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Rabdomiodlise

Fisiologia Muscular

0550 Perimisio  Vaso sanguineo
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Imagens disponiveis na internet



Rabdomiodlise

Fisiologia Muscular
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Rabdomiodlise

Fisiologia Muscular

Tipo | Tipo Il
Muitas mitocdndrias e Poucas mitocdndrias e
vasos sanguineos poucos vasos sanguineos

e Ricas em mitocondrias e com * Ricas em glicogénio e enzimas da

elevado conteudo de mioglobina glicolise
« Metabolismo aerdbio (++) * Metabolismo anaerdbio (++)

(ex: nadar, correr maratona, pedalar, ...) (ex: corrida de sprint, levantar pesos, ...)
* Fonte energética: Oxidacdo * Fonte energética: Glicogendlise e

mitocondrial dos acidos gordos glicolise com producao de lactato

Imagens disponiveis na internet



Rabdomiodlise

Fisiologia Muscular

/ATP Aerobic metabolism
! Creatine phosphate
> Anaerobic
oY) <
T metabolism
(&

1 |
Seconds — Minutes — Hours —

Consumo de ATP:
* Repouso: 40 kg/dia
* Exercicio intenso: até 0,5 kg/min

e Corrida durante 2h: até 60 Kg

Vianey-Saban C. Orphan course of Metabolic myopathies. Paris, 2016
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Fisiologia Muscular

Metabolismo anaerdbio

lysosome * Il
Laforin
glucose Malin CAMP
‘e PROVS |
glycogen \ CAMP PK
N '
Galactose GBE Pix
GX GS GPa «——GPb
Galactose-1-P UDP Glucose an0
e GOE
Glucose-1-P =
L
lDPdetose. __/pcm “ = P
i r G&Pase ax m
E GALE Glucose-6-P = Glucose GLUT2 T mo
= yon_ K 5
v Fructose-6-P =
Galactocerebrosides tm e 100 |
Fructose-16P, ‘
¥ ™ eAlDO g o=
Dihydroxyacetone-P <—» Gmﬂghgw _E Blood (glucose) Liver (glycogen) Muscle
Y ol -~ E (glycogen)
PGK
o " ; 19
3-Phosphoglycerate Godfrey & Quinlivan, Nature Reviews 2016;12:393
PGAM
2-Phosphoglycerate
E
Phosphoenolpyruvate
PK
PDH
Acetyl COA «—— Pyruvate
$ on
Lactate

Saudubray et al. Inborn Metabolic Diseases — Diagnosis and treatment. 2016



Rabdomiodlise

Fisiologia Muscular

Metabolismo anaerdbio

 Metabolismo rapido
* N3o requer oxigénio
» Lactato é substrato energético do coracao

Desvantagens

e Curta duracao
* Glicdlise apenas produz 2 ATP

"“‘:-3 5 __—_ * Producdo de lactato -> fadiga e dor muscular
g L - Ciclo de cori: gasto de 6 ATP (saldo de -4 ATP)

Imagem disponiveil na internet



Fisiologia Muscular

Metabolismo aerodbio

glucose
glycolysis Cell cytoplasm
pyruvate Acyl-CoA Acylcarnitine
[ . )
i )
pyruvate FAO Acylcarnitine
acetyl-CoA «— «x «— 47( Acyl-CoA
/‘ FADH,
NADH 4 NADH + H*
NAD+* H*
FADH,
NADH + H* EAD
H+
— nao- | OXPHOS
H+
NADH + H*
ADP+P,
NAD* H*
NADH + H* ATP
Ay =»>
\ mitochondrial inner membrane - } i
\.

mitochondrial outer membrane

Rabdomiodlise

Imagem disponiveil na internet



Rabdomiodlise

Fisiologia Muscular

Metabolismo aerdbio

* Longa duracao
* Grande producao de ATP

Desvantagens

e Metabolismo lento
* Requer oxigénio



Fisiologia Muscular

Combustivel energético

Metabolismo aerdbio Metabolismo aerdbio
Acidos gordos e glicose plasmaticos Glicogénio muscular

Metabolismo anaerobio Metabolismo aerdbio
Reserva de ATP, fosfocreatina, Glicogénio muscular e hepatico,
glicogénio muscular acidos gordos derivados da lipolise

Rabdomiodlise
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e & %S Rabdomidlise
Definicao
Mialgia

Dor ou desconforto
muscular

Rabdomidlise

Rabdo- e myds «musculo»
e lysis «dissolucao»

Lesdao do musculo esquelético com libertacao para a circulagao
dos componentes celulares: mioglobina, electrdlitos, proteinas
sarcolémicas (ex: creatina cinase, aldolase, desidrogenase

lactica, aspartato aminotransferase)




Rabdomiodlise

Definicao

Rabdomidlise

Mialgia/ fraqueza muscular

‘ Mioglobindria

Elevacao dos valores de creatina cinase (CK)




Rabdomiodlise

Fisiopatologia

Unaccustomed physical exercise:
“too much, too fast, too soon of an exercise too novel”

Failure of energy production
Increased cellular
permeability to
sodium Na+/K+ATPase and Ca2+ATPase
dysfunction

INCREASED INTRACELLULAR CALCIUM
CONCENTRATION

Activation of calcium-dependent
proteases and phospholipases

Sarcolemmal and SR injury

Muscle contraction

Destruction of myofibrillar,
cytoskeletal and membrane
proteins

RHABDOMYOLYSIS:
Leakage in circulation: calcium, potassium, phosphate,
urate, aldolase, myoglobin, CPK, lactate dehydrogenase,
—— aspartate transaminase

Renal failure Blood clotting Cardiac arrythmias

Scalco BMJ Open Sport Exerc Med 2016



Rabdomiodlise

Fisiopatologia

Rhabdomyolysis

Release of toxic intracellular content

Capillary injury

Edema ' E Migration of inflammatory cells

Rise of intra-compartmental ------ : omsioe Production of ROS and proteases
preslsure
Ischemia

T

Rhabdomyolysis

Giannoglou et al. European Journal of Internal Medicine 2007
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Rabdomiodlise

Apresentacao clinica

Trouble moving arms

o s Fever, confusion,
or lifting objects

loss of consciousness

Abnormal or
irreqular
heartbeat

()

//

/1

Muscle weakness or
fatigue in legs —

Nausea and
vomiting

Dark colored or
lack of urine

General feeling of
malaise, fatigue or
illness

High levels of
potassium in
the bloodstream

Muscle swelling

National Institutes of Health, WebMD



Rabdomiodlise

Apresentacao clinica
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Rabdomiodlise

Apresentacao clinica

Queixas musculares:
>50% dos doentes nao referem queixas de dor ou fadiga muscular
* Quando presentes, >50% nos grupos musculares proximais (ombro e
coxas)
 Podem também ocorrer caibras e edema muscular

* Risco de sindrome do compartimento

Urina de cor escura:

* Secundaria a presenca de mioglobinuria
e Presente em cerca de 50% dos casos
* Pode estar ausente em doentes com valores de CK elevados

* Risco de insuficiéncia renal aguda

Imagens disponiveis na internet
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Apresentacao clinica

Achados laboratoriais

CK
Mioglobina
Aldolase
DHL

AST

K*

P

Ca2+

Acido urico

(inicial) / 7 (tardio)

>3 €>3>>>>>>

Acidose metabdlica
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Apresentacao clinica

Achados laboratoriais

CK
Mioglobina
Aldolase
DHL

AST

K*

P

Ca2+

Acido urico

(inicial) / 7 (tardio)

>3 €>3>>>>>>

Acidose metabdlica



Rabdomiodlise

Apresentacao clinica

Creatina cinase (CK ou CPK)

Fosfocreatina + ADP «——— ATP + Creatinina

i} i 1 ; 7. ~ « e
i o cox. L1 Lo diss Valor minimo de CK nao definido:

e 5vezes o limite superior normal
(1000 U/L)

« >5000 U/L

* Média entre 10.000 a 25.000 U/L

Hours

Giannoglou et al. European Journal of Internal Medicine 2007
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Apresentacao clinica

Achados laboratoriais

CK
Mioglobina
Aldolase
DHL

AST

K*

P

Ca2+

Acido urico

(inicial) / 7 (tardio)

>3 €>3>>>>> >

Acidose metabdlica



Rabdomiodlise

Apresentacao clinica
Mioglobina/ mioglobinduria

* Excrecdo urinaria quando [mioglobina] plasmatica > 150 mg/L
» Alteracdo da coloracdo da urina quando [mioglobina] plasmatica > 300 mg/L

* Valores podem normalizarem6a8h B

t%-2a3h
Myoglohin

CPh

Caracteristicas da urina:

e Cor: vermelho-acastanhado
* pH:5a6

* Sangue: positivo na tira-teste
* Sem eritrocitos

Hours * Proteinas: +

e Cilindros de mioglobina

Imagens disponiveis na internet

Giannoglou et al. European Journal of Internal Medicine 2007
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Apresentacao clinica

Achados laboratoriais

CK
Mioglobina
Aldolase
DHL

AST

K+

P

Ca%* (inicial) / A (tardio)
Acido urico

Acidose metabdlica

> €555



Rabdomiodlise

Apresentacao clinica

Achados laboratoriais

CK g\
Mioglobina N
Aldolase N
Topamia] | paseie roes | [TowoshuE|
DHL 4\ [ECGnomal | T Tamouada | l’aEMari:I af’;‘sa;gdo by [ (PIe-FCR)
~ ‘J‘“ B ' Cc | D\ E F
AST r LD __]c:w c:>q =
-A-."-/L ;4'5)\5’) \_A_ - '\/L gt ./\/\
K+ N
magem disponivel na internet
Ca%* W (inicial) / A (tardio)
Acido urico 0
Acidose metabdlica N



Rabdomiodlise

Apresentacao clinica

Achados laboratoriais

CK
Mioglobina
Aldolase
DHL

AST

K+

P

Ca%* (inicial) / M (tardio)

Acido urico

> €>>>>>> >

Acidose metabdlica
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Etiologia

Rabdomiodlise

J

vy

v

Acquired

Causes of
Rhabdomyolysis

Genetic

Drugs / Toxins

Ethanol

Different mechanisms: e.g. Crush
injury; ischaemia; myopathy;
sarcolemmal damage

Infectious / Sepsis

Extreme Physical Exertion

Crush Injury / Compartment Syndrome

Disorders of fatty acid metabolism (VLCAD deficiency,

deficiency) and disorders of glycogen metabolism

Metabolic Muscle Disorders | <€

CPTIl deficiency, glutaric aciduria type Il, MAD

(GSD type V, VII, IX, X, X1, XII, XIlI, XIV)

Mitochondrial Disorders | <

Complex I, complex Il, cytochrome b
(complex IlI), complex IV, tRNA
mutations: 3243A>G/T in tRNALeu;
4298G>A in tRNAlle; m.4281A>G in
tRNAlle), and DGUOK

Ischaemia

Metabolic Disturbance

Disorders of intramuscular calcium release

v

Primary Neurological disorders

Anaesthesia

e.g. statuus epilepticus, status
dystonicus

Idiopathic

Malignant hyperthermia
Muscular dystrophies

Muscle channelopathies

Propofol Infusion Syndrome

e
and excitation-contraction coupling:
RYR1

Miscellaneous <

SIL1, TSEN54

Muscular Dystrophies | <~

Dystrophinopathies (DMD/BMD),
ANO5 and LGMD (DYSF, FKRP),
alpha-sarcoglycanopathy

Scalco et al. Orphanet Journal of Rare Diseases 2015



Etiologia

Miosite aguda benigna da infancia/ Miosite virica

Miosite transitoria associada a infeccdes viricas:
* Virus influenza A e B mais comuns

Epidemiologia:
* Mais frequente no Inverno e inicio da
Primavera
* Mais comum em idade escolar: 6 aos 8 anos
* Mais frequente no sexo masculino (2,4:1)

Sintomas:
* Fraqueza e/ou mialgia intensa na regiao
gemelar
* Surgem na fase de convalescenca de
infeccao respiratoria alta

Prognostico:
* Recuperacao em 1 semana, sem sequelas
* Risco baixo de insuficiéncia renal aguda

Rabdomiodlise

BACM Paticnts

(N =54)

Age,y

Mean 13

Range 4125
Sex, male, n (%) 43 (80)
Myalgia, n (%3} 44 (%1)
Fever, n (%) 39(72)
CPE (first test), IUAL

Mean 1872

Fange 5118086
CPK (second test, n = 20)*

Mean 1346

Range 1166654
White cell count, mg/L

Mean 646

Range 22-158

Levkopenia, S5.0 21 (3%
Viral studies, n (%) 21 (3%
Yiral studies positive, n (%) 419
Rise creatinine, mgfL

Mean 0.62

Range 028124
ARF ]
Dipstick positive for red blood cells ]

(proxy for myvoglobimoma)
Hospitalization, n (%a) 40 (74)
Duration of hospitalization, d 315
Return ED visit, n (%a) 2il4)
Mortality ]
Treatment

Hyperhydration 0

Urnnary alkalization 0

Rosenberg et al. Pediatr Emer Care 2016



Rabdomiodlise

Etiologia

Quando suspeitar de causa genética?

Episddios recorrentes de rabdomidlise associados:
e Exercicio
* Jejum
* InfecgOes viricas
* Intolerancia ao exercicio: fadiga, caibras
* Presenca de outros sintomas: ptose, oftalmoplegia, distonia, neuropatia,
pseudohipertrofia muscular
* Sintomas e eleva¢ao de CK desproporcional ao principal factor etioldgico:
actividade fisica, anestesia, farmacos, infecgao
* Historia familiar de rabdomidlise e intolerancia ao exercicio

e Consaguinidade



Etiologia

Rabdomiodlise

Consider a genetic cause of the exertional
rhabdomyolysis in case of ‘RHABDO’

W>»>TIT

O

O

Recurrent episodes of exertional rhabdomyolysis
HyperCKaemia persists 8 weeks after the event
Accustomed physical exercise

Blood CK>50xULN (>10 000 ULN in female
Caucasian patients)

Drugs/medication/supplements and other exogenous
and endogenous cannot sufficiently explain the
rhabdomyolysis severity

Other family members affected/other exertional
symptoms (cramps, myalgia)

CK, creatine kinase; ULN, upper limit of normal.

Scalco et al. BMJ Open Sport Exerc Med 2016



Rabdomiodlise

Etiologia

Disturbios da oxidacdao dos acidos

gordos, do transporte de
Disturbios do metabolismo do electrdes e da riboflavina

glicogénio

Disturbios do
metabolismo dos

Citopatias mitocondriais

/ triglicerideos citosdlicos
—— Causas

Geneticas —____ Deficiéncia da

Distrofias musculares

/ \ mioadenilato deaminase

Disturbios da homeostasia
Outras doencas genéticas do calcio

(Ex: anemia falciforme, Sindrome
de Marinesco-Sjogren, ...)
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Etiologia
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gordos, do transporte de
Disturbios do metabolismo do electrdes e da riboflavina
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Rabdomiodlise

Disturbios do metabolismo do glicogénio

AMP kinase

LYSOSOME y
: - e Phosphorylase

b kinase

\’hosphorylase a 'V 1
G 111V,

hosphorylase b

2X ADP+ Pi
2XATP

2X ADP+ Pi
2X ATP

Oldfors e DiMauro. Curr Opin Neurol 2013



Rabdomiodlise

Disturbios do metabolismo do glicogénio

Fadiga e mialgia nos primeiros 5
minutos de actividade fisica
moderada a intensa

Factores desencadeantes de rabdomidlise:

* Exercicio intenso

* Exercicios isométricos

* Contracturas musculares

* Manutencao do exercicio apesar de
gueixas musculares



Disturbios do metabolismo do glicogénio

Type

Enzyme Deficiency/Gene

Clinical Features

Type 0, muscle

Type |l
Pompe disease

Type lll
Forbes disease
Cori disease

Type IV
Andersen disease
Amylopectinosis

Glycogen synthase 1
GYS1

o-1,4-glucosidase
(acid maltase)
GAA

Debrancher enzyme
AGL

Branching enzyme
GBE1

Muscle weakness, exercise intolerance, cardiomyopathy

Severe infantile form: hypotonia, muscle weakness,
cardiomyopathy, respiratory distress. May resemble SMA
Milder: insidious onset in childhood or adolescence,
hypotonia, progressive muscle weakness. May resemble
LGMD

llla: childhood reversible hepatomegaly and hypoglycaemia
followed by adult-onset distal or generalized progressive
muscle weakness, neuropathy cardiomyopathy

Typical form: early-onset rapidly progressive and fatal liver
disease. Later onset of myopathy if liver is transplanted
Neuromuscular forms:

Perinatal: polyhydramnios, arthrogryposis, fetal hydrops and
early death

Congenital/infantile: myopathy, hypotonia, muscle weakness,
neuropathy, respiratory distress. May resemble SMA.
Cardiomyopathy may occur

Juvenile: myopathy with muscle weakness. Cardiomyopathy
and nervous system involvement may occur

Adult: isolated myopathy with muscle weakness or
multiorgan polyglucosan body disease with nervous system
iovaliamant

|Type Vv

Myophosphorylase
PYGM

Exercise intolerance, cramps, fatigue, myoglobinuria

Type Vi
Tarui disease

Type IXb

(Type VIII)
Type IXd

(Type VIII)
(Type IX)
Type X
Type Xl
Type Xl
Type Xl

Type XIV

Type XV

Phosphofructokinase
PFKM

Phosphorylase kinase
PHKB

Phosphorylase kinase
PHKA1 (X-linked)

Phosphoglycerate kinase
PGK1 (X-linked)

Phosphoglycerate mutase
PGAM2

Lactate dehydrogenase
LDHA

Aldolase A
ALDOA

B-enolase
ENO3

Phosphoglucomutase 1
PGM1

Glygogenin-1

GYG1

Exercise intolerance, cramps, muscle weakness, fatigue,
myoglobinuria and compensated haemolytic anaemia
Isolated myopathy with progressive fixed muscle weakness

Mild muscle involvement

Exercise intolerance, muscle stiffness, cramps, muscle
weakness

Exercise intolerance, cramps, fatigue and myoglobinuria,
haemolytic anaemia and encephalopathy

Exercise intolerance, cramps, fatigue, myoglobinuria

Exercise intolerance, cramps, fatigue, myoglobinuria
Skin lesions have been reported

Exercise intolerance with episodes of rhabdomyolysis
Haemolytic anaemia

Exercise-induced intolerance with myalgia and increased
serum creatine kinase

Exercise intolerance, cramps, myoglobinuria

Muscle weakness, exercise intolerance and cardiomyopathy

Dubowitz, Sewryand, Oldfors. MuscleBiopsy—A Practical Approach. 2013

Rabdomiodlise

Glicogenose V (Doenca de McArdle):

e Mais

frequente

* CK geralmente > 1000 pumol/L
e Fendmeno “second-wind”

160 1

140 1

120

100 1

80 4

Heart rate (bpm)

60 1

40 r T r T 1
0 10 20 30 40

Time (min)

Imagem disponivel na internet

* Prova ndo-isquémica do antebraco

Lactate (mrmol/l) Ammonia (gmal/l)
7.0 4 300 4
6.0 - 250 A
5.0 4 200 4
4.0 4
150 4
3.0
210 4 100
0. = 0 4+
-5 0 5 10 -5 0 5 10

t (min) t (min)

Jean-Yves Hogrel. Orphan course of Metabolic myopathies. Paris, 2016



Rabdomiodlise

Disturbios do metabolismo do glicogénio

Type

Enzyme Deficiency/Gene

Clinical Features

Type 0, muscle

Type Il
Pompe disease

Type lll
Forbes disease
Cori disease

Type IV
Andersen disease
Amylopectinosis

Type V
McArdle disease

Type Vi
Tarui disease
Type IXb
(Type VIII)
Type IXd

(Type VIII)
(Type IX)
Type X
Type Xl
Type Xl
Type Xl

Type XIV

Type XV

Glycogen synthase 1
GYS1

o-1,4-glucosidase
(acid maltase)
GAA

Debrancher enzyme
AGL

Branching enzyme
GBE1

Myophosphorylase
PYGM

Phosphofructokinase
PFKM

Phosphorylase kinase
PHKB

Phosphorylase kinase
PHKA1 (X-linked)

Phosphoglycerate kinase
PGK1 (X-linked)

Phosphoglycerate mutase
PGAM2

Lactate dehydrogenase
LDHA

Aldolase A
ALDOA

B-enolase
ENO3

Phosphoglucomutase 1
PGM1

Glygogenin-1

GYG1

Muscle weakness, exercise intolerance, cardiomyopathy

Severe infantile form: hypotonia, muscle weakness,
cardiomyopathy, respiratory distress. May resemble SMA
Milder: insidious onset in childhood or adolescence,
hypotonia, progressive muscle weakness. May resemble
LGMD

llla: childhood reversible hepatomegaly and hypoglycaemia
followed by adult-onset distal or generalized progressive
muscle weakness, neuropathy cardiomyopathy

Typical form: early-onset rapidly progressive and fatal liver
disease. Later onset of myopathy if liver is transplanted
Neuromuscular forms:

Perinatal: polyhydramnios, arthrogryposis, fetal hydrops and
early death

Congenital/infantile: myopathy, hypotonia, muscle weakness,
neuropathy, respiratory distress. May resemble SMA.
Cardiomyopathy may occur

Juvenile: myopathy with muscle weakness. Cardiomyopathy
and nervous system involvement may occur

Adult: isolated myopathy with muscle weakness or
multiorgan polyglucosan body disease with nervous system
involvement

Exercise intolerance, cramps, fatigue, myoglobinuria

Exercise intolerance, cramps, muscle weakness, fatigue,
myoglobinuria and compensated haemolytic anaemia
Isolated myopathy with progressive fixed muscle weakness

Mild muscle involvement

Exercise intolerance, muscle stiffness, cramps, muscle
weakness

Exercise intolerance, cramps, fatigue and myoglobinuria,
haemolytic anaemia and encephalopathy

Exercise intolerance, cramps, fatigue, myoglobinuria

Exercise intolerance, cramps, fatigue, myoglobinuria
Skin lesions have been reported

Exercise intolerance with episodes of rhabdomyolysis
Haemolytic anaemia

Exercise-induced intolerance with myalgia and increased
serum creatine kinase

Exercise intolerance, cramps, myoglobinuria

Muscle weakness, exercise intolerance and cardiomyopathy

Dubowitz, Sewryand, Oldfors. MuscleBiopsy—A Practical Approach. 2013

Glicogenose VIl (Doenca de Tarui):

* Queixas musculares agravam com
ingestao de carbohidratos

* Fendmeno out-of-wind

* Anemia hemolitica (também
glicogenoses IX e Xll)



Disturbios do metabolismo do glicogénio

Type

Enzyme Deficiency/Gene

Clinical Features

Type 0, muscle

Type |l
Pompe disease

Type lll
Forbes disease
Cori disease

Type IV
Andersen disease
Amylopectinosis

Type V
McArdle disease

Type Vi
Tarui disease
Type IXb
(Type VIII)
Type IXd

(Type VIII)
(Type IX)
Type X
Type Xl
Type Xl
Type Xl

Type XIV

Type XV

Glycogen synthase 1
GYS1

o-1,4-glucosidase
(acid maltase)
GAA

Debrancher enzyme
AGL

Branching enzyme
GBE1

Myophosphorylase
PYGM

Phosphofructokinase
PFKM

Phosphorylase kinase
PHKB

Phosphorylase kinase
PHKAT1 (X-linked)

Phosphoglycerate kinase
PGK1 (X-linked)

Phosphoglycerate mutase
PGAM2

Lactate dehydrogenase
LDHA

Aldolase A
ALDOA

B-enolase
ENO3

Phosphoglucomutase 1
PGM1

Glygogenin-1
GYG1

Muscle weakness, exercise intolerance, cardiomyopathy

Severe infantile form: hypotonia, muscle weakness,
cardiomyopathy, respiratory distress. May resemble SMA
Milder: insidious onset in childhood or adolescence,
hypotonia, progressive muscle weakness. May resemble
LGMD

llla: childhood reversible hepatomegaly and hypoglycaemia
followed by adult-onset distal or generalized progressive
muscle weakness, neuropathy cardiomyopathy

Typical form: early-onset rapidly progressive and fatal liver
disease. Later onset of myopathy if liver is transplanted
Neuromuscular forms:

Perinatal: polyhydramnios, arthrogryposis, fetal hydrops and
early death

Congenital/infantile: myopathy, hypotonia, muscle weakness,
neuropathy, respiratory distress. May resemble SMA.
Cardiomyopathy may occur

Juvenile: myopathy with muscle weakness. Cardiomyopathy
and nervous system involvement may occur

Adult: isolated myopathy with muscle weakness or
multiorgan polyglucosan body disease with nervous system
involvement

Exercise intolerance, cramps, fatigue, myoglobinuria

Exercise intolerance, cramps, muscle weakness, fatigue,
myoglobinuria and compensated haemolytic anaemia
Isolated myopathy with progressive fixed muscle weakness

Mild muscle involvement

Exercise intolerance, muscle stiffness, cramps, muscle [ J
weakness

Exercise intolerance, cramps, fatigue and myoglobinuria,
haemolytic anaemia and encephalopathy

Exercise intolerance, cramps, fatigue, myoglobinuria

Exercise intolerance, cramps, fatigue, myoglobinuria
Skin lesions have been reported

Exercise intolerance with episodes of rhabdomyolysis
Haemolytic anaemia

Exercise-induced intolerance with myalgia and increased
serum creatine kinase

Exercise intolerance, cramps, myoglobinuria

Muscle weakness, exercise intolerance and cardiomyopathy

Dubowitz, Sewryand, Oldfors. MuscleBiopsy—A Practical Approach. 2013

Rabdomiodlise

PGM1-CDG/ Glicogenose XIV:

Sintomas associados: Uvula bifida/
fenda palatina, cardiomiopatia,
citdlise hepatica, hipoglicemia,
hipogonadismo hipogonadotrdfico,
coagulopatia

Focagem isoeléctrica da transferrina
anormal



Disturbios do metabolismo do glicogénio

Diagnostico

* CK:
* Geralmente elevado
 Hemograma, reticuldcitos, bilirrubina:
* Pesquisa de anemia hemolitica

Acido urico:

* Elevado em alguns doentes

Focagem isoelétrica da transferrina:

e Suspeita de PGM1-CDG

Rabdomiodlise



Rabdomiodlise

Disturbios do metabolismo do glicogénio

Diagnostico

* Estudos histolégicos de musculo
 Acumulacao de glicogénio no citoplasma:
* Excepto GSD Il (Doenca de Pompe) em que ha acumulacao lisossomal
» Excepto defeitos da sintese do glicogénio

* Estudo histoquimico de coloracdao da miofosforilase (GSD V)

SRS O %
PAS stain {stains g VCOR

-

Imagens disponiveis na internet



Rabdomiodlise

Disturbios do metabolismo do glicogénio

Diagnostico

* Estudos enzimaticos

» Estudos genéticos:
 Gene PGYM —suspeita de GSD V (Doenca de McArdle)
* Gene PGM1 - suspeita de PGM1-CDG

* Painéis genéticos



Rabdomiodlise

Disturbios da oxidacao dos acidos gordos, do transporte de
electroes e do metabolismo da riboflavina

Long-chain fatty acids Carmitine
Cypoest
Carnitine

LC. acyt.CoA

LC- acylcamitine
Camitine

@
al. (G

LC. acylcarnitine CoA

Neurons and other brain cells

R
Riboflavin —— FMN

@ @ All hRFVTs

FADS
. Diffusion? I
Riboflavin
* FAD
FMN FADS@
Intestinal \ FAD
cell — Target tissue

Vianey-Saban C. Orphan course of Metabolic myopathies. Paris, 2016

e |

—— Glcose= = =+ Pyruvate

Defeitos da carnitina: Defeitos da oxidagao: Defeitos do transporte de
» Défice primario da « VLCAD electrdes e riboflavina:

carnitina (CUD)  LCHAD/ MTP * Def. ETF e ETFQO
 CPT2 * FADS

« MFT



Rabdomiodlise

Disturbios da oxidacao dos acidos gordos, do transporte de
electroes e do metabolismo da riboflavina

Queixas musculares com
exercicio prolongado ou no final
do exercicio

Factores desencadeantes de rabdomidlise:
* Infeccao
* Febre

* Jejum

* Exercicio

* Frio

* Stress

* Farmacos (valproato de sddio, estatinas)



Disturbios da oxidacao dos acidos gordos, do transporte de
electroes e do metabolismo da riboflavina

* Hipoglicemia hipocetotica
e Atingimento hepatico:
* Hepatomegalia
* Esteatose
* Insuficiéncia hepatica
e Sindrome Reye-like
* Cardiomiopatia/ arritmias cardiacas
* Encefalopatia
* Rabdomidlise
* Neuropatia CPT2
* Retinopatia VLCAD

LCHAD/MTF

MADD

Inicio tardio

Rabdomiodlise

Rabdomidlise
Fraqueza muscular
Cardiomiopatia
Neuropatia
Retinopatia

+++ -

+++ -

++ -




Rabdomiodlise

Disturbios da oxidacao dos acidos gordos, do transporte de

electroes e do metabolismo da riboflavina

Diagndstico

* CK pode ser normal entre crises

* Hipoglicemia hipocetética

* Citdlise hepatica

» Perfil de acilcarnitinas e perfil de acidos organicos

Colheita em fase aguda - pode ocorrer normalizagao do perfil no estado basal

Rastreio precoce neonatal

c2

o

IC14:1

VLCAD deficiency

<16

c12 .

“5C18:1

s+ Pascal Laforét. Orphan course of Metabolic myopathies. Paris, 2016



Rabdomiodlise

Disturbios da oxidacao dos acidos gordos, do transporte de
electroes e do metabolismo da riboflavina

Diagnostico

* Estudos histolégicos do musculo:
* Acumulacao de gotas lipidicas — lipidose muscular
* N3o é exame de primeira linha na suspeita destes defeitos metabdlicos

Pascal Laforét . Orphan course of Metabolic myopathies. Paris, 2016

* Estudos enzimaticos (fibroblastos)

* Estudos genéticos
* Estudos moleculares dirigidos
« CPT2 (c.439C>T)
 ACADVL (c.848T>C)
* Painéis genéticos



Rabdomiodlise

Disturbios do metabolismo dos triglicerideos citosolicos

'\\'
Glycolysis
LIPIN : phosphatidic Dihydroxyacetone -3-P
acid phosphatase l
Glycerol -3-P +—— Glycerol
ATGL : adipose triglyceride 1 )
lipase Fatty acid  «—c
P Lyso -phosm/ !
CGI-58 : activator of ATGL 1 [~ Acyi-coa
Phosphatidate
Phospholipids «— Diacylglycerol

Triacyiglycerol  ————s Triacylglycerol Cmm,c
\ /ipid droplets
~

Laforét & Vianey-Saban. Neuromuscular Disorders 2010

Factores desencadeantes de rabdomidlise:

* Febre

* Jejum

e Exercicio

* Farmacos / Anestesia e

Deficiéncia de Lipina

* Doencga autossOmica recessiva
* Apresentacao 15 meses aos 7 anos
 Rabdomidlises graves — elevada
taxa de mortalidade
* Normalizacdo entre episédios
* Biodpsia muscular: gotas lipidicas
* Diagnostico:
e Estudo molecular (LPIN1)
* Portadores com gueixas ligeiras

Neutral Lipid Storage Diseases (NLSD)

e Alteracao da funcao de ATGL
* Apresentacao na idade adulta
* Miopatia proximal, cardiomiopatia,

,\ diabetes, surdez NS, ictiose



Rabdomiodlise

Citopatias mitocondriais

Grande numero de patologias com grande variabilidade fenotipica

Fadiga com actividade fisica de Rabdomidlise com actividade fisica
baixa a moderada intensidade mais intensa

Factores desencadeantes de rabdomidlise:
* Exercicio
* Infecgdes viricas
* Propofol



Citopatias mitocondriais

Envolvimento multissistémico

Nervous system 1. / Eyes
Seizures, tremors, o T Y Drooping eyelids
developmental delays, (ptosis), inability to

desfness, demeaentis,
stroke before age 40,

move eyes from
side to side (external

poor balance, problems apfithalmoplegia).

with peripheral nerves blindness (retinitis
pigmentosa)l

Heart

Cardiomyopathy Skeletal Muscle

Muscle weak-
NEss, exersise
intalerance, cramps

{heart failure,
conduction Block)

Liver
Liver mifure . Digestive tract
uncormon except in . "y
. , Acid refiux, vormiting,
berves with chronic diarrhes
mitochondrial DA . o
depletion intestinal
abstruction
Kidneys
Fancond syndrome (loss Pan_umaﬁ
Diabetes

af essential metabolites
in urine)

Rabdomiodlise



Rabdomiodlise

Citopatias mitocondriais

Gene Disease name Baseline CK levels Pattern of Trigger for rhabdomyolysis

inheritance
Mitochondrial disorders
ot Mitochondrial disorder Mormal Maternal Prolonged or repetitive exercise
fMTCO1) inheritance
CON Mitochondrial disorder Mormal Maternal Exercise
(MTCO2) inheritance
COon Mitochondrial disorder Mormal Maternal Prolonged exercise, viral illness,
fMTCO3) inheritance urknown cause
DGUOK Mitochondrial disorder ? AR Viral illness
FOXIL Mitochondrial disorder Marmal AR 7 After exercise [114]

High
HADHA Mitochondrial Trifunctional Protein Mormal AR Strenuous physical activity
HADHE Deficiency
ISCU Iron-sulphur cluster deficiency ? AR Exercise
myopathy (Mitochondrial disorder)

MTCYE Mitochondrial disorder Mormal Sporadic Exercise

mutations [64]
POLGT 1 case report of rhabdomyolysis in association with PIS [73] AD AR PIS

Scalco et al. Orphanet Journal of Rare Diseases 2015



Rabdomiodlise

Citopatias mitocondriais

Diagnostico

* CK normal ou ligeiramente elevada

* Lactato:
 Em repouso geralmente aumentado
* Aumento exagerado apods exercicio

Lactate (mmall) Ammonia (umolf)
B0 4

70 At
B0
5.0 4
4.0
2.0
20 4

10-—/7)\¥

Lo+

Jean-Yves Hogrel. Orphan course of Metabolic myopathies. Paris, 2016

» Perfil de acilcarnitinas e perfil de acidos organicos
e Acilcarnitinas: normais ou perfil de MADD
 Acidos organicos: acidos etilmaldnico, 3-metil-glutacdnico, fumarico, ...



Rabdomiodlise

Citopatias mitocondriais

Diagnostico
* Estudos histolégicos do musculo (apresentacao varidavel e muitas vezes inespecifica)

e Fibras rotas
e Estudo histoquimico de coloracao da citocromo oxidase negativo

* Acumulacao de mitocdndrias no subsarcolema

Imagens disponiveis na internet

* Estudo dos complexos da cadeia respiratdria mitocondrial

e Estudo de depleccao mitocondrial

e Estudo genético:
* Estudos moleculares dirigidos (ex: MELAS)
* DNAmt

* Painéis genéticos/ Exoma



Deficiencia da mioadenilato deaminase

Fumarate

ATPase
ATP |——»| ADP

GDP, P,

Adenylosuccinate

7

AMP

\_/\_/

Myokinase

Purine
nucleotide
cycle

AMP deaminase

Aspartate,
GTP

IMP

NH

* Alteracao metabdlica mais frequente do musculo esquelético

* Prevaléncia de 2% de homozigotos
* Maioria assintomaticos

* Mialgia e caibras com exercicio

* Elevacado da CK apds exercicio

* Mioglobindria rara

Rabdomiodlise



Deficiencia da mioadenilato deaminase

Diagnodstico:
* Prova nao-isquémica do antebraco

Lactata (mmald) Armmania (prall)
130

100
a0 4
60 4
a0 4
JEI:

t {mir) ’ t (min]

e Estudos histoquimicos do musculo:

* Estudo genético: gene AMPD1

* Actividade enzimatica <15%
(alguns autores consideram <2%)

Rabdomiodlise



Rabdomiodlise

Disturbios da homeostasia do calcio

3Na 2K

Sarcolemma - P

1 [ZoHPR
o

4 3 Ca

1 T-tubule §

Myofilaments

DHPR: voltage-gated dihydropyrimidine receptor
RyR: ligand-gated skeletal muscle ryanodine receptor
SERCAs: sarcoendoplasmic reticulum calcium transport ATPases

Davis J et al. Physiol Rev 2008



Rabdomiodlise

Disturbios da homeostasia do calcio

RyR

Ocorre horas (as vezes, dias) Comum a conjugacio de
apos exercicio intenso

varios factores de risco

Factores desencadeantes de rabdomiodlise:

Exercicio
Calor
Alcool e dr .
coo e'd ogas Risco de
Anestesia hipertemia

Relaxantes musculares maligna



Rabdomiodlise

Disturbios da homeostasia do calcio

RyR
Hipotonia Mialgia
Ptose Rabdomidlise
Oftalmoplegia Hipertermia maligna

Atraso do desenvolvimento

Diagndstico:
e Estudos histoquimicos do musculo:
* Multiplos aspectos, inespecificos
e Estudo genético do RYR1
» Diferentes padrdes de transmissao: autossémico recessivo, autossomico

dominante



Rabdomiodlise

* Fisiologia muscular

* Definicao e fisiopatologia
* Apresentacao clinica

* Etiologia

* Abordagem diagnostica

* Abordagem terapéutica



Rabdomiodlise

* Fisiologia muscular

* Definicao e fisiopatologia
* Apresentacao clinica

* Etiologia

* Abordagem diagndstica

* Abordagem terapéutica



Rabdomiodlise

Abordagem diagndstica

e CK
.,@{" * Mioglobina
S . AST e ALT
ef,& * Ureia, creatinina
e“?@ * Potassio, sodio, cloro, calcio, fosforo e magnésio
Rz * Equilibrio acido-base, amdnia
& e Glicose
 Acido trico
 Albumina
Mialgia * Hemograma
Fraqueza muscular * Tira-teste urindria/ Sedimento urinario
Urina de cor escura * Electrocardiograma
Coma

Suspeita de sindrome de Guillain-Barre ou mielite

Sinais de trauma ou lesao por esmagamento

Suspeita clinica de sindrome de compartimento

Alteragoes clinicas e/ou analiticas sugestivas de alteracdes electroliticas
Alteragoes clinicas e/ou analiticas sugestivas de insuficiéncia renal aguda



Rabdomiodlise

Abordagem diagndstica

Perante rabdomidlise...
Avaliar risco de etiologia metabdlica

* Episodios recorrentes de rabdomidlise associados:
* Exercicio
* Jejum
* InfecgOes viricas
* Intolerancia ao exercicio: fadiga, caibras
* Presenca de outros sintomas: ptose, oftalmoplegia, distonia, neuropatia,
pseudohipertrofia muscular
e Sintomas e elevac¢ao de CK desproporcional ao principal factor etioldgico:
actividade fisica, anestesia, farmacos, infec¢ao
* Valor de CK > 50 vezes o limite superior do normal
* Persisténcia de eleva¢ao das CK além das 8 semanas
* Historia familiar de rabdomidlise e intolerancia ao exercicio



Rabdomiodlise

Abordagem diagndstica

Se suspeita de etiologia metabdlica...

Orientacao de acordo com idade e valor de CK

Rhabdomyolysis
Acute Rhabdomyolysis Chronic
Severe Moderate Myopathics. vsi
CK > 10 000 1U/L €K < 10 000 1U/L Glycogenosu/glyco ysis
diseases

Age at 1st bout Age at 1st bout Age at 1st bout

4 fl'l.':'..l‘- /-16 'r'-'-‘i'“-" > :b',‘t'f.'_l'i
Lipin-1, FAO, GSD RYR1, FAO, GSD RYR1, GSD

Hamel et al. ) Inherit Metab Dis 2015



Rabdomiodlise

Abordagem diagndstica

Se suspeita de etiologia metabdlica...

Orientagao de acordo com factor desencadeador

Exertlon Temperature Genaral et
M . anaesthesia, Ematicnal
trigger 7 rrfection drugs, stress
Azrobic
i High fat . Irregular
anasrakic, Febiile Heant Cold alcohol Fanlirg
ymp Frole I‘I ; iliness fntake diet
onsl within rerclse
+ minutes n b & b 4 L & + 4 J:
CATH fa] £ar ACAD ETRA
+ ACALW
LN i AL £eT2 ACADE AL s 0F12 ETFR
LT YGM o ACADIE FTRI £PT2 ACACL PO & i ETFA ETFI
L ‘_'m A¥FLS P12 AviEd ETFR
& [ :I.'Llh LR & Je [40] [ ram— b Freon A
PEART T ﬂir'«&lﬂ :r:-:gn "::': shin Bipoy carmline LPWI
G d S| H 1
Whiuclu ruL!I COOWATCDE] Ay Aryi- CWMTEDS) b skin Faniing
blopry, o o HADHA camiLineg, carmiting, iy opsy + e
BENEHC e FAA [ulrafus + HT ki EF;?!' + Erdi
P FAFTCINE] Hopwy, homy : Ak sridn
WA Aryle muscle Afyl-camibna, ikin camitine,
3 [E carailing, bécgsy. J Mgy, musde skin bpsy,
FIT =t ki i oy, genetic ket Rating
Sarum O, by, baxi Arylcarmetire, wrire
muarie hamy, + [l s win by, organic
faraarm st beain Lasting wiine Bkls,
ERETCSE TEST, Aokl A1 Of S SCes, RETHLE LT
'l ¥ R TI LR ] mincia iz,
LIPAVET | PR . i b
— sreond mind, .lllrl:.nl;.will' gEnetic ket
crde test tasting rine
IFrGd - OTRANE S,
o waed], rada
FaC by
Exercise (non specific)
L
LT
on
VSRR
FRRR
BATCYFE
et
FTRY
A
Acyhomrating, mumls bopry Scalco et al. Orphanet Journal of Rare Diseases 2015

genetic ks



Rabdomiodlise

Abordagem diagndstica

Se suspeita de etiologia metabdlica...

Orienta¢ao de acordo com sinais e sintomas associados

Isolada e sem miopatia prévia (valor basal de CK normal)

* Defeitos da oxidacao dos acidos gordos
* Deficiéncia de lipina
* Defeito do RyR

Atingimento multissistémico + hiperlactacidemia

* Citopatias mitocondriais



Rabdomiodlise

Abordagem diagndstica

Se suspeita de etiologia metabdlica...

Orientacao de acordo com sinais e sintomas associados

Valor basal de CK aumentado com ou sem fraqueza muscular

* Defeitos do metabolismo do glicogénio

* Hiperuricemia

* Anemia hemolitica

 Uvula bifida, fenda do palato, hepatopatia, cardiomiopatia, ...
* Defeitos da oxidacao dos acidos gordos

* Cardiomiopatia

* Hepatopatia

* Neuropatia, retinopatia
e Defeito do RYR



Rabdomiodlise

Abordagem diagndstica

Se suspeita de etiologia metabdlica...

Exames de primeira linha

* Lactato, piruvato
* Carnitina total (sangue)
* Perfil de acilcarnitinas
e Colher sangue em papel-filtro na fase aguda
* Perfil de acidos organicos
* Colher e congelar urina na fase aguda
* Focagem isoelétrica da transferrina
* Aminoacidos (sangue)

Exames de segunda linha

* Estudos histologicos do musculo (biopsia muscular)
e Estudos enzimaticos
* Estudos genéticos



Rabdomiodlise

Abordagem diagndstica

Se suspeita de etiologia metabdlica...

* Quando realizar?

* Qito semanas ap0os episddio de rabdomidlise. As alteracdes necroéticas
podem mascarar padroes histologicos caracteristicos.
* Excepcao na suspeita de sindromes inflamatorios — realizacdao urgente

A quem realizar?
* Quando exames de primeira linha nao sao orientadores de diagndstico.
e Suspeita de citopatia mitocondrial: estudos dos complexos da cadeia
respiratoria mitocondrial e estudos de depleccao.
* Glicogenoses: estudos histoldgicos e enzimaticos
* Distrofias



Abordagem diagndstica

Se suspeita de etiologia metabdlica...

Muscle Biopsy

Rabdomiodlise

Lipid Glycogen Glycogen N [-.::atun::'-. D.[ Dy sirophic Tubwlar Core Aoy load Inflammatory
Storage Siorage volyssaciowide Misnchondrm] Features Agaregates Myopathy Dieposition Intiltration
Storage Diisease
ACADVL ENQ3 PFEM el (MTCEM ) ANOS POAM2 RYR! ANS DYSF
CPT2 PGAM2 O MTO02) nys
ETFA PGET COMr {MTO03) DYSF
ETFB POGMI DL FKTN
ETFDH PHEAI I5Cuwr FKRF
ALDOA PHER MTCYE
HADHA PYGM POLGHE
HADHE
Non-specific
Features

!

Potentially any

of the above

Scalco et al. Orphanet Journal of Rare Diseases 2015



Abordagem diagndstica

Se suspeita de etiologia metabdlica...

Rabdomiodlise

Confirmacao diagndstica
Diagnostico

Aconselhamento familiar e pré-natal

Prognostico

Estudos moleculares especificos
Orientados pela histéria clinica e/ou exames de primeira linha (Ex: PYGM, CPT2,

ACADVL, PGM1)

Estudo molecular de LPIN-1 se crianca com idade < 6 anos e CK >20.000 U/L

Painéis genéticos

Permitem diagnosticar doencas raras e muito raras

Disponibilidade crescente e a precos mais acessiveis

Citopatias mitocondriais

Glicogenoses

Exoma para casos nao resolvidos?



Rabdomiodlise

Abordagem diagndstica

TRIGGER
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Chan EK et al. Arch Dis Child 2015



Rabdomiodlise

* Fisiologia muscular

* Definicao e fisiopatologia
* Apresentacao clinica

* Etiologia

* Abordagem diagnostica

* Abordagem terapéutica



Rabdomiodlise

* Fisiologia muscular

* Definicao e fisiopatologia
* Apresentacao clinica

* Etiologia

* Abordagem diagnostica

 Abordagem terapéutica



Rabdomiodlise

Abordagem terapéutica

Prevenir o desenvolvimento de insuficiéncia renal aguda (IRA)

e Risco de desenvolver IRA em idade pediatrica
* Wu et al (Pediatr Emerg Care 2009): 5%
* Chen et al (BMC Pediatrics 2013): 8,1%
* Factores preditivos:
* Valor de CK variavel entre estudos: > 5000, > 10.000, >15.000 U/L
* Score preditivo nao estabelecido para a idade pediatrica

Necessidade de métodos dialiticos  Risco de 1,6 a 3%: Mannix et al e Wu et al

* Hipercaliémia grave e persistente
* Acidose metabdlica grave
* Insuficiéncia renal progressiva

Importancia do reconhecimento e tratamento atempado da rabdomidlise
para prevenir o desenvolvimento de IRA



Abordagem terapéutica

Rabdomiodlise

Atencdo na presenca de elevacao de CK com mioglobinuria
Internar e monitorizar a evolucao

Especial atencdo na suspeita de causa metabdlica subjacente

-

Hiper-hidratacao
Correccao dos desequilibrios electroliticos:
* Hipercaliémia
* Hipo/hipercalcémia
* Hiperfosfatémia
* Hiperuricemia
Corrigir acidose metabdlica
Manitol e bicarbonato — uso controverso



Rabdomiodlise

Abordagem terapéutica

I Rabdomidlise ]
v

T CK + mioglobinuria
a0 +/- acidose lactica, T DHL Sim .
Hipercalemia, hiperuricemia :
£ N
| Considerar outro diagndstico |
i ) { L
Tratamento geral ‘ Hipercalemia "l'ifli’gig;?a'a

| | ! ;
v l ‘ i N { Gluconato de calcio a 10%, J

" dose de acordo com sintomas
Tratar causa, suspensdo de >6,5 mEg/L ou
medicacao suspeita alteracao no ECG

Resinas, salbutamol Gluconato de calcio 10% |
nebulizado, furosemida | Insulina + glicose

>4 mEq/L

Fluidoterapia e.v. [

(Se doenca metabodlica, soro glicosado)

| Soro fisiologico 20-40 mi/kg/h max. de 1-2 L/h | l

Avaliar débito urinario
CK e tira-teste periodicamente (3/3h)

4
Débito urinario >4 ml/kg/h Se ndo houver alteragdes,

CK <1000 U/L e tira-teste considerar:
negativa para sangue |

| Ponderar fluidoterapia : 5 ) )
[ 2 a3xas necessidades basais Bicatbonato 4,2% Manitol a 20% Hemodiélise ]

2o hgidias (associado ao bicarbonato),
diluicdo 1:2 do 8,4% em | em boélus, 0,5 g/kg
soro glicosado)

A

Furosemida (1-2 mg/kg/dia {
p.o./i.v., sem exceder
10 mg/kg/dia)

Algoritmo de decisdo em pediatria. LIDEL 2014



Rabdomiodlise

Abordagem terapéutica

Se etiologia metabodlica...




Rabdomiodlise

Abordagem terapéutica

Prevenc¢ao de rabdomidlise na doen¢ca metabdlica

 Cumprimento da dieta e farmacos
* Evitar jejum
» Exercicio aerdbio progressivo e adaptado
* Antes do exercicio ingerir:
* Carbohidratos (glicogenoses, excepto glicogenose VII)
* MCToil (defeitos da oxidacao dos acidos gordos de cadeia longa)

e Triheptanoina

* Nao efectuar exercicio em dias de calor excessivo ou doenca




Rabdomiodlise

Abordagem terapéutica

Prevenc¢ao de rabdomidlise na doen¢ca metabdlica

* Se febre, vomitos, prostracao:
e Avaliacdao imediata no Servico de Urgéncia
* Admissao para fluidoterapia
* Corticoesterdides na deficiéncia de lipina

* Cuidados anestésicos especificos:
* Evitar propofol, halotano nos def. oxidacao dos acidos gordos e
citopatias mitocondriais
* Evitar anestésicos inalatérios e succinilcolina no def. RYR e PGM1-CDG
* Dantroleno:
* Nao usar profilacticamente

* Administrar de imediato (2mg/Kg, ev) se hipertermia maligna
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"How do you like the new aerobics instructor?"

teresaalmeidacampos@gmail.com



