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Despite being increasingly recognized as a specific disease, at the present time left bundle branch block (LBBB)-
induced cardiomyopathy is neither formally included among unclassified cardiomyopathies nor among the
acquired/non-genetic forms of dilated cardiomyopathy (DCM). Currently, a post-hoc diagnosis of LBBB-induced
cardiomyopathy is possible when evaluating patients' response to cardiac resynchronization therapy (CRT).
However, an early detection of a LBBB-induced cardiomyopathy could have significant clinical and therapeutic
implications. Patientswith the aforementioned formof dyssynchronopathymay benefit fromearly CRT and over-
all prognosis might be better as compared to patients with a primary muscle cell disorder (i.e. “true” DCM). The
real underlying mechanisms, the possible genetic background as well as the early identification of this specific
form of DCM remain largely unknown. In this review the complex relationship between LBBB and left ventricular
non-ischaemic dysfunction is described. Furthermore, a multiparametric approach based on clinical, electrocar-
diographic and imaging red flags, is provided in order to allow an early detection of the LBBB-induced
cardiomyopathy.

© 2019 Published by Elsevier B.V.
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1. Introduction

Dilated cardiomyopathy (DCM) is usually phenotypically defined
by the presence of left ventricular (LV) or biventricular dilatation and
systolic dysfunction in the absence of abnormal loading conditions
(e.g. arterial hypertension, valve disease) or coronary artery disease suf-
ficient to cause global systolic impairment [1].

Despite the clear definition, DCM encompasses a broad range of
disorders. The causes of DCM can be classified as either genetic or
non-genetic (acquired). The phenotypic expression of DCM may
be the result of the combination of a genetic predisposition with
environmental factors such as myocardial inflammation, drugs
(e.g. chemotherapy agents), toxics (e.g. alcohol), nutritional
deficiencies or endocrine disorders [2]. Some forms of DCM are
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“arrhythmia-induced cardiomyopathies” that could be caused by
sustained supraventricular arrhythmias (tachy-induced) or by the
dyssynchrony induced by frequent ventricular ectopic beats [3].
With regard to the last mechanism, a frequent dyssynchronous
ventricular activation, may be the cause of reduced efficiency of
ventricular contraction which may be responsible for a
dyssynchrony-related cardiomyopathy. The relationship between
DCM and left bundle branch block (LBBB) is well known, as well
as the non-negligible quota of super-responders to cardiac
resynchronization therapy (CRT). Furthermore, the asynchrony in
the left ventricular (LV) contraction and the impairment in the sys-
tolic ventricular function induced by complete LBBB [4] have previ-
ously been described. Nevertheless, LBBB is not included in the
acquired “electrical” possibly reversible causes of DCM. As a conse-
quence, the “LBBB-induced cardiomyopathy” diagnosis, prognosis
and management remain unclear.

The aim of this review is to describe the complex relationship be-
tween LBBB and LV non-ischaemic dysfunction and to investigate the
possible early features of LBBB-induced cardiomyopathy that could
help in distinguishing this condition from other forms in the spectrum
of DCM with clear prognostic and therapeutical implications.
le branch block-induced cardiomyopathy: a diagnostic proposal for a
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2. LBBB-induced cardiomyopathy: the state of art

The definition and electrocardiographic (ECG) criteria for LBBB have
changed over the years [5]. The 2009 AHA/ACCF/HRS remains the most
commonly used definition for LBBB in clinical practice [6]. The preva-
lence of isolated LBBB in the general population appears low; in a
screened population of 110.000 subjects it was 0.1% [7]. Patients with
DCM frequently present a prolonged QRS duration (N 120 msec) due
to intraventricular conduction delay or LBBB. In a retrospective analysis
of 608 patients with DCM, LBBB was found at baseline in 31% of cases
[8]. However, studies specifically addressing this issue are lacking and
difficult to conceive, since LBBB may appear at different timing in the
course of the disease. On the other hand, the prevalence of DCM in pa-
tients with LBBB in a recent small CMR study was found to be 21%,
thus emphasizing the complex relationships between LBBB and DCM
[9]. Independently from the associated disease [10] and the severity of
LV dysfunction, LBBB represents per se a pathologic hallmark being as-
sociated with poor clinical outcomes [11]. In LBBB, the electrical activa-
tion of the LV is altered, leading to delay and inhomogeneity of
depolarization and repolarization. The electrical activation of the inter-
ventricular septum commences on the right, then propagates inferiorly,
to the left and slightly anteriorly [12]. LBBB is characterized by a signif-
icant prolongation of LV activation time and a marked delay in the acti-
vation of the basal free wall. The LV activation sequence seems to be
more homogeneous in patients with isolated LBBB andmuchmore het-
erogeneous in those with the conduction disturbance associated with
structural heart disease [13]. The net result on LV mechanics is a global
discoordination of the contraction/relaxation process, usually defined as
intraventricular and interventricular dyssynchrony. The deleterious ef-
fects of LBBB on mechanical synchrony involve the entire cardiac
cycle. The leftward septal pre-ejectional shift, followed by a paradoxical
movement to the right, significantly differs from the normal heart. Fur-
thermore, the delayed deformation of the lateral wall has consequences
on papillary muscles and mitral valve apparatus kinetics. Finally,
diastolic filling is shortened [13]. All these may cause LV remodeling
(e.g. dilatation and increased mass) together with impaired systolic
and diastolic function.

The effects of dyssynchrony on LV geometry and function were in-
vestigated in several canine models [14]. The most simple explored
the effects of LBBB, LV or right ventricular (RV) pacing, while the
most complex added myocardial infarction, or valvular heart diseases
(e.g. mitral regurgitation) in order to have a model resembling as
close as possible to the pathophysiology of CRT patients [14]. In one of
the most cited preclinical experimental studies using a canine model,
the asynchronous ventricular activation during LBBB (induced by
radio frequency ablation) leads to redistribution of circumferential
shortening and myocardial blood flow (i.e. decreased perfusion in the
septum and increased in LV lateral wall) and, in the long run, LV remod-
eling (dilatation and increased mass) [15]. It was noteworthy that the
hypertrophy developed by the dogs was most likely due to the redistri-
bution of workload [15]. Human studies showed reversible perfusion
defects (e.g. in the interventricular septum) in the absence of obstruc-
tive coronary artery disease in patients with LBBB, and some patients
with intermittent LBBB develop angina coincident with the onset of
LBBB [16]. In humans, apart from the “isolated” LBBB-induced cardio-
myopathy (theme of the present discussion), two other models of
dyssynchronopathy can be observed, both iatrogenic: chronic RVpacing
and the acute model of new-onset LBBB after aortic valve interventions
(i.e. transcatheter aortic valve implantation – TAVI, or surgical aortic
valve replacement – AVR). However, both iatrogenic models show im-
portant differences compared to LBBB-induced cardiomyopathy. The
model of chronic RV pacing, although leading often to LV dysfunction,
significantly differs from LBBB-induced cardiomyopathy (the site of
stimulation induced-breakthrough differs from that of intrinsic break-
through, resulting in a depolarization through the interventricular sep-
tum different from that induced by LBBB). The iatrogenic model of LBBB
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after TAVI [13] is worth noting for its pathophysiology (similar to some
extent to that of “spontaneous isolated LBBB” according to the ECG
criteria) and its clinical implications [17]. New LBBB complicates a sig-
nificant percentage of TAVI procedures [17]. LBBB after TAVI is associ-
ated with adverse clinical outcomes [18]. Despite some similarities,
the iatrogenic model of LBBB after TAVI is not comparable to LBBB-
induced cardiomyopathy. In fact, ventricles submitted to a chronic pres-
sure overload, such as in patients with aortic stenosis (usually severely
remodeled before the interventional procedure), may not have neces-
sarily the same mechanical behaviour as hearts with LBBB-induced
cardiomyopathy.

Despite the experimental studies, the relationship between LBBB
and LV dilatation and dysfunction is complex and still poorly under-
stood; thus, the chicken or the egg causality dilemma seems to be un-
solved. Different scenarios should be taken into account: 1) LBBB may
appear in the natural course of DCM, representing a marker of disease
severity and being associatedwith an increased risk of all-causemortal-
ity [8]; 2) LBBB may play a causative role in the development of a
“dyssynchronopathy”. An approach based on the perceived causal con-
tributions of LBBB toward the overall cardiomyopathic process should
be advisable, avoiding a monolith interpretation [19]. Over the last
two decades several reports appeared concerning the causative link be-
tween LBBB and LV dilatation and dysfunction in patients with heart
failure (HF). In 2005 Blanc et al. introduced the concept of left ventricu-
lar dyssynchrony-induced cardiomyopathy [20]. Five among the 29
studied patients (17%) had both complete normalization of LV function
and clinical improvement following CRT. Similar percentages of normal-
ized LV function have been subsequently reported in other DCM series
[21,22]. In 2013, Vaillant and colleagues better defined the characteris-
tics of the so-called LBBB-induced cardiomyopathy: 1) normal sinus
rhythm and N5-year history of typical LBBB; 2) LV EF N 50% at the
time of diagnosis of LBBB; 3) progressive decrease in LV EF to ≤40%;
LV end-diastolic diameter ≥ 55 mm and development of NYHA func-
tional class II to IV; 4) presence of LV mechanical dyssynchrony;
5) no other identifiable cause of cardiomyopathy; and 6) indication
for and super-response to CRT. By using these pre-defined and strict
diagnostic criteria, they found 6 patients (1.6%, probably
underestimated due to the retrospective data collection and missing
data) over 375 candidates for CRT with this syndrome [23]. The
NEOLITH [24] and NEOLITH II25 studies showed that guideline-
directed medical therapy (GDMT) did not significantly improve LV
ejection fraction (EF) in new-onset LBBB-associated idiopathic non-
ischaemic cardiomyopathy at 3 months, and that earlier CRT implan-
tation (i.e. before 3 months of GDMT) was associated with more fa-
vorable cardiac remodeling. The Authors suggested that delaying
CRT may miss a critical period to halt and reverse progressive myo-
cardial damage [25]. Similarly, Merlo et al. found that LBBB was a
negative predictor of LV reverse remodeling in patients with idio-
pathic DCM receiving GDMT [26].

More recently, Sze et al. supported these results and challenged the
order of action recommended in the guidelines. The Authors suggested
shortening medication time in favor of earlier consideration of CRT in
patients with cardiomyopathy accompanied or induced by LBBB. In a
large Duke echocardiography dataset including 659 cardiomyopathy
patients, they found that those with LBBB and GDMT did not show
any significant improvement in LVEF over 3 to 6 months in comparison
with those not on GDMT [27]. The hypothesis of a CRT at an earlier stage
should be confirmed in prospective studies. However, the findings of
the study by Sze et al. indirectly corroborate the notion of
dyssynchronopathy as a specific pathophysiological entity.

3. LBBB-induced cardiomyopathy: work-up for an
“a priori” diagnosis

The criteria of LBBB-induced cardiomyopathy proposed by Valliant
et al. [21] are poorly applicable in clinical practice. First of all, a new
le branch block-induced cardiomyopathy: a diagnostic proposal for a
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diagnosis of DCMwith associated LBBB is not unusual, and clinicians do
not have data regarding the possible causative or consequence role
of LBBB. Second, the diagnosis of LBBB-induced cardiomyopathy is
a “a-posteriori” diagnosis, on the basis of LVEF normalization after re-
moving LBBB. Furthermore, there are no randomized trials on this
topic and, despite some studies suggested a benefit from earlier
CRT than guidelines currently recommend [24,25,27], we do not
have sufficient data yet.

Nevertheless, due to the aetiological heterogeneity of DCM that por-
tends its clinical heterogeneity, a precise aetiological definition seems to
be crucial. In fact, the withdrawal of the presumed causative factor (e.g.
alcohol, sustained supraventricular arrhythmias)may induce reverse LV
remodeling with significant beneficial prognostic implications. This
could be true also in selected patients with LBBB-induced cardiomyop-
athy that should be addressed to early CRT implantation, despite the se-
verity of LV dysfunction. In this perspective, we propose a number of
clues that should be taken into account when approaching a patient
with a newly diagnosed DCM and LBBB (Table 1). We are aware about
the lack of studies specifically investigating this pathological entity. By
consequence, we only propose a number of red flags mainly based on
clinical observation, acknowledging that our proposal requires to be
confirmed in large future patients' cohorts.
Table 1
Useful features in the early diagnostic work-up of “LBBB-induced cardiomyopathy”. Proposal
criteria for a primary DCM.

Criteria DCM

Clinical
Absence of significant coronary artery
disease

+

- Family history of DCM
- Muscular dystrophies
- Mitochondrial diseases
- Myocarditis
- Drugs
- Toxics
- Endocrine disorders
- Peripartum

+

Genetics
- Pathogenic or likely pathogenic
mutations

+
in 30–50% of cases

- Genetic-environment interactions +
but largely unknown

Imaging
Presence of “true” LBBB on ECG since
disease presentation

+/−

LV dilatation N 2SD Frequent
Relative wall thickness (RWT) Lower limits/reduced
Wall thickness Usually within normal range

(toward lower limits)
LV systolic dysfunction +
LV mechanical dyssynchrony by
echocardiography

+/−
Variable degree

Diastolic dysfunction +/−
(often grade II or III)

LA dilatation +/−
(often severe)

Persistent RV systolic dysfunction after
optimal medical therapy

+/−

Presence of late gadolinium enhancement
on CMR imaging

+/−

Clinical course and prognosis
Overall prognosis Variable

(sometimes poor with the need for heart tr
Response to resynchronization therapy
(CRT-P or CRT-D)

Usually (but not always) good
(sometimes poor - e.g. patients with extreme

systolic function – EF b 20%)

DCM (dilated cardiomyopathy); LBBB (left bundle branch block); LV (left ventricle); LA (left a

Please cite this article as: G.D. Sanna, M. Merlo, E. Moccia, et al., Left bund
poorly explored pathological entity, International Journal of Cardiology, h
Bearing inmind these limitations, the following points appear of rel-
evant significance (Fig. 1):

3.1. Presence of true LBBB

The strict definition proposed by Strauss et al. includes a QRS dura-
tion ≥140 ms in men and ≥130 ms in women, QRS notching or slurring
in two or more contiguous leads of V1, V2, V3, V4, V5, V6, I and aVL,
and a QS or rS in V1 and V2 [28]. It is reasonable that the larger the
QRS, the higher the probability of a causative effect of LBBB on LV re-
modeling. In fact, guidelines recommend a QRS duration N150 ms and
previous experiences suggested that super-responders to CRT might
be identified among those carrying the largest QRS [29]. However, it is
still unclear whether there might be a threshold for QRS duration indi-
cating such a severe remodeling that normalization after correction of
LBBB is unlikely.

3.2. Exclusion of other possible causes of DCM

LBBB-induced cardiomyopathy includes “pure” patients. In this per-
spective, other possible triggers of dysfunction should be identified
prior to confirm the exclusive causative role of LBBB. Therefore, DCM
based on current literature and expert clinical observations in patients not fulfilling the

“LBBB-induced
cardiomyopathy” or
“dyssynchronopathy”

+

−

−

?
completely unknown

+

Possible
Usually within normal range
Usually within normal range

(sometimes increased, especially lateral wall)
+
+

Usually marked with septal flash, rocking motion of the apex, etc.
+/−

(usually lesser degree i.e. grade I)
+/−

(often within normal limits or mild dilatation)
−

−

ansplant)
To be defined but expected better in comparison with true DCM

ly impaired
Expected super-response

(sometimes excellent with reverse remodeling and almost complete
normalization of LV systolic function)

trium); RV (right ventricle); CMR (cardiovascular magnetic resonance).

le branch block-induced cardiomyopathy: a diagnostic proposal for a
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Fig. 1. Relevant red-flags in order to early identify LBBB-induced cardiomyopathy. *By CMR or EMB when clinically indicated; **by genetic testing when indicated (see text).
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patients should not be considered for early CRT in presence of clear
family history for sudden cardiac death or DCM, acute stress situations,
peripartum, thyroid disorders, history of significant hypertension
(i.e. 140/90 mmHg or need of N1 anti-hypertensive drug), alcohol
abuse (N100 g/die and N80 g/die for males and females respectively),
chemotherapy, sustained supraventricular high-rate (N100 bpm) ar-
rhythmias, very frequent ectopic ventricular beats, or acute myocar-
dial inflammation (detected by cardiac magnetic resonance or
endomyocardial biopsy).

3.3. Imaging-derived red-flags

3.3.1. Echocardiography
Echocardiography plays a pivotal role in the diagnosis of DCM [30]. It

also provides useful information regarding prognosis and helps guide
treatment. The main echocardiographic features include LV chamber
dilatation and systolic dysfunction, but RV involvement is not uncom-
mon in familial/genetic forms [30,31]. In patients with DCM, LV usually
appears spherical in shape, with a net convexity of the interventricular
septum toward the right ventricle, while wall thickness is usually
within normal limits and relative wall thickness tends to be reduced
(i.e. b 0.26). LVmass is often increased due to LV dilatation. DCM is usu-
ally characterized by global hypokinesis and overall systolic impair-
ment. Regional wall motion abnormalities may sometimes suggest the
presence of coronary artery disease [31].

In patients with apparent LBBB-induced cardiomyopathy echocardi-
ography shows some characteristic features that might help in
distinguishing this condition from other forms in the spectrum of
DCM (Table 1). Regarding LV geometry, it is noteworthy the usually
non-severe dilatation (less than 2SD)with normal absolute and relative
wall thickness, whereas patients with “true” DCM usually exhibit a dif-
ferent shape (i.e. spherical LVwith lower-limits or reduced relativewall
thickness). However, the amount of LV remodeling in patients with
LBBB-induced cardiomyopathy could be highly variable and it is largely
Please cite this article as: G.D. Sanna, M. Merlo, E. Moccia, et al., Left bund
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unknown. Therefore, proposed diagnostic criteria on LV geometry
(mainly based on clinical observations) need to be confirmed in prop-
erly designed studies on cardiac imaging. Furthermore, patients with
dyssynchonopathy usually have lesser degrees of diastolic dysfunction
(often grade I or abnormal relaxation). Left atrium is usually not se-
verely enlarged and not spherical shaped, while functional mitral
valve regurgitation is often mild as a consequence of not severely teth-
ered leaflets. Finally, RV is usually spared with normal geometry and
function (Table 1).

3.3.2. Evolving concepts: from the electrical and mechanical dyssynchrony
to the electromechanical substrate

Despite being largely accepted when selecting patients for cardiac
resynchronization therapy (CRT), ECG criteria have several limitations.
The strict definition of LBBB proposed by Strauss has been questioned
since it seems to not improve the prediction of response to CRT [32].

This is at least partly due to the fact that ECG is able to detect the
electromechanical dyssynchrony. However, in failing hearts with LBBB
a pivotal role is played by mechanical dyssynchrony (MD). MD should
be appreciated with echocardiography and, despite its routine use as
an additive tool to the ECG criteria for patient selection to CRT has not
gained clinical acceptance, its pathophysiological significance should
not be underestimated, being the other side of dyssynchrony [33].
Thus, it is emerging the importance of a unifying dyssynchrony hypoth-
esis considering an overall electromechanical substrate. Themyocardial
dyssynchronous movement related to LBBB can be identified by echo-
cardiography using visual “eyeballing”, M-mode, or strain imaging. Sep-
tal flash (SF) [34] and apical rocking (ApRock) [35] are typical signs of
dyssynchronopathy and they can be visually appreciated. Indeed, not
all LBBBs by ECG reflect a true LV activation delay, which can result in
nonresponse to CRT [34,36]. Two-dimensional strain echocardiography
may detect true LBBB activation by the contraction pattern assessment
(i.e. early terminated shortening in the septal wall, early pre-stretch in
the lateral wall and late lateral peak contraction) [37]. In fact, patients
le branch block-induced cardiomyopathy: a diagnostic proposal for a
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with chronic right ventricular (RV) pacing have an induced LBBB; how-
ever, only aminority of these patients develop LV dysfunction and heart
failure symptoms. This should be explained by the absence of mechan-
ical dyssynchrony (MD). In a study including 914 patients eligible for
CRT, MD was observed in 51% of patients with RV pacing versus 77%
of those with intrinsic LBBB [38].
3.3.3. Cardiac magnetic resonance
Despite its numerous strengths, in most of the cases of “DCM”,

echocardiography does not provide useful information about
aetiology, and this could be defined only gathering clinical, echocar-
diographic and laboratory tests, plus genetic analyses when
available. Tissue characterization by CMR provides additional infor-
mation in patients with DCM. The presence and patterns of late gad-
olinium enhancement (LGE) [39,40] may suggest a specific aetiology
and have prognostic implications [41,42]. However, the true preva-
lence of LGE in patients with DCM in the “real world” seems to be
much lower in comparison to that reported in the studies. Further-
more, despite some promising results obtained with the new T1
mapping and extracellular volume (ECV) techniques in Lamin A/C
(LMNA) mutation carriers [43], for the time being CMR techniques
substantially failed to provide significant information about
aetiology in most of the cases of DCM. This could be particularly
true in patients with LBBB-induced cardiomyopathy. In these
Fig. 2. Proposed algorithm for themanagement of patients with LBBB-induced cardiomyopathy
Coronary artery disease; IHD – Ischaemic heart disease; NICM – Non-ischaemic cardiomyopa
cardiomyopathy; Moderately reduced LVEF (36% to 50%). * No clear evidence. The decision
Imaging features (e.g. marked dyssychrony); 3. Suitable anatomy and local operator exper
patients functional status) to medical therapy and possibility to titrate drugs. Whether or not p
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patients, tissue characterization is usually unremarkable (i.e. nega-
tive), particularly in the interventricular septum, posterior and lat-
eral walls.

Future studies are required to confirm the role of CMR as a tool for
arrhythmic prognostic risk stratification in DCM patients [42,44] and
in those with LBBB-induced cardiomyopathy.
3.4. Genetics

Recently, the Next Generation Sequencing techniques have impres-
sively widened the genetic landscape of DCM. Currently N50 genes are
known to be involved in the pathogenesis of the disease. The most
frequent is the TTN gene, followed by genes of lamin A/C, sarcomeric
proteins, cytoskeleton, ion channel, desmosome, phospholamban. A ge-
netic basis of DCMshould be theoretically excluded before considering a
possible LBBB-induced cardiomyopathy; however, genetic testing is not
widely available thus making it difficult in clinical practice. Further-
more, the indications for genetic testing in DCM include familial and
sporadic forms with specific clues suggesting an inherited genetic
basis [45]. The presence of specific mutations, such as cytoskeleton
genes or LMNA A/C are demonstrated as associated to a lack of reverse
remodeling under GDMT [46], particularly in presence of LBBB [47].
Conversely TTN mutations could be associated to a more favorable re-
modeling [46].
. LBBB – Left bundle branch block; HF –Heart Failure; CT – Computed tomography; CAD –
thy; CMR – Cardiac magnetic resonance; EMB – Endomyocardial biopsy; DCM – Dilated
should be based on: 1. Patient clinical status (HF yes/not, NYHA functional class); 2.

tise; 4. Patients preferences; 5. Early response (in terms of LV geometry/function and
atients will benefit more from a CRT-P instead of a CRT-D device remains unknown.

le branch block-induced cardiomyopathy: a diagnostic proposal for a
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4. Gaps in evidence

LBBB-induced cardiomyopathy is a distinct entity that could be
healed by the correction of LBBB. Nevertheless, some important open
issues remain and are to be considered.

A) There is a little percentage of patients with LBBB that present a
concomitant LV systolic dysfunction and dilatation. This situation sug-
gests a possible genetic individual background that remains largely un-
known, particularly regarding its interactions with environmental
factors. Furthermore, LBBBmay have detrimental effects on intracellular
protein homeostasis (e.g. ion channel remodeling and abnormal Ca++
homeostasis within cardiac myocytes) [48].

B) In the presence of suspected LBBB-induced cardiomyopathy, after
the above mentioned diagnostic work-up, a CRT approach after
3 months of GDMT [49] regardless the severity of the dysfunction,
might be a therapeutic option after a careful comprehensive patient
evaluation, and should be investigated in properly designed clinical tri-
als (Fig. 2). The best position of LV electrode remains a crucial issue that
has to be implemented in the future. Multimodality imaging may help
in guiding optimal LV lead position in order to reduce the quota of
non-responders to CRT [50,51]. However, technical issues related to
the procedure still represent a potential limitation despite an accurate
pre-operative planning. The lack of QRS narrowing after CRT will sug-
gest a failure of resynchronization and the diagnosis of LBBB-induced
cardiomyopathy will remain a hypothesis. Recently, promising results
in patients with heart failure and LBBB (which does not mean LBBB-
induced cardiomyopathy) were obtained with His bundle pacing in-
stead of conventional CRT. The good hemodynamic response observed
in the acute setting should be confirmed by randomized controlled trials
with long-term follow-up [52]. The limitations in our knowledge of the
pathophysiology and natural history of LBBB-induced cardiomyopathy
and LBBB itself do not allow us to define a treatment strategy for these
patients. For example, cases are described of spontaneous (i.e. without
CRT) resolution of LBBB leading to reverse remodeling in
dyssynchronopathy [53]. This concept of a possible reversible electrical
(and subsequently mechanical) remodeling warrants further investiga-
tion, due to the potential therapeutic implications.

C) Prospective and randomized studies are needed to confirm these
preliminary hypotheses and to address some unanswered questions
such as the role of medical therapy in the context of LBBB-induced
Table 2
Gaps in evidence (short list of selected issues that deserve to be addressed in future clinical
research).

Definition and diagnosis • Clinical, ECG and imaging criteria (prospective studies
are needed to confirm the proposed diagnostic criteria
and their usefulness in differentiating LBBB-induced
cardiomyopathy from primary DCM).

Epidemiology • % of patients with heart failure, LBBB associated
with LV dysfunction and dilatation.

• Gender differences.
Aetiology and
pathophysiology

• Potential genetic background and interaction with
environmental factors

• Changes in protein homeostasis
• possible structural changes of cardiomyocites

Natural history and
clinical outcomes

• Reversible condition?
- spontaneous resolution of LBBB and LV dysfunction/
dilatation – electrical and mechanical remodeling
(Who? When? Why?)

• Long term prognosis
- healing? Comparison with primary DCM and LBBB.

Cardiac
resynchronization
therapy (CRT)

• Timing: early (i.e. before 3 months of GDMT) vs
delayed strategy (pros and cons)

• Potential role for His bundle pacing?
Medical therapy • Effectiveness (alone or combined with CRT)

• Potential efficacy in inducing electrical remodeling
• Potential role of ARNi

DCM – dilated cardiomyopathy; LV – left ventricle; GDMT – guideline directed medical
therapy; ARNi – angiotensin receptor neprilisin inhibitor.
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cardiomyopathy and the long-term response to CRT. In fact, there are
no studies showing that CRT therapy alone may heal the pathology
and in a recent review Sze showed that 25% of patients with LBBB and
heart failure with reduced ejection fraction may respond to GDMT
[54]. On the other hand, it has been highlighted that b15% of DCM pa-
tients has an apparent healing under GDMT and in the long-term
follow-up a sensible proportion of those patients developed LVEF dete-
rioration [55]. Similarly, there are no definite data revealing if the super-
response to CRT is durable over time or not. Despite these limitations,
we should acknowledge that there are no studies specifically enrolling
subjects with LBBB-induced cardiomyopathy, nor studies investigating
the role of Angiotensin Receptor-Neprilysin Inhibitors in this subgroup
of heart failure patients.

Table 2 summarizes the main gaps in evidence discussed above.
5. Conclusions

LBBB-induced cardiomyopathy represents a distinct nosological en-
tity, which may derived from a complex potential interaction between
genetic background and an electric persistent noxa. Despite specific fea-
tures and the algorithm here proposed (Fig. 2), currently this intriguing
and challenging diagnosis can be made only retrospectively due to the
lack of clinical and instrumental findings certainly identifying affected
patients. Further observational and possibly prospective studies are
needed to better refine the diagnostic criteria together with the natural
history of this poorly explored pathology.
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