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KEY POINTS

e Left ventricular noncompaction (LVNC) is associated with heart failure, arrhythmias, thromboem-

bolic events, and sudden death.

e Arrhythmias are common and may have prognostic significance in LVNGC; the risk of sudden death
seems to be associated with left ventricular (LV) size, systolic function, and presence of

arrhythmias.

e Arrhythmias are not restricted to noncompacted myocardium and include atrial fibrillation (AF)
(adults), atrioventricular (AV) accessory pathways/Wolff-Parkinson-White (WPW) syndrome (chil-

dren), and ventricular tachycardia (VT).

¢ Management strategies include antiarrhythmic medications, ablation, and implantable cardioverter-

defibrillator (ICD) implantation.

INTRODUCTION

Since initial pathologic descriptions in the 1920s,
LVNC has been identified in association with a
variety of congenital heart malformations or meta-
bolic syndromes.’™* More recently, it has become
recognized in its isolated form as a distinct form
of cardiomyopathy.>~'" LVNC is thought to be
caused by the intrauterine arrest of the normal
compaction process of myocardial fibers and
meshwork in the ventricular endocardium,?
although recent debate regarding later develop-
ment of trabeculations has arisen.'® Clinically, it
is characterized by the presence of deep intertra-
becular recesses in hypertrophied segments of
the LV myocardium (Fig. 1). Suggested diagnostic
criteria are summarized in Table 1. Although it was

initially thought to be an exceedingly rare disorder,
it has recently become clear that LVNC is
much more prevalent than previously recognized.
Current studies in children and young adults
estimate that LVNC accounts for approximately
9% of newly diagnosed cardiomyopathies.”'*
The prevalence of LVNC in adult screening
echocardiograms is reported to be approximately
0.05%.8

The clinical manifestations of LVNC are highly
variable, ranging from asymptomatic to progres-
sive heart failure and recurrent or life-threatening
arrhythmias. Therefore, great interest has devel-
oped in characterizing the natural history of this
disease and its associated arrhythmias, in order
to help guide the counseling and management
of this heterogeneous patient population. Both
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Fig. 1. (A) Echocardiographic still
frame of LVNC. Noncompacted to com-
pacted ratio of 2.3:1. (B) Pathologic
specimen of LVNC. (Courtesy of Nor-
man Silverman, MD, Palo Alto, CA.)

Noncompacted Compacted

ventricular and supraventricular arrhythmias are
now well described as prominent clinical compo-
nents of LVNC.' Throughout the spectrum of
age, they have been associated with prognosis
and outcome, and thus, clinical management of
these arrhythmias is an important part of patient
care.'®""® This review aims to describe the findings
in literature related to arrhythmias in LVNC, allow-
ing us to better define the presentation, history,
significance, and management of rhythm abnor-
malities in this relatively newly defined patient
population.

GENETICS

LVNC is associated with both sporadic and
familial cases, with an estimated familial recur-
rence rate of 23% to 33%.'%792? |nheritance

most commonly follows an autosomal dominant
or X-linked pattern, although autosomal reces-
sive and mitochondrial inheritance have also
been observed.?>?* As is seen with many in-
herited cardiac diseases, variable penetrance
and phenotypic variability result in lack of clear
genotype-phenotype correlation, even among
family members carrying the same mutation.
Although multiple genes have now been identified
(Table 2), these mutations have not been shown
to affect risk assessment, and therefore at this
time there is no role for genetic testing to
guide clinical management.?>=*® LVNC has been
observed in case reports of patients with gene
mutations involving cardiac arrhythmia syn-
dromes including CPVT (RYR2) and long QT
(KCNH2/KCNQ1)**¢ and may be affected by
SCN5a variants.®®
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Table 1
Proposed diagnostic criteria for LVNC

Echocardiography

Chin et al®
e Parasternal short axis, measurements at end
diastole

e Two-layered structure of myocardium
e Determine X to Y ratio (<0.5)
e X = distance between epicardial surface and

trough of intertrabecular recess
Y = distance between epicardial surface and
peak of trabeculation

Jenni et al'®
e Short axis, measured at end systole

e Two-layered myocardium
e Noncompacted to compacted ratio >2.0
e Color Doppler of LV deep intertrabecular

recesses filled with blood
Absence of coexisting cardiac anomalies

Stéllberger et al'>?!

e Apical 4-chamber view, angle views to obtain
the technically best picture for differentiation
between false chords/aberrant bands and
trabeculations

e Perfusion of intertrabecular spaces from LV cavity
e Ratio of noncompacted to compacted >2 at

>3 trabeculations protruding from LV wall,
located apically to papillary muscles and visible
in 1 image plane

Trabeculations with the same echogenicity as
the myocardium and synchronous movement
with ventricular contractions

end diastole (added subsequently)

van Dalen et al”*

Consider speckle tracking to determine LV
ventricular twist

Cardiac MRI

Petersen et al®®

e Measured at end diastole

Ratio between noncompacted to compacted >2.3

Jacquier?’
e Measured at end diastole

Trabeculated LV mass >20% of global LV mass

Adapted from Oechslin E, Jenni R. Left ventricular non-compaction revisited: a distinct phenotype with genetic hetero-

geneity? Eur Heart J 2011;32:1446-56.

ELECTROCARDIOGRAPHIC FINDINGS

Electrocardiographic (ECG) abnormalities are a
hallmark of many cardiomyopathies. Early findings
in recent studies suggest that LVNC may be
similar in this regard. An evaluation by Steffel
and colleagues® found that only 13% of adults
with diagnosed LVNC had normal results of
ECGs at presentation.®® The most common find-
ings were intraventricular conduction delay such
as left bundle branch block, voltage signs of
hypertrophy, and repolarization abnormalities
(Table 3). Over 70% of the individuals were noted
to have pathologic repolarization with over 50%
having prolongation in their QT intervals. No
ECG findings were thought to be specific for
LVNC, although conduction delay and prolonga-
tion of the QTc were associated with reduced
systolic function and voltage findings of LV hyper-
trophy were associated with systemic embolic
events (P<.05). Alternatively, those with normal
results of ECGs at presentation were more likely

to have better left ventricular ejection fractions
(LVEF).

A subsequent study using a prospective non-
compaction cardiomyopathy registry found early
repolarization to be highly prevalent on ECG in
39% of this cohort. Early repolarization was noted
to be more common in those presenting with
VT/ventricular fibrillation (VF) (75%) as opposed
to those without VT/VF (31%) (P = .02). Long-
term outcome for VT/VF also seemed to be worse
in those with early repolarization (P = .05).%°
Mechanistically, it was proposed that increased
trabeculation with deep intramyocardial invagina-
tion, carrying the Purkinje system deeper into the
myocardium, resulted in both delayed depolariza-
tion and inhomogeneous repolarization.

WPW syndrome has also been reported in
association with LVNC since early descriptions.®
Although precise estimates in adults are not
delineated, it seems that WPW is more commonly
seen in children, ranging from 8% to 14%.5'°
As expected, this can be associated with the
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Table 2

Genes associated with LVNC

Gene Protein

ACTC1 a-Actinin-2

ACTN2 a-Cardiac actin

DTNA a-Dystrobrevin
DYS/nZASP Dystrophin

GLA a-Galactosidase

LDB3 LIM-domain binding 3
LMNA Lamin A/C

MYBPC3 Myosin-binding protein C
MYH?7 B-Myosin heavy chain 7

TAZ Tafazzin

TNNT2 Cardiac troponin T, type 2
TPM1 a-Tropomyosin
TNNI3 Cardiac troponin |

Data from Refs.??~38

development of future episodes of supraventricu-
lar arrhythmias. It is hypothesized that in these
patients, primitive AV connections persist because
of the generalized arrest in cardiac development,

Table 3
Baseline ECG findings at initial diagnosis in
patients with LVNC
Adults Children
ECG Findings (n = 78) (n = 242)
Normal result of ECG 10 (13%) 32 (13%)
Right bundle branch 2 (3%) 10 (4%)
block
Left bundle branch 15(19%) 1 (<1%)
block
WPW 2 (3%) 20 (8%)
Left axis deviation - 21 (9%)
LV hypertrophy 30 (38%) 87 (36%)
RV hypertrophy 5 (6%) 13 (5%)
P mitrale 20 (26%) 17 (7%)
P pulmonale 12 (15%) 28 (12%)
First-degree AV block 12 (15%) 2 (1%)
Complete AV block 2 (3%) 2 (1%)
ST-segment changes 48 (61%) 82 (34%)
T-wave inversion 32 (41%) 78 (32%)
QTc prolongation 40 (52%) 22 (9%)

Data from Steffel J, Kobza R, Oechslin E, et al. Electrocar-
diographic characteristics at initial diagnosis in patients
with isolated left ventricular noncompaction. Am J
Cardiol 2009;104:984-9; and Brescia ST, Rossano JW,
Pignatelli R, et al. Mortality and sudden death in pediatric
left ventricular noncompaction in a tertiary referral cen-
ter. Circulation 2013;127:2202-8.

resulting in direct continuity between the atrial
and ventricular myocardium across the annulus
fibrosus.

With regard to children with LVNC, similar to
adults, ECG abnormalities should be considered
the norm. A study by Brescia and colleagues'®
found that only 13% of children had normal results
of ECGs at presentation, with the majority having
significant abnormalities. The most common
finding in children was voltage criteria for ventricu-
lar hypertrophy, some with extreme QRS voltage
similar to that seen in Pompe disease. Other com-
mon findings included repolarization abnormal-
ities, atrial enlargement, axis deviation, and WPW
syndrome (see Table 3). Children were less likely
to have conduction abnormalities than adults,
such as bundle branch block or AV block. Again,
no findings were specific to LVNC; however,
T-wave inversion and ST-segment changes were
associated with increased mortality (P<.05).

These early descriptions highlight the fact that
ECG abnormalities are indeed commonplace in
LVNC and may be associated with mechanisms
for arrhythmogenesis. Use of electrocardiography
in this cohort may therefore be important because
it may harbor both diagnostic and prognostic
potential. Whether these ECG findings have more
prominent implications in patient outcomes war-
rant further prospective investigation.

VENTRICULAR ARRHYTHMIAS

Early descriptions of LVNC point to 3 major clinical
manifestations of the disease, including heart fail-
ure, embolic events, and arrhythmias.®>® Although
a variety of arrhythmias have subsequently been
identified in association with LVNC, ventricular
tachyarrhythmias have been considered the hall-
mark. Recent larger series have found VT in as
many as 47% of affected individuals (Table 4),
with sudden cardiac death (SCD) accounting for
a significant portion of the mortality.>817:40:41
There has been wide variability, however, with
some studies suggesting a much lower prevalence
of ventricular arrhythmias.*> A recent systematic
overview of literature by Bhatia and colleagues,*®
including over 200 adults, found the prevalence
of VT (both sustained and nonsustained) to be
38%. This finding was thought to merit special
attention because SCD accounted for greater
than 55% of all LVNC-related mortality in their
analysis. In children, the reported prevalence of
ventricular arrhythmias has varied widely, ranging
from 0% to 40%.51° The most recent description
by Brescia and colleagues'® reported an incidence
of VT in 17% of children, with most developing
during the course of follow-up. Owing to these



Table 4

Prevalence of arrhythmias and mortality in LVNC

Stollberger &

Chin et al° Ichida et al® Brescia et al’® Ritter et al® Oechslin et al'”” Murphy et al?’° Finsterer®° Aras et al?’
Patients (n) 8 27 242 17 34 45 62 67
Median age (y) 7 5 7 (mean) 45 42 37 (mean) 50 (mean) 41
Median follow-up (y) — 4 2.5 (mean) 3 (mean) 2.7 — 2.5
ECG abnormalities (%) 88 88 87 88 94 91 92 88
VT (%) 38 0 17 47 41 20 18 36
AF (%) — — 1 29 26 7 5 12
Atrial flutter (%) 0 0 2 — — — — 0
Atrial tachycardia (%) 0 0 6 — — — 3 0
Supraventricular tachycardia (%) 13 7 8 — — — 0 0
Mortality (%) 38 7 13 47 35 2 — 15
Sudden death (%) 13 0 6 18 18 2 — 9

The symbol “—" denotes unreported.
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findings, several investigators recommend routine
monitoring for arrhythmias with regimented follow-
up, as well as aggressive management including
antiarrhythmic therapy and consideration for im-
plantation of cardioverter-defibrillators.

Although the primary form of ventricular
arrhythmia reported in studies remains sustained
or nonsustained monomorphic VT, specific mor-
phologic descriptions have not been carried out
and series to date have emphasized the broad
spectrum of presentation. Indeed, case reports
have found a variety of ventricular arrhythmias in
association with LVNC, including bundle branch
reentry, right ventricular outflow tract (RVOT)
origin, apparent idiopathic VT, left bundle branch
and right bundle branch morphologies, fascicular
VT, bidirectional VT, polymorphic VT, and
VF.#4%8 Despite overarching lack of specificity,
on case-by-case bases, morphologic assessment
may be helpful in determining possible therapeutic
approaches as discussed below. In addition, the
arrhythmias may be a diagnostic trigger where
LVNC was not considered before, pointing to the
need for a high index of suspicion.

The precise mechanism for ventricular arrhyth-
mias in patients with LVNC is not delineated.
However, it is postulated that developmental
arrest of conduction and the presence of intratra-
becular crypts may create pathways for reentrant
circuits. In addition, relatively decreased perfusion
and ischemia-related fibrosis at subendocardial
noncompacted regions can cause electrical inho-
mogeneity and microreentry resulting in ventricular
arrhythmias.*>“®  Histologic examination has
demonstrated evidence of increased subendocar-
dial fibrosis within areas of noncompacted
myocardium supporting this theory.® The pres-
ence of late potentials or prolonged QT dispersion
has also been described, which may play a role
in the substrate for ventricular arrhythmias and
sudden death.

The prognostic implications of ventricular
arrhythmias in LVNC are being evaluated.
Although results are limited to date, the presence
of ventricular arrhythmias seems to be associated
with an increased risk of death or transplantation.
A recent study of 65 adults found a history of
sustained VT (>30 seconds) to be an independent
risk factor for cardiovascular death or heart trans-
plantation based on multivariate analysis, with a
hazard ratio (HR) of 10.1 (P = .004)."° In children,
the presence of VT was similarly found to be a
risk factor for death or transplantation with an HR
of 4.0 (P = .001)."® Further study is warranted,
but early data suggest, as might be expected,
that ventricular arrhythmias may be a harbinger
of poor prognosis.

SUPRAVENTRICULAR ARRHYTHMIAS

Recent reports suggest that supraventricular
arrhythmias are also implicated in the natural his-
tory of LVNC. In adults, this seems to be primarily
manifested by AF. Studies by Weiford and col-
leagues'® and Ritter and colleagues® describe a
prevalence of AF in their cohorts of as high as
29% (see Table 4). Other evaluations, however,
found a slightly lower prevalence of AF in LVNC,
ranging from 5% to 26%.2°%2"°° The mechanistic
role of LVNC in the development of AF remains
unclear; it may be related to atrial dilation second-
ary to cardiac dysfunction and relative AV valve
regurgitation or primary myocardial involvement
because of underlying myopathy and affected
ion channels. When patients with LVNC and AF
were investigated by cardiac MRI, however, no
areas of fibrosis in the atria were reported.®’

Prognostically, in patients with LVNC, the pres-
ence of AF was associated with increased symptoms
of heart failure, higher New York Heart Association
(NYHA) class, and worse systolic function (P<.01).
In addition, based on log rank testing, patients with
AF had higher mortality rates than patients without
AF (P = .012).%° In one study, multivariate analysis
found AF to be an independent predictor of mortality
in LVNC with an HR of 3.3, causing the investigators
to question whether more aggressive AF therapy
would potentially improve prognosis.®?

In children, the mechanisms for supraventricular
arrhythmias seem to be more related to AV reen-
trant tachycardia or focal atrial tachycardia than
primary intra-atrial pathology. Pediatric studies
to date show a low prevalence of AF or atrial
flutter, but describe a 7% to 13% prevalence of
supraventricular tachycardia (SVT) (see Table 4).
Recent assessment by Brescia and colleagues'®
found macroreentrant SVT in 8% and focal atrial
tachycardia in 6% of their cohort. This higher inci-
dence of SVT in children may be related to the
relatively common association with WPW, as
mentioned previously. Although the presence of
any arrhythmia in children with LVNC seems to in-
crease the risk of cardiac death (HR, 2.8; P =
.002),"¢ it is thought that ventricular arrhythmias
remain the predominant player and it is unclear
what prognostic contribution supraventricular ar-
rhythmias might have.

SUDDEN DEATH

In current reports, rates of sudden death have
varied significantly, ranging from 0% to 18%,
possibly because of differences in selection of
patient population (isolated vs nonisolated LVNC)
and length of follow-up.56:816:17.19-21.52 |n the
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largest pediatric study of isolated LVNC to date,
the risk of sudden death was reported to be
6%."% In the scheme of all-cause mortality, sudden
death may account for up to 50% of deaths, sug-
gesting the possible importance of primary or
secondary prevention schemes.>816.17:19.21 yn-
fortunately, definitive risks of sudden death have
not been well defined as of yet. However, several
factors including age at presentation and pres-
ence of cardiac and extracardiac manifestations
have been suggested to contribute to the overall
risk profile. In particular, decreased LV systolic
function, abnormal LV dimensions, and the pres-
ence of ventricular arrhythmias seem to contribute
to sudden death rates.'®17:19.21

In pediatric patients, dysmorphic features (in
particular a prominent forehead, low-set ears, stra-
bismus, micrognathia) and the presence of AV
bypass tracts have also been associated with
increased risk of ventricular arrhythmias and sud-
den death.®>°35% An electrophysiology (EP) study,
risk assessment, and ablation procedure should
therefore be considered in the presence of WPW.
In addition, an ICD may be considered in certain
subsets of patients as described below.>535%

RISK ASSESSMENT

The ability to identify predictors of outcome is
important in the effective and optimal management
of all patients with cardiomyopathy. Unfortunately,
determining risk factors for mortality or sudden
death in LVNC has been complicated by several
factors including: (1) phenotypic heterogeneity of
disease, (2) varying diagnostic criteria, and (3)
lack of randomized controlled studies. Thus, defin-
itive risk factors remain lacking. Nonetheless, as
mentioned above, increased mortality does seem
to be associated with increased LV size, decreased
LV systolic function, and the presence of ventricu-
lar arrhythmias.'®1719-21 |n addition, symptomatic
heart failure (ie, NYHA class IlI/IV) and AF in adults
and repolarization abnormalities (ST changes and
T-wave inversion) in pediatric patients may also
be harbingers of poor outcome.'®17:19.21.52 Ag
such, periodic echocardiography and ambulatory
monitoring for arrhythmias at regular intervals is
recommended, likely at minimum on an annual
basis.'® Age has not been implicated as a risk
factor unless presentation occurs at less than
1 year of age.'®'72! Gender, location, and degree
of noncompaction also do not seem to be risk
factors. Risk factors suggested in the literature
are demonstrated in Box 1.

Data regarding the utility of programmed electri-
cal stimulation (PES) in LVNC is limited, and there
are no guidelines or recommendations regarding

:Ic;)l(( 1actors for increased mortality in LVNC
Risk factors for mortality (death, OHT)

All patients

e Increased LV dimensions

e Decreased LV systolic function

e NYHA class lll/IV

Ventricular arrhythmias

o AF

Pediatric patients
e Age at presentation less than 1 year

e ECG changes (ST
inversions)

changes or T-wave

e Dysmorphic facies (prominent forehead, stra-
bismus, low-set ears, micrognathia, high
arched palate)

its use. In the largest adult study to date, Steffel
and colleagues®® demonstrated inducible ventric-
ular arrhythmias in 9 of 24 patients (38%) referred
for PES. Among 7 patients with inducible VT who
underwent ICD implantation, 3 received appro-
priate device therapy during a follow-up period of
30 £+ 19 months. Among 13 patients without induc-
ible VT, symptomatic tachyarrhythmias were not
seen in follow-up. Nevertheless, there have been
several case reports of patients with documented
atrial and ventricular tachyarrhythmias (including
polymorphic VT) and even sudden death that did
not have inducible arrhythmias at the EP study,
suggesting that the negative predictive value
may be inadequate.*®57°8 Thus, the usefulness
of PES for risk stratification in this population re-
mains to be determined.®

Characterization of myocardial fibrosis by car-
diac MRI has been prognostic in some forms of
cardiomyopathy; however, in LVNC, late gadolin-
ium enhancement has a heterogeneous distribu-
tion and has neither been shown to be of
prognostic value in patients with arrhythmias nor
been shown to correlate with mortality.>°

THERAPEUTIC APPROACHES

Proposed therapeutic strategies for arrhythmias in
LVNC are summarized in Table 5.

Supraventricular Arrhythmias

In adult patients, treatment of AF should be based
on published guidelines. Owing to the increased
risk of embolic events in this patient population,
aggressive anticoagulation strategies may be
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Table 5

Diagnostic evaluation

Proposed diagnostic evaluation and therapeutic strategies for LVNC

Echocardiogram e See Table 1 for criteria

Cardiac MRI

e Ratio of noncompacted to compacted >2.3
e Trabeculated mass >20% global mass

Neurologic examination

Family screening (first degree) e Echocardiogram and/or genetic testing

Genetic testing

Electrophysiology study e Symptomatic arrhythmias or unexplained syncope

Therapeutic strategies

If normal LV size and function and
without arrhythmias

e Children: yearly echocardiogram and Holter
e Adults: every 2y

Heart failure e Follow standard guidelines

Anticoagulation

e Consider aspirin if LVEF >40% and <55%
o If LVEF <40% or history of AF, goal INR 2-3

Supraventricular arrhythmias

e Standard treatment of AF

e Risk stratification of WPW syndrome and ablation in
symptomatic (and/or asymptomatic) WPW syndrome

e Consider Holter g 6 mo

Ventricular arrhythmias

e Antiarrhythmic medications (B-blockers, sotalol, amiodarone)

e Consider PES and/or ablation

e Consider ICD if history of aborted arrest, refractory to
medications or ablation

e Consider Holter g 6 mo

ICD e Secondary prevention and/or primary prevention based on
current published guidelines
Biventricular resynchronization e LVEF <35% with dyssynchrony

Abbreviation: INR, international normalized ratio.

warranted. Case reports of successful ablation
with pulmonary vein isolation, in AF with rapid ven-
tricular response, have been described.®® Pediat-
ric patients with reentrant SVT due to AV bypass
tracts (WPW and concealed) can also be managed
with antiarrhythmic medications or ablation. Pa-
tients with WPW may warrant risk stratification
with an EP study given the risks of rapid antegrade
conduction and sudden death. Also, because of
possible associations with dyssynchrony from
anomalous AV excitation and progressive cardiac
dysfunction, WPW in the presence of LVNC may
merit more assertive approaches to ablation.
Reentrant SVT due to accessory bypass tracts
as well as focal atrial tachycardia have been suc-
cessfully ablated in LVNC."¢:2"

Ventricular Arrhythmias

There have been no controlled studies to deter-
mine efficacy of antiarrhythmic treatment of ven-
tricular tachyarrhythmias in LVNC. B-Blockade as
a single agent for nonsustained VT has been
used; however, most reports suggest that

combination therapy or more potent antiarrhyth-
mics may be necessary, with amiodarone being
the most frequently used medication among adults
and in those with severely depressed function.
Amiodarone seems to have good efficacy in this
scenario; however, incomplete control has also
been described.®"%? Monomorphic ventricular
arrhythmias, particularly those that are sustained,
have been successfully mapped and ablated
using radiofrequency energy in patients with
LVNC.'64562  Arrhythmogenic substrate (most
often microreentrant or focal) can be located within
the noncompacted endocardium, noncompacted
myocardium, or compacted epicardium. VT abla-
tion, therefore, although typically amenable to
endocardial approach, may require epicardial abla-
tion in certain cases.®%*

Implantable Cardioverter-Defibrillator

Patients with a history of aborted cardiac arrest,
ventricular arrhythmias refractory to antiar-
rhythmic therapy or not amenable to ablation,
may benefit from ICD implantation. There are no
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specific guidelines for primary prevention ICD im-
plantation in patients with LVNC; however, extrap-
olation from current guidelines based on
underlying substrate (hypertrophic or dilated)
may be effective to some degree until more defin-
itive data are available.®>%® As such, it may be
reasonable to use documented risk factors for
HCM (hypertrophic cardiomyopathy) in patients
with LVNC and a hypertrophic phenotype or corol-
lary ejection fractions and cardiac dimensions
believed to be risk factors in DCM for patients
with a dilated phenotype. Small studies have
demonstrated appropriate shocks in both second-
ary and primary prevention, suggesting the poten-
tial utility of ICDs in this cohort. In nearly all
reported cases, ICDs have been shown to be an
effective treatment strategy,'6196567.68 with only
1 reported case of a patient death due to recalci-
trant VT despite an ICD."” Conversely, inappro-
priate shock rates in this population have been
reported to be 13% to 20%.°5%% Therefore,
because of the high prevalence of supraventricular
arrhythmias in this cohort of patients, dual-
chamber devices with enhanced detection and
discrimination algorithms should be considered.

Sympathetic Denervation

Information and long-term follow-up of left cardiac
sympathetic denervation in patients with LVNC
is lacking. Based on short-term follow-up of
2 patients with LVNC, sympathetic denervation
may be an adjunct therapy if there are poorly
controlled ventricular arrhythmias; however, fur-
ther studies are needed.®®

Bradyarrhythmias

Although less common, patients with LVNC have
been reported to demonstrate a wide variety
of bradyarrhythmias including sinus bradycardia
and varying degrees of AV block including com-
plete heart block.?"%"7° Pacemakers have been
implanted successfully with good results.> 19216

Biventricular Resynchronization Therapy

Data regarding the use of biventricular pacing
and cardiac resynchronization therapy (CRT) in
patients with LVNC are limited. In adult patients
in whom a biventricular pacemaker or ICD was im-
planted based on existing heart failure guidelines,
improvement in LVEF, LV end diastolic volume,
and functional capacity has been reported.”'~"3
However, response is not uniform, and to date
there are no data to differentiate responders from
nonresponders. Data regarding CRT in the pediat-
ric LVNC population are not available.

SUMMARY

LVNC is a newly recognized form of cardiomyopa-
thy that has been associated with heart failure,
arrhythmias, thromboembolic events, and sudden
death. Both ventricular and supraventricular
arrhythmias are now well described as prominent
clinical components of LVNC. Arrhythmias are
not restricted to noncompacted myocardium and
can include AF (adults), AV accessory pathways/
WPW and SVT (children), and VT. Throughout the
spectrum of age, these arrhythmias have been
associated with prognosis and outcome, and their
clinical management is therefore an important
aspect of patient care. The risk of sudden death
seems to be associated with ventricular dilation,
systolic dysfunction, and the presence of arrhyth-
mias. Proposed management strategies shown to
have efficacy include antiarrhythmic therapy, abla-
tion techniques, and ICD implantation.
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