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Cardiac Findings in Barth Syndrome

= Brief preliminary communication in 1981 by
Barth et al. described new X-linked

syndrome*

— Heart muscle

— Skeletal muscle

— Neutrophil leukocytes

= Further reported in 1983 with report of a large

pedigree?

— The untreated patients, all boys, died in infancy or

early childhood from speticemia or cardiac

decompensation

1Barth et al.In: Mitochondrial and Muscular Disorders.1981:161-164.
2Barth et al. J Neurol Sci. 1983;62:327-355.



Cardiac Findings in Barth Syndrome

Clinical cardiac features in BS may include:
Left ventricular (LV) myopathic changes with
varying degrees of dysfunction:

— Hypertrophy

— Dilation

— Noncompaction

Arrhythmia

Sudden cardiac death (SCD)



Cardiac Findings in Barth Syndrome

= Multicenter review of pediatric patients with
confirmed Barth Syndrome
= 34 subjects identified (Age:1.2-22.6 yrs)
= All underwent comprehensive cardiac
examination including:
— Echocardiography
— Electrocardiography (including SAECG)
— Microvolt T wave alternans testing
— Biochemical and hematologic laboratories

— Physical therapy evaluation

Soencer et al. Pediatrics 2006;118:e337-346.



Cardiac Findings in Barth Syndrome

= Family history positive for suspected or
confirmed BS in 63%

= 90% had evidence cardiomyopathy

= 53% had Iincreased trabeculations or left
ventricular noncompaction (LVNC)

= Substantial number of documented
ventricular arrhythmias

Soencer et al. Pediatrics 2006;118:e337-346.



Cardiomyopathies

» Dilated Cardiomyopathy (DCM)
= Hypertrophic Cardiomyopathy (HCM)
= Restrictive Cardiomyopathy (RCM)

= Arrhythmogenic Right Ventricular
Cardiomyopathy (ARVC)

= Left Ventricular Noncompaction (LVNC)




Left Ventricular Noncompaction

= |_eft ventricular

noncompaction (LVNC)

was first described in 19841

= Since that time,

have been pub
= These are sma

only limited reports
Ished

|, single center series In

both adults and children

lEngberding R, Bender F. Am J Cardiol 1984;53:133-4.



Left Ventricular Noncompaction

LVNC has been classified as a primary
cardiomyopathy with a genetic origin
Morpholigically characterized by a severely
thickened, 2-layered myocardium, numerous

prominent trabeculations, and deep
Intertrabecular recesses

Clinically and genetically a very
heterogeneous disorder

Symptomatic versus asymptomatic at
presentation may be predictive of outcome

Maron et al. Circulation. 2006;113:1807-1816.
Oechslin et al. 3 Am Coll Cardiol. 2000;36:493-500.



Left Ventricular Noncompaction
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Finsterer J. Pediatr Cardiol. 2009;Jan 29 online.



Left Ventricular Noncompaction

= LVNC has a heterogeneous clinical
presentation and course

— Normal size and function
— Dilated +/- dysfunction

— Hypertrophic

— Mixed

= ECG abnormalities, arrhythmias, and
sudden death are frequently described In
association with LVNC, but the phenotype
has not been well defined



Left Ventricular Noncompaction

During cardiac development, myocardium
Initially trabeculated

— Period before coronary development

Adaptation to provide coronary blood flow to
the developing myocardium

Development of the coronary vasculature
associated temporally with the loss of LV
trabeculations

Between gestational weeks 5-8, trabeculae
regress and myocardium “compacts”



Left Ventricular Noncompaction

Table 1 Genetic disorders attibutable to a distinct mutation associated with left ventricular hyperrabeculation {LYHT)

Dhsorder Crene Protein NOP Beferences

Mitochondrial disorders mtDMA nDMNA Respimatory chain Bl [23, 35, 37349 45 S, 55, 107,
genes subunits, tRMNAs 117]

Barth syndrome (4.5, TAL Tattazin ] [12, 20, T35 107, 126, 148-150]

Hy pertrophicidilatad O MP MHY7 Bata-miyosin heavy-chain 7 1, 8,9 12 |18, 57, &9, 77]

Hy pertrophic cardi omyopathy ACTC Cardiac alpha-actin . [36, 77, 93]

Laspopathy
Lazpopathy/Barth syndrome
My otonic dystrophy type |
[y strobrevinopathy

Hy pertrophic/dilated O MP
[y strophino pathy

Emery-Dmeituss muscular dystrophy

Sick-simus, long-OJT syndrome
Melnick Fraser syndrome
MNoonan syndmme

MLS (MIDAS syndrome)

My otonic dystrophy type 2
MADA deficiency
CMT1A

Hy pertrophic/dilative CMP
Beals-Hecht syndrome
Leopand syndmme
Cobalamin C-deficiency
Mail patella symdmime

Congenital adrenal hypolplasia

CypherZASP/LDBE
TAXEZASP
PR
DTHA
MYBPC3
DD
LMMNA
SCMNSA
FLMNA
PTPM11
HOCS

LMNFY

GAA

PMPI2

THNT2

FBMZ

PTPM11
MMACHC
LMX1B

MROBI {DAX-11q

LIM domain-binding protein

Compound hetemzy pote

Protein-kinase

2-Drystrobmeyvin

Myosin-binding protein

Drystrophin

Laminin

Sodium channel type V-alpha

Filamin A

Tyrosine phosphory lase

Mt holocytochrome c-type
synthase

Link-finger protein 9

M ADA

PMP22

Cardiac tropomin T

Fibrillin 2

Tyrosine phosphatase SHP2

Methylmal omic aciduria chlC type

Tranzeription factor

Dmapesenzitive sex-meversal
adrenal hypoplasia congental
crtical region on the
X-chromosome, gene |

(107, 144, 148]
[E7]

[43, 48, 113]
(62, 1485]

[57, 71, 145]
[36, 44, &3, 131]
156, 109]

[54]

[32, 147]

4, 0]

[55, 75]

[142]
[41]
[22]
77
(58]
[82]
[133]
[41]
[107]

Finsterer J. Pediatr Cardiol. 2009;Jan 29 online.



Left Ventricular Noncompaction

= |solated LVNC defined as occurring In
the absence of other structural cardiac

malformations

= Nonsyndromic LVNC refers to the
absence of other extracardiac
developmental discorders



Left Ventricular Noncompaction

= Echocardiography mainstay for diagnosis

= Jenni et al proposed diagnostic criteria
— Lack of coexisting cardiovascular abnormalities

— Segmental LV wall thickening with a thin
compacted epicardial layer and a thicker
noncompacted endocardial layer

— End-diastolic noncompacted-to-compacted
myocardial ratio of >2.0 (>1.3-1.5 In infants)

— Presence of color Doppler flow within the recesses

Jenni et al. Heart.2001;86:666-671.



Left Ventricular Noncompaction

= |Location of noncompacted segments also
Important
— Usually located in the apical, mid-lateral, and mid-
Inferior LV segments
= Noncompacted segments often
hypercontractile

= Other echocardiographic findigns may include
decreased LV EF, diastolic dysfunction,
abnormal LV papillary muscle architecture,
and LV thrombi
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Left Ventricular Noncompaction

+193

ELTTRATONS

Eidem BW. 2009. Pediatr Cardiol. Online first



Left Ventricular Noncompaction




Myocardial Fibrosis In

Left Ventricular Noncompaction

Nucifora et al. Eur J Heart Fail 2011;13:170-6.



Scar In the Heart Muscle

Table 2 Univariate and multivariate regression analyses to determine the independent correlates of left ventricular

ejection fraction in isolated left ventricular non-compaction

Univariate Multivariate

Male

LV mass index

Number of LV non-compacted segments

Maximal non-compacted/compacted myocardium ratio
Presence of LV LGE

%LV LGE

For multivariate analysis, two different models were computed, including either presence of LV LGE (Model 1) or %LV LGE (Model 2). Abbreviations as in Table 2.

Nucifora et al. Eur J Heart Fail 2011;13:170-6.



Assoclated Phenotypes with
Left Ventricular Noncompaction
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Left Ventricular Noncompaction

= Clinical manifestations
— Heart failure
— Embolic events
— Arrhythmias
— Sudden cardiac death



Heart Failure Defined

“Heart failure is a complex clinical syndrome that can
result from any structural
or functional cardiac disorder that impairs
the ability of the ventricle to fill with
or eject blood.”

Hunt SA et al. Circulation. 2001;104:2996



The Heart Failure Syndrome

Myocardial Injury T » Fallin LV Performance

Activation of RAAS and SNS

(endothelin, AVP, cytokines)

4 /

AN Peripheral Vasoconstriction
BNP Sodium/Water Retention
| \
Remodeling and

Progressive
v Worsening of v

Morbidity and Mortality

Myocardial Toxicity _J_
Change in Gene Expression

LV Function

HF Symptoms

Shah M et al. Rev Cardiovasc Med. 2001;2(suppl 2):S2



Pharmacologies in Heart Failure
Management

ANP
BNP
NO
Bradykinin
Prostacyclin

Endothelin
Aldosterone

Angiotensin Il

Vasopressin
Norepinephrine

S vesoconsticion _ SAVRLEINEY

Shah M et al. Rev Cardiovasc Med. 2001;2(suppl 2):S2



Hemodynamic Profile Assessment

Congestion at Rest

No Yes Signs/symptoms

of congestion

No Warm & Dry Warm & Wet = Orthopnea/PND

Perfusion RS e
at Rest = Edema

Yes Cold & Dry Cold & Wet " Rales (rare in HF)

Possible evidence of low perfusion
= Narrow pulse pressure = Cool extremities
= Sleepy/obtunded = Hypotension with ACE inhibitor
= Low serum sodium Renal dysfunction (one cause)

Stevenson LW. Eur J Heart Fail. 1999;1:251



Sites of Action for HF Therapies

Beta blockers

=< Heart
Digoxin, g )
inotropes™ 8
h Cardiac-
/ resynchronization
thera
;3 ACE inhibitors, I Peripheral
M . angiotensin receptor blockers, ;
‘ aldosterone antagonists Arteries

' .; <«—_ Diuretics, aldosterone
' antagonists,
nesiritide

& WA

e
ACE inhibitors, -
angiotensin receptor blockers,
vasodilators, alpha blockade,
nesiritide, exercise

Jessup M, Brozena S. N Engl J Med. 2003;348:2007



Ventricular Remodeling

Ventricular Remodeling After Acute Infarction

Global remodeling

Initial infarct
(days to months)

Expnsion of infarct
(hours to days)

Ventricular Remodeling in Diastolic and Systolic HF

Dilated heart
(systolic HF)

Normal heart

Hypertrophied heart
(diastolic HF)
Jessup M et al. N Engl J Med. 2003;348:2007



Pharmacologies in Heart Failure
Management

Hemodynamic
(balanced vasodilation)
= \eins
= Arteries
= Coronary arteries
Neurohormonal
= | aldosterone

Cardiac = | endothelin

= Lusitropic ‘: ) = | norepinephrine
= Antifibrotic Renal

= Antiremodeling = T sodium and water excretion

Abraham WT et al. J Card Fail. 1998;4:37
Clemens LE et al. J Pharmacol Exp Ther. 1998;287:67
Marcus LS et al. Circulation. 1996;94:3184
Tamura N et al. Proc Natl Acad Sci U S A. 2000;97:4239
Zellner C et al. Am J Physiol. 1999;276(3 pt 2):H1049



At Risk for Heart Failure

TAGE A
At high risk for HF but
without structural
heart disease or
symptoms of HF

e.g., Patients with

-hypertension

-atherosclerotic disease

-diabetes

-obesity

-metabolic syndrome
or

Patients
-using candiotoxins

Kwuth FHxCM

THERAPY

GOALS
-Treat hypertension
-Encourage smoking
cessation
-Treat lipid disorders
-Encourage regular
exercise
-Discourage alcohol
intake, illicit drug use
-Control metaboke
syndrome

DRUGS
-ACEl or ARB in
appropriate patients
(see text) for vascular
disease or diabetes

Structural
heant
disease

-

STAGEB

Structural hear
disease but without
signs or symptoms of
HF

e.g., Patients with
-previous Ml

-LV remodeling
including LVH and
low EF
-asymplomatic
valvular disease

U

THERAPY

GOALS
-All measures under Stage A

DRUGS
-ACE! or ARB in appropriate
patients (see text)
-Beta-blockers in
appropriate patients
(see tex)

DEVICES IN
SELECTED PATIENTS
-Implantable defibrillators

Development
of symptoms

of HF

Heart Failure

STAGEC
Structural hean disease
with prior or current
symptoms of HF

e.g., Patients with

-known structural
hean disease

and
-shortness of
breath and fatigue,
reduced exercise
tolerance

Jl

Refractory
symptoms of
HF at rest

THERAPY

GOALS

-All measures under Stages Aand B

-Dietary salt restriction

DRUGS FOR
ROUTINE USE
-Diuretics for fluid retention
-ACEl
-Beta-blockers

DRUGS IN
SELECTED PATIENTS
-Aldosterone antagonist
-ARBs
-Digitalis
-Hydralazine/nitrates

Vi IN
SELECTED PATIENTS
-Biventricular pacing
-Implantable defibrilators

\

A

Jessup et al. Circulation 2009;119:1977-2016.

STAGED
Refractory HF
requinng specialized
interventions

e g, Patients

who have marked
symptoms at rest
despite maximal
medical therapy
(e.g., those who are
recurrently
hospitalized or
cannot be safely
discharged from the
hospital without

specialized
\_ interventions) /

-Appropnate measures
under Stages A B, C
-Decision re: appropriate
level of care

OPTIONS
-Compassionate end-of-
life carefhospice
-Extraordinary measures

« heart transplant

« chronic inotropes

* permanent
mechanical suppont

« experimental
surgery or drugs




Heart Failure in Children

= Heart failure in childhood may present in the
first days of life or anytime thereafter

= Signs and symptoms of heart failure in
children may include:
— Breathlessness
— Tachypnea or tachycardia
— Diaphoresis
— Failure to thrive



Cardiac Findings in Barth Syndrome

TABLE3 Evaluation in Cases of Documented Arrhythmia

Patient Arrhythmia EPS ECG? QTc, msec

SA-ECGe

Cardiac arrest (VF) NA 1A 413 before arrest .
Cardiac arrest (VF) +WT LVH, 5T-T wave changes 450 -ﬁ:&lh'a
VT (Holter) +VTAE REBB \ ositive
VT (Holter) +VT Low voltage, flat T waves 427 Negative
VT (Holter) NA L'VH, abnormal T waves - Positive
None demonstrated +VT LAD, T wave flattening 407 Negative
VT (Holter) NA L'VH with strain 5 Negative

Normal
Abnormal
Normal
Borderline

.
Jorderline

L

Mormal

E'-"Si'j cates electrophys :Il:-_;;-' study; WF, ventricular fibrillation; NA, not applicable: VT, ventricular achycardia; LvH, LV hypertrophy; REEE, right bundle branch block; LAD, left a2
3 Shudy results from current evaluation.

TABLE4 Characteristics of Those With and Without Documented
VA

Measure Arrhythmia Group, No-Arrhythmia Group,
Mean (n) Mean (n)

Age,y 18.1 (6) 9.2 (25)
EF, 9% 47 [6) 51124)

Ell r oo

2 S0ne

LVIDd z score 2.3(6) 1.7 (20)
LVEDV 7 score 1.8(6) 1.9(24)
ENF, pg/ml 394 (5) 342(18)

RS PR
OTc, msec 433 (5) 439 (75)

=278 —,-|_1',-||'

LVEDWY indicates LV end-diastolic volume.

L

vis deviation.

Soencer et al. Pediatrics 2006;118:e337-346.



EKG Abnormalities in LVNC

= Steffel et al. recently reviewed 78
patients with isolated LVNC

= Most common findings were
Intraventricular conduction delay,
voltage evidence of LVH, and
repolarization abnormalities

= No ECG findings or patterns specific for
LVNC at the first presentation were
found

Steffel et al. Am J Cardiol 2009;104:984-989



Full Spectrum of Advanced Heart
Fallure Management

= Male infant presented at 3 days of life in
cardiogenic shock

= Echocardiogram revealed LVH,
severely depressed biventricular
systolic function, and LVNC

* Genetic testing revealed deletion of
exons 1-5 of TAZ

Hanke et al. Pediatr Cardiol 2012; March 17:epub ahead of print.



Left Ventricular Noncompaction Iin
Barth Syndrome
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Hanke et al. Pediatr Cardiol 2012; March 17:epub ahead of print.



Full Spectrum of Advanced Heart
Fallure Management

* Clinical course was progressive

= Eventually had worsening myocardial
function requiring intravenous medical

support

= Ultimately required advanced therapy in
the form of mechanical circulatory
support

— Sent for scheduled implantation of Berlin
EXCOR LVAD

Hanke et al. Pediatr Cardiol 2012; March 17:epub ahead of print.



Mechanical Assist Devices
Berlin Heart




Axial-Flow Pumps

Pump

‘ housuua\\
Blood -

Impeller

'
outflow

Drive line”

Baughman et al. NEJM 2007;357:846-849.



Novel Approach to Mechanical
Circulatory Support

-

Hanke et al. Pediatr Cardiol 2012; March 17:epub ahead of print.



Novel Approach to Mechanical
Circulatory Support

Hanke et al. Pediatr Cardiol 2012; March 17:epub ahead of print.



Ventricular Assist Devices
The Next Frontier

Aorta

Pulmonary
Artery

" Right

Atrium

Right \

| Ventricle

a




Cardiac Recommendations for
LVNC

= Children with LVNC should be screened and
have continued monitoring for ECG changes,
arrnytnmias, and cardiac dysfunction (ECG,
Holter, echo yearly)

= Children with cardiac dysfunction or
arrhythmias should be restricted from
competitive athletics

= Children with LVNC and normal cardiac size
and function without arrhythmias should not
be formally restricted but must undergo
rigorous prospective surveillance



Cardiac Recommendations for
LVNC

= Newer imaging strategies can assist in
diagnosis and treatment

= Management of myocardial dysfunction
guided by associated findings

— Function, thickness, valvular disease, scar
= Consideration of anticoagulation

= Heart thickness and function can
change over time



Cardiac Recommendations for
LVNC

= Advanced therapies such as
mechanical circulatory support and
cardiac transplant may be necessary
and should be considered

= Each patient must be given
iIndividualized approach with careful
consideration of comorbidities and most
appropriate interventions




