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European Journal of Heart Failure (2020) EDITORIAL COMMENT
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Factors predicting recovery of left ventricular
dysfunction in non-ischaemic cardiomyopathy
Jozine ter Maaten, Fatema Said, and Alexander H. Maass*
Department of Cardiology, University Medical Centre Groningen, University of Groningen, Groningen, The Netherlands

This article refers to ‘Predictors of left ventricular remod-
elling in patients with dilated cardiomyopathy – a car-
diovascular magnetic resonance study’ by U. Tayal et al.,
published in this issue on pages xxx.

Patients with new-onset heart failure (HF) usually undergo rigorous
testing to identify the underlying cause and correct modifiable
conditions such as coronary artery disease. Often, these patients
present with dilated left ventricles and reduced ejection fraction.
A large proportion of these patients have no modifiable factors
and are therefore coined to have idiopathic dilated cardiomyopathy
(DCM). This group is still very heterogeneous with different
aetiologies including genetic causes. Response to treatment and
spontaneous recovery is variable and difficult to predict.

In this issue of the Journal, Tayal et al.1 present their results
employing cardiac magnetic resonance imaging (CMR) combined
with dobutamine stress testing to improve prediction of left ven-
tricular (LV) functional recovery. They included 34 patients with
recent-onset DCM, most of which had substantial improvement of
LV function after 12-month follow-up. In addition to female sex, the
study demonstrates that contractile reserve measured by dobu-
tamine stress CMR predicts functional recovery.

Is seems that there is spontaneous recovery in many patients
presenting with new-onset LV dysfunction. All but a small subset of
patients with unbearable side effects or unwillingness to adhere to
pharmacological therapy, however, are treated with HF medication
including angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers, beta-adrenergic receptor blockers and miner-
alocorticoid receptor antagonists. A recent randomized study has
investigated if it is safe to withdraw this medication after LV recov-
ery in DCM patients. The TRED-HF study has demonstrated that
removal of HF medication leads to recurrence of LV dysfunction
in many patients and ‘spontaneous’ improvement is actually HF
remission induced by medication and not recovery.2 As reverse
remodelling is not only closely related to exercise capacity and
HF functional class but also reduction of HF hospitalizations and
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. mortality, HF medication should not be removed in these patients.
In patients that do not sufficiently respond to traditional HF medi-
cation, the option to add a neprilysin inhibitor, sacubitril/valsartan,
can lead to further improvement in HF outcome. A recent study
by Martens et al.3 demonstrated in 151 HF with reduced ejection
fraction (HFrEF) patients after switch to sacubitril/valsartan that
an improvement in LV ejection fraction (LVEF) of >5% is related to
reduction in ventricular arrhythmias.

There are subsets of patients with LV dysfunction that have
recovery and may not need long-term HF medication. Patients
with peripartum cardiomyopathy that have fully recovered were
stable after 5-year follow-up but 70% of patients were still on
at least one HF drug.4 Another example are patients presenting
with Takotsubo syndrome, but even in this population severely
depressed LV function is at least a marker of adverse long-term
outcome.5

In many cases DCM is caused by genetic mutations. It is unclear if
these patients respond in the same way to pharmacological therapy
as those without a different aetiology. They are treated in the
same manner as patients without a documented genetic mutation.
One of the few studies that investigated mutations and outcome
after treatment involved patients with a truncating titin mutation
that is associated with a mild form of DCM.6 In this study, 46.9%
patients with a titin mutation had an increase in LVEF of >10% while
this occurred in only 6.5% of patients with a lamin A/C mutation
and 18.5% of patients with idiopathic DCM, that is without any
documented genetic mutations.

Recent evidence has shown that functional recovery can also
depend on electrical factors. Broadening of QRS complex, espe-
cially in combination with left bundle branch morphology, adversely
affects recovery of LV dysfunction by medical therapy.7 On the
other hand, these patients often respond to cardiac resynchro-
nization therapy (CRT) with improvement to normalization of LV
function, highlighting the concept of electrical dyssynchrony as the
major aetiological factor in a subset of patients with HF. In the cur-
rent study by Tayal et al.,1 three patients have had a CRT device
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Figure 1 Schematic showing factors predicting response to treatment of dilated cardiomyopathy (DCM). CRT, cardiac resynchronization
therapy; HF, heart failure; LGE, late gadolinium enhancement demonstrating cardiac fibrosis on cardiac magnetic resonance imaging.

implanted and all showed a large improvement in LVEF. In addition
to dyssynchronopathy, frequent premature ventricular contrac-
tions can lead to cardiac dysfunction, especially in patients with high
arrhythmia burden and epicardial origin of the extra beats.8 Abla-
tion therapy can be a beneficial addition to pharmacologic therapy
in these patients leading to improvement of LV function especially
in patients with more severely depressed LVEF9 (Figure 1).

Although women are often underrepresented in clinical trials
and cohort studies, sex differences in improvement of LVEF in
patients with HFrEF have been reported increasingly over the
last years. In the IMPROVE HF trial (Registry to Improve the
Use of Evidence-Based Heart Failure Therapies in the Outpatient
Setting), which included 3994 patients (70% male) with HFrEF,
female sex was associated with a >10% improvement in LVEF at
24 months.10 Additionally, a Canadian retrospective study on 3124
HFrEF patients (71% male) reported that female sex was indepen-
dently associated with LVEF improvement of >10% at 6-month
follow up.11 Several studies have also found female sex to be an
independent predictor in response to CRT.12 These findings on
sex differences in improvement of LVEF in HFrEF are in line with
the finding in the study by Tayal et al. They reported that LVEF,
evaluated by CMR at 12 months, had improved substantially more
in women than in men with DCM after adjustment for baseline
LVEF.1 Female sex, compared to male sex, was associated with a
7.5% (1.7–13.3) increase in LVEF at 12 months (P = 0.012). This is ..
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.. of particular interest as it has recently been suggested that an

improvement in outcome in female HFrEF patients may be achieved
by administering lower doses of guideline-directed medical treat-
ment, compared to male HFrEF patients.13 Unfortunately, data on
the use and doses of guideline-directed medical treatment have not
been provided in this study.

The current study by Tayal et al.1 has highlighted the importance
of imaging studies not only in diagnosis of HF aetiology but also
in improving prediction of LV recovery. CMR cannot only show
the extent of connective tissue deposition but also functional
parameters including contractile reserve by dobutamine stress
imaging. Contractile reserve seems to be a good predictor of
recoverability of LV dysfunction as it identifies the potential of
the myocardium to improve contractile function if needed. It had
earlier been demonstrated that contractile reserve can be utilized
to predict response to CRT.14 Tayal et al.1 demonstrate that in their
population the presence or amount of fibrosis does not predict
LV recovery. Contractile reserve, however, was predictive for LV
recovery. Interestingly, the response to dobutamine was similar in
DCM patients and healthy controls (11% increase in LVEF vs. 10%).
The amount of increase of LV function upon dobutamine infusion
was related with improvement of LVEF at follow-up.

In conclusion, new-onset HF still needs rigorous work-up to
identify underlying causally treatable conditions. In the absence
of modifiable disease, patients may be scheduled for dobutamine
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stress imaging to identify patients that might not respond favourably
to standard HF therapy. These patients may be candidates for
early additional medication such as sacubitril/valsartan or in case of
severe HF can become candidates for advanced HF treatment such
as implantation of an LV assist device. Patients without contractile
reserve might also derive less benefit from electrical therapies
such as CRT. We urgently need a better understanding of the
pathophysiology of myocardial recovery to identify possible new
therapeutic targets. Furthermore, research is necessary to identify
patients that can safely stop HF medication after recovery.
Conflict of interest: none declared.

References
1. Tayal U, Wage R, Newsome S, Manivarmane R, Izgi C, Muthumala A, Dungu JN,

Assomull R, Hatipoglu S, Halliday BP, Lota AS, Ware JS, Gregson J, Frenneaux M,
Cook SA, Pennell DJ, Scott AD, Cleland JG, Prasad SK. Predictors of left ven-
tricular remodelling in patients with dilated cardiomyopathy – a cardiovascular
magnetic resonance study. Eur J Heart Fail 2020 Feb 13. https://doi.org/10.1002/
ejhf.1734 [Epub ahead of print].

2. Halliday BP, Wassall R, Lota AS, Khalique Z, Gregson J, Newsome S, Jackson R,
Rahneva T, Wage R, Smith G, Venneri L, Tayal U, Auger D, Midwinter W,
Whiffin N, Rajani R, Dungu JN, Pantazis A, Cook SA, Ware JS, Baksi AJ, Pennell
DJ, Rosen SD, Cowie MR, Cleland JG, Prasad SK. Withdrawal of pharmacological
treatment for heart failure in patients with recovered dilated cardiomyopathy
(TRED-HF): an open-label, pilot, randomised trial. Lancet 2019;393:61–73.

3. Martens P, Nuyens D, Rivero-Ayerza M, Van Herendael H, Vercammen J,
Ceyssens W, Luwel E, Dupont M, Mullens W. Sacubitril/valsartan reduces ven-
tricular arrhythmias in parallel with left ventricular reverse remodeling in heart
failure with reduced ejection fraction. Clin Res Cardiol 2019;108:1074–1082.

4. Moulig V, Pfeffer TJ, Ricke-Hoch M, Schlothauer S, Koenig T, Schwab J,
Berliner D, Pfister R, Michels G, Haghikia A, Falk CS, Duncker D, Velt-
mann C, Hilfiker-Kleiner D, Bauersachs J. Long-term follow-up in peripartum
cardiomyopathy patients with contemporary treatment: low mortality, high car-
diac recovery, but significant cardiovascular co-morbidities. Eur J Heart Fail
2019;21:1534–1542.

5. Citro R, Radano I, Parodi G, Di Vece D, Zito C, Novo G, Provenza G, Bellino M,
Prota C, Silverio A, Antonini-Canterin F, Rigo F, Vriz O, Galasso G, Bossone E,
Salerno-Uriarte J, Piscione F. Long-term outcome in patients with Takotsubo ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. syndrome presenting with severely reduced left ventricular ejection fraction. Eur
J Heart Fail 2019;21:781–789.

6. Jansweijer JA, Nieuwhof K, Russo F, Hoorntje ET, Jongbloed JD, Lekanne Deprez
RH, Postma AV, Bronk M, van Rijsingen IA, de Haij S, Biagini E, van Haelst PL,
van Wijngaarden J, van den Berg MP, Wilde AA, Mannens MM, de Boer RA, van
Spaendonck-Zwarts KY, van Tintelen JP, Pinto YM. Truncating titin mutations are
associated with a mild and treatable form of dilated cardiomyopathy. Eur J Heart
Fail 2017;19:512–521.

7. Sze E, Samad Z, Dunning A, Campbell KB, Loring Z, Atwater BD, Chiswell K,
Kisslo JA, Velazquez EJ, Daubert JP. Impaired recovery of left ventricular function
in patients with cardiomyopathy and left bundle branch block. J Am Coll Cardiol
2018;71:306–317.

8. Sadron Blaye-Felice M, Hamon D, Sacher F, Pascale P, Rollin A, Duparc A,
Mondoly P, Derval N, Denis A, Cardin C, Hocini M, Jaïs P, Schlaepfer J,
Bongard V, Carrié D, Galinier M, Pruvot E, Lellouche N, Haïssaguerre M, Maury P.
Premature ventricular contraction-induced cardiomyopathy: related clinical and
electrophysiologic parameters. Heart Rhythm 2016;13:103–110.

9. Zang M, Zhang T, Mao J, Zhou S, He B. Beneficial effects of catheter ablation
of frequent premature ventricular complexes on left ventricular function. Heart
2014;100:787–793.

10. Wilcox JE, Fonarow GC, Yancy CW, Albert NM, Curtis AB, Heywood JT, Inge PJ,
McBride ML, Mehra MR, O’Connor CM, Reynolds D, Walsh MN, Gheorghiade M.
Factors associated with improvement in ejection fraction in clinical practice
among patients with heart failure: findings from IMPROVE HF. Am Heart J
2012;163:49–56. e2.

11. Ghimire A, Fine N, Ezekowitz JA, Howlett J, Youngson E, McAlister FA.
Frequency, predictors, and prognosis of ejection fraction improvement in
heart failure: an echocardiogram-based registry study. Eur Heart J 2019;40:
2110–2117.

12. Hsu JC, Solomon SD, Bourgoun M, McNitt S, Goldenberg I, Klein H, Moss
AJ, Foster E; MADIT-CRT Executive Committee. Predictors of super-response
to cardiac resynchronization therapy and associated improvement in clinical
outcome: the MADIT-CRT (Multicenter Automatic Defibrillator Implantation
Trial with Cardiac Resynchronization Therapy) study. J Am Coll Cardiol 2012;59:
2366–2373.

13. Santema BT, Ouwerkerk W, Tromp J, Sama IE, Ravera A, Regitz-Zagrosek V,
Hillege H, Samani NJ, Zannad F, Dickstein K, Lang CC, Cleland JG, ter Maaten
JM, Metra M, Anker SD, van der Harst P, Ng LL, van der Meer P, van Veldhuisen
DJ, Meyer S, Lam CS; ASIAN-HF Investigators. Identifying optimal doses of heart
failure medications in men compared with women: a prospective, observational,
cohort study. Lancet 2019;394:1254–1263.

14. Kloosterman M, Damman K, Van Veldhuisen DJ, Rienstra M, Maass AH. The
importance of myocardial contractile reserve in predicting response to cardiac
resynchronization therapy. Eur J Heart Fail 2017;19:862–869.

© 2020 European Society of Cardiology

https://doi.org/10.1002/ejhf.1734
https://doi.org/10.1002/ejhf.1734

