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El-Hattab et al, 2018 

! Apraxia ! 

MELAS - Mitochondriale Enzephalomyopathy, Lactic Acidosis and stroke-like episodes 
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Frequency Manifestations  Frequency Manifestations 

 

 
≥90% 

• Stroke-like episodes 
• Dementia 
• Epilepsy 
• Lactic acidemia 
• RRF on muscle biopsy 

  
 
 

 
25%-49% 

• Basal ganglia calcification 
• Myoclonus 
• Ataxia 
• Episodic altered consciousness 
• Gait disturbance 
• Depression 
• Anxiety 
• Psychotic disorders 
• Diabetes mellitus (type 1 or 2) 

 

 
7%-89% 

• Hemiparesis 
• Cortical vision loss 
• Recurrent headaches 
• Hearing impairment 
• Muscle weakness  

 
 

<25% 

• Optic atrophy 
• Pigmentary retinopathy 
• PEO 
• Motor developmental delay 
• Cardiomyopathy 
• Cardiac conduction abnorm. 
• Nephropathy 
• Vitiligo 

 

 
50%-74% 

• Peripheral neuropathy 
• Learning disability 
• Memory impairment 
• Recurrent vomiting 
• Short stature 
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The phenotypical spectrum of the m.3243A>G mutation 

 
 
 

 
Hypacusis 

Respiratory… 

Migraine 

Exercise intolerance 

Glucose Intolerance 

Depression 

GI Symptoms 

Ataxia 

No Encephalopathy 

Muscle Weakness 

Epilepsy 

Ptosis 

SLE 

0% 

     
 
 
 

 
49% 

  
 
 
 

65% 
 
 
 
 
 
 
 
 
 
 
 

mtDNA mutation 

mostly m.3243A>G 

 
 

70% 

    47%  

    44%  

    43%  

   36%   

   35%   

  29%    

  29%    

  26%    

  25%    

 21%     

 18%     

10% 20% 30% 40% 50% 60% 

Radelfahr et al, Poster X 
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MELAS - Imaging 

        • cortical pattern 

own patient, 29 yrs Pauli et al, 2013 • independent of vascular territories 

• occipital, temporal > parietal >> frontal 

 
 
 
 
 
 

Sharfstein et al, 1999 Gieraerts et al, 2013 

„A herpes not so simplex” 

6 



29/06/2019 

5 

 

 

MELAS, 39 yrs 

After multiple stroke-like 

episodes; severe dementia 

MELAS, 29 yrs 

first stroke-like episode 

Stroke-like episodes and lesions 
• may recover completely or incompletely 
• but after multiple episodes predominantly occipital atrophy 

MELAS - Imaging 

Pathophysiological hypothesis 

 
Neuronal energy deficiency 

↓ 

Neuronale Hyperexcitability 

↓ 

Epileptic Activity 

↓ 

Cortical Edema 

↓ 

Neuronal Loss 

 

 

MELAS - Imaging 

 

Dynamic Lesion 

   

Day 4 9 14 29 Patient with MELAS (40 yrs) E, F: HMPAO-SPECT 
MELAS 47 yof, DWI,  A, B, C: FLAIR at days 4, 9, 14 at days 5, 19: initial 
expansion to posterior  expansion and edema hyperperfusion left 

Iizuka et al, 2003  D: fettunterdrückte Bilder day 29 temporal Iizuka et al, 2007 

  Cortical hyperintensity, cortical laminar necrosis  
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Stroke-like lesions beyond MELAS 

 

• Alpers-Syndrom 
with mutations in the mitochondrial 
Polymerase gamma gene (POLG) 

 
 
 

3 yrs old patient (Sofou et al, 2013) 
 
 
 
 
 
 

 

• SCAE (spinocerebellar ataxia and epilepsy) 
with mutations in the mitochondrial 
Polymerase gamma gene (POLG) 

 

 
own patient, 30 yrs 
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Diagnostics of MELAS resp. its associated mutations 

 
 

 
„ragged red fibers“ 

in muscle biopsy 

 
 

 
Urine > Blood 
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Therapy of MELAS 

Ng et al, in preparation Consensus-based Guidance for The Management of 

Mitochondrial Stroke-like Episodes 

We do not advocate the use of L-arginine in the treatment of stroke-like 

episodes. There is no robust scientific evidence. RCT needed. 

 
 

 
Antiepileptic Tx 

Acute i.v.: 

• Levetiracetam 

• Phenytoin 

• Phenobarbital 

• Lacosamide 

• Midazolam 

Later p.o.: Phase IIa 
• Levetiracetam 

• Topiramate 

• Lamotrigine 
Cave: Phase IIb 
• Valproate 
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MERRF - myoclonic epilepsy and ragged-red fibres 

 

• a multisystemic mitochondrial disease that is characterised by myoclonus, seizures, 
cerebellar ataxia, and mitochondrial myopathy with ragged-red fibres. 

• 80–90 % of cases caused by the m.8344A>G mutation of the mtDNA 
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The phenotypical spectrum of the m.8344A>G mutation 

 

German mitoNET cohort N = 34; black bars 
Italian MITOCON cohort N= 34; grey bars 

 

 
 

Mancuso et al, 2013; Altmann et al, 2016 
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Diagnostics of MERRF resp. its associated mutations 

 
 

 
„ragged red fibers“ 

in muscle biopsy 
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Leigh syndrome: infantile subacute necrotizing encephalomyelopathy 

 
• fatal disorder of early childhood 

• showing psychomotor regression, movement disorders and brain stem dysfunction 

• symmetrical lesions in basal ganglia and brain stem in imaging and pathologically 

• Caused by many different mitochondrial defects, both mtDNA- and nuclear-encoded 

 
Biochemistry Genetics 

Complex I nuclear and mtDNA subunits 

Complex II nuclear subunits SDHA 
Complex III nuclear assembly factor 
Complex IV nuclear assembly factors 
Complex V mtDNA 
PDHC X-chromosomal subunit 
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Leigh syndrome imaging 
 

 
SLC19A3 mutation, neonatal onset, died at 2 months (Haack et al, 2014) 

 
 
 
 
 

 
Complex III defect, 1 yof, dystonia (Baertling et al, 2014) 

 
 
 
 
 

 
ECHS1 mutations, 3 patients aged 1, 2, and 15 yrs (Haack et al, 2015) 
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Leigh syndrome diagnostics 
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MRI imaging patterns in mitochondrial diseases 

 
Two pathognomic patterns 

• Cortical hyperintensity (stroke-like lesion) 
eg in MELAS, POLG 

 

• Hyperintensity basal ganglia and brain stem 
eg in Leigh syndrome 

 
Two unspezific patterns 

• Leukenzephalopathie 
eg in MNGIE, KSS 

 

• Cerebral atrophy 
eg in CPEO, KSS 
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Fraser et al., 2010 
Macmillan et al., 2000 
Man et al., 2003 
Spruijt et al., 2006 
Puomila et al., 2007 
Yu-Wai-Man et al., 2011 

 mtDNA mutation relative frequencies: 

 ~90% m.11778, m.3460, m.14484 

 Most frequent: ~70% m.11778G>A 

 Exception!!! ~90% m.14484T>C in 
patients of French-Canadian descent 
(due to founder event) 

 Estimated as the most frequent 
mitochondrial disease 

 Minimum prevalence: 

 1 in 31.000: North of the UK 

 1 in 39.000: Netherlands 

 1 in 50.000: Finland 

Leber`s Hereditary Optic Neuropathy (LHON) 
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m.11778G>A ND4 ~70% 

m.3460G>A ND1 ~14% 

m.14484T>C ND6 ~12% 

Rare Mutations mtDNA ~5-10% 
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Leber`s Hereditary Optic Neuropathy (LHON) 

 
 Predominantly affects young adult males 

 
 M>F 

 
 Age at onset: range 4 – 82 yrs 

 peak of onset: 2nd and 3rd decades 

 early-onset LHON (< 12yrs) 

 late-onset LHON (> 50 yrs) 
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LHON: Clinical manifestations 

 
• Painless acute/ subacute progressive vision loss 

 
• Sequential affection of 1st and 2nd eye 

(after a median of 6-8 weeks) (~75%) 

or 

• both eyes affected from onset (~25%) 

 
• Progression in days/weeks/months, then stability 
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LHON: Clinical manifestations 

 
 Fundoscopy: Papilledema in the acute phase, 

later optic atrophy, temporal predominant 

 Visual fields: Bilateral central scotoma 
Mild hyperemia of the Prominent temporal optic 
disc (acute vision loss of nerve pallor (first eye 
the second eye) affected 6 months before) 

 
 
 
 
 

 OCT: Reduced temporal circumpapillary RNFL 
thickness 
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LHON: Pathogenesis & „window of opportunity“ 

 
 

 
 

1. Stone EM et al. J Clin Neuroophthalmol. 1992; 12:10–4; 2. Carelli V et al. Acta Ophthalmologica. 2016; 94:S256; 3. Howell N. Vision Res.1998; 38:1495–504; 4. Gueven N. Biol Med. 

2014; 1:1–6. 
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goals of therapy 

Clinically Relevant Recovery (CRR) 

Clinically Relevant Stabilization (CRS) 

 

 

LHON: Natural history & goals of therapy 

 

 

goals of therapy 

Clinically Relevant Recovery (CRR) 

Clinically Relevant Stabilization (CRS) 
 

Quelle: 1. Hasham S et al. ARVO 2016, Seattle, USA. Poster 5085.; Bild: Santhera pharmaceuticals.  
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RHODOS (Rescue Of Hereditary Optic Disease Outpatient Study) 

• double-blind, randomized, placebo-controlled, parallel group trial 

• 85 LHON patients in 3 centers (Munich, Newcastle, Montreal) 

• largest trial to date in an mtDNA-associated disease 
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Expanded Access Program (EAP) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CRS 

 
 
 

LHON patients 

n = 87a 

(from 38 sites) 

 
 
 
 
 

 
Month 0 

 
 

Idebenone 300 mg orally 3 times dailyb 

 

 
CRR 

 

 
+5 

 
 
 

+10 
 
 
 
 

Catarino et al, submitted 

 
 
 
 
 

 
Month 60 

30 

Catarino et al, submitted 

CRS 

+10 

+5 

established in late 2011 following an increasing number 
of unsolicited requests from physicians for access to the drug 

Idebenone 300 mg orally 3 times dailyb 

 
Month 0 Month 60 

 

CRR 

patients 

n = 87a 

(from 38 

Expanded Access Program (EAP) 
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EAP: Average magnitude of VA recovery 

 
 

Mean effect size of ~6 lines Average visual acuity at nadir and last 
in responders after 16 month observation in patients CRR by mutation 

 
Off - chart Nadir 

 
 

 
1.4 

~ 6 lines 
 

(32 letters) 

0.8 Last Observation 

n=34/69 responders with CRR at last assessment 
 

In patients with recovery in both eyes, the eye with the 

best recovery is reported 

Catarino et al, submitted 32 

32 

Catarino et al, submitted 

Total patients with CRR=41 patients (100%) 

 
Treatment duration of at least 18-24 months is 

needed to maximize the probability of observing 

an initial CRR 

EAP-CRR: Time to first recovery 
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Idebenone development program in LHON 
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LHON – Gene therapy 
 

 

34 



 

 

DE: 3-L-0163-0219-V1.1-6; AT: 3-L-0080-0219-V2.1-6 DE: 3-L-0163-0219-V1.1-6; AT: 3-L-0080-0219-V2.1-6 

 s t  l 
u 
s 
e 
R 
- 
y 
p 
a 
r 
e 
h t 
 

e 
n 
e 
G 
– 
N 
O 
H 
L 

 

2
9

/0
6

/2
0

1
9

 

L
H

O
N

 –
 G

e
n

e
 t

h
e
ra

p
y
 „

fr
o

m
 b

e
n

c
h

 t
o

 
b

e
d

s
id

e
“
 

3
5 

3
6 

1
8

 



29/06/2019 

19 

 

 

 

 

Mitochondrial diseases of the brain 
 

 
MELAS 

 

 
MERRF 

 

 

Leigh sy. 
 

 
LHON 

Gorman et al, 2016 

37 
 
 
 
 

 

Networks 
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Global Networks 

 
Mitochondrial Disorders: 

from a world-wide registry to medical genomics, toward molecular mechanisms and new therapies 
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Ludwig-Maximilians- International 

Universität München collaborations 

Dept. of Neurology 

Friedrich-Baur-Institute University of Bologna 
Jasmina Al-Tamami Piero Barboni 

Anna Baur-Ulatowska Valerio Carelli 

Almut Bischoff Chiara La Morgia 

Ira Brandstetter 

Boriana Büchner University of Cambridge 
Claudia Catarino Patrick Chinnery 
Ivan Karin Rita Horvath 

Florentine Radelfahr Patrick Yu-Wai-Man 
Claudia Stendel 

Oskar Mikazans University of Pisa 
Michelangelo Mancuso 

Dept. of Ophthalmology 

Claudia Priglinger University of Prague 

Siegfried Priglinger Tomáš Honzík 

Günther Rudolph Hana Kolářova 

University of Newcastle 

Technical University of Munich Doug Turnbull 

Dept. of Human Genetics 

Thomas Meitinger Istituto Nazionale 

Holger Prokisch Neurologico, Milano 
Valeria Tiranti 

40 


