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ENFERMEDADES MUSCULARES.
Sospecha

Hipotonia

Debilidad

ROT abolidos o atenuados
—atigabilidad

Atrofia muscular. Distribucion.
Sin signos de afectacion SNC




Enfermedades asociadas.a HIPOTONIA

SNC + SNP

Leucodistrofias (Krabbe, metacromatica)
Citopatias mitocondriales

Distrofia muscular congeénita (Fukuyama)
Distrofia neuroaxonal infantil
Enfermedades peroxisomales (Zellweger..)

SNC

Encefalopatias agudas (ictus, hipoxia, infeccion..)
Toxicas (bilirrubina, fenobarbital, fenitoina, sedantes..)
Encefalopatias traumaticas

Hidrocefalias

Paralisis cerebral (atonica, ataxica..)

Cromosomopatias (Down...)

Otras enfermedades genéticas (Prader-Willi, ..)
Enfermedades metabdlicas (Tay-Sach, hiperamoniemia,
hiperglicinemia, manosidosis, fucosidosis..)




Enfermedades asociadas a HIPOTONIA, cont..

SNP: Médula (asta anterior)

« Malformaciones
(espinas bifida, siringomielia, ..)

 Tumores medulares
- Degeneracion de asta anterior: o oRoe Al
ATROFIA MUSCULAR ESPINAL

Tipo | (Werdnig-Hoffman)

Tipo Il (forma intermedia)

Tipo Il (Kugelberg-Welander)

Tipo IV (Adultos)




Enfermedades asociadas a HIPOTONIA, cont..

SNP: Neuropatias periféricas

« Adquiridas

Polineurorradiculoneuritis aguda (Guillain-Barre)
Polineuritis cronica inflamatoria desmielinizante

« Hereditarias (Charcot-Marie-Tooth y variantes)




ENFERMEDADES MUSCULARES

Distrofias musculares
Congenitas
Distrofinopatias (Duchenne, Becker, Hiper CPK)
Miopatias de cinturas
Miopatias distales
Distrofia miotonica de Steinert

Miopatias congeéenitas
Miotonias congenitas
Miopatias metabdlicas

Mitocondriales
Glucogenosis

Miastenia gravis
Miopatias adquiridas




DEBILIDAD.

Escala.de fuerza muscular MRC

(Medical Research Council)

Sin contraccion visible

Contraccion muscular sin movimiento

Movimiento de la articulacion sin
oponerse ala gravedad

Movimiento activo contra la gravedad

Movimiento contra la gravedad y
contra resistencia

Fuerza normal




ENFERMEDADES MUSCULARES.
Diagnostico

Distribucion de atrofia y debilidad.

Modo de presentacion:
aguda/cronica
signos acompanantes (mialgias..)
edad

Historia familiar

CPK

EMG-ENG

Estudios genéticos

Biopsia muscular




ENFERMEDADES MUSCULARES.
Diagnostico

Distribucion de atrofia y debilidad.
Modo de presentacion:
aguda/cronica

sSignos acompanantes
edad
CPK
EMG-ENG
Historia familiar
Estudios genéticos
Biopsia muscular




Trastorno episodico o constante

55 Episodico:
SNC: Estado postcrisis epileptica
Atague isguémico transitorio
Descompensacion hidrocefalia
Ataxia
Musculo:Paralisis periodica (canalopatia’'sodio, calcio..)

Miopatia metabolica (Glucogenosis..)

o5 Constante




Debilidad muscular de-.comienzo agudo

osTrastorno general, extraneurologico

dsTrastorno del SNC
SsTrastorno neuromuscular:
‘nervio
-de la transmision neuromuscular

‘muscular




Debilidad muscular.de comienzo agudo

Exploracion

950bjetivable ‘a esfuerzos minimos

Ver signos acompafantes: tono, atrofia,ROT, mialgias, consciencia..

=SNC
»Raices, nervios periféricos o miopatias

950bjetivable a esfuerzos mayores 0 prolongados (fatigabilidad)
» Enf de transmision neuromuscular (miastenia)
» Enf. Médica extraneurologica (cardiaca, respiratoria, suprarrenal, tras
infeccion aguda..)

SoNo-objetivable -en la exploracion
»Astenia (suprarrenal, diabetes,.)
» Psiquiatrica (depresion, trast. somatomorfo)
= Simulacion




MIALGIAS

s M. Inflamatorias:

viral, polimiositis, M. parasitaria,dermatomiositis, M. Granulomatosa,

M. intersticial, M. Nodular localizada,Vasculitis, fascitis eosinofilica

M. Toxicas: alcohol, farmacos

M. EndOcrinOlégicaS: hipotiroidismo, osteomalacia,

hiperparatiroidismo.

M. Hereditarias: Glucogenosis, Déficit CPT, déficit

mioadenilato deaminasa, mitocondrial, distrofinopatias, miotonias
canal sodio, hipertermia maligna.

S5 Otras: fibromialgia. polimialdia reumatica, mialgia postviral,
agregados tubulares, ..




Trastornos musculares toxicos farmacologicos

So mialgia; sulfametonio, clofibrato, salbutamol, litio, captopril,
colchicina, procainamida, citotoxicos; zidovudina, cimetidina,

penicilamina, enalapril, rifampicina, nifedipina.

So Miotonia: betabloqueantes, beta-agonistas/(fenoterol..), clofibrato,
diuréticos (furosemida, etacrinico, acetazolamida)

95 Miopatia necrotizante: alcohol, gemfibrozil, estatinas,
clofibrato, ciclosporina, zidovudina, cocaina; emetina.

95 Miopatia mitocondrial: zidovudina

95 Miopatia inflamatoria: penicilamina

S5 Miopatia autofagica: cloroquina, vincristina, colchicina,
amiodarona

9o Atrofia fibras tipo Il: corticoides




Diferencia miopatia-no miopatia




ENFERMEDADES MUSCULARES.
Diagnostico

Distribucion de atrofia y debilidad.
Modo de presentacion:
aguda/cronica

signos acompanantes (mialgias..)
edad

CPK

EMG-ENG

Historia familiar

Estudios geneéticos

Biopsia muscular




CPK seérica
Marcador bioquimico-mas fiable de enfermedad muscular.

Moderadamente elevada (3 a 10
Maxima elevacion (mas de 10 veces) en:
veces) en: Trast. neurogenos cronicos.

rabdomiolisis aguda Personas normales (Hiper CK
miopatia inflamatoria aislada)

miopaﬂa por farmacos Riesgo de hipertermia maligna
Distrofinopatias en estadio Tras ejercicio extenuante
ambulante Tras trauma muscular,
También esta elevada en: inyecciones, EMG.
miopatias metabdlicas Levemente elevada o normal en:
(hipotiroidea, hipokalemia) miopatias congénitas
sindromes miotonicos
miopatia tiroidea y corticoidea.




OTRAS ENZIMAS MUSCULARES

Son de menor valor: GOT, GPT, LDH, Aldolasa

Pero hay gue tener en cuenta que:

la hipertransaminasemia puede ser de
origen-muscular.




Pompe de inicio tardio




Pompe.- Casuistica-2

Sandra N Mauricio H Miguel B Alejandra |
600-900 700-11.000  300-400 400-800
Miopatico Miopatico Neurdgeno crénico
Descargas muy activo
repetitivas
VCMy S Normales Normales Normales -
Biopsia Pompe Pompe Pompe -
muscular
Actividad 15% (musculo) 2% 26-42% fibroblastos 10% (linfocitos)
GAA 35%(linfocitos)  (linfocitos) 3 5-7 59 linfocitos
Gen GAA Heterozigoto Heterozigoto Heterozigoto compuesto Heterozigoto
CompueStO CompueStO Compuesto
Padres Heterozigotos Heterozigotos  Heterozigotos Heterozigotos
Hermanos 1/1 2/2 1/1 0/0

heterozigotos



LACTATO VENOSO

Elevado €n reposo y con poco‘ejercicio-en:
trastornos mitocondriales
Isquemia

Disminuido en'metabolopatias-con defecto de
glucogenolisis:

miofosforilasa

fosfofructokinasa

fosfogliceromutasa

fosfoglicerokinasa




TEST DE EJERCICIO

Tras ejercicio iIsomeétrico repetitivo de los
flexores.del earpo (endsquemia 0 -sinisquemia):

bhasal g 2 4" 0. 10°

lactico normal: aumento x2 6 x5
amonio normal: aumento x3




ESTUDIOSNEUROEISIOLOGICOS

96 EMG

S5 Estudios de conduccidén nerviosa
(ENG)

0o Estudios de latransmision muscular




ESTUDIOS NEUROFISIOLOGICOS

Indicaciones de la Electroneurografiay electromiografia.

- 1. Diferenciar la debilidad de origen central y periférico.

- 2. Diferenciar entre la alteracion periférica de origen neurégeno y
midgeno.

- 3. Localizacion de lalesion neurogena:

asta anterior, radiculopatia pre ganglionar o postganglionar,
plexopatia, mononeuropatia, multineuropatia o polineuropatia.

- 4. Indicar el tipo de polineuropatia: motora o sensitiva, desmielinizante
o axonal.

- 5. Determinacion del prondstico en las neuropatias.

- 6. Estudio de los trastornos de la unién neuromuscular (pre o
postsinapticos).

- 7.Estudio de miopatias: grado de actividad de la lesion.




ESTUDIOS NEUROEISIOLOGICOS
EMG

Patron de reclutamiento

L LA M ;

PUM polifasicos neurdgenos

11 Spontaneous EMG

simple intermedio interferencial

PUM polifasicos miopaticos

11 Spontaneous EMG

.FILTRO :. 20Hz

.FILTRO :. 20Hz




ESTUDIOS NEUROFISIOLOGICOS
EMG

PATRON EMG NEUROGENO

Duracion media de los PUM aumentada

Amplitud media de los PUM aumentada

Aumento de la polifasia y presencia de

potenciales satélites.

Patron de reclutamiento con

interferencia ~ incompleta, = reducida

incluso a esfuerzos maximos.

Presencia de actividad espontanea:
Fibrilaciones y ondas positivas.
Descargas repetitivas.

PATRON -EMG MIOPATICO

Duracion media de los PUM disminuida
Amplitud media de los PUM disminuida
Aumento de la polifasia

Patron de reclutamiento con interferencia

precoz, a esfuerzos submaximos
Presencia de actividad espontanea:
Fibrilaciones 'y ondas positivas
casos de necrosis muscular
Descargas miotonicas
Descargas repetitivas complejas.

en




Dermatomiositis

Polifasicos miopaticos Descargas repetitivas

NADIA 752458 28/02/00 15: 12
G




EMG analisis automatico del patron de interferencia

Miopatia nemalinica




EMG analisis automatico del patron de interferencia

DM Duchenne




EMG estimulacion repetitiva EMG .- Jitter

SINGLE FIBER ELECTROMYOGRAPHY




ESTUDIOS NEUROFISIOLOGICOS
Velocidades de conduccion




ESTUDIOS NEUROFISIOLOGICOS
Velocidades de conduccion

CONDUCCION DEL
NERVIO MOTOR

CONDUCCION DEL
NERVIO
SENSITIVO

amplitud
duracion
morfologia
Latencia distal

velocidad

amplitud

duracion
morfologia

velocidad

Degeneracion
axonal

disminuida
Normal
Normal
Normal

Normal o
Iigeramente

|sm|nuu:|
ISMIiNul

ausente
Normal

Normal

Normal o ligeram.

disminuida

Desmielinizacién
Normal o disminuida
dispersion

Normal o multifasico
elevada

disminuida

Normal, disminuida o
ausente

aumentada
Normal o anormal

disminuida
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ESTUDIOS NEUROFISIOLOGICOS

Velocidades de conduccion
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DISTRIBUCION PROXIMAL vs DISTAL

Proximal = mas probable miopatia

Distal = mas probable neuropatia
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ENFERMEDADES MUSCULARES

Distrofias musculares
Congeénitas
Distrofinopatias (Duchenne, Becker, Hiper CPK)
Miopatias de cinturas
Miopatias distales
Distrofia miotonica de Steinert EDAD DE INICIO

m!oloatllas conge,n!ttas CURSO
jotoni ngeni
Syt e SR et DISTRIBUCION DEBILIDAD
Miopatias metabolicas
FATIGABILIDAD

Mitocondriales
Glucogenosis SIGNOS ACOMPANANTES

Miastenia gravis
Sindromes miasténicos congenitos
Miopatias adquiridas
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Transmision autosomica dominante

Madre sana Padre
afectado

bl

afectado afectado




Transmision autosomica recesiva

Madre Padre
portadora portador

20%

afectado Portador Portador
sano sano




Transmision recesivaligada a X

Madre
portadora
sana

Padre sano

Y

Y

AFECTADO PORTADORA - SANA
50% de varones 50% de mujeres
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Biopsia Muscular-Patron distrofico

aumento de conectivo y grasa pus

variabilidad en tamano de
fibras

necrosis y regeneracion de
fibras.

Nucleos Centrales, fibras
apolilladas, espirales o
lobuladas, vacuolas
tapizadas, etc.
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Mode of

Disease inheritance Gene locus Gene product
X-linked muscular dystrophies
Duchenne/Becker muscular dystrophy XR Xp21 Dystrophin
Emery-Dreifuss muscular dystrophy XR Xq28 Emerin
Emery-Dreifuss muscular dystrophy AD 1q11 Lamin A/C
Limb-girdle muscular dystrophy
LGMD 1A AD 5Q22-q34'2
LGMD 1B AD 1q11-2120128 Lamin A/C
LGMD 1C AD 3p25 Caveolin-3
LGMD 1D AD 6q22°°
LGMD 1E AD 7
LGMD 2A AR 15915 Calpain-3
LGMD 2B AR 2p13 Dysterlin
LGMD 2C AR 13q12 y-Sarcoglycan
LGMD 2D AR 17q12—-g21 a-Sarcoglycan
LGMD 2E AR 4q12 B-Sarcoglycan
LGMD 2F AR 5q33-q34 d-Sarcoglycan
LGMD 2G AR 17g11-g12 Telethonin (TCAP)
LGMD 2H AR 9q3-q34
Distal muscular dystrophy
Miyoshi myopathy AR 2p13 Dysferlin
Tibial muscular dystrophy AD 2q31 Titin?
Congenital muscular dystrophy (CMD)
“Classic” or "pure” CMD AR 6q22 Lamimin a2
Fukuyama CMD AR 9g31—q33 Fukutin
a7 integrin congenital myopathy AR 12913 a7 Integrin
Rigid spine CMD AR 1p35-36
Muscle-eye-brain disease AR 1p32-p34
Other forms of muscular dystrophy
Bethlem myopathy AD 21922 Collagen VI a1
AD 21922 Collagen VI a2
AD 2q37 Collagen VI a3
Epidermolysis bullosa and MD AR 8q24—qter''® Plectin
Oculopharyngeal muscular dystrophy AD 14q11.2-q13%? Poly A binding protein 2
Facioscapulohumeral muscular dystrophy AD 4q35'33
Myotonic dystrophy AD 19q1324 Myotonin-protein kinase?



The various proteins involved in different types of muscular dystrophy and their subcellular localization.*

Subcellular localization Protein Type of muscular dystrophy
Nucleus Emerin X-linked Emery-Dreifuss muscular dystrophy

Lamin A/C Autosomal dominant Emery-Dreifuss muscular dystrophy
Cytosol Calpain-3 Limb-girdle muscular dystrophy type 2A

Fukutin (?)* Fukuyama congenital muscular dystrophy
Cytoskeleton Dystrophin Duchenne/Becker muscular dystrophy

Telethonin Limb-girdle muscular dystrophy 2G
Sarcolemma a-, B-, y-, d-Sarcoglycan Limb-girdle muscular dystrophy 2C-F

Caveolin-3 Limb-girdle muscular dystrophy 1C

a7 Integrin Congenital myopathy

Dysferlin Limb-girdle muscular dystrophy 2B/Miyoshi myopathy
Extracellular matrix Laminin a2 Congenital muscular dystrophy

Collagen VI Bethlem myopathy

Fukutin (?)*

Fukuyama congenital muscular dystrophy

"The precise localization of fukutin, the protein involved in Fukuyama congenital muscular dystrophy, has not yet been determined.



DISTROFINOPATIAS




DISTROFINA

Peso molecular: 427 kDa.

Secuencia de 3.685 aminoacidos.

AP LR AL

Ligada al sarcolema con las miofibrillas.

Esencial para la proteccion del sarcolema del estrés de
contracciones repetidas. g, Yo
- \

y

Posible control de las moléculas de senal como oxido st mann [
nitrico sintasa neuronal y homeostasis del calcio B, o
intracitoplasmico Suv <&

N)
F

)




ISOFORMAS ' DE DISTROFINA

Proteinas de varios tamanos, conteniendo
diferentes segmentos de la distrofina.

m 427 kDa:

, M-d hi NH, [@'C] COOH|
= Muscular:(M): Masculo ey e
B-dystrophin ¢ NH, (&% COOH|

esquelético/cardiaco. Cels Gliales.
. ; P-dystrophin NH, K : [@'&] COOH|
o qutlcal: (B):, I_\Ieurongs corticales. DaZcO:RA T oo
Musc esquelético/cardiaco. Dy 1402 B 45htt (ubis S s (T
= Células Purkinje: (P) Neuronas Dp 116: S-dystrophin NH, (&6 COOH!
Cerebelosas Purkinje.

Dp 71: G-dystrophin NH, cvs{&an
u 260 kDa Ret|n|ana (R) DRP/ utrophin NH, | cys [N
= 140 kDa: Cerebro (Fetal) & Rifion : (B- & Eaias NH, (06
K) . B-spectrin NH,

o-spectrin

= 116 kDa: Cels Schwann: (S).

= 71 kDa: Glial: (G): (Cerebro, higado,
Musculo cardiaco).



DISTROFINOPATIAS

s Enfermedades con deficiencia de distrofina.
= Gen distrofina, crom Xp21

= Fenotipos:

= DMD, (1/3.300 varones nacidos Vivos).

= DMB,(1/18.000 a 1/31.000 varones nacidos vivos).

= Formas intermedias o “outliers” entre DMD y DMB.

= Otras distrofinopatias:

=« (XLDCM) Cardiomiopatia dilatada ligada cromosoma X.

Miopatia aislada del cuadriceps.
Mioglobinuria con calambres musculares.
Elevacion asintomatica de enzimas musculares.
Mujeres portadoras de DMD o DMB.




Distrofla muscular Duchenne

Ligada al X; recesiva

CPK x10-100

Debilidad desde 1-3 afnos; progresiva
Pérdida de marcha a los 10-12 anos
Fallecimiento: 15-20 anos.
Miocardiopatia, frecuentemente leve
Inteligencia limite 0 Retraso Mental Leve

Madre portadora en 2/3, con:
Hiper-CK (no siempre)
Asintomatica (95%)



Distrofia muscular Becker

Mas leve. Mantienen la marcha hasta adultos.
Miocardiopatia
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DISTROFIA MUSCULAR DE CINTURAS

Téermino introducido por Walton y Nattrass, 1954.
Clasificacion basada en distribucion de la debilidad

y en el tipo de herencia.

Muy heterogénea

Prevalencia conjunta 1/ 15.000 (Emery, NMD
1991)

ANnos 90: conocimiento de nuevos genes y
proteinas->nueva clasificacion genética




DISTROFIA MUSCULAR DE CINTURAS

Grupo de miopatias progresivas, geneticas. Herencia
AD o AR.

Afectacion inicial o predominante de cinturas. Otros
musculos se pueden afectar posteriormente

Respetan musculos faciales y extraoculares.
Cardiomiopatia frecuente.

Debut cualquier edad pero no congenito.
Progresion debilidad con ritmo muy variable.
CPK elevada (AR); poco o normal (AD).
EMG miopatico

Biopsia-muscular con hallazgos distroficos.
Exclusion otras causas sindrome de cinturas.




CLASIFICACION GENE

= / defectos geneticos AD (LGMD1 A-G)
= Representan el 10%.

= 14 AR (LGMD2 A-N)

= Las mas frecuentes 2 A, 2B, 2l y
sarcoglicanopatias

= La letra que sigue al numero indica el
orden cronologico de su descripcion.




DISTROFIA MUSCULAR DE CINTURAS: Dominantes
(LGMDY)

Subtipo Proteina Localizacion | Locus
genetico

1A Miotilina Sarcomero 5031

1B lLamina A/C Nuclear 1921.2

1C Caveolina-3 | Membrana 3p25

1D ? ? 70

1E ? ? 6023

1F ? ? 7032.1-32.2
1G ? ? 4p21




DISTROFIA MUSCULAR DE CINTURAS: Recesivas

(LGMD2)

Subtipo

Proteina

Localizacion

Locus

2A

Calpaina-3

Citosol

15915.1-g21.1

2B

Disferlina

Membrana

2pl13.1-p13.3

2C

y-Sarcoglicano

Membrana

13912-g13

2D

a-Sarcoglicano

Membrana

17912-9g21.33

2E

B-Sarcoglicano

Membrana

4912

2F

o-Sarcoglicano

Membrana

5033-934

2G

Teletonina

Sarcomero

17q11-q12

2H

TRIM32

Citosol

9g33.1

21

FKRP

Golgi

19913

2J

Titina

Sarcomero

2024.3

2K

POMT1

Reticulo
endoplasmico

9034.1

2L

Fukutina

Matriz extracelular

9931-933

2M

11p13-1-pl2
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Diagndstico

Clinico
*RM muscular

Biopsia muscular

InmunoHistoquimico
Wester-blot

Genético




Diagnhaostico: clinica

Historia familiar: clinica muscular y cardiaca.
Arbol genealdgico
Examen fisico de familiares

Edad de inicio y curso

= .Infancia precoz y curso grave (=Duchenne)
Sarcoglicanopatias, FKRP

« Infancia tardia'y curso moderado
Calpainopatia, FKRP

= [Inicio juvenil-adulto-joven
Disferlinopatia, FKRP, calpainopatia

= Las DMC dominantes suelen ser mas leves, mas
tardias y con escaso o nulo aumento de CPK.

s Examen clinico




Distrofias musculares
Diagnostico

Miocardiopatia
= AR: Sarcoglicanopatias, 2| (FKRP) y 2G
(teletonina). Caveolinopatia recesiva

= AD: 1B (lamina A/C), 1C (caveolina)
CPK: N a>x50

= AD: nula 0 escasa elevacion

= > X50: sarcoglicanos, FKRP vy disferlina

TAC o RM muscular ayuda en calpainopatias y
disferlinopatias.

EMG: habitualmente miopatico, poco activo




LGMD-2A: Calpainopatia

AR
Una de las mas prevalentes

Mutaciones del gen de la calpaina-3 (CAPN3), proteina que
junto a otras esta implicada en la génesis de miofibrillas.

Comienzo en ninez o adolescencia

Debilidad-glateos, isquiotibiales y aductores cadera (RM) y
brazos. Escapula alada. Cuadriceps respetado. Pero
fenotipo variable.

No afectacion facial ni cardiaca

Pérdida deambulacion: 21-40 anos

CPK: N a x50.

Estudio genético. Mas de 150 mutaciones en 15p15

(4 fundacionales vascas).

Si sospecha por fenotipo - directamente estudio genético




LGMD 2C-F:
sarcoglicanopatias

20% de LGMD y 68% de formas graves (infantiles)

Las mas frecuentes en nuestro medio:
= alfa (2D)y
« Gamma (2C), gitanos.

Menos frecuentes: beta (2E) y delta (2F)
Fenotipo grave(DMD),moderado(DMB),leve.

= alfa: moderado y leve alfa (LGMD=2D)
= beta, gamma: grave, moderado
= delta: grave




LGMD 2C-F: sarcoglicanopatias

= 20% de LGMD y 68% de formas graves (infantiles)
= Las mas frecuentes en nuestro medio:

=« alfa(2D)y

= Gamma (2C), gitanos.

alfa (LGMD-2D)

gamma (LGMD-2C)



LGMD 2C-F: sarcoglicanopatias

= Inicio 2-15 anos.

= Distribucion debilidad como DMD o DMB pero
afectacion escapular precoz.

A mas precoz, mas grave y rapida. Gowers +
Hipertrofia pantorrillas y lengua.
CK muy elevada, pero mas variable que DMD/B

Retraccion aquilea, hiperlordosis. Escoliosis
tardia.

Afectacion respiratoria tardia.

= Miocardiopatia dilatada 30% pero suele ser tardia
y subclinica en la mayoria.

= NoO afectacion intelectual.
= Diagnostico:
biopsia, inmunohistoguimica. (defectos 20s en Digpila.ieergsis y fogatieragion
distrofina), genética.




Table 2 Muscular dystrophies (MDs) presenting with limb girdle distribution of weakness, and some of their alelic variant phenotypes

J Neural Neurosurg Psychiatry 2009;80:706-714. doi:10.1136/jnnp.2008.158329

Gene

CK level
(xupper limit
of normal)

Age of onset
(years)

Pattern of weakness

Muscle hypertrophy  Contractures

Respiratory

Cardiac

Clinical clues

LGMD1B

L-CMD

LOMDIC

LGMDZA

LGMD2B

Miyoshi
myopathy

Dystrophin

Lamin AC

Lamin AC

Caveolin-3

Calpan

Dysferdin

Dysferfin

BMD

LMNA

LMNA

CAV-3

OYSF

DYSF

Late 1st-3rd  5-50x
decade (5-50)

3-30 (earfiest
case in st
year)

N-10x

Ist year 3H12x

Ist-5th decade 5-25x

Ist-2nd decade 10-20x
(2-40)

2nd-3rd
decade

10-100x

3rd-4th decade 10-100x

Proximal > distal

Proximal and distal esp in
legs

Limbs and axial

Proximal (rarely distal onset)

Proximal >-distal

Proximal and distal legs™

ams

Distal: gastrocnemius and
soleus initially

Prominent feature

Often atrophic
phenotype

Calf hypertrophy in
SOme cases

Some cases

May occur in thighs;

lower leg thinning

Uncommon

TA

Prominent in elbows
long finger flexors, TA

Talipes, spinal
stifiness

TA contractures and
toe waking may be
prominent

Secondary to
weakness

Yes

Yes

CM and Ary

CM and Ary

Cramps, myoglobinuria; at
times leaming difficulties;
cardiomyopathy may be
severe; beware of
rhabomyolytic
myoglobinuric crisis with
halogenated inhaled
anaesthetics

“Atrophic contracted”
phenotype often present,
leading to description as
autosomal dominant
Emery-Dreifuss;
cardiomyopathy in most al
by 3rd decade

Floppy infant and
congenital MD phenotypes
may occur; cardiac
complications may are life
threatening

Muscle nppling, or,
percussion induced rapid
muscle contractions;
additional phenotypes:
myalgia, myoglobinuria and
idiopathic hyper-CKaemia
Relative preservation of hip
abductor strength;
posterior thigh muscle
atrophy clinically and on
muscle MR, toe walking
secondary to teno-Achilles
contractures

Distal weakness in legs,
with difficulty standing on
toes; “myositisdike” onset
with muscle pain and
swelling described
Difficulty standing on toes;
muscle imaging shows
garly gastrocnemius and
soleus, and occasionally
paraspinal muscle
involvement



CK level
Muscular Ape of onset [ =<upper limit

dystrophy Pratein Gene (years) of narmal) Pattern of wealkness Muscle hypertrophy  Gontractures Respiratory Gamdiac Clinical dues
LGMDZD a Sarcoglycan SGEA Ist decade (3- 10-100x Proseimal = distal Dften prominent Develop mainly when  Yes Cw Presentation may be of
40) non-ambulant OMD severity, with calf
hrypertrophy; scapular
winging
LGMO2] Fukutin-related protein  FKRP Ist=2nd decade 10-100x Prosimal = distal Prominent festure Mat promingnt yes CM Mimics DMD and BMD
(1-40) very closely
LGMDZJ Titin TIN Ist decade (5- N-25x Proximeal >>distal + Calf and thighs May occur No CM may be Autosomal recessive, early
2) fatal onset; muscle biopsy may
show (secondary) calpain
reduction
Tibial MD (Udd  Titin TN 3rd-6th decade 1-4 x Distal> proximal Not a primary feature No Rare Autosomal dominant, late
- onse; “hanging bi to;
distal gene mutation mild,

upstream mutations more
savere phenotype; nmmed
vacuoles on muscle biopsy
in early stages

Ary, arhythmia; BMD, Becker muscular dystrophy; CK, creatine kinase; CM, cardiomyopathy; DMD, Duchenne muscular dystrophy; TA, tendon achilles.

J Neurol Neurosurg Psychiatry 2009;80:706-714. doi:10.1136/jnnp.2008.158329




European Journal of Neurology 2007, 14: 1305-1312 doi:10.1111/1.1468-1331.2007.01979.x
EFNS GUIDELINES/CME ARTICLE

EFNS guideline on diagnosis and management of limb girdle muscular
dystrophies

F. Norwood®®, M. de Visser®, B. Eymard®, H. Lochmdiller®®, K. Bushby? and Members of EFNS
Guideline Task Force

Mode of  Gene
Discase inheritance location Gene symbol (gene product)
Limb-girdle AD 522934 LGMDIA (= MYOT) (myotilin)
MD, AD (AR) 1gl1-21 LGMDIB (= LMNA) (lamin A/C)
dominant AD (AR) 3p25 LGMDIC (= CAV3) (caveolin-3*)
AD 623 LGMDID (CMDIF)
AD q LGMDIE
Limb-girdle MD, AR 15g15.1-g21.1 LGMD2A (= CAPN3) (calpain 3)
recessive AR 2pl3 LGMD2B (= DYSF) (dysferlin)
AR 13g12 LGMD2C (= SGCG) (y-sarcoglycan)
AR 17q12-q21.33 LGMD2D (= SGCA) (z-sarcoglycan)
AR 4912 LGMD2E (= SGCB) (fi-sarcoglycan)
AR 5q33-q34 LGMD2F (= SGCD) (d-sarcoglycan)
AR 17q11-q12 LGMD2G (= TCAP) (telethonin)
AR Yg3l-gi4.1 LGMD2H (= TRIM32)
AR 19g13.3 LGMD?2I (= FKRP) (fukutin related protein)
AR 2 LGMD2J (= TTN) (titin)
AR Yg34 LGMD2K (=POMTT)
AR Yq3l LGMD2L (=FCMD) (fukutin)
AR 1pl3 LGMD2M
AR 1913 LGMD2N (=POMT?2)
“Rare recessive cases have been described for 1B and 1C.




European Journal of Neurology 2007, 14: 1305-1312 doi:10.1111/1.1468-1331.2007.01979.x
EFNS GUIDELINES/CME ARTICLE

EFNS guideline on diagnosis and management of limb girdle muscular
dystrophies

F. Norwood®°, M. de Visser®, B. Eymard®, H. Lochmiiller®®, K. Bushby® and Members of EFNS
Guideline Task Force

Table 2 Predominant clinical features for the more frequently occurring LGMD

Age of CK Muscle Special

Disease onset’ Weakness® level hypertrophy*  Contractures®  features® Respiratory’  Cardiac®
LGMDIA c.d Proximal/distal A No No Dysarthria No Yes
LGMDIB a.b Proximal/distal A No Yes Yes Yes A, CM
LGMDIC a-d Proximal/distal B/C Some cases No PIRCs, RMD No No
LGMD2A a-C Proximal B/C Some cases Yes No No
LGMD2B h.c Proximal/distal C No No No No
LGMB2C-F a.b Proximal B/C Yes Secondary Yes Yes CM
LGMD2I a-d Proximal B/C Yes No Yes Yes CM

'Range of age of onset in majority of patients: a, age < 10 years; b, 10-20 vyears; ¢ 20-40 vears: d. age >40 years.

*Pattern of distribution of weakness in limb muscles.

RRﬁngc of creatine kinase (CK) level at diagnosis: A. normal or mildly elevated at < 5x upper limit of normal; B. 5-10x upper limit of normal; C,
= 10x upper limit of normal.

*Presence of muscle hypertrophy in limb muscles may occur,

*Presence of early fixed joint contractures may occur,

*Percussion-induced rapid muscle contractions (PIRCs); Rippling muscle discase (RMD).

"Presence of frequent respiratory complications.

"Presence of frequent cardiac complications: A, arrhythmia; CM, cardiomyopathy.
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Distrofia muscular facioescapulohumeral

Descrita en 1884 por Landouzy y Déjerine
ncidencia 1/20000
_a 32 distrofia muscular mas frecuente.




FSH-Genética

Autosdmica dominante

95% de casos: delecion subtelomérica
en crom 4q35.

= Normal: 11-150 repeticiones de 3,3 kb
= DMFSH: menos de 11 repet (<38kb)
En < 5% no se detecta delecion en 4g35.
70-90% tienen antecedentes familiares
10-30 % casos esporadicos:

= nuevas mutaciones

= Mmosaicismo padres

Teldmero

Brazo corto p

Centrdmero 1 M

Brazo largo g

Teldmero




DISTROFIA MUSCULAR EMERY-DREIFUSS

TRIADA CARACTERISTICA

1) Debilidad muscular lentamente progresiva de distribucion
escapulo-humeral

2) Contracturas tempranas de codos, tobillos y cuello posterior

3) Defectos de conduccion cardiaca

Herencia

® Dominante lig X, gen EMD (emerina), proteina de
membrana nuclear)

® Autosomica Dominante, gen LMNA (lamina Ay C, crom 1),
proteinas filamentosas de la membrana interna nuclear

® Autosomica recesiva (rara), tambien el gen LMNA (lamina A
y C)




Emery-Dreifuss Muscular Dystrophy

Antoine Muchir, PhD, and Howard |. Worman, MD

Corresponding author

Howard |. Worman, MD

Department of Medicine, College of Physicians and Surgeons,
Columbia University, 630 West 168th Street, 10th Floor,

History
The first report of muscular dystrophy associated with
contractures was published in |

Room 509, ork, NY 10032, USA

Lejonne [10]. They described

E-mail: hiw14@columbia.edu and 13 years of age with a mn Gene
Current Neurology and Neuroscience Reports 2007, 7:78-83 with severe contractures of the
LMNA R I
Protein

Nuclear ::l:
envelope\& %
Chromatln\(_% ))
Nuclear
Iamina/% ﬂ/
—

Physiopathology
hypotheses

Control

Human
condition

HHHH-HE EMD IHHHI—HEEE

1 664 1 254
Lamin i R —
574
Cellular localization
Control IMNA EM D mutation
Nuclear pc-re mutation null (95%)
Emerin

“Mechanical Gene “Cell
stress” regulation proliferation”

N\ Y

Emery-Dreifuss muscular dystrophy

Emerin C—__ S T

Figure 1. Diagram of relationships between
cellular and organism phenotypes in healthy
controls and affected subjects with Emery-
Dreifuss muscular dystrophy (EDMD) caused
by mutations in LMNA or EMD. At the top of
the figure are schematic diagrams showing
the structural organizations of the LMNA

and EMD genes. Exons are represented by
rectangular solidls and introns are represented
by the fines in between them. Below each
gene are shown the major encoded proteins.
Lamin A and lamin C are generated by
alternative splicing of RNA encoded by IMNA
and emerin is encoded by EMD. Emerin
interacts with A-type lamins via a domain
between amino acids 70-188 (black area on
exon). Lamin A and C have alpha-helical rod
domains that are conserved among intermediate
filament proteins (dark gray area on exon).
Lamins A and C are components of the
nuclear lamina (gray circle), a meshwork of
intermediate filaments with a cellular local-
ization at the inner aspect of the inner nuclear
membrane. The nuclear lamina is anchored
to the inner nuclear membrane via interac-
tions with integral proteins such as emerin
(black bars in circle). Mutations in LMNA and
EMD induce changes in nuclear architecture
(nuclear envelope distortion and chromatin
condensation). To explain how the mutations
in LMNA encoding A-type lamins and EMD
encoding emerin can lead to a tissue-specific
diseases such as EDMD, three main hypothesis
have been proposed: 1) the “mechanical
stress hypothesis”; 2) the “gene expression
hypothesis”; and 3) the “cell proliferation and
differentiation hypothesis.” These hypotheses
are not necessarily mutually exclusive. The
schematic diagrams at the bottom of the figure
show the muscles affected in EDMD.



distrofia-muscular congénita, deficit de merosina
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Miopatias congénitas




Miopatias congénitas
conceptos

s Enfermedades hereditarias
s Comienzo neonatal o lactante

= Curso generalmente benigno, no
progresivo

= Rasgos morfologicos caracteristicos
s Genética no totalmente bien definida




Miopatias congénitas
Rasgos generales

Debilidad generalizada, incluida facial.
Hipotonia

Hiporreflexia

Hipotrofia muscular

Deformidades osteoarticulares

CKP normal o poco elevada

EMG normal o rasgos miopéaticos leves.
Biopsia: sin alteraciones distroficas




Curr Opin Neurel 20:583-589. © 2007

Miopatias congenitas

Table 1 Disease genes identified for congenital myopathies in the classification of Goebel [2]

Congenital myopathy Protein Gene

Actin aggregate myopathy Alpha-skeletal actin ACTA1
Cap myopathy Beta-tropomyosin TPM2
Central core disease Ryanodine receptor 1 RYR1
Centronuclear myopathy Dynamin-2 DNM2
Ryanodine receptor 1 RYR1
Congenital fibre type disproportion Alpha-skeletal actin ACTA1
Selenoprotein N SEPN1
Infranuclear rod myopathy Alpha-skeletal actin ACTA1
Mallory body myopathy Selenoprotein N SEPN1
Multiminicore disease Ryanodine receptor 1 RYR1
Selenoprotein N SEPN1
Myosin storage myopathy (hyaline body myopathy) Slow-skeletal/beta-cardiac myosin MYH7
Myotubular myopathy Myotubularin MTM1
Nemaline myopathy Alpha-skeletal actin ACTA1
Cofilin CFL2
Nebulin NEB
Tropomyosin-f3 TPM2
Tropomyosin: slow « TPM3
Troponin T: slow TNNT1
Sarcotubular myopathy Tripartite motif-containing protein 32 TRIM32
Spheroid body myopathy Myotilin MYQOT, TTID
X-iinked autophagic vacuolar myopathy (Danon disease) Lysosome-associated membrane protein-2 LAMP2
Zebra body myopathy ?Alpha-skeletal actin ?ACTA1




Miopatia congenita por cuerpos-centrales
(Central core disease)

Estudio clinico-genético de una familia de
Sels casos.

S.I. Pascual Pascual (1)
A. Bravo Oro (1)

A. Cabello (2)

J Lunardi (3)

1- Neuropediatria, H. La Paz. Madrid.
2.- Neuropatologia, H. 12 de Octubre, Madrid
3.- Lab. Bioquimica y Genética Molecular, CHU Grenoble. Francia




CASO PROBANDO
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Mutacion p.Tyr4796Cys en el gen RYR1, heterozigota
Presente en los 6 afectados, y en ninguno de los 9 sanos.
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Miotonias

La miotonia es un sintoma que es
comun a un grupo heterogéneo de
enfermedades.

Se define como una dificultad para la
relajacion del musculo después de
una contraccion voluntaria (miotonia
de accion) o de una estimulacion
mecanica (miotonia-depercusion)

y esta causada por una actividad
eléctrica persistente en el sarcolema.




miotonias

Distroficas

« DM1 (Steinert)

* DM2 (proximal, PROMM)
*No distroficas

» Miotonias congénitas

 Paralisis periodicas

modificaciones en los canales ionicos de Ca, Cl,
Na, K y protein-kinasas




Distrofia miotonica




Descarga miotonica, DM-Steinert
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Miotonia congeénita. Clinica

« Miotonia generalizada

*Comienzo enlos primeros anos
«Cansancio

«Dificultad para iniciar los movimientos
*Mejora con el ejercicio (“calentamiento”)
*Hipertrofia muscular

«Descargas miotonicas

*Talla baja




Mijotonias congeénitas

Variabilidad fenotipica:

Asintomatico, pero con miotonia al explorar o en EMG.
Leve o transitoria, fluctuante

Marcada, pero sin debilidad transitoria

Marcada, con debilidad pero sin atrofia o distrofia muscular
Marcada, con debilidad y atrofia o distrofia muscular

Formas Thomsen: grados 1-3
Formas Becker: generalmente grados 3-5 .




“Miotonia congénita, recesiva (Becker), Jorge R:L




Miotonias congenitas AD, Thomsen




Paramiotonia‘congénita




Pompe Disease

Pompe disease is an inborn error of glycogen metabolism
characterized by deficiency of the lysosomal enzyme
acid a-glucosidase (GAA).

Progressive lysosomal glycogen accumulation causes damage
to cardiac, respiratory and skeletal muscles.

Incidence of Pompe disease is 1:40 000 newborns

Over 300 mutations in the gene encoding acid a-glucosidase
(17925)




Pompe Disease
Breakdown of Glycogen Into Glucose

Cytoplasm Lysosome

Glycogen

Glycogen,., ~——_transportey
(€7.Y.

» Glucose

Glucose-1-P

Glucose-1-P

}

Glycogen, Glucose-6-P
\
\
\

Glucose
Pyruvate

\

Lactate

Chen Y-T. In: Harrison’s Principles of Internal Medicine. 2001:2281-2289.
Hirschhorn R, et al. In: The Metabolic and Molecular Bases of Inherited Disease. 2000:3389-3420.



Pompe Disease
Glycogen Accumulation
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Pompe Disease
Overview of Clinical Manifestations

Musculoskeletal

Pulmonary

Cardiac

Progressive muscle
weakness, profound
hypotonia, failure to
achieve motor
milestones, myopathic
facies, macroglossia

Progressive respiratory
involvement, frequent
respiratory infections,
death due to
cardiorespiratory failure

Difficulty feeding, failure to
thrive, hepatomegaly,
splenomegaly

Progressive cardiomyopathy,
cardiomegaly, heart failure

Progressive proximal muscle
weakness, gait abnormalities,
exercise intolerance,
lordosis/scoliosis, hypotonia,
lower back pain

Frequent respiratory
infections, respiratory
insufficiency, orthopnea,
sleep apnea, somnolence,
exertional dyspnea

Difficulty maintaining normal

weight, hepatomegaly

Infrequent cardiomegaly
(juveniles)




Age (Years)

Late-Onset Pompe Disease

Natural History

20,
40
36.3
15
30
w 11.3
§ 10.7
20 > 107
]
E 5 1
= 1 4.7
5.1
]
0 ! 07 T T
Symptom Onset Symptoms to Muscle Muscle
Diagnosis weakness to weakness to

ventilation  wheelchair

B Adults (Mellies) n =20 [ Adults (Genzyme) n =15 [l Juveniles (Mellies) n = 7

Mellies U, et al. Neurology. 2001;57:1290-1295.
Data on file, Genzyme Corporation.
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Late onset Pompe disease: Clinical and neurophysiological spectrum
of 38 patients including long-term follow-up in 18 patients
Wolfgang Miiller-Felber **, Rita Horvath ® Klaus Gempel °, Teodor Podskarbi ©,

Yoon Shin , Dieter Ponémtz Maggie C. Walter ¢, Martina Baethmann ©,
Beate Schlotter- Weigel ¢, Hanns Lochmiiller ¢, Benedikt Schoser ¢

Absitract

To describe the clinical and neurophysiological spectrum and prognosis in a large cohort of biochemically and genetically proven late
onset Pompe patients. Thirty-eight diagnosed with late onset Pompe disease at our neuromuscular department during 1985 and 2006 are
described in detail.

The mean delay from D]HL[ of mnmmm or first medical consultation until diagnosis was 10.4 and 7.1 vears, respectively. A different

' " 38 i Ten patients underwent repeated muscle biopsies before diagnosis of Pompe disease was
established. Limb girdle weakness was the most frequent presenting sign. Six patients complained of myalgia. Wolf-Parkinson-White
syndrome was found in 3 of 38 patients. Respiratory failure preceded the onset of overt limb muscle weakness in three patients. The
course of the patients was progressive in all. but there was a wide variety of progression, which did not correlate with the age of discase
onset. In 71% of the patients, neurophysiological investigations revealed a myopathic EMG pattern, half of the patients had spontaneous
activity including complex repetitive discharges. A normal EMG was found in 9% of the patients. Nerve conduction studies were normal
in all.

Pompe disease should be taken into consideration in patients with unexplained limb girdle muscular weakness with respiratory failure.
Cardiac manifestations may not be restricted to infantile Pompe disease.
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SEG U | |\/| | ENTO ABSTRACT: The objective of this 12-month study was to describe the
clinical features of late-onset Pompe disease and identify appropriate out-
come measures for use in clinical trials. Assessments included quantitative
muscle testing (QMT), functional activities (FAA), 6-min walk test (EMWT),
and pulmonary function testing (PFT). Percent predicted values indicated
quantifiable upper and lower extremity weakness, impaired walking ability,
and respiratory muscle weakness. Si}gnificant declines in arm and leg
strength and pulmonary function were observed during the study period. The
ouicome measures were demonsiraied {0 be saje and reliaple, Symptom
duration was identified as the best predictor of the extent of skeletal and

respiratory muscle weakness.
Muscle Nerve 38: 1236-1245, 2008

CLINICAL FEATURES OF LATE-ONSET POMPE
DISEASE: A PROSPECTIVE COHORT STUDY

JOHN H.J. WOKKE, MD," DIANA M. ESCOLAR, MD,> ALAN PESTRONK, MD,’

KENNETH M. JAFFE, MD,* GREGORY T. CARTER, MD,* LEONARD H. VAN DEN BERG, MD,’
JULAINE M. FLORENCE, DPT,® JILL MAYHEW, PT,* ALISON SKRINAR, MA, MPH,®
DEYANIRA CORZO, MD,® and PASCAL LAFORET, MD®

QMT=test muscular cuantitativo: Media de potencia muscular de
varios grupos musculares

FAA= functional activities assessment

6MWT= test de caminar 6 minutos

PFT=test de funcion pulmonar.




ABSTRACT: The objective of this 12-month study was to describe the
clinical features of late-onset Pompe disease and identify appropriate out-
come measures for use in clinical trials. Assessments included quantitative
muscle testing (QMT), functional activities (FAA), 6-min walk test (BMWT),
and pulmonary function testing (PFT). Percent predicted values indicated
quantifiable upper and lower extremity weakness, impaired walking ability,
and respiratory muscle weakness. Significant declines in arm and leg
strength and pulmonary function were observed during the study period. The
outcome measures were demonstrated to be safe and reliable. Symptom
duration was identified as the best predictor of the extent of skeletal and
respiratory muscle weakness.
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QMT= test muscular cuantitativo:

Media de potencia muscular bilateral de

Adductores del hombro
Flexores y extensores del codo
Flexores de los dedos.

Flexores y extensores de rodilla:

Resultado de contraccion maxima (2 intentos)
Porcentaje respecto de la normal.

Puntuacion de MMSS

Puntuacion de MMI|




ABSTRACT: The objective of this 12-month study was to describe the
clinical features of late-onset Pompe disease and identify appropriate out-
come measures for use in clinical frials. Assessments included quantitative
muscle testing (QMT), functional activities (FAA), 6-min walk test (SMWT),
and pulmonary function testing (PFT). Percent predicted values indicated
quantifiable upper and lower extremity weakness, impaired walking ability,
and respiratory muscle weakness. Significant declines in arm and leg
strength and pulmonary function were observed during the study period. The
outcome measures were demonsirated to be safe and reliable. Sympiom
duration was identified as the best predictor of the extent of skeletal and
respiratory muscle weakness.
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FAA= functional activities assessment

Cronometrar el tiempo de:

»Caminar 10 m,

»subir 4 escaleras y

»maniobra de Gowers desde supino hasta
bipedestacion

Registrar el tiempo (seg) para cada una.




ABSTRACT: The objective of this 12-month study was to describe the
clinical features of late-onset Pompe disease and identify appropriate out-
come measures for use in clinical frials. Assessments included quantitative
muscle testing (QMT), functional activities (FAA), 6-min walk test (MWT),
and pulmonary function testing (PFT). Percent predicted values indicated
quantifiable upper and lower extremity weakness, impaired walking ability,
and respiratory muscle weakness. Significant declines in arm and leg
strength and pulmonary function were observed during the study period. The
outcome measures were demonstrated to be safe and reliable. Symptom
duration was identified as the best predictor of the extent of skeletal and
respiratory muscle weakness.
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6MWT=test de caminar 6 minutos

El mejor de 2 intentos (metros)




ABSTRACT: The objective of this 12-month study was to describe the
clinical features of late-onset Pompe disease and identify appropriate out-
come measures for use in clinical frials. Assessments included quantitative
muscle testing (QMT), functional activities (FAA), 6-min walk test (SMWT),
and pulmonary function testing (PFT). Percent predicted values indicated
quantifiable upper and lower extremity weakness, impaired walking ability,
and respiratory muscle weakness. Significant declines in arm and leg
strength and pulmonary function were observed during the study period. The
outcome measures were demonsirated to be safe and reliable. Sympiom
duration was identified as the best predictor of the extent of skeletal and
respiratory muscle weakness.
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Respiratory Muscle Function and Strength.

Funcion respiratoria:
FVC y Capacidad vital forzada inspiratoria (FIVC)
En sedestacidén y en supino.
El volumen en litros y en % de normal.
Cambio de supino a sedestacion en volumen y %.

Fuerza de musculos respiratorios:
Maxima presion expiratoria (MEP) e inspiratoria
(MIP) usando un manémetro, en cmH20 y % del valor normal
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