay (Online Ref. 13)

2012

674

Chronic HFrEF

ACE, BB

Basuray (5)

2014

1,821

Chronic HFrEF

ACE, BB, diuretics LVEF $50%

McNamara
(Online Ref. 14)

2015

100

PPCM

ACE, BB

LVEF $50%

72

Smaller LVIDs, nonblack race

Florea (7)

2016

4,410

Chronic HFrEF

ACE, diuretics

LVEF $40%

9

Female, nonischemic origin, higher DBP,
smaller LVIDd, BB therapy,
valsartan therapy

Bermejo
(Online Ref. 15)

2017

242

Chronic HFrEF

ACE, BB, diuretics LVEF >40%

52

Younger age, higher NYHA class, ACE/BB use,
nonischemic origin, lack of ICD placement

Chang (Online Ref. 16)

2017

318

African-American ACE, BB, diuretics LVEF $40%
chronic HFrEF

19

Higher LVEF, shorter duration of HF,
no digoxin use, use of I/H

Lupón (22)

2017

940

Chronic HFrEF

ACE, BB, diuretics LVEF $45%

25

Younger age, female, nonischemic origin,
nondiabetic, shorter duration of HF,
higher NYHA class

Kim (Online Ref. 17)

2017

90

Takotsubo CM

None

LVEF $50%

70

Younger age, absence of hypothyroidism,
shorter QT interval, ACE or ARB use

Not given

Not given
Female, nonischemic origin

ACE ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker; BB ¼ beta blocker; CM ¼ cardiomyopathy; DBP ¼ diastolic blood pressure; HFrEF ¼ heart failure with reduced ejection
fraction; I/H ¼ isosorbide dinitrate and hydralazine; ICD ¼ implantable cardioverter-deﬁbrillator; LA ¼ left atrium; LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection fraction; LVIDd ¼ left
ventricular internal dimension in diastole; LVIDs ¼ left ventricular internal dimension in systole; NYHA ¼ New York Heart Association; PPCM ¼ peripartum cardiomyopathy; Ref. ¼ reference; ROCM ¼ recent
onset cardiomyopathy; SBP ¼ systolic blood pressure.

improvement with optimal medical therapy alone

biochemical proﬁle compared with both HFrEF pa-

(14,15). This discrepancy again highlights the impor-

tients and the general population. In an early study,

tance of dyssynchrony in maintaining LV dysfunction

Punnoose et al. (2) cross-sectionally analyzed 358

in some patients.

patients from a tertiary care HF center and identiﬁed

There are also data on the inﬂuence of genetics

177 patients with LVEF $40% who would conven-

mutations

tionally have had a diagnosis of HFpEF. Of these, 121

in the angiotensin-converting enzyme (ACE) or

patients (68%) previously had LVEF <40%, repre-

b1-adrenergic receptor genes have been linked to a

senting

less favorable LVEF response to medical therapy (16).

compared characteristics of HFiEF patients with

Mutations in sarcomeric proteins may also play a role

those who had HFrEF (LVEF <40%) at the time of

because patients with truncating mutations in the

analysis. On average, HFiEF patients were younger

titin-A gene have a higher frequency of LVEF

and less likely to have coronary disease compared

on

LVEF

improvement.

Activating

the

HFiEF

cohort.

These

investigators

improvement (of >10%) compared with patients with

with those with HFrEF, whereas rates of atrial ﬁbril-

idiopathic dilated cardiomyopathies or those with

lation, hypertension, and diabetes were similar (2).

LMNA mutations when these patients are treated

HFiEF patients had higher systolic blood pressures

with guideline-directed therapies (17). However, in a

and smaller LV volumes than HFrEF patients. Inter-

study of 172 patients with peripartum cardiomyopa-

estingly, LV volumes were larger in HFiEF patients

thy (PPCM), patients with truncating titin-A muta-

than in HFpEF patients, a ﬁnding suggesting some

tions were less likely to demonstrate normalization

degree

of LVEF at 1 year than patients without such muta-

improvement of LVEF (2). B-type natriuretic peptide

of

residual

adverse

remodeling

despite

tions (18).

and troponin levels were also lower in HFiEF patients

CHARACTERISTICS OF HFiEF PATIENTS FOLLOWING

than in HFrEF patients, although levels were still

IMPROVEMENT. Patients who have LVEF improvement

supra-normal in approximately one-half of HFiEF

may

patients, thus indicating ongoing neurohormonal

continue

to

have

a

distinct

clinical

and
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T A B L E 2 HFrEF Recurrence in HFiEF Patients

First Author (Ref.)

Median
Follow-Up
(Months)

Frequency
of HFrEF
Recurrence (%)

Factors Associated
With HFrEF Recurrence

Publication Year

Study Size (n)

Ciofﬁ (Online Ref. 9)

2004

20

17

40

Not available

Moon (44)

2009

42

48

19

Discontinuation of HF therapy

Park (25)

2014

85

50

39

Older age, longer duration of HF before
improvement, diabetes, larger LVIDd

de Groote (21)

2014

174

96

22

Lower LVEF, LBBB, larger LVIDd,
slower heart rate

Nadruz (19)

2016

123

32

29

Older age, HTN, lower GFR

GFR ¼ glomerular ﬁltration rate; HRiEF ¼ heart failure with improved ejection fraction; HTN ¼ hypertension; other abbreviations as in Table 1.

activation and myocardial stress and injury (5). Exer-

again; several of these studies are summarized in

cise capacity of HFiEF patients also appears to be

Table 2. Just as more severe LV remodeling is asso-

reduced relative to healthy controls, with average peak

ciated with lower rates of LVEF improvement, HFiEF

oxygen consumption reported as 17 to 18 ml/kg/min

patients with larger LV size appear to be at higher risk

(53% predicted) (19). Finally, although HFiEF patients

of future deterioration in LVEF (21,25). LV deforma-

reported better quality of life than HFrEF patients (20),

tion mechanics may also be used to identify patients

25% to 75% still reported HF symptoms despite good

at risk for recurrent HFRef. A recent study showed

adherence to medical therapy (2,5,19).

that less negative global longitudinal strain at the

In summary, following LVEF improvement, the

time of LVEF improvement predicted a higher risk of

clinical, biomarker, and functional characteristics of

future declines in LVEF (26). The mean global longi-

HFiEF patients are more favorable than those of

tudinal strain in the HFiEF population in this study

HFrEF patients. However, HFiEF patients as a group

was 14.4%, which is less negative than currently

are distinct from healthy controls. Their phenotypic

accepted normal values for global longitudinal strain

improvement does not necessarily reﬂect full recov-

(17% to 20%), again indicating that there remain

ery from adverse structural remodeling or remission

subtle but detectable myocardial abnormalities in

of HF.

HFiEF patients. One study also identiﬁed the pres-

CLINICAL OUTCOMES IN HFiEF PATIENTS
Reﬂecting their biochemical proﬁles, HFiEF patients
have more favorable clinical outcomes than HFrEF
patients. Several moderate-sized HFiEF cohorts have
reported 5-year survival rates of 80% to 90%,
compared with 65% to 75% in HFrEF patients

ence of LBBB as an independent risk factor for HFrEF
recurrence (21). However, although some risk factors
have been identiﬁed that are associated with a higher
likelihood of HFrEF recurrence, it remains difﬁcult to
predict accurately which individual HFiEF patients
are at risk.

MECHANISMS OF LVEF IMPROVEMENT

(19,21,22). Although patients whose LVEF normalizes
have the most favorable outcomes, even those who

Although a complete discussion of the mechanisms

experience partial improvement in LVEF (to 41% to

of reverse remodeling is beyond the scope of this

49% from <35%) have more favorable survival relative

review, the link between adherence to HF therapy

to patients whose LVEF is persistently 41% to 49% (19).

and LVEF improvement suggests that the pathways

LVEF improvement remains independently associated

targeted by HF therapies may provide mechanistic

with freedom from death or heart transplantation,

insight into the process of LVEF improvement. Up-

even after accounting for differences in baseline LVEF,

regulated angiotensin II signaling, similar to the

HF duration, New York Heart Association functional

neurohormonal activation seen in HFrEF patients,

class, and treatment with b -blockers (14), a ﬁnding

leads to deleterious myocyte hypertrophy mediated

suggesting that it is the reverse remodeling itself that

by transforming growth factor-b and endothelin-1

leads to increased survival (23). Hospitalizations are

(27). ACE inhibitors down-regulate this pathway by

also decreased in HFiEF patients compared with pa-

suppressing ﬁbroblast signaling and collagen depo-

tients with HFrEF (5,24). However, overall survival is

sition (28), thereby reducing myocardial ﬁbrosis.

still worse than in healthy controls (21).

ACE inhibitors and angiotensin receptor blockers

Natural history studies have shown that HFiEF
patients remain at some risk of developing HFrEF

(ARBs) also reduce the effect of b-adrenergic stimulation

by

enhancing

myocardial

nitric

oxide
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C ENTR AL I LL U STRA T I O N Deﬁnitions and Management of Patients With HFrEF With
LVEF Improvement

Gulati, G. et al. J Am Coll Cardiol HF. 2018;-(-):-–-.

Patients with heart failure with reduced ejection fraction (HFrEF) and left ventricular ejection fraction (LVEF) improvement often have signs
of ongoing neurohormonal activation, structural abnormalities, and heart failure symptoms, and they should be considered to have heart
failure with improved ejection fraction (HFiEF). Factors associated with left ventricular ejection fraction improvement are indicated (1). These
patients remain at some risk of developing recurrent cardiomyopathy and should continue guideline-directed medical therapy. Characteristics associated with heart failure with reduced ejection fraction recurrence are indicated (2). In contrast, it is possible that some patients with heart failure with reduced ejection fraction who have certain cardiomyopathies such as peripartum cardiomyopathy (PPCM),
fulminant myocarditis, or Takotsubo cardiomyopathy who experience left ventricular ejection fraction normalization may have true structural
and functional recovery and become “normal,” although this paradigm has been challenged by recent data. These patients may be candidates for medication withdrawal but should continue to be monitored with serial echocardiograms and biomarker assessment (3).
GLS ¼ global longitudinal strain; ICD ¼ implantable cardioverter-deﬁbrillator; NICM ¼ nonischemic cardiomyopathy; TTE ¼ transthoracic
echocardiogram.

production

(29),

which

attenuates

the

positive

T-tubule and ryanodine receptor organization in a

inotropic effects of b-agonists (30). Adrenergic re-

canine HF model with LBBB (37). The presence of

ceptor stimulation results in myocyte hypertrophy

atrial ﬁbrillation also can inhibit reverse remodeling.

and eventual development of HF, mediated through

Restoration of sinus rhythm by catheter ablation can

b-

lead to high rates of normalization of LVEF in HFrEF

blockers restore normal G-protein–coupled receptor

patients, a phenomenon seen less frequently with

function and enhance myocardial contractility (33).

rate control alone (38,39). The molecular mechanisms

They also restore normal calcium signaling by

underlying

normalizing ryanodine receptor function, resulting

Nonetheless, whether by attenuation of abnormal

in increased contractility (34).

neurohormonal or electrical activity, the structural

G-protein–coupled

receptor

pathways

(31,32).

Electrophysiological processes also play key roles
in reverse remodeling. The gene expression proﬁle of

this

improvement

are

still

unclear.

changes induced by HF therapies shed some light on
the mechanisms of reverse remodeling.

contractile proteins is altered in CRT responders, with
increased expression of a -myosin heavy chain and
phospholamban

and

decreased

expression

MANAGEMENT OF HFiEF PATIENTS

of

b-myosin heavy chain (35,36). Structural changes are

There are currently no randomized trials comparing

induced by CRT as well, with restoration of normal

management strategies in HFiEF patients. However,
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the observation that HFiEF patients may maintain a

better tolerate medication withdrawal if their LVEF

biochemical proﬁle suggestive of ongoing neurohor-

has improved or normalized. In a small cohort of 22

monal activation (5) and remain at risk for HF recur-

patients with PPCM with improved LVEF (to >50%),

rence and adverse cardiovascular outcomes (21,22)

one-half of patients discontinued either ACE inhibitor

implies that continuation of neurohormonal blockade

or b -blocker therapy, and 5 patients had discontinued

would be generally beneﬁcial for HFiEF patients.

both medications. None of these 16 patients experi-

There are data from small prospective studies to

enced recurrent LV dysfunction at a median of 29

support continuation of b -blocker therapy in HFiEF

months of follow-up (45). Importantly, none of these

patients. One of the earliest reports describes a group

patients had a subsequent pregnancy during the

of 15 patients with HFiEF who were previously

follow-up period. Recurrent pregnancy is associated

treated with b-blockers for 6 to 50 months, whose

with high risk of recurrence of LV dysfunction in pa-

LVEF had increased to a mean of 46%, and who were

tients with prior PPCM, even in those who had pre-

then subjected to b-blocker withdrawal. LVEF dete-

viously experienced complete normalization of LVEF,

riorated in 11 of the 13 patients who had follow-up

and patients should discuss any subsequent desired

data (to a mean of 35%), and 40% had recurrence of

pregnancies with their cardiologist and obstetrician

HF

symptoms

(40).

These

ﬁndings

were

later

(Online Refs. 2 and 3). Still, there is reason to be

conﬁrmed in a cohort of 26 patients who had median

cautious because a signiﬁcant minority of PPCM pa-

LVEF improvement from 25% to 41% after a median of

tients has mutations in genes associated with dilated

16 months of b-blocker therapy. Withdrawal of ther-

cardiomyopathy (18), which may confer persistent

apy resulted in a decrease in LVEF to 32% and a

risk of HF. It is yet unknown whether these patients

decline in New York Heart Association functional

represent a distinct subset of PPCM patients that

class within 1 year. Furthermore, resuming b-blocker

should be considered to have genetic dilated cardio-

therapy resulted in a partial clinical and echocardio-

myopathy. Given the lack of data, discontinuation of

graphic improvement back to the pre-withdrawal

HF medications after recovery from PPCM should be a

baseline (41). Similar results were seen in a subse-

shared decision between patient and clinician. One

quently reported Japanese cohort (Online Ref. 1).

possible approach is to taper 1 medication at a time,

Few data exist regarding withdrawal of ACE inhibitors or ARBs in patients with HFiEF. Early studies

each separated by a 6-month period of clinical
monitoring and serial echocardiograms (46).

of ACE inhibitor use in chronic HF have shown pre-

Similar considerations may apply to patients who

vention of progressive LV dilation and remodeling

recover from fulminant myocarditis. Despite pre-

(42), and ACE inhibitor withdrawal leads to clinical

senting with profound cardiovascular compromise,

deterioration in patients with chronic HF (43). With-

these patients often experience LVEF improvement if

drawal of ACE inhibitors for 2 to 3 weeks after almost

they survive their acute illness, with excellent

3 years of treatment in the context of the SOLVD

long-term outcomes (Online Refs. 4 and 5). Patients

(Studies of Left Ventricular Dysfunction) trial led to

with Takotsubo cardiomyopathy also frequently have

some loss of the favorable remodeling changes that

normalization of LVEF and excellent long-term sur-

had been observed compared with placebo (42).

vival (47). Although a recent study has suggested that

However, it is still unknown what effect ACE inhibitor

subtle yet persistent phenotypic abnormalities may

withdrawal would have in a patient whose LVEF had

be present in these patients (48), more data are

more substantially improved. Observational data

necessary before strong conclusions can be drawn.

supporting continuation of ACE inhibitor therapy in

DEVICE THERAPY. In the subset of HFiEF patients

HFiEF come from a Korean study of a cohort of 42

who previously received implantable cardioverter-

patients with HFiEF (deﬁned as improved LVEF from

deﬁbrillators (ICDs) for prevention of sudden cardiac

a mean of 26  7% to $40% and $10% absolute LVEF

death, the need for ongoing ICD therapy is uncertain.

increase) who were followed for a median of 41

A recent meta-analysis of studies of HFiEF patients

months after improvement of LVEF. Twenty percent

with primary prevention ICDs demonstrated that

of patients developed recurrent systolic dysfunction,

improvement in LVEF is associated with lower rates

and discontinuation of HF therapies, including ACE

of appropriate ICD therapy (49). However, it is clear

inhibitors, was the only risk factor associated with HF

that some arrhythmic risk remains despite improve-

recurrence on multivariable analysis (44).

ment in LVEF. A recent analysis of SCD-HeFT (Sudden

SPECIFIC CARDIOMYOPATHIES. Although the pre-

Cardiac Death in Heart Failure Trial) showed that the

vious discussion applies to HFiEF patients in general,

reduction in mortality associated with ICD therapy

patients with certain speciﬁc cardiomyopathies may

was similar in patients with LVEF improvement
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to $35% and in patients without such improvement

despite a relative lack of high-quality data, it seems

(50). Results are similar among secondary prevention

prudent

patients, where improvement of LVEF is associated

improvement (6). However, in unique patient sub-

with a signiﬁcant reduction in appropriate ICD ther-

groups, such as patients with PPCM, Takotsubo

apies, although 29% of patients with HFiEF still

cardiomyopathy, and recovered fulminant myocar-

experienced arrhythmias (Online Ref. 6).

ditis, it may be possible to discontinue HF medica-

For patients with an indication for CRT, improvement of LVEF is also associated with reduced rates of

tions

to

continue

slowly

under

HF

close

therapy

after

supervision

LVEF

(Central

Illustration).

ventricular arrhythmias (1.7 to 2.3 vs. 7.2 to 8.2 events

Much remains to be learned about HFiEF patients.

per 100 person-years) (51). There appears to be a

Although clinical factors associated with a higher

relationship between the degree of LVEF improve-

likelihood of LVEF improvement have been identi-

ment and the risk reduction, with 1 study ﬁnding that

ﬁed, the actual positive and negative predictive

patients with LVEF $50% had the lowest rates of ICD

values are too low to be used as prognostic tools for

therapies, followed by those with LVEF 36% to 50%

individual patients. Improved biomarker and genetic

(10).

residual

phenotyping is needed to correlate baseline charac-

arrhythmic risk in this population. Current Appro-

teristics of HFiEF patients with clinical outcomes and

priate Use Criteria for generator replacement in pa-

to aid in prognostication. Investigation into the

tients with LVEF $50% state that ICD replacement

mechanisms of LVEF improvement can shed new

may still be appropriate, and that although continu-

light on the remodeling process and may identify

ation of CRT-deﬁbrillator therapy in patients with

unique

prolonged QRS complex duration is appropriate,

improvement.

Again,

replacement

however,

of

there

remains

CRT-deﬁbrillator

with

therapeutic

targets

to

promote

LVEF

CRT-

Finally, management of HFiEF patients remains

pacemaker therapy may also be appropriate (Online

challenging. More studies comparing management

Ref. 7). Current American College of Cardiology/

strategies, including medication withdrawal, are

American Heart Association/Heart Rhythm Society

required before deﬁnitive recommendations can be

guidelines do not address this group of patients

made. Furthermore, clinicians need additional data to

(Online Ref. 8).

guide decision making around continuation of device
therapy after LVEF improvement. These may be ideal

CONCLUSIONS

scenarios for registry-based comparative effectiveness

The group of patients with HF who experience
improvement of LVEF to nearly normal or even
normal levels represents a unique cohort of HF
patients. Unfortunately, despite improvement of
LVEF, the underlying myocardial and biochemical
abnormalities may not completely resolve. Such

outcomes studies across multiple centers. When conducting such studies, importance should be paid to the
cause of HF because it is possible that not all HFiEF
patients will beneﬁt from the same management
strategy. Only with ongoing careful investigation can
this subgroup of patients be optimally managed.

patients often have evidence of ongoing HF symptoms and may continue to have signs of neurohor-
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