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Abstract Recent-onset cardiomyopathy represents a clinically dynamic and potentially reversible clinical framework of non-ischaemic
cardiomyopathy, characterized by high variability in left ventricular (LV) function and arrhythmic risk. This clinical consensus
statement provides a structured diagnostic and therapeutic approach based on two prognostic axes: the potential for LV
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reverse remodelling (LVRR) and the risk of sudden cardiac death (SCD). We operationalize four trajectories in the LV evo-
lution, ranging from recovered LV ejection fraction (LVEF) to persistently reduced LVEF. Multimodal stratification including
echocardiography, cardiac magnetic resonance, genetic profiling, biomarkers, and early treatment response allows tailored de-

cision-making on pharmacological and device-based therapies. We propose a unified management algorithm emphasizing early
initiation of guideline-directed medical therapy, structured reassessment at 3 and 6 months, and individualized consideration of
defibrillators, resynchronization therapy, arrhythmia ablation, transcatheter valve leaflet edge-to-edge repair, and advanced

heart failure assessment. This document aims to support clinicians in risk stratification and timely management or referrals.
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The trajectory of recent-onset cardiomyopathy (ROCM). The ROCM framework complements existing phenotype-based cardiomyopathy classification
and is intended as a practical approach to early evaluation and management. ROCM, recent-onset cardiomyopathy; LV, left ventricular; EF, ejection fraction;
HTN, hypertension; ECG, electrocardiogram; TTE, transthoracic echocardiography; CMR, cardiac magnetic resonance; GDMT, guideline-directed medical
therapy; CIED, cardiac implantable electronic device; M-TEER, mitral transcatheter edge-to-edge repair; LVRR, LV reverse remodelling; RecHF, recovered
EF; RemHF, remission of EF; ImpHF, improved EF; RedHF, reduced EF; SCD, sudden cardiac death.
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Non-ischaemic cardiomyopathies comprise a heterogeneous group of
conditions with diverse aetiologies and clinical outcomes." Recent-onset
cardiomyopathy (ROCM) constitutes a particularly dynamic and prognos-
tically relevant time-sensitive early clinical framework for the evaluation
and management of patients with newly diagnosed non-ischaemic LV sys-
tolic dysfunction.”* Recent-onset cardiomyopathy is characterized by
newly diagnosed (recent-onset symptoms or incidental finding) left ven-
tricular systolic dysfunction (LVEF <40%) of non-ischaemic, non-valvular,
and non-congenital aetiology, with an estimated onset since diagnosis of
<6 months, frequently with reversible or treatable causes.®> We do not
propose ROCM as a novel phenotype in the sense of the European
Society of Cardiology (ESC) cardiomyopathy classification, but rather to
compliment as a clinically useful early-phase construct to guide diagnostic
and therapeutic decision-making during the vulnerable early period.

The management of heart failure (HF) has been revolutionized over
the past two decades.*™ Pharmacological and device therapies have im-
pacted symptoms, quality of life (QoL), hospitalization, and survival

rates.*>” Heart failure therapy has benefited non-ischaemic cardiomy-
opathy patients more than those with ischaemic cardiomyopathy in
terms of response to therapy, LVEF improvement, and recovery.?
Recent-onset cardiomyopathy presents a window of opportunity
where rapid initiation of therapy and close follow-up can significantly
alter disease trajectory. This clinical consensus statement aligns
decision-making on two axes—the likelihood of left ventricular reverse
remodelling (LVRR) and the risk of sudden cardiac death (SCD)—using
three trajectories and time-bound reassessment (3 and 6 months) to
translate multimodal markers into therapy timing. We adopted and ex-
tended the HF trajectory terminology established in the 2025 European
Journal of Heart Failure expert consensus,” including improved HF
(impHF), HF in remission (remHF), and recovered HF (recHF) to de-
scribe LVRR/SCD axes in determining short- and long-term therapies.
Recent-onset cardiomyopathy is positioned within this improvement—
remission—recovery continuum as a distinct, time-sensitive, and poten-
tially reversible phenotype, which emphasizes diagnostic urgency, early
aetiological clarification, and timely initiation and optimization of guideline-
directed therapy to avoid adverse remodelling and maximize the chance
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List of pathophysiologic aetiology and causes of reversible cardiomyopathies

Aectiology Causes

Tachycardia/ Supraventricular

arrhythmias Sinus tachycardia

Atrial fibrillation/flutter

Supraventricular tachycardia:
* Atrial tachycardia (junctional ectopic)
* AV node re-entrant tachycardia
* Dual (not circling) AV node tachycardia
* AV re-entrant tachycardia
Ventricular
* Frequent premature ventricular contractions
* Idiopathic ventricular tachycardia
* Fascicular tachycardia
Immune/

inflammatory/ Chagas, Trichinella), as well as autoimmune/

infectious immune-mediated myocarditis
Metabolic Hyperthyroid
Hypothyroid

Hypocalcaemia
Sheehan’s syndrome
Cushing syndrome
Secondary adrenal insufficiency
Beriberi
Acromegaly
Anabolic steroid
Hypo parathyroid
Obesity

Liver cirrhosis

Chronic disease

Uraemia

Viral, bacterial, protozoal/parasitic myocarditis (e.g.

Aectiology Causes

Sympatho-excitation/ ~ Takotsubo® (mental stress; physical stress;

stress perioperative stress; Guillain—Barre syndrome;
Pheochromocytoma; thyroid crisis)
Autonomic dysfunction

Medication induced

Toxins/drugs Marijuana
Methamphetamine
Sibutramine
Alcohol
Anthracyclines
Sunitinib, sorafenib, trastazumab; rituximab;
Adrenaline, dobutamine overdose
Scorpion sting, jelly fish sting
Infiltration/storage Siderotic or iron-induced
Glycogen Storage disease
Fabry’s

Loeffler’s syndrome

LBBB
Chronic RV pacing

Abnormal conduction

Pre-excitation syndrome
AV block (third-degree complete)

List of reversible cardiomyopathies divided into eight groups based on the pathophysiological mechanism. Treating the cause in most cases will result in significant improvement in EF

(LVRR) that may lead to recHF or remHF.

“Stress-related (Takotsubo) cardiomyopathy may enter the differential diagnosis of recent-onset LV dysfunction but is not considered a cardiomyopathy phenotype within this

framework.

of recovery. This clinical consensus statement is providing a complimen-
tary platform to the published 2023 ESC cardiomyopathy guidelines.

The 2023 ESC Guidelines for the Management of Cardiomyopathies
define cardiomyopathy as a myocardial disorder characterized by struc-
tural and functional abnormalities of the heart muscle in the absence of
significant coronary artery disease, primary valvular pathology, uncon-
trolled hypertension, or congenital heart disease sufficient to explain
the observed phenotype.’

Recent-onset cardiomyopathy is characterized by newly detected
structural and functional cardiac abnormalities—most often left

ventricular (LV) dilation and reduced ejection fraction (EF)—diagnosed
within 6 months of symptom onset or incidental first recognition of
LV systolic dysfunction, excluding significant coronary, valvular, hyper-
tensive, or congenital causes.”* Recent-onset cardiomyopathy mandates
a comprehensive diagnostic evaluation to identify potentially reversible
aetiologies that can alter the clinical course and enable partial or full re-
covery of LV function. Differentiating ROCM from chronic cardiomyop-
athy is challenging especially that ROCM may be discovered incidentally
in asymptomatic individuals or present acutely following a triggering
event. This relies on clinical history, prior investigations, and the tempo
of symptom development, although overlap remains common.
Aetiologies (Table 1) include but not limited to acute or subacute myo-
carditis (viral, autoimmune, or immune checkpoint inhibi‘cor—related),”*11
toxic or metabolic insults,'> and tachyarrhythmia-induced LV dysfunc-
tion."*"* Stress-related (Takotsubo) cardiomyopathy' may enter the
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differential diagnosis of recent-onset LV dysfunction but is not considered a
cardiomyopathy phenotype within this framework, although it may relapse
despite guideline-directed medical therapy (GDMT), which is advised with
limited evidence. Genetic predisposition is increasingly recognized and
should be evaluated to refine risk stratification and prognosis."” Toxic car-
diomyopathies (e.g. alcohol- or chemotherapy-related) may recover fully
or partially after removal of the offending agent and sustained abstinence."?
Tachyarrhythmia-induced cardiomyopathy is another potentially revers-
ible form that can mimic idiopathic dilated cardiomyopathy.™ Persistent
LV dysfunction despite optimized GDMT in patients with electrical dyssyn-
chrony may improve with cardiac resynchronization therapy (CRT).'®
Thus, premature ventricular contraction (PVC) burden, right ventricular
(RV) pacing, and tachyarrhythmias should be systematically assessed in all
patients with ROCM, as they represent potential reversible contribu-
tors."*'® Peripartum cardiomyopathy is another important cause of
ROCM, typically associated with high recovery rates, albeit with notable re-
gional variation." =

The natural history of ROCM s challenging to delineate because subclinical
disease may precede symptom onset by months or years. Contemporary
cohorts demonstrate dynamic recovery patterns, with LV EF (LVEF)
normalization in up to 70% of patients in Intervention in Myocarditis and
Acute Cardiomyopathy-2 trial (IMAC-2) and 88% 4-year transplant-free
surviva—outcomes markedly better than earlier reports.3

Within the conceptual framework of Hulot et al,” no single definition
of LV reverse remodelling (LVRR) is universally accepted. LVRR has been
described as either (i) an absolute LVEF increase >10% or to >50% and/
or (i) a reduction in LV end-diastolic diameter to <33 mm/m? or by
>10% relative decrease.®*® In this document, LVRR refers to an
LVEF increase to >40%—either spontaneous or therapy-related—
accompanied by LV volume reduction. Patients with ROCM display a
higher probability of LVRR and EF improvement than those with ischae-
mic or chronic non-ischaemic cardiomyopathies.8 Some achieve spon-
taneous recovery following removal of the trigger, while others reach
a state of remission without complete recovery. In contrast, a subset
will deteriorate or remain stable despite GDMT and device therapy.>*’

Left ventricular ejection fraction trajectories in ROCM can be categor-
ized into four dynamic phases of disease evolution, adapted from Hulot
et al,” each with specific therapeutic implications (Graphical Abstract;
Table 2): (recHF) sustained normalization of LVEF (>50%), functional status,
LV volume, and biomarkers [N-terminal pro-B-type natriuretic peptide
(NT-proBNP), global longitudinal strain (GLS)] with absence of late gadolin-
ium enhancement (LGE). In this group, cautious and individualized tapering
of GDMT may be appropriate.®® (RemHF): recovery of LVEF >50% with
persistent minor structural or biomarker abnormalities (incomplete nor-
malization of LV volumes, GLS, or residual LGE). These patients remain
at higher risk of remodelling or relapse, particularly after GDMT withdrawal
or during new stressors and (impHF)—partial recovery of LVEF to >40%
but <50%, fulfilling ESC criteria for HF with mildly reduced EF. Under con-
temporary GDMT, many patients with ROCM should potentially progress
to full recovery over time. Persistent reduced EF (redHF) and absence of
LVRR (LVEF <40%) despite optimized therapy, associated with adverse
outcomes, including higher mortality and HF hospitalization.

Recognition of these functional trajectories facilitates risk-adapted
management, guiding timely consideration of device implantation or ad-
vanced HF referral.

The epidemiology of ROCM reflects complex interactions among
demographic factors, regional risk profiles, and healthcare access, re-
sulting in significant global heterogeneity. Accurate epidemiological
data remain challenging to ascertain due to variability in diagnostic cri-
teria and reporting.> Non-ischaemic cardiomyopathies account for

Skouri et al.

30%—40% of HF cases across all LVEF categories,'® with geographical
disparities—rising to 60% in patients with heart failure eith reduced
ejection fraction (HFrEF)."® Among non-ischaemic aetiologies, hyper-
tension predominates (~50%), followed by idiopathic causes (up to
30%), valvular disease, and rarer subtypes."’

Regional registry data (ESC-HF-LT,"* IMPROVE-HF,"> ASIAN-HF,™
and INTER-CHF") highlight striking variations that maybe resource re-
lated: non-ischaemic HFrEF constitutes 35% of cases in North America
but up to 80% in Africa.'® Contemporary HFrEF trials (DAPA-HF,’'
PARADIGM-HF,*> EMPEROR-Reduced,'”  GALACTIC-HF,"® and
VICTORIA") report non-ischaemic aetiologies in 40%—47% of partici-
pants. The Swedish Heart Failure Registry (Swede-HF)?°~22 further de-
lineates non-ischaemic cardiomyopathy epidemiology, with 51%-57%
of HFrEF cases presenting within 6 months of symptom onset**—a
proportion that has increased in recent years. Only a subset of non-
ischaemic cases (30%) fulfils strict ROCM criteria; reported propor-
tions vary with diagnostic stringency and access to imaging/genetics.
Silent pre-symptomatic phases likely lead to under-recognition.

Imaging studies, biomarkers, and genetic testing in addition to clinical
evaluation are mainstay for risk stratifying patients with ROCM to pre-
dict LVRR and risk of SCD and thus for selecting patients for devices
and advanced HF therapies (Figure 1; Supplementary Table S1). Note
that most of the below diagnostics are recommended in any cardiomy-
opathy workup with few specificities to ROCM. Discussing diagnostics
in this clinical consensus statement is in the context of LVRR-SCD axes.

The role of electrocardiogram in
recent-onset cardiomyopathy

As a first-line assessment, electrocardiogram (ECG) detects abnormalities
that guide further diagnostics, risk stratification, and therapeutic decisions,
though its findings are often non-specific and must be integrated with im-
aging and clinical context.2*% Electrocardiogram provides prognostic in-
sights by identifying high-risk features. Some electrocardiographic
features should raise the suspicion of specific aetiologies."** In addition
to arrhythmias [atrial fibrillation (AF) and ventricular tachycardia (VT)], de-
polarization/repolarization abnormalities, atrioventricular (AV)/intraventri-
cular conduction disorders, and P-wave morphology alterations are
important.?* First-degree and advanced AV block are present in some gen-
etic forms [e.g. involving lamin A/C (LMNA) gene] and other laminopathies,
desminopathies, etc."** Moreover, extremely low QRS amplitude can sug-
gest the diagnosis of aggressive genetic forms [e.g. phospholamban (PLN)
gene variants] with a high risk of arrhythmias and SCD.**™® Left bundle
branch block (LBBB), commonly observed at the time of diagnosis, may ei-
ther contribute to or result from the disease and is associated with a lower
likelihood of LVRR* and predict long-term mortality.24 Furthermore,
new-onset LBBB during follow-up has been identified as a strong independ-
ent predictor of major adverse cardiovascular events.”” The presence of
fragmented QRS complexes is another significant marker, linked to higher
rates of all-cause mortality and ventricular tachyarrhythmias compared
with patients without this finding*>*33* High burden of PVCs, AF with ra-
pid ventricular rate, and presence of new bundle branch block or high-
degree AV block may signify a new onset of cardiomyopathy.

Specific arrhythmia may point towards specific aetiologies, such as
tachycardia-induced cardiomyopathy or genetic cardiomyopathies.
Some genetic defects, such as, LMNA, FLNC, RNA-binding motif-20
(RBM20), and PLN mutations, are associated with both LV dysfunction
and polymorphic ventricular arrhythmias, with an increased risk of
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Diagnostic modalities used in diagnosis and risk stratification in new-onset non-ischaemic cardiomyopathies

SCD.>** Carriers of LMNA and SCN5A mutations show a high preva-
lence of atrial arrhythmias mainly AF.3¢~3® When combined with other
imaging biomarkers—such as LGE on cardiac magnetic resonance im-
aging (MR)—ECG findings enhance risk stratification, serving as a
powerful predictor of mortality and SCD in ROCM patients.>**°

Holter monitoring (2448 h ambulatory ECG) and implantable loop re-
corders (ILRs) enable prolonged rhythm assessment, detecting intermittent
arrhythmias like AF, non-sustained ventricular tachycardia (NSVT), and con-
duction blocks that may contribute to or complicate the condition.’** In
the 2023 ESC cardiomyopathy guidelines, ECG Holter monitoring is part of
multi-parametric assessment for DCM, revealing rhythm abnormalities in
up to 40% of cases." The 2018 ESC guidelines on syncope and the 2017
International Society for Holter and Noninvasive Electrocardigraphy and
the Heart Rhythm Society (ISHNE-HRS) consensus endorses ILRs when
non-invasive monitoring fails to diagnose aetiology of syncope or palpita-
tions in HE.**! In peripartum cardiomyopathy (PPCM), arrhythmias de-
tected by ILR correlate with poor prognosis (80% adverse events vs 20%
without), including death or transplantation.®® In ROCM, detecting such ar-
rhythmias early with timely intervention may lead to remission—recovery
clinical trajectory.

Echocardiography in recent-onset
cardiomyopathy

Transthoracic echocardiography (TTE) is a first-line, non-invasive tool
for the comprehensive assessment of ROCM, providing valuable in-
sights into aetiology, prognostic stratification, and serial evaluation of

reverse remodelling.**~*¢ Beyond diagnostic features, multiple echocar-
diographic parameters—including 2D/3D cardiac volumes, Doppler
imaging, tissue Doppler, and strain analysis—hold prognostic signifi-
cance and are used to monitor LVRR**3 (Supplementary Table S2).
Left ventricular size, wall thickness, and absence of atrial enlargement
may reflect a new onset and potentially reversible cardiomyopathy.
Conventional measures such as LVEF and left atrial volume remain
strong predictors of transplant-free and left ventricuar assist devices
(LVAD) -free survival, while Doppler-derived diastolic function indices
(e.g. E/e' ratio) correlate with filling pressures and long-term out-
comes.*” Global longitudinal strain is a key prognostic marker for
LVRR, with higher GLS values indicating better reverse remodelling—
even in cases with similar LVEF.*® During follow-up, serial strain imaging
quantifies the degree of reverse remodelling in response to guideline-
directed therapy, where improvements in longitudinal strain often pre-
cede overt LVEF recovery and predict sustained clinical benefit,**
Additionally, 3D echocardiography offers reproducible volumetric
measurements, enabling more accurate tracking of remodelling dynamics
compared with 2D techniques and allowing timely adjustments to medical
or device-based interventions.”’ When integrated with laboratory bio-
markers and CMR findings, echocardiographic indices create a compre-
hensive framework for personalized ROCM management, guiding both
therapeutic decisions and the monitoring for myocardial recovery.*>*

Cardiac magnetic resonance

Cardiac magnetic resonance (CMR) with tissue characterization
plays a pivotal role in determining the underlying aetiology of
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cardiomyopathies in general and in the framework of ROCM in spe-
cific, particularly through LGE imaging (Supplementary Table S1).
This is crucial, as various conditions may present clinically overlapping
features yet require distinct therapeutic approaches. Importantly,
LGE patterns help identify or exclude ischaemic aetiology as a cause
of LV dysfunction. The absence of LGE is associated with a more fa-
vourable prognosis.** While coronary angiography is regarded as
the gold standard for distinguishing ischaemic from non-ischaemic
causes, a notable limitation is that myocardial infarction may still occur
despite unobstructed coronaries—due to spontaneous recanaliza-
tion, coronary spasm, or embolic events.>® The pattern and distribu-
tion of LGE, combined with advanced tissue characterization
techniques (T1 and T2 mapping), aid in differentiating dilated cardio-
myopathy (DCM)/nonischemic cardiomyopathy (NICM) mimics, such
as acute/chronic myocarditis and sarcoidosis. Elevated T2 signal indi-
cates myocardial oedema or inflammation, characteristic of acute
phases in these conditions, while T2* imaging helps exclude iron over-
load in haemochromatosis.>">* This may reflect timing or duration of
the cardiomyopathy.

Beyond LV dysfunction, RV dysfunction and the extent of LGE de-
tected by CMR are independent predictors of reduced likelihood of
functional recovery.*® Moreover, across multiple cardiomyopathies,
the presence of fibrosis on LGE is associated with worse outcomes,
including higher risks of major/fatal arrhythmias, HF events, and mor-
tality. These findings provide incremental prognostic value over
LVEF, which may be a less reliable predictor in this patient popula-
tion.>37°°

Several ongoing randomized trials (e.g. CMR-GUIDE and BRITISH) are
evaluating whether LGE can guide patient stratification for implantable
cardioverter-defibrillator (ICD) placement vs medical therapy alone.
Until these results are available, LGE should not be used as the sole decision-
making criterion but may assist in risk assessment for ‘grey zone’ cases.

Blood biomarkers in recent-onset
cardiomyopathy
Circulating biomarkers can provide crucial diagnostic and prognostic infor-
mation in ROCM and may provide its acuteness/duration. Cardiac-specific
biomarkers like troponins (cTnl, cTnT) reliably detect myocardial injury,
with elevated levels indicating active damage regardless of ischaemic or
non-ischaemic aetiology.”® Natriuretic peptides (BNP, NT-proBNP), well-
established markers of haemodynamic stress, not only aid in HF diagnosis
but also help assess disease severity. Recent advances include age-adjusted
NT-proBNP thresholds that facilitate earlier HF detection when clinical
symptoms appear.”’ Serial NT-proBNP measurements are particularly
valuable, as decreasing levels correlate with LVRR, functional improvement,
and better prognosis.”®*° NT-proBNP and troponin trends are primary
decision points. Failure of NT-proBNP to fall meaningfully by
3 months—or recurrent troponin positivity—should prompt absence of
LVRR and repeat imaging (echocardiography + CMR), device/ablation re-
view, and consideration of endomyocardial biopsy (EMB) if inflammation
remains suspected is to be considered in cases of myocarditis.®’

Inflammatory markers like high sensitivity C-Reactive Protein
(hs-CRP) offer clinically accessible insights into systemic inflammation,
potentially guiding immunomodulatory therapy; however, their role
alongside that of immunomodulatory therapies is yet to be estab-
lished.>” Among emerging biomarkers, soluble ST2 (ILTRL1) demon-
strates promise, with elevated levels predicting worse outcomes in
young male myocarditis patients—underscoring the need for sex-
and age-specific biomarker interpre‘ca‘cion.62

Future diagnostic innovations may incorporate liquid biopsy technolo-
gies and next-generation sequencing to detect novel biomarkers, including
DNA methylation patterns, microRNA signatures, and exosome-derived
proteins.“a65 These advanced approaches could revolutionize ROCM
management by enabling more precise diagnosis, accurate prognosis

prediction, and personalized treatment monitoring—ultimately improving
outcomes for this complex condition.

Endomyocardial biopsy in recent-onset
cardiomyopathy

Endomyocardial biopsy, despite its limitation mainly regarding to sam-
pling, remains the in vivo gold standard for aetiological diagnosis and risk
stratification in cardiomyopathies including those with recent onset
(particularly fulminant or acute myocarditis cases). Prospective studies
demonstrate that EMB performed within 48 h of intensive care unit ad-
mission for suspected fulminant myocarditis significantly improves
1-year transplant-free and LVAD-free survival, particularly in lympho-
cytic myocarditis cases.®® While non-invasive imaging cannot reliably
differentiate infectious from non-infectious aetiologies, a critical distinc-
tion for selecting immunosuppressive vs immunomodulatory therapies,
EMB provides definitive histopathological diagnosis to guide treatment
decisions.®” Endomyocardial biopsy is particularly crucial in patients
presenting with cardiogenic shock or ventricular arrhythmias within
24-48 h from presentation.m'68 In systemic sclerosis, EMB-quantified
fibrosis extent correlates with major adverse cardiovascular events, in-
cluding ventricular arrhythmias.®” Biopsy most accurately assesses dif-
fuse interstitial fibrosis (a common consequence of myocardial
inflammation), while cardiac MRI with LGE better detects focal scar-
ring.”® Notably, combined evaluation of cardiomyocyte degeneration
on EMB and LGE burden on CMR independently predicts LVRR re-
sponse to guideline-directed therapy, highlighting the complementary
prognostic value of multimodal tissue characterization in recent-onset
scenarios.

Genetic testing in recent-onset
cardiomyopathy
Recent advances in next-generation sequencing and genome-wide asso-
ciation studies have significantly enhanced our understanding of the gen-
etic basis of DCM, including those with recent onset. The genetic
architecture of DCM is complex, exhibiting incomplete penetrance, vari-
able expressivity, and poorly defined genotype—phenotype correlations.
To date, over 50 genes have been associated with the disease. Genetic
evaluation advised in ROCM patients presenting with arrhythmias.’
While pathogenic variants are identified in ~40% of familial DCM cases,
the diagnostic yield is substantially lower in sporadic forms.”? The inher-
itance is typically autosomal dominant in the adult population. Notably,
5%-15% of patients with acquired cardiomyopathies (including myocar-
ditis, toxic exposures, cancer therapy-related cardiac dysfunction, endo-
crinopathies, and systemic diseases) harbour pathogenic or likely
pathogenic variants.”*~"® The most prevalent genetic causes include titin-
truncating variants (TTNtv) and LMNA accounting for up to 25% and 10%
of all genetic causes, respectively.”®”” Other clinically significant genes im-
plicated in cardiomyopathy pathogenesis and associated arrhythmic man-
ifestations include variants in the myosin heavy chain (MYH7), filamin C
(FLNC), RBM20, Troponin-T (TNNT2), Troponin-C1 (TNNC1), PLN,
desmoplakin (DSP), and BLC2-associated athanogene 3.”7

In a recent prospective study of 386 ROCM patients, 25% were famil-
ial, 32% had variants of interests (VOlIs), 18% had a single titin-truncating
variant (TTNtv), and 14% had non-titin (non-TTN) genes VOIs.”®

Lower probability of LVRR at 12 months occurred in patients with
Class 4-5 non-TTN, genes coding nuclear envelops proteins VOIs, and
family history of DCM.”””® Higher probability of death and fatal arrhyth-
mias detected in non-TTN genes and in nuclear envelope proteins VOIs.””
Genes coding cytoskeleton proteins were associated with an increased
risk of life-threatening ventricular arrhythmias (Figure 2). On the other
hand, negative result of genetic testing is a strong protective baseline vari-
able against occurrence of life-threatening ventricular arrhythmias.”® This
emphasizes further that genotyping may improve early risk stratification at
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baseline assessment. In a large genetically and CMR characterized DCM/
NDLVC cohort, arrhythmogenic (DSP, LMNA, FLNC, and RBM20) gen-
otypes and LGE ring-like pattern demonstrate inverse relationships with
LVRR, particularly in patients with LVEF <35%.”® Emerging evidence sup-
ports the combined use of genotyping and cardiac MRl to identify high-risk
DCM profiles, such as FLNC and DSP protein coding (DSP) variants with
distinctive subepicardial LGE patterns are associated with NSVT.”® This
integrated approach enables more precise risk assessment and persona-
lized management early in the disease course.Therefore, early genetic
testing when indicated may provide additional LVRR-SCD axes informa-
tion that will impact therapies.

Left ventricular reverse remodelling with pharmacological therapy in
HFrEF includes reduction of left ventricular end-diastolic volume
(LVEDV) and/or left ventricular end-systolic volume (LVESV), reduction
in mitral regurgitation (MR) grade, improvement in diastolic filling, reduc-
tion in left ventricular end-diastolic pressure (LVEDP), and/or improve-
ment in LVEF® Left ventricular reverse remodelling is an important
therapeutic target as drugs that improve survival in HFrEF generally are
associated with reverse remodelling effects.2#* Guideline-directed med-
ical therapy in HFrEF is associated with reverse remodelling in a significant
proportion of patients." In a recent study of 598 de novo HF patients with
LVEF <35%, almost half of the patients achieved LVEF >35% after 3
months.® The different classes of GDMT drugs have been reported to
induce reverse remodelling to a varying degree. Recent data showing
that sacubitril/valsartan demonstrated a pronounced effect on
LVRR £08687 However, it is difficult to assess the relative importance of
different drug classes on remodelling as smaller effect of newer drugs
(e.g. SGLT2i) might reflect that patients in the relevant studies were al-
ready treated with Renin-Angiotensin-System (RAS) inhibitors and beta-
blockers and as such the individual patient’s potential for remodelling
might already have mostly been obtained by the first drugs initiated.%8*°
Historic data seem to suggest that the largest effect on remodelling in
HFrEF might be that caused by beta-blockade, though the results of beta-
blockers should be revisited as studies had been conducted in patient with

poor background therapy and therefore higher risk. In this context, it is
evident that LV volumes are sensitive to heart rate, which may, in part,
explain the results observed with beta-blockade and ivabradine.” In the
current era of simultaneous initiation of several classes of GDMT, under-
standing individual drug effect on remodelling is difficult if not impossible.

An important question is if LVRR effect of GDMT is different in ROCM
compared with chronic HF. Data suggest that different effects exist in two
scenarios. In a recent study of 416 patients with an LVEF <35%, in whom
treatment with sacubitril/valsartan was initiated, shorter duration of HF
was among the most important predictors of LVRR.*? Older data with
angiotensin-converting enzyme inhibitor (ACEi) and beta-blockers alone
in patients with non-ischaemic cardiomyopathies also support that shorter
duration of HF predicts LVRR.Z This relation between duration of HF and
likelihood of LVRR is well known also after treatment with non-pharmaco-
logical treatment, i.e. mechanical unloading using LV assist devices.”

The time course of remodelling has been assessed in several studies.
The positive effects of beta-blockers on remodelling are not apparent in
the first month,”® but effects of other drug classes or combinations
have been observed after 3 months.®® Continued improvement in LV
structure and function with GDMT has been described over at least
12 months after therapy initiation. For sacubitril/valsartan, the effect be-
tween months 6 and 12 after initiation appears to be as large as the ef-
fect within the first 6 months.”

Guideline-directed medical therapy decreases not only the risk of HF
progression but also the risk of SCD’ (Table 3). This, obviously, has im-
plications for timing of the decision to implant a prophylactic ICD in pa-
tients with HF, particularly those with ROCM treated with GDMT.
There is a clear correlation between low LVEF as well as high left ven-
tricular end-diastolic diameter (LVEDd) and the risk of SCD.”*%’
However, this does not necessarily imply that the improvement in
LVEDd or LVEF ameliorates the risk of SCD. Importantly, a residual
risk of SCD remains despite reverse remodelling, and it has been argued
that even in patients with improvement in LVEF to a value >35% with
GDMT, a prophylactic ICD may not be safely deferred in all patients.”®
Further studies and risk stratification, including genetic testing results,
to define which patients with ROCM require a prophylactic ICD are
clearly needed.

There is also an association between LVRR and risk of SCD. The as-
sociation between LVRR and life-threatening VAs has been reported in
CRT studies, which justified the unique role of LVRR in SCD develop-
ment.”® Such associations were also confirmed in pharmacotherapy
studies. Minami et al.'® showed that, in patients with new-onset
HFrEF treated with conventional HF medications, every 1% increase
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Evaluation and management of ROCM in the current era of HF therapeutics

in LVEF was associated with a 22% decrease in the odds of SCD [odds
ratio per 1% increase 0.78; 95% confidence interval (Cl) (0.65-0.93)].
Martens et al.% found a significant reduction of NSVT episodes within
a year following switching from ACEi/(Angiotension receptor blocker
(ARB) to sacubitril/valsartan, with a greater decrease in VA episodes
in those with pronounced LVRR. Moreover, a post hoc analysis of
DAPA-HF reported a 14% risk reduction of composite serious ven-
tricular arrhythmias (VA), resuscitated cardiac arrest, or SCD with
every 5% increase in LVEF.'"’

Non-pharmacological interventions in ROCM play a critical role in op-
timizing LVRR and mitigating SCD risk. These approaches range from
device-based therapies to targeted intervention-based strategies that
have demonstrated substantial impact on prognosis in selected patients.
They include ICDs, CRT, catheter ablation of arrhythmias, and trans-
catheter edge-to-edge repair for functional mitral regurgitation
(M-TEER). Each intervention must be individually considered based
on the likelihood of LVRR and arrhythmic risk.

Implantable cardioverter-defibrillator

While optimized medical therapy has reduced SCD incidence, it re-
mains responsible for up to one-third of deaths in DCM.78192103
Current guidelines*® recommend ICD implantation for NICM patients
with LVEF <35% despite optimal therapy as Class lla, though recent evi-
dence supports a more nuanced approach.104 Primary prevention with
ICD remains central in reducing SCD risk, especially in NICM as large
registries (e.g. EU-CERT-ICD) and meta-analyses'®>~'%7 confirmed sig-
nificant reductions in both SCD and overall mortality—particularly in
younger patients and those without CRT. Consequently, guidelines
continue to recommend, as level of evidence lla, ICDs for symptomatic
NICM patients with LVEF <35% despite optimal medical therapy
(OMT) with life expectancy exceeding one year.*>* However, LVEF
alone is a limited risk prognosticator.“sﬂ0871 10 Myocardial fibrosis (usu-
ally higher LGE on CMR)""® and high-risk genetic variants (LMNA,
FLNC, RBM20)""" identify patients who benefit from early ICD place-
ment, even with subsequent LVEF improvement or prior to complete
3 months of GDMT.>3'%8

ESC guidelines suggest a 3-month period of OMT before ICD im-
plantation to allow for potential LVEF improvement.®® But data
from the recent HF-OPT trials show that continued GDMT optimization
beyond 90 days can further improve LVEF: nearly half of patients with
initially low LVEF improved to >35% by 180 days, potentially avoiding un-
necessary ICD implantation.®> The dynamic nature of LVRR in ROCM
suggests that delaying ICD decisions for 3—6 months of GDMT may allow
significant functional recovery in many patients, potentially avoiding un-
necessary device implantation in a substantial proportion of patients.
For individuals with a high anticipated likelihood of LVRR, a wearable
cardioverter-defibrillator (WCD) could serve as a useful bridging ther-
apy.“z’114 This strategy provides protection from SCD while allowing
continued GDMT during the critical waiting period prior to a final deci-
sion on permanent ICD implantation.

These findings support a more individualized approach to ICD tim-
ing, incorporating ongoing assessment of LV remodelling and arrhyth-
mic risk markers to optimize outcomes.'"®

Cardiac resynchronization therapy

For patients with ventricular conduction delays (particularly LBBB
with QRS >130 ms), CRT promotes substantial reverse remodelling,
with ~30% of HF patients qualifying for this intervention."’® CRT can

1

lead to significant LVRR and improvement in LVEF, potentially reducing
mortality risk, including the risk of SCD."" This has led to ongoing debate
about whether adding a defibrillator to CRT therapy is necessary. In new-
ly diagnosed cardiomyopathies, the choice between CRT-pacemaker
(CRT-P) and CRT-defibrillator (CRT-D) should incorporate assessment
of both remodelling potential and arrhythmic risk. Older patients with
significant comorbidities and low arrhythmic risk may benefit from
CRT-P alone, while those with extensive scarring or arrhythmogenic gen-
otypes typically require CRT-D. Predictive models incorporating CMR
findings (LGE quantification) and genetic data can optimize device selec-
tion as well as timing of CRT."'&"?

Catheter ablation

Rhythm control through catheter ablation has emerged as a therapeutic
strategy, particularly for tachycardia-mediated cardiomyopathy. Atrial
fibrillation and HF frequently coexist and worsen each other’s progno-
sis.'?%12" Atrial fibrillation impairs standard HF therapies, reduces CRT
efficacy, and increases mortality."*®"?% Recent trials demonstrate abla-
tion’s superiority over rate control, with EAST-AFNET trial and
CASTLE-AF showing significant mortality reduction and LVEF improve-
ment in HFrEF patients.'>~"%® Similarly, CAMERA-MRI reported a +18%
LVEF increase post-ablation in patients with AF-induced cardiomyop-
athy."**'? The procedure is particularly effective for patients with
high arrhythmia burden or LVEF <30%, with ESC guidelines now recom-
mending ablation as first-line therapy for suspected arrhythmia-induced
cardiomyopathy.121 A recent meta-analysis of six randomized control
trials (RCTs) confirmed that AF ablation in HFrEF reduces mortality, hos-
pitalizations, and improves LVEF and QoL. Benefit was most pronounced
in patients with LVEF <30%, NYHA >IIl, or high AF burden.'?®

In more advanced HF, CASTLE-HTx confirmed that ablation in end-
stage HF patients reduced the combined risk of death, LVAD implant-
ation, or heart transplantation by 76%. These benefits were maintained
at 2-year follow-up.'**1?

Frequent premature ventricular contractions (PVC) can cause
arrhythmia-induced cardiomyopathy in patients without structural heart
disease'*® and worsen LV function in the case of pre-existing LV systolic
dysfunction. For PVC-induced cardiomyopathy, ablation achieves long-
term success rates approaching 90%, making it the preferred intervention.

In summary, early rhythm control, when indicated, is advised in
ROCM for significant LVRR and clinical outcome.

Transcatheter edge-to-edge repair

Functional MR (FMR) is the most common valvular disease in HF and is
associated with worse symptoms, increased hospitalizations, and re-
duced QoL."®" For patients with persistent symptomatic FMR despite
GDMT and CRT, M-TEER offers symptomatic improvement and re-
duction in HF hospitalizations."*” While M-TEER effectively reduces
symptoms and HF hospitalizations in FMR, its impact on mortality re-
mains uncertain. Current evidence supports its use in carefully se-
lected ROCM patients where significant MR impedes reverse
remodelling, particularly when persistent despite optimal medical
and device therapy."*3"*® With the RESHAPE-2 trial, a broader appli-
cation of M-TEER for HF patients with less-than-severe FMR may be
appropriate, and further investigation is warranted including ROCM
patients.’>® Ongoing research is evaluating its potential role in less se-
vere MR cases.

These interventions collectively enable a precision medicine
approach to ROCM management, where comprehensive assessment
of remodelling potential and arrhythmic risk guides therapeutic
decisions. The integration of advanced imaging, genetic testing, and
continuous risk reassessment throughout the clinical course is essen-
tial for optimizing outcomes in this heterogeneous patient
population.
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LVRR / LVEF
Improvement

Clinical

Features

Aetiology

Biomarkers

Imaging

Genetic

GDMT/CRT
Response

Invasive
(EMB)

Risk SCD

Aetiology

Imaging

Genetic

GDMT/CRT
Response

— More likely

Younger age
Shorter duration of HF
Higher baseline BP
Absence of comorbidities

Reversible Cardiomyopathies
(See table 1)

Reduction or
normalization of NP on FU

Low LV volume/diameter (<6 cm)
No or mild MR grade
GLS mild to moderate reduction
GLS and LV volume improvement on FU
No LGE or <7%
Presence of LV contractile reserve
(stress echo)

Genetic Negative
TTN variant

GDMT optimization
(ACEiI/ARNI+BB+SGLT2i+MRAs)
Good Compliance
Tolerant to optimization
CRT-LBBB responder

Absence of fibrosis / Scar
Inflammation presence

e Low

Low Ventricular
Arrhythmia burden

Improvement in
LVEF from baseline
but not >35%

Tolerating GDMT
and optimization

Flgure 3 Factors favouring (A) left ventricular reverse remodelling and (B) sudden cardiac death risk

The relationship is not just correlational but causal and time de- FMR effectively requires early intervention in the HF disease process
pendent. The duration of HF is a critical determinant of the develop- to disrupt the self-perpetuating cycle of remodelling and
ment, severity, and potential reversibility of FMR. Managing regurgitation.
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Patient presenting with newly diagnosed
non-ischaemic LV systolic dysfunction

1.Determine likelihood of LVRR
2. Determine risk of Sudden
cardiac/Arrhythmogenic death
3. Initiate & optimize GDMT
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1.Clinical features
2.Etiology
2.Biomarkers
3.Imaging
4.Invasive
5.Genetic
6.GDMT therapy
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Probability LVRR
*Risk SCD 2.Low risk SCD*
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Proposed algorithm for the diagnosis and management of recently diagnosed non-ischaemic cardiomyopathies

Heart failure with improved EF (impHF) occurs in 10%—40% of HFrEF
patients following GDMT, device therapy, or spontaneous recover'y.137
While improved EF is associated with better prognosis, it rarely repre-
sents full recovery and often is transient.”'®

Recent terminology of clinical trajectories distinguishes impHF, remHF,
and recHF, though their long-term clinical course is not fully understood.”
In clinical studies, predictors of LVRR include female sex, non-ischaemic
aetiology, and low biomarker levels (NT-proBNP, troponin, and
galactin-3)."3” Absence of high-risk genetic variants responsible of patho-
genic mutations in cytoskeleton proteins (truncating titin mutations) was
also associated to reverse remodelling."**'*! Broader use of comprehen-
sive HF therapy with full implementation of the four therapeutic pillars has
increased impHF prevalence, but data guiding long-term management re-
main limited—especially in patients who normalize EF (LVEF >50%).”

The TRED-HF trial"? addressed GDMT withdrawal in patients with
recovered or partially recovered EF. Within 6 months, 44% relapsed
after stopping therapy. Long-term follow-up (median 6 years) showed
65% relapsed, often due to therapy down-titration, triggers, or disease
progression.'* Similar risks were noted in post myocardial infarction
and cancer treatment related cardiac dysfunction after stopping cardio-
protective drugs, particularly in patients with baseline LVEF <45%."#*14

In contrast, limited data suggest that neurohormonal blockade with-
drawal may be safe in carefully selected CRT responders, but evidence
is scarce.”* More recently, the Withdrawal of HF therapy after AF
rhythm control with EF normalization (WITHJDRAW-AF) Trial have
shown that withdrawal of HF therapy in AF cardiomyopathy with nor-
malized EF following AF rhythm control was not associated with a de-
cline in LVEF for most patients in the following 6 months.'*’

The clinical challenge remains balancing potential adverse effects of
continued therapy against the significant relapse risk upon withdrawal,
emphasizing the need for individualized decision-making guided by serial
cardiac assessment.

In ROCM, LVRR and SCD risk vary by aetiology, genetics, and treat-
ment response (Figure 3A and B). Reversible conditions show high
LVRR rates and low SCD risk. Despite response to GDMT and func-
tional recovery, SCD risk persists in patients with high-risk genetic
variants, significant myocardial fibrosis, or high arrhythmia burden ne-
cessitating ongoing risk stratification and primary prevention ICD/
WCD (wearable cardioverter defibrillator).

Effective ROCM management relies on integrating clinical, im-
aging, biomarker, and genetic data to predict and assess LVRR poten-
tial and SCD risk and to guide therapeutic decisions. This multimodal,
personalized approach optimizes outcomes by tailoring interven-
tions and avoiding premature escalation to advanced therapies.
Contemporary GDMT and CRT have been proven to enhance
remodelling.

Systematic evaluation and longitudinal assessment of these predic-
tors in patients with ROCM is paramount. There is always needed to
evaluate eligibility of CRT and valvular TEER that help in LVRR, better
use of GDMT, improve outcome, and delay progression to advanced
HF (Figure 4; Supplementary Figure S1). Identifying factors favouring
LVRR enables tailored risk stratification, potentially delaying advanced
device therapy, while recognizing predictors of progression mandates
early referral for advanced management. Similarly, high arrhythmic
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risk may benefit from early ICD or WCD use, while others should be
monitored on GDMT optimization with re-evaluation at 3 months
intervals.

The evolving landscape of ROCM necessitates the strategic integration
of circulating biomarkers with advanced imaging, histopathology, and
continuous monitoring to refine risk stratification and optimize
evidence-based HF therapy.'*® Prospective ROCM-focused registries,
phenotype-stratified studies of recovery and relapse trajectories, and
studies addressing optimal timing of device therapy are needed. In add-
ition, Further research is needed to evaluate the combined impact of
foundational therapy on LVRR and residual risk of SCD among patients
with ROCM. Al has a great potential in ROCM to facilitate the gener-
ation of individualized risk scores for LVRR that outperform traditional
criteria."*’ Optimizing the timing of device therapy (ICDs and CRT),
while minimizing unnecessary interventions and maximizing the likeli-
hood of durable cardiac recovery is one of Al broad applications.

A prioritization of serial, multi-marker panels to capture dynamic
pathophysiological shifts in ROCM—integrating real-time biomarker
trends with Al-driven algorithms that synthesize data streams from
echocardiographic strain imaging, CMR tissue characterization, EMB
histology, and continuous rhythm monitoring—should enhance our un-
derstanding, facilitating improved risk stratification and the develop-
ment of personalized management approaches in ROCM.*%"°3

Prompt implementation and up-titration of GDMT will remain the
cornerstone of ROCM management. Early initiation—ideally during
the acute hospitalization phase—has been consistently associated
with improved survival and enhanced LVRR.* Biomarker-guided ther-
apy adjustments, such as escalating drug doses in the setting of persist-
ently elevated NT-proBNP, can close treatment gaps and tailor
pharmacotherapy intensity to individual risk profiles.154'155 Moreover,
biomarkers may inform the timing of advanced interventions: for in-
stance, persistently elevated NT-proBNP despite optimal GDMT could
indicate the need for early consideration of CRT or prophylactic ICD
placement in high-risk ROCM subsets."*®">” Ongoing clinical trials, in-
cluding BRITISH CMR, GUIDE DCM, CMR-ICD, SPANISH-1, and
PROFID, aim to investigate the efficacy of ICDs for primary prevention
in HFrEF, including ROCM, in the context of contemporary GDMT, in-
corporating, genetic testing, CMR and electrophysiology studies for
SCD risk stratification,'*®~*°

In conclusion, ROCM represents a dynamic disease entity with substan-
tial potential for recovery and variable risk of SCD. This clinical consensus
statement provides a structured approach for diagnosis, stratification, and
therapeutic management based on the likelihood of LVRR and arrhythmic
risk. By integrating clinical, imaging, biomarker, and genetic data and by em-
phasizing the need for dynamic reassessment, this framework aims to help
physicians with timely management and referrals.

Supplementary data are available at ESC Heart Failure online.
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