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What | will cover

The clinical & pathological classification of
congenital cardiomyopathy

The genetics as known of the various entities
from a working pathologists perspective

Our role as anatomical pathologist in arriving
at a diagnosis for patients and families

| will not cover conduction defects and ion
channelopathies — these are covered by
genetic panels depending on clinical findings



Cardiomyopathy

* A heterogenous group of diseases.
Unaccompanied by structural malformations,
the defining pathophysiologic abnormality is
dysfunction of the myocardium

* Classifications were previously descriptive, but
are continuing to evolve with the
molecular/genetic aspects now playing an
increasing role and changing some groups



Abbrevations

HCM - Hypertrophic Cardomyopathy
DCM — Familial Dilated Cardiomyopathy

ARVD — Arrythmogenic Right Ventricular
Dysplasia

RCM — Restrictive Cardiomyopathy

NCVM/C — Non-compaction Ventricular
Myocardium/cardiomyopathy

LV, RV — left & right ventricles



Cardiomyopathies

T

HCM DCM ARVC RCM Unclassified
— ~ _J
Familial/Genetic Non-familial/Non-genetic
Unidentified Disease sub-type* Idiopathic Disease sub-type*
gene defect

From: Classification of the cardiomyopathies: a position statement from the european society

of cardiology working group on myocardial and pericardial diseases
Eur Heart J. 2007;29(2):270-276. doi:10.1093/eurheartj/ehm342



(b)

Table 1 European Sodciety of Cardiology classification of cardiomyopathies

HCM DCM ARVC RCM Unclassified
Familial » Familial, unknown gene » Familial, unknown gene » Familial unknown » Familial, unknown » Left ventricular
» Sarcomeric protein mutations » Sarcomeric protein gene gene non-compaction
» GSD (eg, Pompe's, PRKAGZ, » Z-band » Intercalated disc » Sarcomeric protein
Forbes’, Danon's) » Cytoskeletal protein protein (desmosomes) mutations
» Lysosomal storage diseases » Nudear membrane protein ~ » Cardiac ryanodine » Familial amyloidosis
(eg, Anderson—Fabry, Hurler's) » Intercalated disc proteins receptor » Desminopathy
» Disorders of fatty acid (desmosomes) » Transforming growth » Haemochromatosis
metabolism » Mitochondrial cytopathy factor-p3 » Anderson-Fabry
» Camitine deficiency » Titin disease
» Phosphorylase B kinase » Lamin A/C » GSD
deficiency
» Mitochondrial cytopathies
» Syndromic HCM (eg, Noonan's
syndrome, LEOPARD syndrome)
» Familial amyloid
Non-familial  » Obesity » Myocarditis » Myocarditis » Amyloid » Tako-tsubo
» Infants of diabetic mothers » Kawasaki disease » Sceroderma cardiomyopathy
» Athletic raining » Eosinophilic » Endomyocardial
» Amyloid » Drugs fibrosis
» Pregnancy » Hypereosinophilic
» Endoaine syndrome
» Nutitional » Drugs
» Alcohol » Carcinoid heart
» Tachycardiomyopathy disease
» Metastatic cancers
» Radiation

Eur Heart J. 2007;29(2):270-276. doi:10.1093/eurheartj/ehm342



PRIMARY CARDIOMYOPATHIES
(predominantly involving the heart)

American Heart Association

Genetic Mixed* Acquired

HCM - DCM Inflammatory (myocarditis)

| Stress-provoked

ARVC/D - Restrictive “ 2 e
(non-hype hied (“tako-tsubo™)
LVNC H and non-dilated) = Peripartum

Danon > storage

Infants of insulin-dependent

Conduction Defects — diabetic mothers

Mitochondrial myopathies

|

Ton Channel Disorders

/‘77\

LQTS Brugada SQTS CVPT Asian

SUNDS

Secondary cardiomyopathies (syst;hr;micodiseases involving the heart) are

listed as: infiltrative diseases, storage disorders, toxicity, endomyocardial diseases,
inflammatory (granulomatous) conditions, endocrine diseases, cardiofacial
syndromes, neuromuscular/neurological disorders, nutritional deficiencies,

autoimmune/collagen diseases, electrolyte imbalance.
Arbustini et al J Am College Cardiol:2013 http//dx.org/10.1016/jac2013




MOGE(S) classification: a phenotype—genotype
nomenclature system for cardiomyopathy

- M=morphofunctional notation, which describes

the phenotype: hypertrophic, dilated, restrictive,
non-compaction, and so on. It includes the option

of documenting early disease, disease-specific

clinical markers (atrioventricular block, pre-excitation)
and overlapping phenotype variations such as
hypertrophic with restrictive phenotype.

- O=organ involvement: cardiac, other organ

systems (eye, liver, or lung) or both.

- G=genetic or familial inheritance: autosomal
dominant or recessive, X-linked.

- E=aetiological annotations such as genetic condition,
autoimmune disease, toxicity, myocarditis,

viral agent, etc.

- S=heart failure stage (optional): NYHA class or
American College of Cardiology-American Heart
Association stage.

Arbustini et al ] Am College Cardiol:2013;62:2046 http//dx.org/10.1016/jac2013
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Table 1. Mitochondrial diseases and dsorders of milbchondrial functon associsted with eardiomyopathy
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Fxpeced findings an
H-:lpﬁLl hiochemical ssessment of CXFHOS
Ciondidon Digass causing gene(s)” Tr. {Cardiac manifesmrion|s) Fxrracardias manifsradons markers complexss
Mirochondrial “syndromes”
Kearns&ayre mrl A del. dn AN thear block); UM PR, PED), anxia, shom smrure, Increzsed C5F procsin M o Var OXPHOS def
deafness, dementia, limb weakness,
[
MELAS mrl A mur: MT-TED enc. tRBAM mr HOM, UM, LVME, En:erﬁimmaﬁ}-, LA, 5LE, N o Var (XPHOS dof Isp.
(m3243A 0 [80%), m3271T =0 ROM; AJC (hear black, C1 anddar C-IV)
[7.5%]), also MD-NDJ and athers W)
MERREF mrl A mur: MT-TK enc tRHAY mT HOM, DOM, HiCM; AC ME; amxia; myopathy; [0 deafness N o Var (XPHOS dof {e=p.
[mB34A =03) abso MT-TF, MT-TLI, [P, orhers) sharr starure opdc atmphy: PR C-V)
MT-TI, MT-TF
MARP me[IMA- mrldMA mur: LS - MTATRG, MT-TL], ma HEM; AN (hearr block) LS; r|.-=|.|.rn-|'hl'J1].". amxia; FR M o Var OXPHOS df,
amscara] LS MT-TE, MT-TW, MT-TV, MT-ND1, de[tn.cﬁ.n.g o maurarion (-
MTND2 MT-NDF, MTNDd, MT- V in MARF)
NOS, MTNDG, MT-C0F NARP -
MTATRG (m B9 =(s,
mB993T = {3)
Single ﬂir.ml]' chain compker defidencies
-l NDUFAZ, NDUFALIG, NDUFALD (el AR HOM, UM, LVMNC, Fam| infantile LA, O def
enc, 5L ACADS, NDUFAFL, W Jﬂ.lhﬂmﬂﬂﬂ‘u.h |'u.'|h].'. LS,
FOXEED] (nucl-enc AF) m].n[u'rjl}-' .
Ol def SOHA, S0HD (nucl-enc. 1) AR HOM, DOM, LVNC, AT LS, cerehellar arrophy Ol def
Ol def MTCYVE (m 154980 =T, m.155080=0G) mr' HOM; UM, HiCM H}H‘l‘uﬂl}". Ml O def
[mir-enc, 5LT)
CalV def SC02 SURR, f_'?ﬂ;ﬁﬁ' [mcl-enc. AF); AR mr HOM; UM Hi O M En:lerﬁﬂq‘llﬂ'l}', L5, M].H'lfu.ﬂ‘l}'l, AV def
MT-CO2 (m.7IBA>G), MT-CO5 nyseagmis, ophthalmoplegis
(mA216A (1) imr-enc 5L)
oW def MTATPSE, MTATFR (mr-enc. SU); br mr’ HOM; LVMNC WM -aneer LA, mild menral O def

TMEMA, s bedow

Multiple repiratary chain mvmpler deficiencies: defacts of the mirnchondrial transher RNAs

MTTt ene. metRMA"Y [he
m9M7T =)
MTTH enc. meaBNAM® (hm
m.1 219305 = A)
MTTT enc. mr-tENA™ (hm
modl W0A =G, mA?T7CT: her
mA 3200 T, mAdrsA=G)
MTTL] enc meeRHA"™ hm
m AT, her mo m 32587 =00
MT-TF enc. mr-tRNA™ (15 bp dup)
MTTE enc. merRMAYE (her
m 1 24T =)

iy

it
it

HOM; sudden death
DM HOM
H{M

HOM

[
[

MulGpee respirarory chain smpler deficiencies: defects of mitochondrial transkdon

AARZ, mr alanyl-tRNA syntherase

FLAC?, endonudsass remewing 3-prime
exrensians from tRNA pracursors

(xTFEP3, ficmr in mraRNA pORTIANS
.

AR

AR

AR

HOM

HCM

HOM; UM, W

recardarion, peripheral nauroparhy;
Mmrl2

EL myopathy; erl.n:[ﬁ:hp\:.h}-:

Deatnes infndle em:erﬁ.:in{u.h].':

ME, pq'dmmmr r-:sn:uitl'ln.. araxia,
mparhy, hepaoparhy’

Myopathy, encephalopathy, or ovarian
failure and leukodystrophy

IUGR, I, micaephaly, basal ganglia
hyperintensiries, sensarinaural
deafress, hypotonia, LA

L5

W o Var OXPHOS dof [esp.
=1, I LIV
L nkonuoeen

N o Var (XPHOS dof {e=p.
el e, T

N o Var OXPHOS dof [esp.
-1, C-IV)

L nlmoeen

N o Var OXPHOS dof [esp.
-1, CAI0, =TV

Var ONFHOS def
Var (NPHOS def fesp. C)

Var (OOPHOS def (sp.C-LL C-
V)
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wOET

Expeced findings an
Helpful biochemical assessment of (OCPHCS
Condidan Disass causing gene{s)” Tr. Cardiac manifarmrinn{s) Exrracardiac manifestatons marksrs complers
Diefidencies of mirachondrial rransporrars
Mr phosphare SLC25AF AR HCM Myoparhy, LA N
carrier def
Adenine SLCIAG (ANT L) AR H{M Myopathy, LA M
nucleoride
tansporer def
Thiamine-respansive disorders
TRMA SLCI9A2 AR Crmalf eg, Epasin aNJ, Al Megaloblasic anemia, DM, N 1o NIZ G-I def with or
O UM, HOM sensarineural deafness withowr M2 FIDH def
T'hi ami ne--resp. Unknown {possibly heperogeneoms) Unlmoen [ Acure LA, Unlmoen
mng. LA enephaloparhy,
L5
Diisorders of mirochandrial [f-oxidarion and carnirine mesaholism
Spsremic 17 SLC2A5 AR [OME; HOM; AR Sudden death, myopathy, Low plasma carnivine and =~ M
carnitine def hypoghrcasmia increassd winary
Carnirine
CPTI def CPIZ AR DM HOM; ANC H}kacnﬁ'ﬁch}']‘mgﬁ].mmji.lrﬂ Al increasad C218:1, N
herum'u'rh]r, TECITENT C18:2, O, OG0,
rhahdompo ysis and EI; renal and C18:2-DC, CI8:1-I;
cerehral malformarions (MM form) in mild form: incressed
(C16HCIRWCE2
CALT def SLCISA20 AR DM HOM; ANC Hypokeratdc hypogheemia, Al increasad C218:1, N
heparoparhy, renal and cerehral C18:2, O, OG0,
mualfarmartions (MM form) C1R: 2D, 1821130
VLCADD ACADVE AR HOM; TMOM; AN |1E'H: H}kacnﬁ'ﬁch}']‘mgﬁ].mmji.lrﬂ Al anrtabd Clée, N
herum'u'rh]r, TECITENT a2, Cl4:1, C18:1
rhahd amya hsis and El
LCHATMTP HADHA AR HOM ; DMOM; AR H].kaﬂm'l:ich}'[mgﬁ}mmh and .Fl{:.fi: CR:1-00H, 18- M
def herum'u'rh]r, TECITENT OH, CléelO0H, Cl6-
rhahd ampa lysis and El; PR and OH; Qe 300HDCA,
petipheral neuroparhy A
MAD ETHDH, ETFA, ETFE AR HOM; DOM; firlef; A/C NN: ngeninal aN; hypokesatic ACH G4, C5,C5DC. G6, N
hypogheemia, and heparaparhy; CR, 10, €12, Cld:,
lareranser: m;mruﬁ}- 16, Cl18:1; OAue
ethylmalonic, gluraric,
20 Heghumric, [HA
Oirganic acidurias
Pmypi anic ariduria  POCA, BOCK AR DM, HOM, ANC M erahalic acidasis, hyperammonemia,  ACp O3, O3 OAw: 3= W27
taxc enephalopachy; 10, OH propionare,
mavement disorder; panceadds; methylcirrae, tighd- and
LT & rancympenia” pEpanyigiycine
Merhyimalonic MUT, MMAA, MMAS, MCEE, AR HOM, UM, AN M erahalic acidasis, hyperammonemia, Al O3, CICL A MI2°
aciduria MMADHC o c enephalopachy; 10, methyimalonare
movement disorder; renal diseass; increased a5 in PA
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Examples of different diseases that cause cardiomyopathies

Farnilial

Maon-familial

HCH

Familial, unknown gene
Sarcomeric protein mutations
i miyosin heavy chain
Cardiac myosin binding protein C
Cardiac troponin |
Troponin-T
a-tropomyosin
Eszsential myosin light chain
Regulatory myosin light chain
Cardiac actin
a-myosin heavy dhain
Titin
Tropaonin C
Muscle LIM protein

Glycogen storage disease (eg Pompe; PREAGE,

Forbes’, Danon)
Lysosomal storage diseases (eg.
Anderson—Fabry, Hurler's)
Disorders of fatty acid metabolizm
Carnitine defidency
Phosphorylase B kinase defidency
Mitochondrial cytopathies
Syndromic HCM
Moonan's syndrome
LEQPARD syndrome
Friedreich’s ataxia
Beckwith —VWiedermann syndrome
Swiyer's syndrome
Other
Phospholamban promoter
Familial armdoid
Chesity
infants of diabetic mothers
Athletic trairing
Arnyloid [ALjprealbumin)

DCH

Familial, unknown gene
Sarcomeric protein mutations (see
HCM)
Zhand
Muscle LIM protein
TCAP
Cytoskeletal genes
Crystrophin
Cresmin
Metavinculin
Sarcoglycan comples
CRY AR
Epicardin
Nudear membrane
Larniin ASC
Emerin
Mildly dilated CM
Intercalated disc protein mutations
(see ARNVC)
Mitachondrial cytopathy

Myocarditis (infective/todofimmune)

Kawasaki disease

Bosinophilic (Churg Strauss
syndrome)

Viral persistence

Dirugs

Pregnancy

Endocrine

Mutritional — thiamine,
@mitine, selenium,
hypophosphatasmia,
hypocalcaemia

Alcohaol

Tachycardiomyopathy

ARYC

Familial, unknown gene

Intercalated disc protein
miutations
Plakoglobin
Dresmioplakin
Plakophilin 2
Dresmoglein 2
Dresmocollin 2

Cardiac ryanodine receptor
(RyR2)

Transforming growth
factor-g43 (TGFE3)

Inflammation?

RCH

Familial, unknown gene

Sarcomeric protein mutations
Tropanin | (RCM 4+/— HCM)
Eszential light chain of myosin

Familial amyloidosis
Transthyretin (RCM + neuropathy)
Apolipoprotein (RCM + nephropathy)

Cresminopathy

Pseuwxanthoma elasticum

Haemodhromatosis

Anderson—Fabry diseaze

Glycogen storage disease

Amiyloid {AL/prealburmin)
Sclercderma
Endomyordial fibrosic
Hypereocsinophilic syndrome
Idicpathic
Chromosomal cuse
Drrugs (serctonin, methysergide,
ergotamine, mercurial agents, busulfan)
Carcinoid heart disease
Metastatic cancers
Radiation
Drrugs (anthragyclines)

Unclassified

Left ventricular
non-compacton
Barth syndrome
Larmin AN
ZASP
a-dystrobrevin

Tako Tsubo
cardicmiycpathy



Inherited Genetic Cardiomyopathies

 Have a combined prevalence of at least 1in
200 to 500 in the general population

* Genetic testing does not identify an
underlying cause in 20-50%

* Will be new genes found in future & others
thought familial/genetic will be a non familial
disease subtype.



Congenital Cardiomyopathy

Marked diversity clinical expression,
phenotype, natural history & prognosis —
dilemma for clinicians

Problem to ascertain if a rare variant is disease
causing

Need minimize harm to relatives/patient in
genetic testing process — fear of risk

These patients & families are best served in a
dedicated multidisciplinary clinic



Congenital Cardiomyopathy

Detailed family history — important
Evidence of familial inheritance

Phenotypic spectrum disease in proband &
family

Mode inheritance — usually autosomal
dominant, incomplete penetrance in many
families

Family history help interpret rare variants eg
GLA gene in a patient with HCM may indicate
a rare phenocopy - Fabry Disease — usually
male to male inheritance — not HCM



Hypertrophic Cardiomyopathy

Most prevalent of inherited cardiomyopathies

Term Hypertrophic Cardiomyopathy preferred
as describes overall disease spectrum

0.2% of general population show phenotypic
expression

Disease of the Sarcomere

Genetic test —a minimum 8 sarcomeres &
additional phenocopy genes



Hypertrophic Cardiomyopathy (HCM)

e 80% have causative variants in MYBPC3 &
MYH7 (TNNT2, TNNI3, TPM1, MYL2, MYL3,
ACTC1 less common)

 These are Beta myosin heavy chain (first),
myosin binding protein C & cardiac troponin T
— most common — rest minor (cardiac
troponin-/I, regulatory & essential myosin
light chains, titin, alpha tropomyosin, alpha-
actin, alpha myosin heavy chain)



Genetics

Diversity compounded by inatrogenic
heterogeneity — more than 200 mutations

Most missense — 1 single amino acid
substituted with another

Molecular defects in HCM usually different in
unrelated individuals — many more awaiting
diagnosis

Clinical heterogeneity compounds problem —
not all patients will express clinical features

Need to not include phenocopy patients eg
PRKAG2 — WPW + HCM — due to glycogen
storage




Diagnostic yield in proband with definite
clinical diagnosis — 30-40% - depend age and
family history

HCM predominantly non obstructive - 75%
cases have no or only a small outflow gradient
Most no obstruction to LV outflow resting

No minimum LV wall thickness required —
thickness varies depending on age



Diagnostic Age

Many preadolescent children carry mutant gene
without LVH.

LV remodeling with hypertrophy occurs with
accelerated body growth 13-17 years

Morphologic expression usually complete 17-21
years — physical maturity

Cases with gene expression usually increase LV
thickness 100% compared with a normal
population increase of 10%

LV outflow tract geometry may alter — systolic
anterior motion (SAM) mitral valve — dynamic
outflow obstruction



Microscopy

Myocyte hypertrophy

Interstitial fibrosis

Myofibre disarray — whorled & intertwined
clusters of myocytes surrounding a central

fibrotic core — not pathognomonic & can be
seen in secondary forms/normal hearts

Intramyocardial arteries — fibromuscular
dysplasia — contribute to fibrosis
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Infants & Children

Rare before 2 years — 20-30+% other diseases
Present as heart murmur, cardiac failure

Asymmetric septal hypertrophy — resemble
persistence asymmetric LV wall thickness seen
in fetus

LV outflow obstruction & can also see RV
obstruction (uncommon older)

Data rare — severe CCF in this group
unfavourable sign — poor prognosis



Cases from 1950’s

3 year old girl — presented CCF — sluggish all life. 2 month old male — poor feeder from

Post mortem concentric LV hypertrophy birth. Sudden deterioration- acute CCF

No other abnormalities apart from CCF Only finding concentric LVH + CCF at
PM.




Due to genetic family screening the
asymptomatic child with LV wall thickening
relative to body size is being recognized

Usually incomplete in this age group

Thought early onset LVH is a separate group
with probable unfavourable feature —
premature death or disease progression

Complicated as some may represent other
diseases with LVH, not sarcomere mutations —
including phenocopy diseases indicated
previously - mitochondrial disorder



Sudden Death

Most common mode demise

Unpredictable complications

Overall broad spectrum only ~1% risk death
High risk 10-20% subset = minority - higher
risk ~5%

Death may be first manifestations

More common adolescent — rare before
adolescent — but across wide age spectrum

Usually during exertion — may be mild exertion



Risk Factors

History arrest, spontaneous VT
Family history premature HCM related death

Syncope - exertional or recurrent, associated
arrythmia

Multiple episodes or sustained VT on serial
Holter tape readings

Hypotensive blood pressure response to
exercise

Greater magnitude hypertrophy (max
thickness at least 30mm)



Arrythmogenic right ventricular
cardiomyopathy (ARVC)

Fibrofatty transmural replacement myocardium —
usually right ventricle, occasionally left ventricle —
associated arrythmias

Contrasts with Uhl’s anomaly — no fat, muscle -
endocardium on pericardium

Hearts large - right ventricle appearing yellow or white
Fatty replacement initially anterior free wall

Severe cases — whole RV wall involved, some also LV
Thinning wall — focal aneurysmal dilatation

Extension fat & fibrosis into conduction paths correlate
with the clinical course & arrythmias

Need to distinguish from fat increase with age &
obesity — need fat with disorganized muscle & fibrosis






M:F 2.7:1

Reported as young as 5 years but more
common in early adulthood

Greece — Greek island Naxos — 1:5,000
Accounts for 5% sudden deaths young adults

Known disease annual mortality 2% - due to
arrythmia & right heart failure



Genetics

50% cases gene known — AD inheritance, few AR

Incomplete penetrance/variable expressivity - wide
intrafamily variability

Variants in cardiac desmosome genes — related junction
proteins & calcium receptors

Mutations — missense, nonsense, splice sites &
deletion/insertion mutations

PKP2 (plakophilin 2), DSG2 (desmoglein-2), DSP(demoplakin),
DSC2 (desmocollon-2), JUP junctional plakoglobin)

Most single heterozygous mutation, a few are homozygous &
compound heterozygous mutations

Age dependent onset & also appears to relate to exercise —
endurance & frequent exercise increasing the risk of
arrythmia & significant cardiomyopathy in those with ARVD/C



Noncompaction of Ventricular
Myocardium

Persistence embryonic spongy myocardium

Non involution endocardial lined sinusoids
intersect & communicate with ventricle

Occurs/recognized at all ages

Echocardiograph diagnosis — may have features
HCM, DC, RC

Histology — deep invaginating endocardial lined
spaces +/- fibroelastosis- must account for at
least 50% of wall thickness

More common LV, 40% cases RV also involved



Adults M>F. Equal M & F in paediatrics

Develop arrythmias, CCF, thrombi sinusoid —
emboli (less common children)

Variety extracardiac manifestations —
neuromuscular disorders most common

Genes — Tafazzin (Xp28), alpha-dystrobrevin
(18q), CSX(5qgdel), CypherZasp(10q), Lamin
A/C(1g &10), DTNA, MYBPC3, TNNT2 — AD
(most), AR, occas X linked, new mutations

Underlying pathogenesis unclear — most likely
abnormal embryonic development

Probably final common path variety aetiologic
factors



Case from 2 weeks ago.

4 week old male normal pregnancy &
ultrasounds — dilated cardiomyopathy
developed soon after birth with CCF

Female sibling died at 6 weeks from a
dilated cardiomyopathy — no autopsy
Another hospital




Sinusoids extend to 50% of the wall
& show endocardial fibroelastosis




Right-sided
morphologically
left ventricle

Left-sided
morphologically

‘7a%®

A Interventricular]] right ventricle




Familial Dilated Cardiomyopathy

Cardiac disease with ventricular dilatation &
impaired systolic function

Endpoint numerous underlying disease
mechanisms

A number sarcomere defects — HCM — dilated or
restrictive types, desmosome defects reported

Truncating variants TTN (TTNtv) — account for 20-
25% familial DCM (chromosome 1q)

Variants LMNA account for 5-10% - present
clinically with conduction disease (variety)

Many cases have underlying neuromuscular,
conduction, ion channel & storage diseases
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Restrictive Cardiomyopathy

Heart with ventricular diastolic volume
decreased & near normal systolic function &
wall thickness

Usually due to infiltrative or fibrotic disorder
Atria usually dilated

LV filling pressure — pulmonary hypertension
& RV hypertrophy

Microscopy overlapping features

Number linked to HCM genes & phenocopies
eg Noonan syndrome

Associated poor prognosis in children
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Endocardial Fibroelastosis

Focal or diffuse proliferation fibroelastic tissue
beneath endocardium heart — often LV

Structurally normal heart with this was
considered primary — now associated finding

Infants — 90% cases mumps or adenovirus
Congenital critical aortic stenosis — many cases

Others mix of other cardiomyopathies — as
part of the disease eg Barths syndrome



Final Points

Genetic cardiomyopathy is a complex disease
with variable penetrance & expression

A multidisciplinary approach essential for the
patient & family

It is essential to specify the pathology to allow
some narrowing the genetic panel

However wide ranging genetic testing needed -
include the phenocopies & look for other
associated abnormalities.

At autopsy, corrective surgery, transplant
(hopefully these are already worked up) —
essential to have tissue for DNA/RNA extraction
& preferably also fibroblast culture & storage



Final Points

Whole genome or exome sequencing is now
being undertaken more routinely.

Large number variants of unknown
significance or pathogenesis

Need heart tissue frozen to enable RNA
extraction to look for RNA expression in the
end organ to confirm the variant is a
functioning gene (can use paraffin blocks)

Proteonomics are becoming more important
requiring tissue for protein extraction —
further reason to freeze the end organ



How is this going to affect the

anatomical pathologist

Occasionally tissue with corrective surgery,
transplants

The majority of cases not worked up will be
sudden death (in my setting resuscitated) & acute
CCF dying rapidly.

Family history needed — extended family

A complete autopsy is needed to exclude other
abnormalities/findings, including metabolic.

Appropriate tissue should be taken as indicated
to enable complete genetic/molecular work up
for the family.

Decisions on what to do should be done in a
multidisciplinary setting



