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Mitochondria

® Prevalence : 1 / 10~15,000

e DNA mutation : more than hundreds of
different pathogenic mitochondrial DNA
mutations in humans

e Oxidative phosphorylation defects

e Activity of mitochondrial enzymes :
decreased
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Mitochondria
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Mitochondria
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Oxidative Phosphorylation

Complex I Complex I  Complex I1I Complex IV Complex V

Definition of Mitochondrial Disease
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Mitochondrial Disease
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CoxXin
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Sporadic myopathy
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Organs Involvement
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Cardiac Involvement

e Oxidative phosphorylation defects

e Cardiac involvement : 33 %

e Cardiomyopathy : 5.6 %

e Activity of mitochondrial enzymes :
decreased

e Myocardial biopsy : absolute increase of the
number and size of mitochondria

e Mitochondrial proliferation in cardiomyocyte
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What Happen to Cardiomyocytes..?
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Cardiovascular Manifstations

TABLE Il. Mitochondrial Syndromes and Their Cardiovascular Manifestations

Syndrome Cardiovascular Manifestations

Barth syndrome (lethal infantile cardiomyopathy) Dilated cardiomyopathy and left ventricular hypertrabeculation
Chronic progressive external ophthalmoplegia Arrhythmia

Leigh syndrome (subacute necrotizing encephalomyelopathy) Cardiomyopathy and arrhythmia

Kearns-Sayre syndrome Arrhythmia

Mitochondrial encephalopathy, lactic acidosis, and Dilated cardiomyopathy and left ventricular hypertrabeculation
stroke-like episodes

Myoclonic epilepsy and ragged red fibers Cardiomyopathy and arrhythmia
Maternally inherited diabetes and deafness Left ventricular hypertrabeculation and arrhythmia
Neurogenic muscle weakness, ataxia, and retinitis pigmentosa Cardiomyopathy

Maternally inherited Leigh syndrome Cardiomyopathy

Meyers DE et al. Tex Heart Inst J 2013;40(4):385-94
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Mitochondria

Table 2 Cardiac phenotypes associated with pathogenic mtDMNA mutations

Electropathy Cardio myopathy
Gene mtDNA mutation  pre-excitation disease Hypertrophic Dilated Restrictive non-compaction Histiocytoid
Common
MTILT m.3243A>=G
MTTI mA300A>G
MTTE m.B3HMA=G
MTNDE  mAT77BG=A
single, large-scale
mtOMA deletion

m.1555A>G
m.1624C >
m.3252T>C
m.I260A>=G
m.3303T=C
m.3337G>
m.3460G>A
mA269A=G
mA2TTT=C
mA4284G>
mA317A=G
m4320C >
MTTE mA3I6IG=A
MTATPE! mABS28T>C
MTATPE mAB529G=>
MTATPE mBRI3IT>G
MTTG M= C
MTNDd mAT77BA =G
MTTL2 mA2297T =C
MTNDS  m.A3513G
MTNDE  m.14484T =C
MTCYE m. 148497 =C
m.15498G >

Pathogenic mitochondrial DNA mutations were identified from a search of online danmszs.'a'gta,geher with the cumulative experience of the authors, exduding rare single

nuclestide polmaorphisms, and haplogroup markers. mtDNA, mitochandrial DMNA; ++-, reported in cross-sectional cohort study with = 10% frequency; +. reported in single
case report(syfamily series only; —, not reported.

Bates MG et al. Eur Heart J. (2012) ;33:3023-33
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Rhythm

arrhythmia; tachycardia, bradycardia
conduction abnormalities;

isolated ST-segment depression in two
or more contiguous leads;

isolated inverted T-waves;
pathologic Q-waves;

a Sokolow-Lyon index > 35 mm as sign
of LV hypertrophy
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Conduction

e Kearns-Sayre syndrome
progressive heart block
ophthalmoplegia
degenerative retinopathy
renal tubular dysfunction
delayed growth
short stature
slow mental neurologic deterioration
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Rhythm : M/8 year
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Rhythm : F/14 year
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Case: M/12 year
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Laboratory

total creatine kinase (CK)
troponin T (TnT)
brain natriuretic-peptide (NT-proBNP)
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Myocardial Involvement

e Hypertrophic cardiomyopathy

e Dilated cardiomyopathy

® Restrictive cardiomyopathy

e Unclassified cardiomyopathy :
LV hyper-trabeculation / non-compaction
Takotsubo syndrome
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Hypertrophic Cardiomyopathy

e Hypertrophic remodeling
: dominant pattern --- around 40 %
e Characteristics
Rarely observed LVOT obstruction
Higher progression to heart failure
ventricular dilatation
impaired systolic function



The 59" KSC Goyang Kintex 2015

Hypertrophic Cardiomyopathy

e Cytoc
e Cytoc
® CytocC

nrome ¢ oxidase coenzyme deficiency
nrome ¢ oxidase deficiency

nrome ¢ oxidase deficiency with

histiocytoid cardiomyopathy
e Hereditary HDM with mitochondrial
myopathy of skeletal muscle and cataracts

e HCM with Leigh disease (subacute
necrotizing encephalomyelopathy)
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MELAS CMP : F/10yr
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Dilated Cardiomyopathy

e More commonly represents progression
of pre-existing hypertrophy with chamber
dilation and systolic dysfunction

e Symptom : limited — skeletal myopathy
e Progression of DCM may be slow
e Responsive to heart failure therapy
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Dilated Cardiomyopathy

e X-linked cardiomyopathy with abnormal
mitochondrial myopathy, granulocytopenia

e MELAS : mitochondrial encephalopathy,
lactic acidosis, and stroke

e MERRF syndrome : myoclonic epilepsy and
ragged red fibers

e Barth syndrome : 3-methylglutaconic
acidemia
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MELAS CMP : M/16yr
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MELAS CMP : M/17yr
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MELAS CMP : M/15yr
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Cardiac Management

e First appreciation of LVH :
Beta-blocker
Angiotensin converting enzyme inhibitors
Angiotensin receptor blockers
e Heart Failure :
Angiotensin converting enzyme inhibitors
e Complex device therapy : ICD, CRT
e Cardiac transplantation : controversy
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Diagnosis
12-lead ECG and assessment of myocardial
structure and function (e.q. echocardiography
in all patients and asympromatic carriers of a
pathogenic mtDNA mutation

| l

5 - ]
| Conventional cardiac risk factor management |

! !
Pathogenic mtDNA mutation with known | Cardiac screening every 3—5 years
association with cardiac involvement? monitor clinical symptoms

ves | ' ||

| Yes z T
Screening \ g Change in clinical symptoms
Annual clinical examination, 12-lead ECGand | suggestive of cardiac involvement?
|assessment of myocardial structure and function |G N I
[}

No

Normal screening investigations for > 5 years?
AND =

:!_Q No family history of cardiac involvement?

Ventricular
pre-excitation
+ symptoms suggestive
of tachyarrhythmia
{e.g. in patients carrying
m.3243A>Gor

m.8344A>G mutations)

l

Review by cardiologist with
understanding of mtDNA disease

v
Conduction
system disease

+ symptoms suggestive

of bradyarrhythmia
(e.g. in patient carrying
single, large-scale
mtDNA deletions in
KSS or CPEO)

~

B

Hypertrophic
cardiomyopathy
often with concentric
remodelling without
evidence of LVOTO
(e.q. in patients carrying
mt-tRNA mutations)

©

\ 4
Systolic dysfunction
with pattern of DCM
or, more commonly,
pre-existing HCM

\ 4

Consider EPS + ablation
following non-invasive
assessment (including
asymptomatic patients)

Consider early PPM

implantation in patients

at risk of high-grade
AV block* (including
asymptomatic patients)

v

Consider B-blockers, ACEI
or ARB in all with LVH

\ 4
Consider B-blockers or
calcium antagonists in
those with asymptomatic
severe LVH or symptoms

-

Annual clinical examination, 12-lead ECG, and
assessment of myocardial structure and function

Standard optimal
medical therapy

v
Consider complex device
therapy and/or cardiac
transplantation according
to standard quidelines

Bates MG et al. Eur Heart J. (2012) ;33:3023-33
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Ongoing Study - Subjects

Control(N=34) p-value
Sex(M:F) 14 : 20

Age(year) 10.3 £ 4.0

Weight(kg) 30.0+12.7

Eun L etal. in press 2015
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Ongoing Study - Results

MD(N=34) Control(N=34)
LV EF (%) 65.94 + 8.05 65.79 * 4.02
LV FS (%) 36.31+7.35 35.62 +3.06
IVSTd (mm) 7.75 + 3.25 6.91+1.56
IVSTs (mm) 9.97 £ 3.42 8.98+1.81
LVIDd (mm) 36.06 + 6.92 37.83 +5.86
LVIDs (mm) 23.15 +5.8 24.34 £ 3.92
LV PWTd (mm) 6.06 £ 2.09 5.63+1.57
LV PWTs (mm) 9.20 + 2.88 8.68+1.51
Mitral E (m/s) 0.98 £ 0.20 1.08 + 0.16
Mitral A (m/s) 0.61 +0.20 0.54 +0.11
Mitral E/A 1.77 £ 0.69 2.09 * 0.45
TDI E' (m/s) 0.11 + 0.03 0.14 + 0.02
TDI A' (m/s) 0.08 +0.11 0.05 *+ 0.02
TDIS' (m/s) 0.06 £ 0.01 0.09 + 0.10
E/E' 8.88 +2.26 7.62 £1.64

Eun L etal. in press 2015
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Conclusions

e Cardiac involvement in mitochondrial disease
is common and an important predictor of
morbidity and early mortality.

e Cardiologists will become more involved in
the care of patients with mitochondrial
disease as recognition of these disorders
Increases.
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