1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Am Coll Cardiol. Author manuscript; available in PMC 2024 March 28.

-, HHS Public Access
«

Published in final edited form as:
JAm Coll Cardiol. 2023 March 28; 81(12): 1192-1200. doi:10.1016/j.jacc.2023.01.040.

Abnormal Conduction-Induced Cardiomyopathy: JACC Review
Topic of the Week

Jose F. Huizar, M.D.2P, Karoly Kaszala, M.D., Ph.D.2b, Alex Tan, M.D.2P, Jayanthi Koneru,
M.D.P, Pranav Mankad, M.D.P, Jordana Kron, M.D.?, Kenneth A. Ellenbogen, M.D.P

a.Department of Internal Medicine, Cardiology Division. Central Virginia VA Health Care System/
McGuire Veterans Affairs Medical Center, Richmond, Virginia 23249, USA.

b.Department of Internal Medicine, Cardiology Division / Pauley Heart Center, Virginia
Commonwealth University, Richmond, Virginia, 23298, USA.

Abstract

Nonischemic cardiomyopathies are a frequent occurrence. The understanding of the mechanism(s)
and triggers of these cardiomyopathies have led to improvement and even recovery of LV function.
While chronic right ventricular pacing-induced cardiomyopathy has been recognized for many
years, left bundle branch block (LBBB) and pre-excitation have been recently identified as
potential reversible causes of cardiomyopathy. These cardiomyopathies share a similar abnormal
ventricular propagation that can be recognized by a wide QRS duration with LBBB pattern

and thus we coin the term “abnormal conduction-induced cardiomyopathies”. Such abnormal
propagation results in an abnormal contractility that can only be recognized by cardiac imaging

as ventricular dyssynchrony. Appropriate diagnosis and treatment will not only lead to improved
LVEF and functional class but may also reduce morbidity and mortality. This manuscript presents
an update of the mechanisms, prevalence, incidence, risk factors, as well as their diagnosis and
management, while highlighting current gaps of knowledge.

Condensed Abstract

Chronic right ventricular pacing-induced cardiomyopathy has been recognized for many years,
while left bundle branch block (LBBB) and pre-excitation have been recently identified

as potential reversible causes of cardiomyopathy. These cardiomyopathies share a similar
abnormal ventricular propagation recognized by ECG with LBBB pattern and thus we coin

the term “abnormal conduction-induced cardiomyopathies™. This abnormal propagation results

in an abnormal contractility (dyssynchrony) that can only be recognized by cardiac imaging.
Appropriate diagnosis and treatment will not only lead to improved LVEF and functional class
but may also reduce morbidity and mortality. This manuscript presents an update and overview of
these cardiomyopathies.
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An increasing emphasis exists to identify reversible causes of non-ischemic
cardiomyopathies such as stress, chronic right ventricular (RV) pacing and arrhythmias?=3,
Appropriate recognition of these triggers is paramount as treatment is expected to improve
or in some cases fully restore LV systolic function while potentially decreasing morbidity
and mortality. More recently, pre-excitation syndromes, /eft bundle branch block (LBBB)
and RV pacing have been recognized as additional etiologies of cardiomyopathy. LBBB,
pre-excitation syndromes and chronic RV pacing (RV/P) are all entities that have an
abnormal ventricular activation resulting in an abnormal ventricular contraction, referred
to as dyssynchrony. While their common trigger is LV dyssynchrony, which can only be
identified by cardiac imaging, they share a common etiology of abnormal conduction that
can be easily identified by wide QRS with a LBBB pattern. Thus, we propose the new
term “abnormal conduction-induced cardiomyopathies” as this should assist primary care
providers with recognizing these entities and referring patients at risk. This review article
presents an update of abnormal conduction-induced cardiomyopathies including common
and distinctive features and management.

Pathophysiology & Mechanism

RVP-CM has been recognized for several decades as a frequent etiology of CM in those with
a pacemaker and a high percentage of RV pacing. Animal studies have demonstrated that
RV pacing causes worse abnormal electrical activation, acute reduction in LV function and
hemodynamics than septal or LV pacing® 4. However, the mechanism of RVP-CM remained
unclear for many years. Population-based studies of patients with LBBB demonstrated

that HF and CM develop several years after diagnosis of LBBB®: 6. LBBB-CM was

later recognized as another cause of non-ischemic CM due to the complete recovery

of LV function after implanting an LV coronary sinus or epicardial lead for cardiac
resynchronization therapy (CRT). The resolution of LBBB-CM with CRT brought to
attention the consequences of persistent LV dyssynchrony.

Clinical and pre-clinical studies have consistently demonstrated that LBBB and RVP are
associated with abnormal LV mechanics’: 8 (Central Figure). Typical LBBB is often
accompanied by persistent ventricular dyssynchrony, characterized by an early basal or
mid-ventricular peak septal systolic contraction (septal flash) with a distension of the basal
and mid-ventricular lateral segment followed by a late (after aortic valve closure) peak
contraction of the basal lateral wall segments®. The delay in contraction of the basal lateral
wall results in delayed relaxation and shortening of diastolic phase and LV filling, frequently
seen in the mitral valve inflow by fusion of the E and A wave in patients with LBBB®.
Similarly, an atypical LBBB masquerading as an interventricular conduction delay could
have similar LV mechanics with subsequent risk of CM and HF10. Unfortunately, animal
models of short-term LBBB- and RVP-CM have failed to reproduce cardiomyopathy?L.
This is likely in part due to the need for a longer duration of LBBB and RVP to develop
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CM and HF3: 9. Similarly, manifest right accessory pathway (AP) conduction typically
shows an iatrogenic LBBB pattern due to RV pre-excitation, resulting in a LBBB-like LV
dyssynchrony pattern. Thus, it is likely that the development of cardiomyopathy depends on
the degree of LV dyssynchrony, which can vary significantly based on location of RV pacing
lead or AP insertion, respectively. This concept is supported by an elegant prospective

study in patients with chronic RV pacing after AV nodal ablation, where septal mechanical
propagation delay predicted the development of RVP-CM12,

It is speculated that LV dyssynchrony (ventricular segments contracting while

opposing segments over-stretching) triggers molecular changes responsible for contractile
dysfunction. This hypothesis is supported by other cardiomyopathy models which

are characterized by intermittent LV dyssynchrony. An example is PVVC-induced
cardiomyopathy, where LV dyssynchrony appears to be a marker for the development

of LV dysfunction3: 14, Several mechanisms have been postulated to explain these
pathophysiologic changes. A study using PET CT in patients with LBBB and dilated CM
reported abnormal septal glucose metabolism without change in myocardial perfusion at
baseline that improved after biventricular (BiV) pacingl®. While septal hypoperfusion in
LBBB has been reported, more recent studies have demonstrated that this is due to a relative
lateral hyper-perfusion rather than an absolute decrease in septal blood flow!8. Moreover, it
is speculated that over-stretched tissue may result in molecular changes. In a mixed model
of RVP (dyssynchrony) and tachycardia induced heart failurel”, Spragg et.al. demonstrated
that late contracting lateral free wall had a 30%, 80% and 60% reduction in SERCAZ2,
phospholamban and connexin43, respectively, compared to the opposing wall. Moreover,
this model also demonstrated changes in key mitochondrial metabolism enzymes that were
reversed by BiV pacing®. Consistent with the canine data, CRT super-responder patients,
likely with a LBBB-CM diagnosis, had an increase in a-myosin heavy chain, SERCA2
and SERCA2/PLN ratio after CRT implantation8. While these changes may explain

the contractile dysfunction, it is not clear how LV dyssynchrony induces such changes.
Another hypothesis points to the stretch activation of cardiac mechanoreceptors during LV
dyssynchrony, which results in activation of myofibroblast and release of cytokines with
subsequent contractile dysfunctionl®. Further pre-clinical and clinical studies are needed to
further delineate the mechanism(s) in order to find preventive or alternative therapies.

Chronic RV pacing — induced Cardiomyopathy

Definition and prevalence

Chronic RV pacing — induced cardiomyopathy (RVP-CM) is defined as an LV systolic
dysfunction that is solely due to frequent RV pacing. While the definition of LV systolic
dysfunction varies between studies, a decline of 10% or absolute value <50% in LVEF

is the most sensible parameter since it allows for an early diagnosis and treatment. RVP-

CM was initially suspected by subgroup analysis of the DAVID trial3. Patients with ICD
indication programmed with a DDD pacing mode and frequent RV pacing (>40%) had
increased HF admissions and mortality when compared to single-chamber pacing mode with
minimal RV pacing. Interestingly, pre-existing LBBB was a marker of increased morbidity
in patients with high RV pacing in the DAVID trial, which can only be explained by
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a pre-existing dyssynchrony that preceded long time before the initiation of chronic RV
pacing.

The prevalence of RVP-CM is uncertain, but the incidence is estimated between 12-20%
after 1 to 15 years depending on definition and follow-up20-22,

Clinical presentation, diagnosis, and imaging features

RVP-CM should be suspected in patients with LV systolic dysfunction (LVEF <50%) with
or without heart failure symptoms with RV-pacing >20%3: 23, High RV pacing burden is
commonly seen in patients with 1) DDD pacing mode if the AV delay is programmed
shorter than intrinsic AV conduction or 2) VVI pacing mode with intrinsic rate below the
programmed lower rate limit. Moreover, pacemaker’s features may inadvertently increase
RV pacing (e.g., mode switch for AF with higher lower rate limit, rate smoothing
algorithms, etc.). The MADIT II trial showed that age >65 years, advanced NYHA class,
LVEF <25%, first degree AV block and bundle branch block and amiodarone use was
associated with frequent RVP24,

RVP-CM should be a diagnosis of exclusion after ruling out other reversible etiologies. Its
phenotype is indistinguishable from other dilated cardiomyopathies with global hypokinesis
and increased LV systolic and diastolic dimensions and volumes2!. Some studies have
reported new or worsening MR in 36% of cases20. Thus, diagnosis can only be confirmed
after eliminating or minimizing RV pacing. However, elimination of RV pacing is frequently
not feasible in patients with complete AV block, thus CRT with either an LV lead or a
conduction pacing system (CSP) may be the only approach to validate the diagnosis2°.

RVP-CM should also be suspected especially in patients with atrial fibrillation and slow
ventricular response requiring frequent RV pacing. However, these patients may have a
combined RVP-CM and AF-induced CM and a stepwise treatment of each one could
identify the specific etiology based on full or partial response.

Several risk factors for the development of RVP-CM have been reported with the most
consistent being high percentage and duration of RVP, wider QRS during RVP and prior
cardiomyopathy (Table 1). For instance, a study with RVP of 20-39%, 40-59%, 60-79%
and >80% was associated with RVP-CM incidence of 13%, 16.7%, 26.1% and 19.8%,
respectively20. While 40% RVP is considered the threshold needed to develop RVP-CM,
other studies suggest that RVP as low as 20% can also trigger RVP-CM20. Duration of

RVP to develop PVC-CM is variable from months to years. One of the largest studies (87
patients) showed a median time to develop RVP-CM of 4.7 year and baseline LBBB (but not
RBBB), QRS duration >155ms and RVP >86% were independent predictors (adjusted HR
8.62, 2.6 and 2.4, respectively)?l. Moreover, the combination of these 3 predictors estimated
a 15-fold risk to develop RVP-CM (HR 15.9, 95% CI 5.87-43.3). A prospective study
including patients with complete AV block showed that paced QRS<160ms, 160-189ms
and >190ms had a 3-year HF incidence of 9.4%, 27.8 and 56.8%, respectively (p<0.001)26.
Moreover, decrease in LVEF was directly correlated with the paced QRS duration (RR
0.423), whereas a paced QRS duration >165ms was an effective predictor for long-term risk
of HF events with a sensitivity of 79%. Another study including patients with RV pacing
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following AV nodal ablation demonstrated that LV dyssynchrony predicted a decline in
LVEF with 81% sensitivity and 88% specificity and indirectly correlated with decline in
LVEF2, Other factors such as age, prior LV systolic dysfunction, global longitudinal strain,
scar burden, and sex may play a role although the literature is less definitive3: 20. 27, 28,
Finally, non-apical RV pacing has not shown to have a lower incidence of RVP-CM when
compared to apical RV pacing?2. A summary of risks factors that have been associated with
RVP-CM are outlined in Table 1.

Interestingly, some patients do not develop RVP-CM despite many years of high burden of
RVP. Thus, it is speculated that genetic variations can either predispose or protect against
RVP-CM. Nevertheless, close surveillance should be part of the management of patients
with high RVP to identify early development of RVP-CM.

Several retrospective studies have shown that RVP-CM is associated with a 10 to 15%
combined increase mortality and HF admissions when compared to those without LV
dysfunction despite chronic RV pacing® 20: 21. 26 Similarly, the MADIT 11 trial showed
that patients with frequent RVP >50% had worse outcomes (HF events HR 1.9; VT/VF
requiring ICD therapies, HR 1.5)24. Thus, it is paramount to properly recognize and treat
this cardiomyopathy to prevent the increased morbidity and mortality associated with RVP-
CM.

Left Bundle Branch Block — induced Cardiomyopathy

Definition and Prevalence

LBBB is infrequent in the general population (<1% prevalence), but its prevalence increase
with age, reported up to 5% in octogenarians3. Population-based studies have identified
that patients with a normal LV function who developed HF and CM few years after the
identification of the LBBB. In contrast to RBBB, LBBB portends an increased risk to
develop CM and HF syndrome, and increased mortality® 6 leading to the recognition

of LBBB-CM. LBBB-CM is defined as a cardiomyopathy caused by persistent / chronic
LBBB which frequently responds to CRT (BiV or CSP) by a near or complete resolution

of CM. Incidence of CM in patients with LBBB and previously preserved LVEF, likely
representative of LBBB-CM, has been reported between 17-38% after more than 4 years of
development of LBBB?® 29. Prevalence has been reported from 2 to 20% in patients with CM
and LBBB referred for CRT?: 30. 31,

Clinical presentation and diagnosis

LBBB-CM should be suspected in patients with recent CM diagnosis but with a chronic
LBBB. The time of presentation of LBBB-CM has been reported greater than 4 years after
the diagnosis of LBBB?®. If a concomitant diagnosis of CM and LBBB is recently made,
clinical suspicion for LBBB-CM should be low and work up for ischemia or infiltrative
disease should be performed since LBBB could be a sign of disease progression.

Studies reporting LBBB-CM have not described any distinctive feature that can distinguish
this CM from other dilated CM. Similarly, risk factors associated with LBBB-CM are
scarce. Some reports have referred initial LVEF 45-60% and LVESD = 2.9 cm as predictors
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of LBBB-CM?2°, Whilst mild LV dysfunction likely points toward an early marker of LBBB-
CM, a severely dilated LV could identify CM where LBBB is not a cause, but rather a
marker of disease progression and poor outcomes. Therefore, future studies are needed to
identify patients with LBBB and preserved LV function at risk to develop LBBB-CM and
better identify phenotype of LBBB-CM.

LBBB alone has been recognized as an independent predictor of 1-year HF admissions and
mortality (HR 1.7)32 33, patients with concomitant LBBB and cardiomyopathy have been
recognized at increased risk of mortality with subsequent indication for CRT-Defibrillator
implantation (HR 1.5) 34,

It is paramount to be aware that patients with LBBB and preserved LV function should
undergo imaging surveillance, particularly if they develop signs or symptoms of HF. This
has become more relevant with the addition of contemporary transaortic valve replacement
(TAVR) with reported incidence of iatrogenic LBBB between 12—25%°. This risk is likely to
continue after TAVR since some patients frequently receive a dual-chamber pacemaker and
increased RV pacing resulting in iatrogenic LBBB and potential risk to develop RVP-CM.

Pre-excitation syndrome — induced Cardiomyopathy

Definition and Prevalence

Cardiomyopathy associated with pre-excitation syndrome (without tachyarrhythmia) was
first reported in 2004 and has gained recognition due to several case reports3>-37. Pre-
excitation-CM is defined as an LV systolic dysfunction solely due to the presence of

a manifest AP that recovers upon ablation. The term of accessory pathway-induced
cardiomyopathy should be avoided since concealed AP lack pre-excitation and LV
dyssynchrony and if cardiomyopathy is present, it is more likely related to tachycardia

or other etiology. Pre-excitation-CM (PE-CM) should not be confused with tachycardia- or
AF-induced CM since these 2 (tachycardia and AF) are not uncommon in patients with
manifest AP. Thus, to diagnose PE-CM, one should exclude the presence of AF and SVT
as these are more likely the primary cause of LV dysfunction even though the treatment for
these 3 entities involves ablation of the APL,

The incidence and prevalence of PE-CM are unknown. While RVP-CM and LBBB-CM are
mostly seen in the adult and older population, pre-excitation-CM is an entity that is most
frequently reported in the children and young adults with only 2 case reports in patients
above 50 years of age3> 36, One of the largest pediatric studies (n=49; median age 2.9 years)
demonstrated that 65% of children with AP and LV dysfunction (without tachyarrhythmias)
had full LV recovery after AP ablation3”. Moreover, manifest APs are frequently ablated at
early ages and if not, manifest conduction of AP frequently decreases with age, which may
explain its rare presentation in the elderly.

Clinical presentation and diagnosis

Clinical presentation can be variable, from asymptomatic to heart failure syndrome and even
cardiac arrest3>-37, This diagnosis should only be considered in persistent pre-excitation
without recurrent or incessant supraventricular tachycardia, congenital heart disease or other
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cardiomyopathies. Unfortunately, PE-CM diagnosis is frequently misdiagnosed, resulting in
delayed therapy36: 37.

PE-CM appears to be mild with the largest study reporting LV dilatation with a mean LVEF
of 41.1 + 13.2% and a mean QRS duration of 130 + 22.4ms3’. This study reported that 47%,
30% and 23% of patients had mild (LVEF 45-55%), moderate CM (LVEF 30-45%) and
severe CM (LVEF <30%), respectively. Few patients have been reported to have significant
mitral regurgitation associated with PE-CM, which resolved after AP ablation3°.

It is speculated that a critical factor for the development and severity of PE-CM is the degree
of manifest pre-excitation, which it is frequently determined by AP location and intrinsic
AV nodal conduction3® 37, However, 2 studies with the largest number of cases (n=25 and
n=49) have not found any correlation between pre-excited QRS duration severity of LV
dysfunction3® 37, A challenge is that the degree of pre-excitation can vary dynamically

with autonomic tone due to competitive AV nodal conduction. Most reports of PE-CM
include right-sided and septal AP, while there are no case reports of left-sided AP resulting
in CM36. 37 Right-sided AP are closest to the sinus node and frequently activated before

the AV node. Thus, right-sided AP have more pronounced ventricular preexcitation and
depolarization abnormality compared to left-sided AP. Echocardiographic studies have
shown that only right-sided AP cause an early septal motion and late peak contraction

of the lateral free wall similar to RV pacing and LBBB3%: 36, Moreover, left-sided AP are
less likely to manifest pre-excitation since they are the farthest from the AV node allowing
most intrinsic conduction via His-Purkinje system by the time AP depolarization occurs.
However, this could change with age and autonomic tone as the AV nodal conduction may
decrease allowing greater manifest pre-excitation with subsequent abnormality in ventricular
propagation. It is not clear if left AP are less likely to induce LV dysfunction because of
their location resulting in LV free wall activation with lesser degree of LV dyssynchrony or
because lesser degrees of pre-excitation? 8.

Treatment

Guideline-directed medical therapy should be initiated promptly and optimized as for any
diagnosis of HF even though its clinical benefit may be limited3 © 37. The mainstay therapy
is restoring or improving LV propagation through the normal His-Purkinje system, thereby
eliminating or improving LV dyssynchrony (Central Figure, Table 1).

RVP-CM is reversible or partially reversible if RV pacing can be avoided or eliminated. This
can be achieved by either enabling algorithms to minimize RV pacing3® or reprogramming
to a single chamber pacing mode with a lower rate limit below intrinsic rate when feasible
in an attempt to resolve CM . However, this is not an alternative in patients with complete
AV block. Patients with permanent AF and slow ventricular response at 50-60 bpm pose a
particular challenge as RV pacing maybe necessary for chronotropic incompetence.

If RV pacing is unavoidable, LBBB-like QRS morphology with LV dyssynchrony will
persist for which treatment is similar to LBBB-CM. CRT with either BiV or CSP including
His-bundle pacing, LBBAP alone or LBBAP-optimized CRT is the indicated procedure
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to improve LV function in RVP-CM and LBBB-CM. A recent study treating 69 patients
RVP-CM with CRT upgrade demonstrated that 71% of patients had an improvement of
>10% LVEF (mean: 15% points) with most improvement taking place after 12 months2®. It
is important to recognize that 29% of patients did not improve or recover LV function after
upgrade to CRT. Predictors of response have been reported for patients undergoing CRT
(CM and wide QRS) but not been specifically reported for RVP-CM or LBBB-CM. Besides
LBBB and NICM, analysis of super-responders to CRT (likely representing RVP-CM and
LBBB-CM), showed that baseline QRS duration >150ms, body mass index <30kg/m?,
female sex and smaller left atrial volume index are predictors of LV recovery after CRT39. It
is possible that the closer proximity between RV and LV leads in smaller hearts (i.e., smaller
BMI and female sex) allow for better LV resynchronization and clinical response.

Lack of response to CRT should lead one to suspect another diagnosis or the inability of
BiV pacing to significantly restore LV mechanics. Even though CRT may not improve

or restore LV function in RVP-CM, early intervention may play a role in preventing
further deterioration in LV contractility. Thus, CRT (BiV or LBBAP) should be strongly
considered in patients at risk to develop RVP-CM. A prospective, double-blind multicenter
study including patients with bradycardia, demonstrated patients with RV pacing alone
had a significantly lower LVEF, and higher LV volumes compared to biventricular pacing
(LVEF 54.8 vs. 62%; LVESV 35.7 vs. 27mL, P<0.0001) at 12 months follow-up*?. Together
with the BLOCK-HF study, AHA/ACC guidelines now recommend CRT to prevent the
development of RVP-CM in those who are expected to be pacemaker dependent with a
documented CM (LVEF <50%)4L.

CRT with BiV pacing has shown to improve CM associated with LBBB even without
normalization of the QRS duration3!: 42, Besides BiV, CSP with LBBAP and HB pacing

are more favorable options to recruit the left bundle as demonstrated by improvement in

LV strain and significant shortening of QRS duration® 30, A recent observational study

of 247 patients referred for CRT implant (52% with LBBB) demonstrated that CSP with
either HB or LBBAP pacing had a significantly better pacing thresholds (0.8 + 0.4 vs. 1.3

+ 0.6V, p=0.01), narrower paced QRS duration (133 + 21ms vs. 152 + 24ms, p<0.001),
greater normalization of LVEF (27.6% vs. 14.4%, p=0.005), greater improvement in LVEF
in those with LBBB (41.4 £ 12.1% vs. 33.5 + 11.7%, p < 0.001), and better outcomes (death
or heart failure admissions 28% vs. 38%, p=0.01) compared to BiV pacing®3. Similarly,

a small study demonstrated that CSP with His-bundle pacing in RVP-CM significantly
decreased QRS duration (from 177 + 17ms to 114 + 20ms, p<0.001), improved LVEF

(34.3 £ 9.6% t0 48.2 + 9.8%, p <0.001) and NYHA class (2.8 to 1.9, p<0.01)*4. This

early evidence indicates potential superiority of CSP over BiV pacing. However, His-bundle
pacing has fallen out of favor due to unacceptable higher thresholds and early battery
depletion, requiring frequent interventions#. Moreover, several studies have demonstrated
that LBBAP is superior to BiV with lower pacing thresholds, shorter QRS duration and

a greater improvement in LV function and NYHA functional class, although these trials
include small numbers of patients and limited follow-up durations3%: 46, Contemporary
studies are in progress to corroborate the superiority of LBBAP to biventricular pacing.
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In contrast, the mainstay therapy to restore systolic function in PE-CM consists of
radiofrequency ablation of AP. The time to recover LV function after AP ablation will
depend on the severity and has been reported from 1 to up to 17 months36: 37, Moreover,
severe LV dysfunction appears to more likely recover in children younger than 6 years
old38. Antiarrhythmics can be an alternative to reverse PE-CM when ablation is delayed
(i.e., infants) or is not feasible*’. However, it is unclear if LV recovery after AP ablation

in PE-CM should results in decreased morbidity and mortality. Future studies are needed to
better understand the clinical benefits besides improvement in LV function in patients with
abnormal conduction-induced CM.

In conclusion, health care providers caring for patients with these conduction abnormalities
should be aware of potential to develop cardiomyopathy. It is important to understand the
time to develop CM in patients with high percentage of RV pacing, presence of LBBB

and pre-excitation since these patients should undergo a close evaluation and systematic
surveillance with repeated assessment of LV function, especially in the presence of HF
signs or symptoms. Patients at high-risk of developing abnormal conduction-induced

CM should be identified and treated to prevent LV systolic dysfunction. Finally, early
detection is important since CRT (BiV or LBBAP) can reverse LV systolic dysfunction and
potentially reduce morbidity and mortality in this population. Future studies should also
focus on identifying genotypes and/or phenotypes that provide resiliency to develop these
cardiomyopathies as these could provide an insight to prevention and better treatments of
abnormal conduction induced cardiomyopathies.
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Abbreviations

BiV Biventricular pacing, refers to pacing from both ventricles (RV
endocardial pacing and LV free wall epicardial pacing).

CRT Cardiac Resynchronization Therapy, refers to pacing strategies that
restore or improve LV dyssynchrony including biventricular pacing
(BiV) and conduction system pacing (CSP).

CSP Conduction system pacing, refers to either His-bundle pacing (HBP)
or left bundle branch area pacing (LBBAP)
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His bundle Pacing, refers to pacing through an RV endocardial lead
placed in the His-bundle region with a narrow QRS that is identical
to intrinsic AV nodal conduction.

Left bundle branch area pacing, refers to an endocardial lead
perforating the septum to partially capture the left bundle branch of
the His-Purkinje system.

Left bundle branch block-induced Cardiomyopathy, which is defined
as an LV systolic dysfunction that is solely due to chronic LBBB.

Pre-excitation

Pre-excitation induced-Cardiomyopathy, which is defined as an LV
systolic dysfunction that is solely due to chronic pre-excitation
syndrome (manifest accessory pathway).

Right ventricular pacing, refers to pacing through an RV endocardial
lead typically placed in the apical region.

Right ventricular pacing-induced Cardiomyopathy, which is defined
as an LV systolic dysfunction that is solely due to chronic RV pacing
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Bullet points:

. Abnormal Conduction Induced-Cardiomyopathies refers to LV systolic
dysfunction caused solely by either RV pacing, left bundle branch block or
pre-excitation syndrome, all of which are reversible if properly treated.

. Abnormal Conduction Induced-Cardiomyopathies share a similar abnormal
ventricular propagation that can be recognized by a wide QRS duration with
LBBB pattern.

. Abnormal ventricular propagation results in an abnormal contractility that can
only be recognized by cardiac imaging as ventricular dyssynchrony.

. Appropriate diagnosis and treatment of these cardiomyopathies will not only
lead to improved LVEF and functional class but may also reduce morbidity
and mortality.
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Note: See text for abbreviations. Solid and dash yellow arrows denote LV septum and
free wall peak contraction, respectively. These arrows expose LV dyssynchrony between
opposite segments, which can be restored with CRT. Illustrations and m-mode images of
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