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INTRODUCAO

As doenca hereditarias do metabolismo sao individualmente raras (1:1000 nascimentos)

Recentemente a drea das DHM modificou-se:
= |dentificacdao de “novas doencas “ ou de fenotipos atipicos
= Desenvolvimento de “novas terapéuticas” para “velhas doencas”

Em 85% das DHM existem sintomas neuroldgicos, muitas vezes num quadro clinico complexo

Freguentemente os sinais neuroldgicos surgem associados a outras manifestacoes sistémicas



1. CONVULSOES



CONVULSOES

Epilepsia tem incidéncia 0,5% na populacao geral
Prevaléncia de “epilepsia metabdlica” é desconhecida
Descrita em >200 EIM

Convulsdes podem ser a manifestagdo inicial ou predominante
em diversos erros inatos do metabolismo (EIM)

Reconhecimento é importante porque alguns desses [EM tém
tratamento especifico

Inicio precoce, coexisténcia de atraso desenvolwmento/
regressao, resisténcia ao tratamento AE’s convencionais

Epilepsies of metabolic origin according to their

pathogenesis

Energy deficiency

Toxic effect

Impaired neuronal
function

Disturbance of
neurotransmitter
systems

Associated brain
malformations

Vitamin/cofactor
dependency

Miscellaneous

Hypoglycemia

GLUT I-deficiency

Respiratory chain deficiency, PDH
deficiency, Krebs cycle

Creatine deficiency

Amino acidopathies, organic
acidurias, urea cycle defects

Storage disorders

Nonketotic hyperglycinemia

GABA transaminase deficiency

Succinic semialdehyde
dehydrogenase deficiency

Peroxisomal disorders (Zellweger)

O-glycosylation defects

Biotinidase deficiency

Pyridoxine-dependent and pyridoxal
phosphate-dependent epilepsy,
folinic acid-responsive seizures

Menkes disease

Congenital disorders of glycosylation

Serine biosynthesis deficiency

Inborn errors of brain excitability
(ion channel disorders)

N Bahi-Buisson and O Dulac. Handbook of Clinical Neurology, 2013



DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY REVIEW

Inborn errors of metabolism causing epilepsy

SHAMIMA RAHMAN | EMMA J FOOTITT | SOPHIA VARADKAR | PETER T CLAYTON
Developmental Medicine & Child Neurology 2013, 55: 23-36

Table I: Classification of metabolic epilepsies according to age at presentation

Neonatal period to early infancy Late infancy to early childhood Late childhood to adolescence
PDE Creatine synthesis defects CoQ, deficiency
PNPO deficiency Infantile and late infantile NCL Lafora body and Unverricht-Lundborg disease
Folinic acid responsive seizures Mitochondrial disorders (Alpers MERRF
syndrome and others)
Biotinidase deficiency Sialidosis MELAS
GLUT1 deficiency Gangliosidosis POLG-related disease: MIRAS, SCAE, MEMSA
Non-ketotic hyperglycinaemia Milder variants of PDE and PNPO Juvenile NCL
deficiency
Serine biosynthesis defects Congenital disorders of Late onset GM2 gangliosidosis
glycosylation (Sandhoff, Tay-Sachs)
Molybdenum cofactor and sulphite oxidase Gaucher type lll
deficiencies
Menkes disease Niemann-Pick type C
Disorders of peroxisome biogenesis and f-oxidation Peroxisomal disorders

Congenital disorders of glycosylation
Cathepsin D deficiency (congenital NCL)

PDE, pyridoxine-dependent epilepsy; CoQ1o, coenzyme Q1o; PNPO, pyridox(am)ine 5-phosphate oxidase; MERRF, myoclonic epilepsy with
ragged-red fibres; MELAS, mitochondrial encephalomyopathy, lactic acidosis, stroke-like episodes; GLUT1, glucose transporter across the blood—
brain barrier; POLG, gene encoding catalytic subunit of DNA polymerase gamma; MIRAS, mitochondrial recessive ataxia syndrome; SCAE,
spinocerebellar ataxia with epilepsy; MEMSA, myoclonus, epilepsy, myopathy, sensory ataxia; NCL, neuronal ceroid lipofuscinosis.



CONVULSOES

= NEONATAL PERIOD TO EARLY INFANCY

= Convulsoes ocorrem em 1:1000 recém-nascidos

= Causa mais frequente encefalopatia hipoxico-isquémica

" Quando suspeitar:

= Consanguinidade

= HF mortes NN, doenca neuroldgica

= Gravidez - sindrome HELLP

= Solugos in utero ou neonatais

= Deterioracao apos um periodo de aparente normalidade

= Convulsdes persistentes e dificeis de tratar com AE convencionais
= Espasmos ténicos ou convulsdes mioclénicas

= EEG - hipsarritmia ou padrao surto-supressao



CONVULSOES

* NEONATAL PERIOD TO EARLY INFANCY

= TRATAVEIS

= Epilepsias dependentes de vitamina B6
= Vitamina dependente piridoxina (ALDH7A1)
= Défice piridoxal-fosfato (PNPO)
= Muta¢des PROSC
= Glutamate oxaloacetate transaminase (GOT2)

= Epilepsia responsiva acido folinico

= Défice biotinidase

= Défice GLUT-1

= Hiperglicinémia nao-cetotica

= Defeitos biossintese de serina

= Défice sulfito oxidase e cofactor molibdenium
= Doenca Menkes

= NAO TRATAVEIS

Doencas peroxisomas
Epilepsias mitocondriais
Défices congénitos glicosilacao
Défice adenilsuccinato liase
Défice catepsina D

Défice GABA transaminase



~
CO N VU LSO ES ENZYME DEFECT AND BIOMARKERS IN PDE

CNS L-lysine
EPILEPSIA DEPENDENTE de PIRIDOXINA C?
L-Pipecolic acid / PA OCOOH AASA
L-A'-Piperideine-6- a-aminoadipic

ate semialdehyde
12 descri¢do por Hunt et al em 1954 S | yd

qert A
B, - |

Defeito genético identificado em 2006

a-aminoadipic semialdehyde

Mutagdes gene ALDH7A (antiquitina) - deficiéncia a-aminoadipico semialdeido desidrogenase °—i—°“ﬁ o | dehydrogenase
. ~ - A a-amanoadipic acid
Convulsdes nas primeiras horas - dias de vida INACTIVATION OF PLP adkstosdpic 52d

]
v

Hiperalerta, irritabilidade, altera¢des Gl, anomalia movimentos oculares

B Plecko. Handbook of Clinical Neurology, 2013

EEG inespecifico

RMN encefalica: normal, alt inespecificas SB, disgenesia CC

Tratamento - UCI
= Risco apneia, hipotonia e hipotensao
= Piridoxina 100mg IV (sob monitorizagdao EEG)
» Piridoxina oral 30mg/kg/dia 2id
= Terapéutica prolongada >> neuropatia periférica

Diagndstico
= Doseamento AASA (sangue, urina, LCR) A\
= Ac pipecélico (sangue, LCR) A\
= Estudo molecular gene ALDH7A1




CONVULSOES

DEFICE de PIRIDOXAL FOSFATO Pyridoxine Pyridoxal Pyridoxamine
Mutacdes gene PNPO >>> défice piridoxal-fosfato pwid(:xine-[) ‘ Pyridox‘amine-P

Pyridoxal-P

Membrane-associated phosphatasesJ

E

Intracellular pyridoxal-phosphate

Prematuridade

Indice Apgar baixos

Convulsodes inicio <2 semanas de vida

Crises mioclonicas + encefalopatia
Hoffman et al. J inherit Metab Dis, 2007
EEG - padrao de surto-supressao
Neurotransmissores (LCR): HVA e 5-HIAA W; L-dopa, 5-HT e 3-O-MD A\
Doseamento (urina): ac vanilactico A

AA (LCR): treonina e glicina A\ arginina 7

Tratamento
= Resposta parcial a piridoxina
= Piridoxal fosfato 30-60mg/kg/dia 4-6id
= Risco alteracdes hepatica com uso prolongado

Diagndstico - estudo molecular gene PNPO



CONVULSOES

" EPILEPSIAS DEPENDENTES de VITAMINAS

TaBLE 6: Pyridoxine and pyridoxal-5"-phosphate-dependent Epilepsies.

Pyridoxine- or folinic-acid-dependent
epilepsies (PDE)

Pyridoxal-5'-phosphate (PLP-)
dependent epilepsy

Deficient enzyme

Blood chemistry

Vanillactic acid (Urine)
Pipecolic acid (blood, CSF)
AASA" (blood, urine, CSF)

Neurotransmitter metabolites (CSF)

Clinical signs

Antiquitin (ATQ)

Normal, but hypoglycemia and lactic
acidosis have been reported

Absent

1
1

(Possible) T 3-Methoxytyrosine

Postnatal refractory seizures,
gastrointestinal symptoms,
encephalopathy with hyperalertness,
sleeplessness

Pyridox(am)ine phosphate oxidase
(PNPO)

Hypoglycemia and lactic acidosis
common

Normal

Normal

T L-DOPA, 3-Methoxytyrosine
| Homovanillic acid,
5-Hydroxyindoleacetic acid

Fetal distress and in utero fetal seizures,
postnatal refractory seizures and
encephalopathy

* AASA: alpha-aminoadipic semialdehyde. Adapted from Pearl [2].



CONVULSOES

EPILEPSIA RESPONSIVA ao ACIDO FOLINICO
MutacOes gene ALDH7A1 (antiquitina)
Quadro clinico sobreponivel a epilepsia dependente de piridoxina

Prova terapéutica com ac folinico 3-5mg/kg/dia nos RN com auséncia de resposta / resposta
incompleta a piridoxina

DEFICE DE BIOTINIDASE

Biotinidase é cofactor para varias carboxilases

Epilepsia inicio 3-4 meses idade, frequentemente espasmos infantis

Atrofia dptica, surdez, alopecia e dermatite

Atraso desenvolvimento, ataxia, mielopatia com paraparésia espastica progressiva
Acidose lactica, hiperamoniémia ligeira

Tratamento: biotina 5-20mg/dia



CONVULSOES

DEFICE DE GLUT1

= Quadros clinicos atipicos sem epilepsia

Défice transportador glucose cerebral (GLUT1)

Mutacdes gene SLC2A1 " Diagnostico
= Glucose LCR N7
Infancia: = ratio glucose LCR /sangue <0,4
Epilepsia refractaria = Glucose LCR < 40mg/dl (2.2 mmolL/L)
= Virios tipos de crises = Gold-standard: estudo molecular

= Epilepsia de auséncias inicio precoce (< 4 anos)

Atraso desenvolvimento / défice cognitivo
" Tratamento

Microcefalia adquirida = Dieta cetogénica

Anomalia movimento (ataxia, distonia, discinésia
paroxistica)

Relacao com jejum!



CONVULSOES

HIPERGLICINEMIA NAO CETOTICA

Defeito metabolismo glicina

= Acumulacao glicina no cérebro
= Neurotransmissor inibitério (medula)

= Co-agonista receptor NMDA glutamato (excitatério)

Apresentacao classica neonatal
= Hipotonia
= Dificuldades alimentares
= Encefalopatia
= Convulsdes
= Apneia
= Solucos

= EEG: padrdo surto-supressao

LT RESP - RT RESP

LT EMG1 - LT EMGZ

RT EMG1 - RT EMG2

GLYCINE
NADH + H'
ey * .
o
€0, «+—7 \\—— NAD
v GLYCINE CLEAVAGE
GCSH SYSTEM GCSH
m il Folate
= ; metabolism
SHMT2 3
THF < 5,10-methylene THF




CONVULSOES

HIPERGLICINEMIA NAO CETOTICA

Elevacao glicina (sangue, urina, LCR)
Glicina LCR/plasma >0,08

RM encefalica
= Hipoplasia ou agenésia corpo caloso

= Fase aguda: hipersinal via piramidal e braco posterior
capsulainterna

= MRS! pico glicina

Tratamento
» Benzoato de sddio
= Dextrometorfano (antagonista receptor NMDA)
= Evicdo valproato sédio




= CEROIDO-LIPOFUSCINOSES

= Doencas lisossomais
neurodegenerativas que resultam em
disfuncao progressiva do SNC

Classificacao segundo idade apresentacao:

CONVULSOES

Table 1 Neuronal ceroid lipofuscinosis diseases with their age at manifestation, genes, and dysfunctional proteins

Congénita

Infantil precoce
= Convulsdes, encefalopatia, microcefalia

Infantil tardia (2-4 anos)

= Anomalia movimento, regressao DPM,
convulsoes, défice visual

Juvenil

Designation of disease OMIM Gene Protein Cellular localization
CLNI disease Infantile  Late infantile Juvenile Adult 256730 CINI (PPTI) Palmitoy1 protein thi- Soluble lysosomal
oesterase | (PPT1) protein
CLN2 disease Late infantile Juvenile 204500 CIN2 (TPPI) Tripeptidyl peptidase Soluble lysosomal
(TPP1) protein
CLN3 disease Juvenile 204200 CIN3 CLN3 Lysosomal membrane
protein
CLN4 disease® Adult 162350 CIN4 (DNAJCS5)  Cysteine string protein ~ Cytosolic, associated
a (CSP a) with vesicular mem-
branes
CLNS disease Late infantile Juvenile Adult 256731 CINS CLNS5 Soluble lysosomal
protein
CLNG6 disease Late infantile Adult 601780 CIN6 CLN6 ER membrane protein
CLN7 disease Late infantile Juvenile 610951 CIN7 (MFSD8) CLN7 Lysosomal membrane
protein
CLNS disease Late infantile Juvenile 600143 CINS CLNS8 ER membrane protein
CLNIO disease Congenital Juvenile Adult 610127 CINI10(CTSD) Cathepsin D (CTSD) Soluble lysosomal
protein
CLN11 disease Adult 614706 CINII (GRN) Progranulin Soluble lysosomal
protein
CLNI12 disease Juvenile 610513 CINI2 (ATPI3A2) ATP 13A2 Lysosomal membrane
protein
CLNI13 disease Adult 615362 CINI3(CTSF) Cathepsin F Soluble lysosomal
protein
CLN14 disease Infantile  Late infantile 611725 CINI14 (KCTD7)  Potassium chan- Cytosolic, partially

nel tetramerization
domain-containing
protein type 7

associated with mem-
branes

ER endoplasmic reticulum

# Autosomal dominant inheritance

A. Kohlschutter. CNS Drugs 2019



CONVULSOES

CLN2
Mutacdes no gene CLN2/TPP1
Deficiéncia actividade enzima tripeptidil peptidase 1 (TPP1)

FORMA CLASSICA
= Epilepsia, ataxia
= Atraso linguagem prévio

. .. . . Premature death
= Progressao rapida, regressdao desenvolvimento
* Ataxia progressiva, perturbacdo movimento (mioclonias, Visual deterioration Biindness
distonia), deterioracao visual, deméncia >>> morte
Myoclonus / Spasticity / Dystonia
RM CerEbraI Ataxia Wheelchair-dependent Bedridden
= atrofia cerebral e cerebelosa
* Hiperintensidade SB posterior em T2 FLAIR Cognitive Dementia
New-onset,
.. . . . unprovoked P Intractable seizures
EEG - resposta fotoparoxistica para baixas frequéncias (1-3Hz) seizures
Language Language decline Non-verbal
delay and regression
Tratamento e L e . A
. . 4] 1 2 3 5 6 7 8 9 10 n 12+
= Cerliponase alfa intra-tecal Age (years)

= Pro-enzima recombinante

and disease manifestation.

Age ranges depicted are averages for the classic late-infantile phenotype. Atypical phenotypes of CLN2 disease can vary in age of onset, rate of progression



NEONATAL/EARLY ONSET EPILEPTIC ENCEPHALOPATHY

History, Family History, Examination, EEG

l

*  MRI (3T) with MRS

//\»

—>

MRI normal or non-specific Malformation of cortical development

*  Malformation specific genetic +/-
metabolic testing

Vascular or traumatic
etiology
* Targeted evaluation

Laboratorytesting (LP done 4 hr postprandial): Dysmorphism, systemic findings,
Electrolytes, glucose, ammonia, lactic acid, plasma congenital malformations, or clinical
amino acids, creatine/GAA, pipecolic acid, alpha features of a specific syndrome
aminoadipic semialdehyde, copper/ceruloplasmin,

homocysteine, biotinidasa

Urine organic acids, AASA

CSF cell count, glucase, protein, cultures, amino acids,

lactate, pyruvate, neurotransmitters, PSP, 5-MTHFR
Genetic testing:

* Epilepsy gene panal

* Chromosomal microarray

* Syndrome specific molecular testing
* Chromosomal microarray
* Whole exome sequencing

|

Targeted testing pending initial results
* Urine sulfites, VLCFAs, N&O glycosylation panel
* Blood, urine, or CSF metabolomics panel

Pearl. Semin Pediatr Neurology 2016



Child presenting with epilepsy of unknown etiology

Testing in all patients: & THERAPY:
+ Pyridoxine: 100 mg iv (can cause

apnea) followed by 15-30 mg/kg/
History and physical exam day in 3 doses p.o. If ineffective,
Blood: comprehensive metabolic panel (anion consider pyridoxal 5’-phosphate 30
gap, glucose, liver function tests), blood gases mg/kg/day in 4 doses p.o.
(pH), ammonia, lactate and pyruvate, creatine
kinase, uric acid, plasma amino acids”, total Biotin p.o.: 10 mg/day (until normal
homocysteine*, plasma acylcarnitines, copper/ results obtaineq) ‘
ceruloplasmin
Urine: urinalysis (ketones), organic acids, AASA,
purines/pyrimidines, creatine metabolites 8

'minimal fasting interval = 3 hours D ia g nosis

confirmatory testing & treatment

Testing in appropriate clinical setting:
+ Blood: smear, carbohydrate-deficient transferrin, ga

VLCFA, enzyme activities, leukocyte CoQ10 . .
— D[agnos/s

confirmatory testing & treatment

+ Urine: sulfocysteine, sialic acid, oligosaccharides

+ CSF (infants): glucose, lactate and pyruvate,
amino acids, tetrahydrofolate, neurotransmitters,
pterins




2. PERTURBACAO DESENVOLVIMENTO
INTELECTUAL



PERTURBACAO do DESENVOLVIMENTO
INTELECTUAL

Perturbacao do desenvolvimento intelectual (PDI)

* Compromisso significativo das fun¢des cognitivas associado a limitagdes na
aprendizagem, no comportamento adaptativo e na autonomia

= Historicamente denominado “Défice cognitivo” ou “atraso mental”
= >5anos
= QI<70

2,5% populacao geral
Acompanha-se frequentemente de pertubacdoes do comportamento
Elevada morbilidade, custos sociais, psicologicos e econdmicos

Etiologia genética € a mais frequente
* Anomalias cromossomicas, CNV’s, anomalia padrao metilacao, single gene
 Cariotipo + arrayCGH - rentabilidade 20%



Tre a t Contents lists available at SciVerse ScienceDirect 2 7
an)
Molecular Genetics and Metabolism .
CaUS|. W
journal homepage: www.elsevier.com/locate/ymgme SMD s \.‘=

and Goreer

Treatable inborn errors of metabolism causing intellectual disability: A systematic 14
Eva M. M. Fliterature review .Tseng™
1,24,8*

’

ROde”Ck H'Clara D.M. van Karnebe Molecular Genetics and Metabolism 105 (2012) 368-381

* 116 ERROS INATOS DO METABOLISMO TRATAVEIS causam ADPM/ PDI

* Quase todos se associam a outras manifestagoes

* Neurologicas
L]

Ataxia, perturbagao de comportamento, anomalia de movimento, epilepsia, surdez, alteragoes oftalmoldgicas, miopatia, neuropatia,
alteragoes imagiologicas

* Nao-neuroldgicas

Osteo-articulares, cutaneas, endocrinologicas, dismorfismo, cardiacas, G-I, hematologicas, imunolodgicas, renais, hepaticas

* O atraso de desenvolvimento pode ser a Unica manifestagao durante muito tempo antes de surgirem outras manifestagoes



Fig. 1 Diagnostic algorithm for treatable IDs. 1st Tier consists of non-targeted metabolic screening tests that are readily available in most
developed countries. 2nd Tier consists of targeted metabolic tests, often more invasive and/or less available. Some IMDs are identified by multiple
(screening) tests in the 1st and 2nd Tier. Genetic testing (targeted molecular analysis as well as exome sequencing) can be performed in parallel.
(ID =Intellectual disability; IMD = Inherited Metabolic Disorder)




A Scoping Review of Inborn Errors of
Metabolism Causing Progressive
Intellectual and Neurologic
Deterioration (PIND)

Hilde A. G. Warmerdam '?, Elise A. Termeulen-Ferreira’, Laura A. Tseng’, Jessica Y. Lee?,

Agnies M. van Eeghen "3, Carlos R. Ferreira® and Clara D. M. van Karnebeek ""%*

February 2020 | Volume 10 | Article 1369

85 ERROS INATOS DO METABOLISMO apresentam-se como regressao DPM

* Doencas do metabolismo de moléculas complexas (40%)
*  Ceroidolipofuscinoses
*  Leucodistrofia metacromatica
*  Gangliosidoses GM| e GM2
Mucopolissacaridoses
Krabbe

Doenca Gaucher
Niemman-Pick tipo C

* Defeitos metabolismo aminoacidos (17%)
Argininémia, aciddria glutarica tipo |, leucinose, sindrome HHH

* Defeitos vitaminas, cofatores, metais ou minerais (17%)
. Défice biotinidase, défice MTHFR, Menkes, defeitos metilcobalamina, NBIAs, doenca de Wilson

+ Doencas metabolismo energético (16%)
Sindrome Leigh
MELAS, Défice CoQ2

« Defeitos metabolismo carbohidratos
Pompe

+ Doengas peroxisomas
*  Adrenoleucodistrofia ligada-X, especto Zellweger

* Doengas lipidos
Xantomatose cerebrotendinosa

+ Défices congénitos glicosilacao

} frontiers
in Neurology

Neuronal ceroid lipofuscinosis (n = 85)
Leigh syndrome (n = 36)
Niemann-Pick type C (n = 26)
Metachromatic leucodystrophy (n = 20)
X-linked adrenocleukodystrophy (n = 19)
GM2 gangliosidosis (Tay-Sachs/Sandhoff) (n = 18)
Mucopolysaccharidosis (n = 18)
Krabbe disease (n = 15)
Menkes disease (n = 6)

MELAS (n = 6)

Other (n = 69)




oo Doente (0-18 anos) com regressao cognitiva ou do desenvolvimento

T

1 LINHA (todos os doentes)

Historia clinica + Exame fisico + exame neurologico

Estudos metabolicos “base”
Sangue: gasimetria, glicose, CK, acido urico, cobre,
ceruloplasmina, amonia, lactato, aminoacidos, homocisteina,
acilcarnitinas De acordo com o diagnéstico

T\r Urina: cetondria, acidos organicos, creatina, purinas e

pirimidinas, GAGs e oligossacaridos

Tratamento

I U %+

22 LINHA (casos especificos)

— I
Estudos laboratoriais dirigidos f— ~
Genéticos [#:'\: DIAGNOSTICO
Enzimaticos

Outros




= 52 % das DHM que causam ADPM / regressdo podem ser detetados numa avaliacdo
metabdlica standard

=Rapidos
=Baratos

®|ndicam uma via metabadlica



PERTURBACAO do MOVIMENTO



PERTURBACAO do MOVIMENTO

v

Basal Cerebellum

~ . ’ . s . . li
Perturbagdo do movimento € um dos sintomas neurolégicos mais gangia

frequentes em criancas com DHM | T_

Thalamus
* Morbilidade e mortalidade

Brainstem

4 Spinal cord

Muscles Muscles of
of body head and neck

A

Envolvimento ganglios basais
* Controlo dos movimentos voluntarios
* Particularmente vulneravel no contexto de doen¢a metabdlica

Estudo prospectivo 170 doentes com DHM (Gouider-khouja et al. EurJ Pediat Neurol 2010)
* = 30% dos doentes apresentavam 1 ou mais anomalias movimento

Estudo populacao pediatrica 51 doentes com doenca movimento (cordeiro b et al. Neurol Genet 2018
e 22% tinham DHM



PERTURBACAO do MOVIMENTO

PRINCIPAIS TIPOS DE PERTURBACAO DO MOVIMENTO

» Hipercinético/discinético
= Distonia, coreia, mioclonus, tremor (tiques/estereotipias)
» Ataxa
. e sy 7 . Dystonia
= Hipocinético-rigido Choreoatethosis
Myodonus

» Tremor

" HRS

Ortigoza-Escobar JD. Frontiers in neurology 2020

Hiperglicinémia nao-cetodtica




PERTURBACAO do MOVIMENTO

PRINCIPAIS GRUPOS DE DHM QUE CAUSAM DOENCA DE MOVIMENTO

= Doencgas do metabolismo dos metais
= Defeitos neurotransmissores

= Doencas do metabolismo energético
= Doencas dos lisossomas

» Vdrios tipos de movimentos anormais podem coexistir no mesmo doente
* O tipo de perturba¢do de movimento pode modificar-se ao longo do tempo
* A correcta classificagéo clinica do tipo de movimento é fundamental para o diagndstico diferencial



PERTURBACAO do MOVIMENTO

Doen¢a neurotransmissores
Xantomatose cerebrotendinosa
Doenca de Wilson

Défice POLG

Niemann-Pick tipo C

Défice GLUT-1

Podem causar virtualmente
qualquer tipo de movimento
anomalo

Devem ser sempre incluidos no
DD numa crianca com doenca do
movimento



& trontiers A Proposed Diagnostic Algorithm for
nNeuology  [nborn Errors of Metabolism
Presenting With Movements
Disorders

Juan Dario Ortigoza-Escobar* November 2020 | Volume 11 | Article 582160

1. Quando suspeitar duma DHM numa crian¢a com doen¢a movimento?

a. Coexisténcia de sintomas neurolégicos e nao-neuroldgicos

b. Combinac¢do de varios tipos de movimentos andmalos

C. Inicio agudo / subagudo, sobretudo se coincidente com encefalopatia, desencadeado por intercorréncia febril, infecciosa, jejum
prolongado

d. Inicio insidioso em crianga com multiplas manifestacdes nao-neuroldgicas prévias

e. Alteracdes imagioldgicas sugestivas — anomalia ganglios base, substancia branca (hipomielinizacao, leucodistrofia) ou atrofia
cerebelosa

f. Consanguinidade ou padrao sugestivo de transmissao recessiva ou ligada-X

g. Resisténcia a terapéutica standard

h. Auséncia de diagndstico alternativo (anomalia cerebral estrutural, causa infecciosa/parainfecciosa ou autoimune, farmacos/

toéxicos ou outras doencas neurodegenerativas genéticas)



% trontiers A Proposed Diagnostic A_Igorithm for
inNeurology  |[nborn Errors of Metabolism
Presenting With Movements
Disorders

Juan Dario Ortigoza-Escobar* November 2020 | Volume 11 | Article 582160
2. Caracterizar o padrao da doenca de movimento

Caracterizar e definir o padrao de movimento dominante
Idade de apresentacao

Modo de inicio

Distribuicdo (focal, multifocal ou segmentar)

Padrao temporal (progressivo, episodico, flutuante)

SN

f. Sinais e sintomas associados
a. Neuroldgicos
b.  Nao-neuroldgicos



Dystonia Myoclonus Chorea Stereotypies Parkinsonism

- Mitochondriopathies

- PDH Qeﬁaenqy - Mitochondriopathies - Mitochondriopathies

- Creatine deficiency - Glutaric acidemia 1, PA, MMA - Wilson disease

- BRBG'D . ' - Lesh Nyhan disease - Gaucher disease type 1

- Glutaric acidemia 1, PA, MMA - Neurotransmitters disorders
- Wilson, PKAN

- Gaucher disease 3, Nieman Pick
type C disease, GM1 and GM2
gangliosidoses, Lafora disease

- Aicardi Gouttieres syndrome

- Intracerebral folate deficiency

- Neurotransmitters disorders

- Mitochondriopathies .
- CLF, Sialidosis, Lafora disease, GM1 GM2 PKU, ADSL deficiency
gangliosidoses, Nieman Pick type C disease

N Gouider-Khouja et al. European J Pediat Neurol 2010



[ HRS in the neonatal period

N

PERTURBACAO do MOVIMENTO

Childhood onset parkinsonism

)

Consider:

-Severe hypoxic-ischemic
encephalopathy

-Brainstem malformations :

Dentato-olivary dysplasia

Inborn errors of metabolism:

-If severe lactic acidosis: consider
neonatal form of pyruvate carboxylase
deficiency

-If normal plasma and urine metabolic
tests, consider CSF:
Perform biogenic amine
metabolites : primary
dopaminergic defects®

Plus:

Dystonia, oculogiyric crises,
psychomotor delay (+/-),
slight pyramidal signs (+/-),
autonomic dysfunction (+/-)
Normal or slight non specific
changes in brain MRI

Plus:
Dystonia,
dysarthria,

corticospinal tract | nystagmus,
involvement

Plus:
Psychomotor
regression,

|

CSF biogenic amine
metabolites

/

Profile suggestive
of primary
neurotransmitter
defects (see table
2)

Plus: Plus:
Bulbar signs, Dystonia
speech and Pyramidal signs (+/-)

swallowing Psychomotor retardation
difficulties, Cortical atrophy (+/-)
limb dystonia. Neurosensorial involvement (+/-)

Brain MRI

Ocular examination

Nerve conductions

Copper and caeruloplasmin

Multisystem involvement (+/-)

v l / High lactate (+/-)

AN

NBIA®: PANK, PLAN

Wilson disease”

Consider a
mitochondrial disorder

Normal, slight or non specific
changes in:

Mitochondrial disorders.
Probably, although not well

documented in*

—

. a
Not in favour

.

If prominent pyramidal

signs consider:
-Hereditary spastic
paraparesis (SPG11)
-FBXO7

If rapid onset dystonia-

parkinsonism:
-DYTI12 and DYT16

Garcia-Cazorla A. Eur J

Paed Neurol 2011



Consider always a primary
biogenic amine defect, due
to treatment possibilities.
CSF study

Cerebellar involvement:

Niemann-Pick type C
Gangliosidosis

NBIA

SCA3 and 2

PARK2

Mitochondrial disorders

Abnormal and
characteristic brain MRI

Wilson disease
PKAN
Huntington’s disease

Not in favour

Consider :
PARK genes
Mitochondrial disorders
Neuroacanthocytosis
Mutations in the
phosphodiesterase 8b
gene

PERTURBACAO do MOVIMENTO

Late childhood, adolescence or juvenile parkinsonism

Garcia-Cazorla A. EurJ Paed Neurol 2011



PERTURBACAO do MOVIMENTO

Patient with MD

1

Features suggesting NMD :

- Consanguinity, childhood onset, familial cases
- MD not explained by other classical etiologies
- Associated clinical signs and symptoms (neurological and systemic)

|

|

|

Acute or subacute MD

Paroxysmal MD

Chronic MD

-BRBGD
- Non ketotic hyperglycinemia
- Creatin deficiency

- GLUT1 deficiency
- PDH deficiency

|

Normmal basal ganglia on MRI

Abnomal basal ganglia on MRI

-Mitochondriopathies

- Creatin metabolism
deficiency

- GD1, GD3, NPC, CLF,
Sialidosis, GM1, GM2

- Phenylcetonuria

- TH, DHPR, SR, GTP
cyclohydroalase deficiency

- Intracerebral folate deficiency
-Lesh Nyhan disease

- WD, PKAN

- GA1, PA, MMA

- Mitochondriopathies

- Coenzyme Q10 deficiency
- PDH deficiency

-BRBGD

- Creatin deficiency (GAMT)

N Gouider-Khouja et al

. European J Pediat Neurol 2010
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3. Investigacao etioldgica

Bioquimica
a. 88% das DHM que tém anomalia de movimento podem ser diagnosticadas por avaliacdao analitica
relativamente acessivel (sangue, urina, fibroblastos, LCR)
b. Orientada pelo padrdao de movimento mais importante e/ou mais especifico
c. Considera PL na avaliacao inicial
a. Sintomas flutuantes, sindrome hipocinético-rigido, crises oculogiras, sintomas autondmicas
d. Prioritario excluir doencgas tratdveis

Imagioldgica
a. Incluir na avaliacao inicial dum doente com doen¢ca movimento
Ressonancia Magnética (com MRS?') é o exame gold standard

b.
c. Padrdo especifico / sugestivo de determinada patologia
d. Avaliacao inicial pode ser normal
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4. Estudos genéticos

a. Estudos indicam rentabilidade diagndstica =40% (11-51%)
b. Painel NGS / WES

c. Confirmacao de diagndstico bioquimico
d. Aconselhamento familiar
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5. Tratamento

a. Tratamento especifico
a. Modificacao dietética — Défice GLUT1

b. Suplementacao vitaminas, cofactores — Défice biotinidase, défices cobalamina
c.  Terapéutica substitugdao enzimatica — CLN2

b. Tratamento sintomatico



PERTURBACAO do MOVIMENTO

ACIDURIA GLUTARICA TIPO 1

= Prevaléncia estimada 1:110.000

= Deficéncia glutaril-CoA desidrogenase (GCDH)

= Assintomaticos ou sinais e sintomas neuroldgicos inespecificos (hipotonia, ADPM)

= Macrocranea (75%)

FORMA DE APRESENTACAO CLASSICA

= Crise encefalite-like (3-36 meses)

= |ntercorréncia febril, vacinacdo ou traumatismo craniano minor

Lysine Hydroxylysine

! !

Lysine CoA —» 2-Aminoadipic acid ——» Glutaryl-CoA

Tryptophan

3-Hydroxy-
glutaric
acid

p- and
L-2-hydroxyglutamate
dehydrogenase

Glutaryl-CoA

Glutaric
acid

dehydienase

Crotonyl-CoA

l

Acetoacetyl-CoA

= Pertubagcao movimento — distonia, coreoatetose, discinésias oromandibulares, opistétonus

= Alteracao estado consciéncia

OUTRAS FORMAS DE APRESENTACAQ

= |nicio insidioso

= Sinais e sintomas — doenca de movimento — surgem progressivamente na auséncia de crise encefalopatica

= Diagnostico diferencial com PC discinética



PERTURBACAO do MOVIMENTO

= Ressonancia Magnética encefdlica

= Alargamento espacos LCR (*)

= Atrofia fronto-temporal, valas silvicas alargadas

10 meses, GA-l ndo tratada

" Predisposi¢ao hematomas subdurais Van der Knaap C Conceigdo

» Em crise: alteracdo sinal striatum (putamen e caudado) (<)

Portugal: incluido rastreio neonatal desde 2004

Metabolito diagndstico C5DC (glutaril-carnitina) no cartdao de Guthrie

Limitagoes:

= Na3o identifica todos os doentes (baixo-excretores)

14 dias apds “crise” encefalopdtica
Harting I, Brain 2009

» Rastreio neonatal negativo ndo exclui definitivamente o diagndstico de GA-I



NIEMANN-PICK TIPO C Systemic

PERTURBACAO do MOVIMENTO

involvement

Defeito trafico intracelular de lipidos

Incidéncia 1 / 120.000-150.000 NURGIogics

involvement

Manifestacoes clinicas podem surgir em
qgualquer idade

* Sistémicas
* Neuroldgicas
e Psiquiatricas
>>> tém uma evolucgao independente

Neonatal
Cholestasis

(Hepato)

Splenomegaly

1 2

3

6 10

(Early) Infantile

*Delayin

* Hypotonia

motor
milestones

Late Infantile |

Hepatosplenomegaly

* Absent in ~15% of cases
* Age of onset is variable
+ May regress with age

 Gait problems
*Clumsiness
*Speech delay

* Cataplexy

l———Vertical supranuclear gaze palsy

Juvenile

* School problems
* Ataxia

* (Seizures)

* (Cataplexy)

Neurological involvement

* Psychiatric problems
» Ataxia
*Dystonia
*Dementia

----- Period of onset

[ Duration



PERTURBACAO do MOVIMENTO

Neurological Psychiatric
Very strong :;lr;::al supranuclear gaze .
40 points per item Gelastic cataplexy .
E M = F I F !
Prolonged unexplained . Pre-senile cognitive deciine

neonatal jaundice or
cholestasis

or dementia

Isolated unexplained
splenomegaly (historical +

current) with or without o
° . ’ . hepatomegaly
Suspeita glmlca e
* Score Indice de Suspeigao Mo - ==

Dystonia

* Doseamento quitotriosidase
* MO: "foam cells”

Disruptive or aggressive

Hydrops fetalis (8] Hypotonia O :::dhammdolmm O
Ancillary Siblings with fetal ascites L (eiayeddevsiopmentst 0
1 point per item
i . :;I'z::ﬁ;‘(;zz)amalof o
* Teste da Filipina —— =
® BiOIpSia de pele Visceral + Psychiatric Visceral + Neurological Psychiatric + Neurological
* acumulagdo patologica de colesterol nos lisossomas em microscopia
fluorescéncia P——
» 80-85% diagndstico na forma classica T

A

e
 Estudos moleculares

* sequenciacao genes NPC1 e NPC2

— o e
* Perfil plasmatico de oxi-esterois D c’é& s a‘d '
* produtos de oxidacao do colesterol 5‘ )9 !
* biomarcadores plasmaticos de doenca Niemann-Pick C '
* potencial para substituir necessidade bidpsia pele ';Y’, ’
* ainda em validacao % A .,\QQ
m Sliee 4



PERTURBACAO do MOVIMENTO

NIEMANN-PICK TIPO C Recommendations for the diagnosis and management of Niemann-Pick

disease type C: An update

Marc C. Patterson **, Christian ], Hendriksz °, Mark Walterfang ¢, Frederic Sedel ¢
Marie T. Vanier , Frits Wijburg '
on behalf of the NP-C Guidelines Working Group

Molecular Genetics and Metabolism 106 (2012) 330-344

TRATAMENTO

MIGLUSTAT

inibe sintese de glicoesfingolipidos por inibicao competitiva

atravessa barreira hemato-encefalica
Europa desde 2009

e aprovado para o tratamento das manifestacdes neuroldgicas em doentes pediatricos e adultos



1- Consider always the possibility of a treatable disorder:
Organic acidurias, homocystinurias, biotinidase deficiency, GLUT-1 deficiency, creatine deficiency, inborn errors of dopamine, Wilson
disease, vitamin E deficiency, abetalipoproteinemia, biotin responsive basal ganglia disorders, Niemann-Pick —C (due to the recently

introduced treatment with Miglustat), CTX

2- Brain MRI

P

Very helpful in the
diagnostic approach due to
pathognomonic or highly
characteristic images:
Glutaric aciduria
L-2-hydroxyglutaric aciduria
Canavan disease

Leigh syndrome
Gangliosidosis

MLD

Wilson disease

PKAN deficiency
Hypermanganesaemia

MRS in creatine deficiency
MRS in Sjoégren-Larsson
Ssuggestive images although
they may mimic other
disorders

4-OH-Butiric aciduria
Biotinidase deficiency
CDG, NCL, MCT8

PLAGS®6 deficiency

Vitamin E deficiency

BG responsive disorder
Niemann-Pick-C

3-Can present
isolated

Can be present in
decompensation
episodes only
Organic acidurias
(classical and
cerebral)
Mitochondrial
disorders

dystonia

h 4

IEM of
dopamine

GMI1 and GM2
PKAN

Leigh syndrome
Juvenile MLD

Usually normal
Dopaminergic
deficiencies
Lesch-Nyhan
GLUT-1 deficiency

DYT genes

4- Consider other
associated signs

Visceral: lysosomal
investigations, urine organic
acids

Ocular: if optic atrophy gen
LHON, if oculomotor
apraxia gen aprataxin, if
ocular telangiectasia,
immunologic studies and
gen ataxia-telangiectasia, if
retinitis pigmentosa, plasma
vitamin E, mitochondrial,
lysosomal investigations
Deafness plasma
biotinidase activity,
glycosaminoglycans and
oligosaccharides in urine,
consider mitochondrial
investigations and
dystonia/deafness gene
Other neurological signs

( See Table 1)

5- Consider onset age and MD type

Congenital/early childhood:

Parkinsonism: IEM of dopamine, pyruvate
carboxylase deficiency

Tremor: IEM of dopamine

Bizarre complex movements: classical organic
acidurias

Dystonia: organic acidurias, mitochondrial
disorders (Leigh syndrome)

First year of life:

Generalised dystonia, chorea, ballismus: Lesch-
Nyhan disease, creatine synthesis defects
Subacute onset dystonia, tremor, chorea: Leigh
syndrome, organic acidurias

First decade of life:

Severe acute dyskinetic syndrome: glutaric
aciduria type |

Progressive dyskinetic cerebral palsy: GAI,
GM1, GM2, untreated IEM of dopamine
Dystonia, choreoathetosis, rigid-akinetic
syndrome: PKAN, PLA2G6 mutations
Paroxysmal dystonia and exercise induced:
GLUT-1 deficiency

Tremor, dystonia, ballismus: GAMT deficiency.
Focal dystonia, tremor: homocystinuria
Secod-third decade of life:

Dysarthria, dystonia, tremor, rigid-akinetic:
Wilson disease, lysosomal disorders, PKAN

Fig. 2 Diagnostic approach for metabolic disorders with prominent movement disorders (MD) other than ataxias

Garcia-Cazorla et al. JIMD 2009




ATAXIA



® |ncapacidade de manter a postura e descoordenacao dos movimentos

= O cerebelo é particularmente susceptivel a desequilibrios metabdlicos devido as

elevadas necessidade energéticas

= ATAXIA EPISODICA

= ATAXIA CRONICA

ATAXIA

Mesencephalic

aqueduct
Mammillary bodyﬂ

Mesencephalon —F

Fourth ventricle

White matter
(arbor vitae)

Pons

Medulla oblongata
Gray matter



Ataxia
+GDD

+cognitive dysfunction

+seizures

+other movement disorders

Specific Clinical Features

Y

\

Y

Y

A

A

Y

Y

Y

Y

Hearing loss Peripheral Cataracts Kinky hair Hepatospleno Failure to Tremor Nystagmus Hypotonia External
POLG dis. Neuropathy Galactosemia Menkes dis. megaly Thrive (FTT) L-2-OHGA L-2-OHGA NKH Ophthal
OPAl PDHC def. POLG dis. + Coarse MSUD Hartnup dis. Hartnup dis. MMA moplegia
MERRF POLG dis. CTX Facial MMA GLUT1 def. GLUT1 def. PDHC def. KSS
NARP MELAS Features PC def, DLD def. PDHC def. CCDS- ThTR def.
KSS LHON Pompe dis. FBXL4 dis. LHON PC def. GAMT def. Abetalipo
BTD MLD GD23 ICRD CbIC def. ICRD CRTR def. proteinemia
a-mannosidosis Kre:bbe dis. MPS | MTO1 dis. a-mannosidosis RTD DLD def.
thélS)I s&auzr_"c%'sé Sialuria MCD Tay-sachs dis. neuronopathy PC def. )
Y-ALD oTX GM2 | |[MTHFR def. GM1 CbIC def. Primary Vertical
Refsum dis. gangliosidosis | [RTD gangliosidosis ThTR def. CoQ10 def. Supranuclear
PRS NPC neuronopathy Krabbe dis. Alpha- POLG Gaze Palsy
superactivi GM1 CbIC def. NPC dis. mannosidosis disorders NPC dis.
P ty X ;
gangliosidosis | [MKD Krabbe dis. FBXL4 dis.
Salla dis. Ataxia with ZSDs ICRD
vitamin E def, CDG MTOL1 dis. Strabismus
MKD BTD L-2-OHGA
Ataxia with MCD SSADHD
vitamin E def. MTHFR def. PMM2-CDG
CbIC def.
SSADH def.
Alpha-
mannosidosis
Pompe dis.
MLD
GM1
gangliosidosis
Krabbe dis.
NPC dis.
Salla dis.
ZSDs
PMM2-CDG
Menkes dis.
PRS

superactivity




Mesencephalic
aqueduct
+ ,— Pineal gland
Corpora quadrigemina

Mammillary body /

ATAXIA

u DEFEITOS CONGE’NITOS da GLICOS"—ACAO (CDG) Fourth ventricle

Pons

White matter
(arbor vitae)

>100 doencgas

Medulla oblongata Folia

Gray matter

® Envolvimento multissistémico mas a disfuncao do SN é muito frequente

= Hipoplasia do cerebelo inicio prenatal

= PMM2-CDG (CDG tipo 1A)

= Distroglicanopatias

= Diagnostico:
= Focagem isoleléctrica transferrina

» Estudo molecular

P Feraco et al. Am J Neuroradiol. 2012



= ATAXIAS CRONICAS PROGRESSIVAS

Défice vitamina E
Abetalipoproteinémia
Xantomatose cerebrotendinosa
Doenca de Krabbe

Doenca de Alexander

Niemann-Pick tipo C

Aciduria propionica e metilmaldnica
Doenca de Refsum

Doencgas mitocondriais

= NARP, IOSCA, MERRF

Défice coenzima Q10

ATAXIA



ATAXIA

= ATAXIAS INTERMITENTES

= Episddios de descompensacao aminoacidopatias (leucinose), ciclo ureia

Piruvato-desidrogenase

Défice biotinidase

GLUT-1

Mitocondriais: NARP

= Lactato, amonia, piruvato, AA, AO e biotinidase

= As alteragoes analiticas podem so estar presentes nos episodios de descompensag¢do



deficiency

I-INTERMITTENT OR EPISODIC

Consider first treatable disorders:
UCD, organic acidurias, some
thiamine responsive PDH deficiencies,
biotinidase deficiency, GLUT-1

2-WITH SPINOCEREBELLAR DYSFUNCTION
Treatable: vitamin E deficiency, abetalipoproteinemia,
CTX

3- +/- ADDITIONAL
NEUROLOGICAL DETERIORATION
Treatable: Refsum, CTX, COQ10
deficiency

/\

- Polyneuropathy (absent or low deep With sytemic Pure
reflexes, pes cavus) involvement neurological
- Pyramidal involvement: Babinski sign, involvement
sometimes spasticity
-Low propioceptive sensitivity
1-Abnormal 2-Abnormal Normality of e . \
basic nerve 1 and 2 tests 1-Heart 2- Plasma Normality of
metabolic conductions examination vitamin E, 1 and 2 tests
tests cholesterol, v - Refsum disease \
HDL, LDL, - i
l \ NARP, PDH, VLDL Consider always Cerebrotendu!ous
. . > . . . xanthomatosis
mitochondrial triglycerides, Friedreich ataxia even - Late-onset
disorders, cholestanol with normal heart . . .
biotinid ) .. sphingolipidoses
- Late onset forms of UCD lotinidase Cardiomyopathy: examination (may - Congenital disorders
-PDH and PC deficiency deficiency _Frleflrelch ata.xm, develop later) of glycosylation (*)
(type C form with recurrent vitamin E deﬁc'lenC)'l ’ . -NARP
hyperlactacidaemia), NARP, Abetalipoproteinemia Inl'1ented SCA -Coenzyme Q10
respiratory chain disorders v (s'p mf)ci:l;ebc.l lar d deficiency (some
and biotinidase deficiency Consider: -Low vitamin E, high ataxias): albumin an forms associated with

- Late onset forms of organic
acidurias.
- Hartnup disease

4-WITH PROGRESSIVE
MYOCLONIC EPILEPSY
Treatable: Niemann-Pick C

- GLUT]1 deficiency cholesterol, triglycerides ad

beta-lipoprotein: Vitamin E

- Channelopathies deficiency

(episodic ataxias) -Acanthocytes, low
cholesterol (low LDL and
VLDL and high HDL) and

triglycerides: abeta and
hypobetalipoproteinaemia
-High cholestanol in CTX

lipid studies can be
abnormal in some
forms

Consider IOSCA
(infantile onset
spinocerebellar

atrophy) : Twinkle-
4508C dysfunction,
mitochondrial
depletion

nephrotic syndrome or
epilepsy)

l

- Lafora body disease

- Neuronal Ceroid
Lipofuscinosis, especially
CLN2

- Myoclonic Epilepsy with
ragged red fibers

- Lysosomal disorders such
as Niemann Pick type C
Gaucher disease type 3,
sialidosis type 1

\

Fig. 1 Diagnostic approach for metabolic disorders with prominent ataxia

- 4-OH-Butyric aciduria (*)
- L-2-Hydroxyglutaric
aciduria
- Leigh disease
- Some forms of COQ10
deficiency

(*): in these disorders
ataxia may improve

Garcia-Cazorla et al. JIMD 2009




ENCEFALOPATIA AGUDA



ENCEFALOPATIA AGUDA

= Encefalopatia aguda é um problema comum em doentes com DHM
= Depressao estado consciéncia na auséncia de epilepsia

= Gravidade variavel .....alteracdo comportamento ----coma .....

Table1l Causes of acute metabolic encephalopathy

Hyperammonaemia

Hypoglycaemia

Organic acid and amino acid disorders

Fatty acid oxidation disorders

Toxins/poisons

Conditions that may complicate the presentation:
Electrolyte disorders
Liver failure
Renal failure




- DOENCAS MITOCONDRIAIS -

Neuro!ogical

(7 = - - ~

Sensorineural = Seizure related stroke/
hearing loss metabolic stroke

= Epilepsy

sty - Migraine
: L o : : ‘ B e
* As doencas mitocondriais sao o grupo de doencas hereditarias do metabolismo mais P> |- Developmental detay
frequentes na infancia (oarin, 2002)

= Psychiatric or
mood disorder

Non-neulrological = Developmental

r Al regression
(Respiratory failure p otoo o
= Ptosis
5 = Progressive external
A H H . = Cardiomyopathy 9 €
=  Prevaléncia estimada de 1:4,300 (corman 6, 2015) . ol P _ cphthaimoplegia
= = = Retinitis pigmentosa
Liver failure

-
= Fanconi syndrome h

V% . s ~ . = Renal tubular acidosis
* “Qualquer sintoma, qualquer orgdo, qualquer idade, qualquer modo de - Focal segmental
hereditariedade” R toiloeg orosis

= Renal failure
|= Adrenal insufficiency )

= Diabetes mellitus
= Pancreatitis

-
= Intestinal pseudo-

= Sistema nervoso esta frequentemente afetado nas doengas mitocondriais
obstruction

* 45% das criangas apresentam sintomas neurologicos (Munnich A, JIMD 1996) - Gastrointestinal
d tili

- Cfrr:r?it; \llti)lllous atrophy

|_= Failure to thrive

J

= Myopathy
= Exercise intolerance

failure

= Premature ovarian
= Male infertility

J
~

= Kyphoscoliosis
= Short stature
= Bone marrow failure

= SISTEMA NERVOSO CENTRAL e PERIFERICO
= Atraso desenvolvimento / Regressao [ \
* Convulsdes / Epilepsia \
= “AVC” metabdlico
=  Perturbag¢ao do movimento
= Ataxia
= Neuropatia periférica

J

o—(Peripheral neuropathyj

- P b ~ . e . Figure 4 | Clinical presentations of mitochondrial diseases. The clinical presentation
ertur aCaO pSqu|atr|Ca of mitochondrial diseases is variable between patients and can encompass dysfunction of
- Dem é ncia any organ or tissue. Broadly speaking. the clinical presentations have non-neurological or

neurological characteristics and usually involve multiple organ systems.



ENCEFALOPATIA AGUDA

= SINDROME DE LEIGH

* Encefalomielopatia necrotizante subaguda (penis Leigh, 1951)

* Incidéncia 1 :40.000 nascimentos vivos (doenca mitocondrial mais frequente da infancia)

* Criancas (habitualmente <1 ano de idade), rara em adultos

* Envolvimento do SNC predominante

* Descompensacao durante intercorréncia infecciosa

 Heterogeneidade clinica e genética



ENCEFALOPATIA AGUDA

= SINDROME DE LEIGH

* Descompensacgao durante intercorréncia infecciosa

* Envolvimento do SNC predominante
» Regressao DPM
* Anomalia padrao respiratorio
= Dificuldades alimentacao
* Anomalia movimentos oculares (nistagmo, oftalmoplegia, ptose)
* Hipotonia
= Distonia

= Convulsoes
= Manifestagoes extra-neuroldgicas (cardiacas, hepaticas, renal, hematologicas, hipertricose)

= Recuperagao clinica parcial



= RM cerebral

= Hiperintensidades bilaterais, simétricas dos ganglios da
base e tronco cerebral

= Elevacdo lactato na MRS?

= Avaliacao laboratorial

= |actato sangue e/ou LCR aumentado

= normal em 25% casos (Sofour et al. Orphanet J Rare Dis 2014)
= Razdo Lactato/Piruvato A\
= Aminoacidos

= elevagdo alanina

= diminuicdo citrulina (marcador m.8993T>G)
= Acidos organicos
= elevagdo intermediarios ciclo Krebs

= Actividade cPDH

8 meses

deterioracdo neuroldgica durante infec¢do respiratéria
com febre, convulsdes

Identificada mutagdo m.8993 T>G



Heterogeneidade genética
- 89 genes descritos
- Mutacoes mtDNA
- Mutacdes DNA nuclear (AR e ligado-X)

Mutacdes pontuais mtDNA (MILS) - 25% casos
- gene MT-ATP6 (complexo V)

*  m.8993T>G, m.8993T>C, m.9176T>C / @ -
- gene MT-TK %{"’,: ..... o P @

- m.8344A>G (tRNAYS)
- genes codificantes subunidades |, IV e V da CRM

DHX PD)

TP
PDHB
coxm PDHA1L mtDNA I

Mutacoes DNA nuclear

- SURF1 (défice de COX)

- mutagdo mais frequente

Fig. 2. Pathways and genes affected in patients with Leigh syndrome. Genes in which mutations have been identified in patients with Leigh syndrome are underlined. Nuclear DNA
encoded proteins are depicted in black, mtDNA encoded subunits in red and mitochondrial respiratory chain assembly factors in blue.
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NEUROPATIA

O envolvimento dos nervos periféricos nas DHM é frequente

Nucleus

Alteracdes estrutura ou funcao da mielina, disfuncao axonal

EMG é importante para diferenciar axonal versus desmielinizante

NEUROPATIA AGUDA

NEUROPATIA CRONICA

Dendrite

&7’6 {/%4 Cell body

: i Node of Ranvijer/

Myelin sheath

Axon terminal

Schwann cell



NEUROPATIA

= NEUROPATIA AGUDA

Porfiria aguda
Tirosinémia tipo 1

Défice PDH

= NEUROPATIA CRONICA

Défice biotinidase

Defeitos remetilacdao da homocisteina

Défice vitamina E

Doengas mitocondriais

Doencas lisossomais (Krabbe, Leucodistrofia metacromatica)
Doenca de Fabry

Distrofia neuroaxonal (PLA2G6)

Panel: Mitochondrial disorders with peripheral neuropathy

Neuropathy as the only or predominant feature

MFN2-related disorders : autosomal dominant CMT2A, autosomal recessive CMT2, C(MTS

(HMSN type V), CMT6 (HMSN type V1), complex phenotypes

+ GDAP1-related disorders: autosomal recessive CMT2K, CMT4A, recessive intermediate
CMT, autosomal dominant CMT2K

+  MTATP6-related disorders: CMT2 and dHMN

« DHTKD1-related disorder: CMT2Q

» AIFM1-related disorder: CMTX4 (Cowchock syndrome)

« PDK3-related disorder: CMTX6

Neuropathy as a key feature

»  MTATP6-related disorders: NARP, MILS

» POLG1-related disorders: ataxia neuropathy spectrum, SANDO, MNGIE-like syndrome
» (C100RF2-related disorder: SANDO, I0SCA (MTDPS7), complex phenotypes

+ TYMP-related disorder: MNGIE (MTDPS1)

» RRM2B-related disorder: MNGIE-like syndrome (MTDPS8B)

» MPV17-related disorder: Navajo neurohepatopathy (MTDPS6)

» SLC25A19-related disorder: neuropathy and bilateral striatal necrosis

Neuropathy as a minor feature
» OPA1-related disorder: DOA plus syndrome

» POLG1-related disorders: MIRAS, Alpers-Huttenlocher syndrome, MEMSA, complex
phenotypes

+ ND1-related, ND4-related, and ND6-related disorders and other mtDNA mutations:
LHON

» SURF1-related disorder and other gene mutations: Leigh syndrome

» MTTL1 3243A—G and other mtDNA mutations: MELAS syndrome

»  MTTK 8344A—G and other mtDNA mutations: MERRF syndrome

» Single mtDNA deletion-related disorder: Kearns-Sayre syndrome

« ADCK3-related disorder: primary coenzyme Q10 deficiency syndrome

» Non-syndromic respiratory chain disorders

CMT=Charcot-Marie-Tooth neuropathy. HMSN=hereditary motor and sensory neuropathy. dHMN=distal hereditary motor
neuropathy. NARP=neuropathy, ataxia, and retinitis pigmentosa. MILS=maternally inherited Leigh syndrome. SANDO=sensory
ataxia, neuropathy, dysarthria, and ophthalmoplegia. MNGIE=mitochondrial neurogastrointestinal encephalopathy.
I0SCA=infantile-onset spinocerebellar ataxia. MTDPS=mitochondrial DNA depletion syndrome. DOA=autosomal dominant
optic atrophy. MIRAS=mitochondrial recessive ataxia syndrome. MEMSA=myoclonic epilepsy, myopathy, and sensory ataxia.
LHON=Leber hereditary optic neuropathy. MELAS=mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like
episodes. MERRF=myoclonus epilepsy with ragged-red fibres. mtDNA=mitochondrial DNA.
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DOENCA DE FABRY

Hereditariedade ligada-X
Incidéncia 1 / 40.000-60.000

Mulheres heterozigdticas podem ser sintomaticas

Défice a-galactosidase A

Neuropatia sensitiva

Envolvimento SNC
* AVCem idade jovem

e surdez

Envolvimento cardiaco
* hipertrofia ventriculo esquerdo

* anomalias conducdo

Natural history of Fabry disease

........... _——] Cardiac disease
...... —— | CNS disease

...... ] Renal disease

e _— ] Gl disease
Initial

symptom 7] Corneal opacities
l ....... e ————— | Angiokeratomas
i — Acroparesthesias

.
] T T T 1
0 20 40+
years
Diagnosis

Death: 50 years (40-56)
e Quality of life




NEUROPATIA

Natural history of Fabry disease

DIAGNOSTICO _—1 Cardiac disease
Sexo masculino ,,,,,,, _.—""-——-_1 CNS disease
e doseamento actividade enzimatica nos leuc6cites ~_______——"] Renal disease
* confirmacao por estudo molecular gene GLA 1 Gldisease
Sexo femini Initial T
€XQ lemining symptom ] Corneal opacities
* actividade enzimatica pode ser normal )
. ~ - T | 1 Angiokeratomas
* estudo molecular (pesquisa mutagao familiar ou sequenciacao gene)
i Acroparesthesias
s
] ] I ] 1
0 20 40+
years
TRATAMENTO : :
DlEpaEnC Death: 50 years (40-56)
terapéutica enzimatica de substituicao ) _
. Quality of life

aprovado na Europa desde 2001, resultados a longo prazo - contraditdrios...

Indicacdes

* Inicio precoce (criangas e adultos), incluindo insuficiéncia renal crénica em didlise ou transplantados assim como mulheres com doenga significativa

Prevencao complicacdes cardiacas e cerebrovasculares



COMENTARIOS FINAIS

Embora as doencas hereditarias do metabolismo sejam individualmente raras, tém uma incidéncia consideravel

(E:xistgmll)?ed Flags que devem fazer suspeitar de DHM mesmo em doentes com diagndstico definido (por ex: Paralisia
erebra

Os sintomas neurolégicos sao muito frequentes nas DHM
= SNC: convulses, atraso/regressdao DPM, anomalia do movimento, encefalopatia, ataxia
= SNP: neuropatia

Recentemente tém surgido opcdes terapéutica para um niimero cada vez maior destas doencas - DOENCAS TRATAVEIS
O atraso no diagnéstico tem implicacdes progndsticas

A identificacdao de uma DHM:
= Possibilidade de tratamento
= Estabilizacdo / reversdo da deterioracao
= Aconselhamento genético familiar
= Progndstico



