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CLASSIFICACAO CLINICA (Saudubray 1995

|.  Doencas com afeccdo de um orgdo ou sistema funcional
a. Osteogénese imperfeitdiperCTF I YAt A NJ K2Y 21T A 35 GAOF X

Il. Doencas com afec¢cdo de uma via metabolica
de 1 6rgdo ou comum a varios 6rgaos / sistemas

I.  Intoxicagdo por metabolitos toxicos
a. Aminoacidopatias
b.  Aciddrias organicas
c. Doencas do ciclo da ureia
d. Galactosémigrutosémiax

il.  Défice energético
a. Glicogenoses
b. Acidoses lacticas congénitas
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Glyceradehyde 3-P (2)

3-P-Glycerol Phosphate (2)
<«<— PGK Deficiency
3-Phospheglycerate {2)
| «<—X
2-Phosphoglycerate (2)
<— XIII
Phosphoanolpyruvate (2)

Pyruvate {2)
| «<—xi

Lactate (2)

O Fig. 6.1. 5cheme of glycogen metabo-
lism and glycolysis. PGK, Phosphoglycerate
kinase; P, phosphats; PLD, phosphorylase
limit dextrin; UDPG, uridine diphosphate
glucose. Roman numerals indicate enzymes
whose deficiencies cause liver (italics) and/or
muscle glycogenoses: 0 glycogen synthass;
I, glucose-6-phosphatase; I, acid maltasa
{o-glucosidase); lll, debranching enzyme; IV,
branching enzyme; V, myophosphorylase;
V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
phosphoglycerate mutase; XI, lactate dehy-
drogenase: X, fructose-1 6-bisphosphatase
aldolase A; XIll, B-enolase

Adaptado de Saudubray, 2012
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O Fig. 6.1. 5cheme of glycogen metabo-
lism and glycolysis. PGK, Phosphoglycerate
kinase; P, phosphats; PLD, phosphorylase
limit dextrin; UDPG, uridine diphosphate
glucose. Roman numerals indicate enzymes
whose deficiencies cause liver (italics) and/or
muscle glycogenoses: 0 glycogen synthass;
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{o-glucosidase); lll, debranching enzyme; IV,
branching enzyme; V, myophosphorylase;
V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
phosphoglycerate mutase; XI, lactate dehy-
drogenase: X, fructose-1 6-bisphosphatase
aldolase A; XIll, B-enolase

Adaptado de Saudubray, 2012
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Adaptado de Saudubray, 2012
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GLICOGENOSES HEPATICAS

B Table 6.2. Main features of glycogen storage diseases and related disorders

Type (synonym/s) Defective enzyme or transporter  Main tissue involved Main dlinical featuras

Disorders presenting primarily with hepatomegaly and hypoglycaemia

la (Vion Gierke) Glucose-6-phosphatase Liver, kidney Hepatomegaly, short stature, hypoglycaemia,
lactataemia, hyperlipidaemia
Ib or non-1a Glucose-6-phosphate translocase  Liver, kidney, leukocytes  Same as la, neutropenia, infections
Il {Cori, Forbes) Debranching enzyme and sub- Liver, muscla Hepatomegaly, (cardic)myopathy, short
types stature, hypoglycaemia
IV (Andersen) Branching enzyme Liver Hepato(splenolmegaly, liver cirrhosis, rare
nauromuscular forms
VI (Hers) Liver phosphorylase Liver Hepatomegaly, short stature, hypoglycaemia
X Phosphorylase kinase and sub- Liver and/or musde Hepatomegaly, short stature (myopathy),
types hypoglycasmia
0 Liver glycogen synthase Liver Hypoglycaemia
Fanconi-Bickel GLUT2 Liver, kidnay Hepatomegaly, short stature, hypoglycaemia,

renal tubular disease

Adaptado de Saudubray, 2012
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Glicogenose tipo | [Doenca devon Gierkd

Deficiéncia Glicose6-fosfatase]la]

enzimatica Glicose6-fosfatotranslocasdlb]

Apresentacao A Periodo neonatal | 3 meses

clinica A Convulsbes | letargia | taquipneia | atraso de crescimento

A Infecgdegecorrentes | doenca inflamatoria intestindb] o
ACSys AL OF N} Ol SdelNigeéi p ORTF RFNVOE N
(hepatomegalia) | obesidade central | musculos hipotroficos

Laboratorio 0o Hipoglicemia |dislipidemia] hiperuricemia | hiperlactacidemia
o Neutropenia [b]
Genetica ARwW MTIlHM bl 6 w MMIlHO ®
Diagnostico Tested A 21 dZNYA O2 & ¢SaidsSa 3ISy Bepaid
Tratamento Terapéutica dietética

A Ingestdo regular de suplementos (isentos de lactose, farinha de arroz
amido de milho cru) para manter glicemia >70 mg/dl

A SNG ou PEG para infusdo continaaturna

A AMC cada 3 a 5h, conforme tolerado

A Suplementacéo vitaminica e mineral (zinco, ferro, Ca)
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TRATAMENTO E CONTROLO

Idade Tabela D.C. Amido as Amido cru | Glucose**
Nocturno* refeicoes (g/Kg/d) (mg/Kg/min)
Leite formula Arroz, milho
0-12M Intervalo 2-3h | Necessario 1-6% ——— 70
em leite sem
lactose e fructose
3 refeigoes, 2 | 35% da energia | Cereais, pao, Amido de milho
1-3 A snacks em 12h arroz, macarrao, |[2x 1-1,5 7
legumes
Lento: 2x1,75-2
3-6 A Idem Idem Idem Semi-lento- 2x1- 6-7
1,5
6-14 A 3 refeigdes, 2 | 30% da energia
snacks em 10h Idem Idem 5-6
Adoles- Lento: 2x1,45
Centes 3 refeigoes, 1- | Possivel Idem Semi-lento: 4-5
2 snacks 2x1,0
Adultos Idem — A noite Lento: 2x1, 3-4

* Débito continuo nocturno ¢ amido cru sdo interconvertiveis ou podem ser complementares
** O requerimento de glicose ¢ aplicavel para o den, amido as refeigdes ou amido cru.
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Tratamento Terapéutica farmacoldgica
1) Prevencéo e tratamento de complicacoes
A Alopurinol
A IECA ARA2
A Antidislipidemicogfibratos, estatinag
A Factorestimulador de col6nias de granuldcitos
2) Suporte na descompensacéao aguda

Complicacdes A Disfuncéo renal (352 décadas)
A Adenomas hepéaticos (70%) » riscondalignizaca¢CHC]
A Anemia
A Ovéariospoliquisticos
A Osteoporose
A Problemas cardiovasculares (HTP)
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B Table 6.1. Biomadical targets in GSDI

Preprandial blood glucosa =3.5-4.0 mmaol/1
{adjusted to target 2)

Urine lactate/creatinine ratio <0.06 mmol/mmaol
{or urine lactate <0.4-0.6 mmal/l)

Serum uric acid concentration in high normal range for
age and laboratory

Venous blood base excess »5 mmold and venous blood
bicarbonate =20 mmol/l

Serum triglyceride concentration <6.0 (<10.0 mmol/l in
adult patiznts)

Mormal faecal alpha-1-antitrypsin for G5D Ib patients

Body mass index <+2.0 SD5 (in growing children
between 0and +2.0 5D5)

GLICOGENOSE TIPO |

Adaptado de Saudubray, 2012
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Table 4 Foods allowed and foods not allowed in GSD |

Food group
Dairy

Cereals
Breacds

Starches

Vegetables

Fruit

Legurmesinuts
Soups
Fats

Sweets

Foods allowed
Lirmit to one serving per day:
1 cup bowe=fat milk (ideally soy or almond milk)
1 cup bow=fat sugar-fres yogurt
1.5 az. hard cheese
Dry and cooked cereal with o addad sugar
White, whaat, ar rye breads
Crackers, matzo
Eriglish mrffirs
Dirrar rolls, biscuits
Pita bread

Browen and white rice

Pasta

Popcorn

Tortillas

White potatoes

All nonstarchy vegetables including asparagus, cabbage, spinach,
sgguash, onions, green baans, turnips, greens

Lemans and limes

Avocadas

Lean poultry, beef, pork, fish

All beans and nuts

Broth soups made with allowed meats, starches, and vegetables
Canola and olive oil

Corn, safflower, canola, and soybean oil-based condiments
Reduced-fat condiments

Sugar substitutes, sucralose

Dextrose

100% Carn syrup, fice syrup

Sugar-free Jall-0 and pudding

Candies made with dextrose

GLICOGENOSE TIPO |

Foods not allowed
lce cream

Sweetened yogurt with milk
Sweetened milk

Cereals wath fruit or sugar added
Raisin bread

Muffins

Sweet rolls

Pies

Cakes

Sweet breads

Waffles and pancakes made with sugar
Any starches with sugar added
Sweet potatoes

Any with added sugar, milk, cheese

Com, peas, and carrats have more sugar than the others
All ather fresh, canned, dried, and dried fruits

Tomatoes

Organ meats

Fatty and processed meats

Any beans, nuts, or seeds with sugar added

Creamed soups

Trans fatty acids

Saturated fats

All other sugars, swests, syrups, high-fructose corn syrup,
honey, molasses, sorbitol, and cane sugar, juice, and syrups

Adaptado de ACMG guidelines GSD I, 2014
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O Fig. 6.1. 5cheme of glycogen metabo-
lism and glycolysis. PGK, Phosphoglycerate
kinase; P, phosphats; PLD, phosphorylase
limit dextrin; UDPG, uridine diphosphate
glucose. Roman numerals indicate enzymes
whose deficiencies cause liver (italics) and/or
muscle glycogenoses: 0 glycogen synthass;
I, glucose-6-phosphatase; I, acid maltasa
{o-glucosidase); lll, debranching enzyme; IV,
branching enzyme; V, myophosphorylase;
V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
phosphoglycerate mutase; XI, lactate dehy-
drogenase: X, fructose-1 6-bisphosphatase
aldolase A; XIll, B-enolase

Adaptado de Saudubray, 2012
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Glicogenose tipo Il [Doenca de Cori okorbeg

Deficiéncia Glycogerdebranchingenzyme

enzimatica

Apresentacao A 1° ano de vida | infancia

clinica A lllag generalizada (85%)l|lb ¢ hepatica (15%)

A Hepatomegalia | baixa estatura

A Caimbrag intolerancia ao exercicio (22 década)

A Fragueza muscular progressiva com idade

A Miopatias de inicio na idade adulta podem ser distais ou generalizada.
geralmente insidiosas e podeafiectaros musculos respiratorios

A Arritmias cardiacas [!]

Laboratorio o Hipoglicemiacetotica| elevacdo marcada dasansaminase$
hipertrigliceridemigacurico e lactato N] {dislipidemia
o elevacdo CK adolase

Genetica ARwW MLHM wnyY®6

Diagndstico Testedd Sy SiAO2a w ¢SaisSa SyTAYt dA0O2:
biépsia hepatica ou muscular
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Glicogenose tipo Il [Doenca de Cori okorbeg

Tratamento A Administracdo continude glicose para manter glicemia >70 mg/dl
A Dieta hiperproteica (3 g/Kg/diaa infancia e 2g /Kg/dia na idade adulta)
llla
A Suplementacdo com amido de milho cru (1g/kgx3lia)

Complicacoes A Adenomas hepaticos (10%) | fibrose hepatica | cirrose hepatica | CHC
A Txhepatico ndo é curativo em caso dfecciomuscular e cardiaca
A Hipertrofia VE e arritmias
A Efeitos secundarios potenciado®x succinilcolinabetabloquadores
estatinas
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l <— XII O Fig. 6.1. 5cheme of glycogen metabo-
W Glyceradehyde 3-P (2) lism and glycolysis. PGK, Phosphoglycerate
'(75 kinase; P, phosphats; PLD, phosphorylase
?_3 3-P-Glycerol Phosphate (2) limit dextrin; UDPG, uridine diphosphate
®) l <€— PGK Deficiency glucose. Roman numerals indicate enzymes
&) 3-Phosphoglycerate (2) whose deficiencies cause liver (italics) and/or
= l < X muscle glycogenoses: 0 glycogen synthass;
5 2-Phosphoglycerate 12). I, glucose-6-phosphatase; I, acid maltasa
‘ X111 {o-glucosidase); lll, debranching enzyme; IV,
e h branching enzyme; V, myophosphorylase;
i 2 (2) V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
YU {2} phosphoglycerate mutase; XI, lactate dehy-
l < X1 drogenase: X, fructose-1 6-bisphosphatase
— Lactate (2) aldolase A; X1, B-enoclase

Adaptado de Saudubray, 2012
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Glicogenose tipo IV [Doenca de Andersgn

Deficiéncia Glycogerbranchingenzyme
enzimatica

Apresentacao Apresentacao hepatica
clinica A Infancia

A Hepatomegalia | baixa estatura | cirrose hepatica ceifiPortak ascite

A Formas graves com elevada mortalidade a@sahos

Apresentacdo neuromuscular

A 4 tipos, consoante idade de inicio: fetal | neonatal | infancia | idade ad
A Hidrépsiafetal | cardiomiopatia |morte

A Doenca de corpos daoliglucosanalo adulto

Laboratorio o HipoglicemiaRARA (cirrose avancada)| elevacao wassaminases$
elevacdo dos tempos de coagulacao (HPE)

Genetica ARw o LJwn

Diagnostico Bidpsiahepatica ou musculappliglucosanoPAS ++ diastaseNB & A & ( !
¢tSaisSa Syl AYtGAO24a w 5tb LRaaNgS
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GLICOGENOSE TIPO IV

Glicogenose tipo IV [Doenca de Andersgn

Tratamento A Na&o existaerapéutica dietética ou farmacolégica especifica
A Transplante hepatico é a Gnica alternativa para os casos de envolvime
hepatico progressivo
A Tratamento dietético podera ser similar ao da GSD |lltgatépatico)
Complicacoes A Prognostico depende do sucesso da transplantacéo hepatica

A Insuficiéncia cardiaca
A Mortalidade elevada até a 42 década
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GLICOGENOSE TIPO VI

DO METABOLISMO

I Epinephrine

cExercise ______ 5

n
%2 Lysosome v |
? Glycogen - cAMP ( Cé’" )
= Protein Kinase :
() GluCose :
E] Phosphorylase b Kinase: - - — J
8 Glucose GWCOQE'\ Phosphorylase . w—Phosphorylase b
> OI—> <—V,VI
— up: 5 PLD
O \ ./ < Tex
Glucose 1-+

; l

Glucose 6-P g——* Glucose

Fruciose 6-P
<— VII
Fructose 1,6-P,
l <— XII O Fig. 6.1. 5cheme of glycogen metabo-
W Glyceradehyde 3-P (2) lism and glycolysis. PGK, Phosphoglycerate
'(75 kinase; P, phosphats; PLD, phosphorylase
?_3 3-P-Glycerol Phosphate (2) limit dextrin; UDPG, uridine diphosphate
®) l <€— PGK Deficiency glucose. Roman numerals indicate enzymes
&) 3-Phosphoglycerate (2) whose deficiencies cause liver (italics) and/or
= l < X muscle glycogenoses: 0 glycogen synthass;
5 2-Phosphoglycerate 12). I, glucose-6-phosphatase; I, acid maltasa
‘ X111 {o-glucosidase); lll, debranching enzyme; IV,
e h branching enzyme; V, myophosphorylase;
i 2 (2) V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
YU {2} phosphoglycerate mutase; XI, lactate dehy-
l < X1 drogenase: X, fructose-1 6-bisphosphatase
— Lactate (2) aldolase A; X1, B-enoclase

Adaptado de Saudubray, 2012
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GLICOGENOSE TIPO VI

Glicogenose tipo VI [Doenca deHerqg

Deficiéncia Fosforilasenepatica do glicogénio

enzimatica

Apresentacao A Rara, geralmente benigna

clinica A Hepatomegalia (diminui com idade e normaliza apés puberdade) | atr

de crescimento
A Sem envolvimento muscular ou cardiaco

Laboratorio o Hipoglicemiacetotica(pouco frequente, sobretudo durante madrugada
ou intercorréncias patologicas)| elevacéao ligeira ttassaminases

Genetica ARw ™M rgPAH[40m]

Diagnostico ¢SadsSa 3Sy izim@izds (mas bibSsia hepaiica ndo
recomendada)

Tratamento Suplementacdo com amido de milho cru3(d/ dia)

ComplicacOes A Atrasos pubertarios e osteoporose

A Adenomas hepaticos (raros)
A Prognostico excelentexceptose alcoolismo)
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I Epinephrine

cExercise ______ 1

ucagon
2 Lysosome E
? Glycogen . cAMP (Cé’")
= I Protein Kinase :
() Glutose -
E] Phosphorylase b Kinase: — - ;
O |<—1x
QO Glucose GWCOQE'\ Chosphorylase a-s—Phosphorylase b
S onv—> < -V.VI
i) UbDPG PLD
© \ J/ <—m
Glucose 1-P

; l

Glucose 6-P g——* Glucose

Fruciose 6-P
<— VII
Fructose 1,6-P,
l <— XII O Fig. 6.1. 5cheme of glycogen metabo-
W Glyceradehyde 3-P (2) lism and glycolysis. PGK, Phosphoglycerate
'(75 kinase; P, phosphats; PLD, phosphorylase
?_3 3-P-Glycerol Phosphate (2) limit dextrin; UDPG, uridine diphosphate
®) l <€— PGK Deficiency glucose. Roman numerals indicate enzymes
&) 3-Phosphoglycerate (2) whose deficiencies cause liver (italics) and/or
= l < X muscle glycogenoses: 0 glycogen synthass;
5 2-Phosphoglycerate 12). I, glucose-6-phosphatase; I, acid maltasa
‘ X111 {o-glucosidase); lll, debranching enzyme; IV,
e h branching enzyme; V, myophosphorylase;
i 2 (2) V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
YU {2} phosphoglycerate mutase; XI, lactate dehy-
l < X1 drogenase: X, fructose-1 6-bisphosphatase
— Lactate (2) aldolase A; X1, B-enoclase

Adaptado de Saudubray, 2012
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GLICOGENOSE TIPO IX

Glicogenose tipo IX

Deficiéncia Fosforilasecinase
enzimatica

Apresentacao A Mais comum

clinica A 6 subtipos: GSIXag Ixf

Apresentacao hepatica

A Hepatomegalia | atraso de crescimento

Apresentacao miopatica

A Intolerancia ao exercicioddimbrag mioglobindrial insuficiéncia
respiratéria

Laboratorio o Hipoglicemiacetotica(pouco frequente, sobretudo durante madrugada
ou intercorréncias patologicas)| elevacdo demsaminases$ dislipidemig|

Genetica Xlinkedw - LJHH ®PH wt |l Y! HB
l'w w -pld [RKHG2]

Diagnostico Testes genéticos

Tratamento Prevencéao hipoglicémia: refeicées frequentes | suplementacdo com amit
de milho cru

Complicacoes A Geralmente inexistentes se prevenida hipoglicemia e cetose

A Prognostico bom (formas hepaticas)
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I Epinephrine
cExercise S

2! Lysosome o

7p] Glycogen cAMP

b

S GILS@ I Pro(ein'Kmase

E] I \ Phosphorylase b Kinase

2 f<n

O & cose G'VCOQE'\ Phosphorylase a-e—Phosphorylase b

S onv—> <—V. Vi

" UDPG LD

@) \ / <—]]I

-

GLYCOLYSIS

Glucose 6-P g——* Glucose

Fruclose 6-P
<— VII

Fruciose 1,6-P,
| <«<—xu

Glyceradehyde 3-P (2)

3-P-Glycerol Phosphate (2)
l <— PGK Deficiency
3-Phospheglycerate {2)
| «—Xx

2-Phosphoglycerate (2)

<— XIlI
Phosphoanolpyruvate (2)

Pyruvate {2)
| «<—xi

Lactate (2)

GLICOGENOSE TIPO O

O Fig. 6.1. 5cheme of glycogen metabo-
lism and glycolysis. PGK, Phosphoglycerate
kinase; P, phosphats; PLD, phosphorylase
limit dextrin; UDPG, uridine diphosphate
glucose. Roman numerals indicate enzymes
whose deficiencies cause liver (italics) and/or
muscle glycogenoses: 0 glycogen synthass;
I, glucose-6-phosphatase; I, acid maltasa
{o-glucosidase); lll, debranching enzyme; IV,
branching enzyme; V, myophosphorylase;
V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
phosphoglycerate mutase; XI, lactate dehy-
drogenase: X, fructose-1 6-bisphosphatase
aldolase A; XIll, B-enolase

Adaptado de Saudubray, 2012
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GLICOGENOSE TIPO O

Glicogenose tipo 0

Deficiéncia Glicogéniasintetase(isoformahepatica)

enzimatica

Apresentacao A Rara, geralmente benigna

clinica A Hepatomegalia (diminui com idade e normaliza apés puberdade) | atr

de crescimento
A Sem envolvimento muscular ou cardiaco

Laboratorio o Hipoglicemiacetotica(pouco frequente, sobretudo durante madrugada
ou intercorréncias patologicashliperglicémigodsprandial (por vezes com
diagnostico de DM) hiperlactacidemia

Genetica ARW MHLIMH®PH wMpY®H
Diagnostico Testes genético@referivel)w ¢ Seazinfiticos
Tratamento Dieta hiperproteica e rica em HC complexos com baixo indice glicémico

Suplementacdo com amido de milho crul(b g/Kg) ingerido ao deitar e
durante o dia se necessario

ComplicacOes A Geralmente inexistentes se prevenida hipoglicemia e cetose
A Prognostico excelente
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Table 1 Differential diagnosis of GSD |

Disorder

G50 type D(ghycogen
wynithase deficiency)

GSD Il {ghycogen debrancher
enzyme deficiency)

G50 IV (branching enzyme
deficiency)

G50 VI (hepatic
phosphorylase deficiency)

G50 X (hepatic form of
phosphorylase kinase
deficiency)

GSD X (Fanconi—Bickel
syndrome due to GLUT 2
deficiency)

Dearders of gluconeaganesis
{e.q., fructose-1,6-
bisphosphatase deficiency)
Primary liver disease (e.g.,
o=1=antitrypsin, hepatitis)
Other storage (metabalic)
diseases (Miemann-Pick B
disease, Gaucher disease)
Hereditary fructose
intolerance

Similarity with GSD |
Fasting hypoglycamia

Hepatomegaly, fasting hypoalyeernia, T AST
ard ALT* hyperlipidemia

Hepatomenaly, T AST and ALT* prolonged
PT and lowe albumin in advanced stage of
disease

Hepatomagaly, fasting hypoglycemia, T AST
ard ALT= hyperlipidemia

Hepatomenaly, fasting hypaakyeernia, T AST
and ALT* hyperlipidemia; some rare patients
have a proximal renal tubular dysfunctian
{¥-linked form)

Hepatamegaly, fasting hypoglycermia and
ketosis, T AST and ALT* Fanconi-like renal

tubular dysfunction {glucosuria, proteinuria,
phasphaturia, generalized aminoaciduna)

Hepatomegaly, fasting hypoghyeernia and
hyperacticacidemia, T uric acid, AST, and ALT
Hepatomegaly, T AST and ALT*

Hepatomegaly and splenomegaly, growth
failure, hyperipidermia

Hepatomeaaly, T AST and ALT=

GLICOGENOSES HEPATICAS

Distinguishing features
Absence of hepatomegaly; postprandial hyperghycernia,
hyperalaninemia and hyperlactatemia; fasting ketosis
Hypoghwemia is usually less severe, but the patient may have mdore
severe ketosis and absence of hyperactatermia and hyperuricemia;
T AST, ALT wsually Righer (may be =500 UM; cardiac and skeletal
muscle involvement with T CK concentrations in G50 lla; normal
blood lactate and uric acid

Lack of hypoglycemia until end-stage liver disease; PT commonly
prolonged in G50 Y, increased GGT

Hypoghyemia wually eccurs only during fasting and s associated
with hyperketosis; G50 Vican be less severe, however, in some
patients there is significant hypoglycemia; bloed lactate is normal
but there can be postprandial elevations.

Hypoghweemia is typically less severe, usually securs anly during
fasting, and is associated with hyperketosis; blood lactate is normal;

but there can be poastprandial elevations metabolic acdosis is rare:
some patients develop liver fibrasis which can progress to cirrhosis
in Farer cases

Pestprandial hyperglycemia; gastrointestinal symptoms {chronic
diarrhea from carbohwdrate malabsorption); hypophosphatermic
rickets, significant short stature

Hypoghyemia after maore pralonged (e.g., overnighit) Tasting of
during intercurrent illness with reduced carbohydrate intake

Lack of fasting hypoglycemia and hyperlacticacidemia

Lack of fasting hypoghyeemia, significant splenomeaaly; storage
cells characteristic of the disease, other features such as bone and
pulmonary invalverrent

Gastraintestinal symptoms, long-term liver and kidney damage,
prolonged PT, hypoalbuminernia, elevation of bilirubin, and praximal
tubular dysfunction; hypoglycemia provoked by fructose intake;
improverment of symptoms with fructose restiction

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; GGT, gamma-glutamyd transpeptidase; GLUT 2, glucose transporter 2; G50, glycogen

storage disease; PT, prothrambin time.

In G50, increased AST and ALT is usually most pronounced in the untreated or inadequately treated state and tends to normalize with appropriate treatment.

Adaptado de ACMG guidelines GSD I, 2014



GLICOGENOSES MUSCULARES

Cisorders presenting primarily with exercise intolerance due to skeletal myopathy

ViMcArdle) Myophosphorylase Muscle Myalgia, exercise intolerance, weakness
Wil ( Tarui) Phosphofructokinase Muscle, erythrocytes Myopathy, haemolytic anaemia, multisystem
involvemnent (seizures, cardiopathy)

= Phosphoglycerate kinasa Muscle, erythrocytes, Exercise intolerance, hasmolytic anaemia
central nervous system convulsions

X Phosphoglycerate mutase Muscle Exercise intolerance, cramps

Xl Lactate dehydrogenase Muscle Exercise intolerance, cramps, skin lesions

X Aldolase A Muscle Exercise intolerance, cramps

Al f-Enolase Muscle Exercise intolerance, cramps

IV Phosphoglucomutase Muscle Exercise intolerance, cramps

Disorders with cardiac involvement

| (Pompe) Acid o-glucosidase Muscle Myopathy

Heart Cardiomyopathy
lle (Danon) LAMP-2 Muscle, haart Cardismyopathy, myopathy
G5O Debranching enzymea Muscle, heart Myopathy, cardiomyopathy
Muscle glycogen Muscle glycogen synthase, Muscle, heart Myopathy, cardiomyopathy,
depletion syndromes glycoganin
Cardiomyopathy and AMP-activated protein kinase Heart Cardiomyopathy, dysrthythmia
WPW syndrome [AMPE)

Adaptado de Saudubray, 2012
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GLICOGENOSE TIPO |

I Epinephrine
Exsrcise _ooooa 5
G n
2 Lysosome v |
2 Glycogen cAMP i)
] 1 A :
() Glutose Protein Kinase -
'
E] -..“'thoryllaschunasc-----'
8 & y € IX
Saes » Glycog Phosphorylase a-s Phosphorylase b
§.) 0.1v—>/ <V, VI
— UDPG PLD
© \ / - al
Glucose 1-P¥

-

/

Glucose 6-P g——* Glucose

Fruciose 6-P
<— VII
Fructose 1,6-P,
l <— XII O Fig. 6.1. 5cheme of glycogen metabo-
W Glyceradehyde 3-P (2) lism and glycolysis. PGK, Phosphoglycerata
yooly Y
'(75 kinase; P, phosphats; PLD, phosphorylase
?_3 3-P-Glycerol Phosphate (2) limit dextrin; UDPG, uridine diphosphate
®) <€— PGK Deficiency glucose. Roman numerals indicate enzymes
&) 3-Phosphoglycerate (2) whose deficiencies cause liver (italics) and/or
= l < X muscle glycogenoses: 0 glycogen synthass;
5 2-Phosphoglycerate 12). I, glucose-6-phosphatase; I, acid maltasa
‘ X111 {o-glucosidase); lll, debranching enzyme; IV,
e h branching enzyme; V, myophosphorylase;
i 2 (2) V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
YU {2} phosphoglycerate mutase; XI, lactate dehy-
l < X1 drogenase: X, fructose-1 6-bisphosphatase
— Lactate (2) aldolase A; X1, B-enoclase

Adaptado de Saudubray, 2012
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GLICOGENOSE TIPO V

Glicogenose tipo V [Doenca davicArdle]

Deficiéncia Glicogéniasintetase(isoformahepatica)

enzimatica

Apresentacado ALYFNYOAL X

clinica A Intolerancia ao exercicio | mialgias | rigidez muscular [aliviados com
repouso]
A Fadiga muscular proximal e simétrica | escapuhoeral e assimétrica

Laboratorio o Elevacao CKriglobinurial lesao rena| hiperamoniémia

Genética ARwW MMl MO whmMnnY®

Diagnaostico Teste de exercicido antebraco edste de bicicletargométrica {im FC entre

oS M p Y Rndwindé G

Espectroscopia por ressonancia magnética édh{alcalinizacao anormal

apos exercicio)

Testes genético® ¢ Sehzinfaticoso . A musEularl(evitar periodo RM
Tratamento A Melhorias sintomatica com programas de condicionamergmbicoe

ingestao de sacarose oral (37g) ~5min antes de um exercicio programac
A Devem ser evitados esforcestenuantes
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GLYCOGENOI VSIS

-

GLYCOLYSIS

O, IV—>

Glyceradehyde 3-P (2)

3-P-Glycerol Phosphate (2)
<«<— PGK Deficiency
3-Phospheglycerate {2)
| «<—X
2-Phosphoglycerate (2)
<— XIII
Phosphoanolpyruvate (2)

Pyruvate {2)
| «<—xi

Lactate (2)

Epinephrine
Exercise _____. 1
Glucagon
Lysosome E
R cAMP (Ca*)
7} A :
Glubose Protein Kinase :
Phosphorylase b Kinass: — - — -
/_\ |<—1x
Glucose GWCOQE'\ Phosphorylase a-e—Phosphorylase b
<\ Vi
UDPG PLD
N\ J/ <
Glucose 1-P
/
Glucose 6-P g——* Glucose
Fructose 6-P
<— VIl
Fructose 1,6-P,
1 XN

GLICOGENOSE TIPO |

O Fig. 6.1. 5cheme of glycogen metabo-
lism and glycolysis. PGK, Phosphoglycerate
kinase; P, phosphats; PLD, phosphorylase
limit dextrin; UDPG, uridine diphosphate
glucose. Roman numerals indicate enzymes
whose deficiencies cause liver (italics) and/or
muscle glycogenoses: 0 glycogen synthass;
I, glucose-6-phosphatase; I, acid maltasa
{o-glucosidase); lll, debranching enzyme; IV,
branching enzyme; V, myophosphorylase;
V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
phosphoglycerate mutase; XI, lactate dehy-
drogenase: X, fructose-1 6-bisphosphatase
aldolase A; XIll, B-enolase

Adaptado de Saudubray, 2012
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GLICOGENOSE TIPO ||

Glicogenose tipo Il [Doenca dePompq

Deficiéncia h-glucosidasécida

enzimatica

Apresentacao Apresentacdo infantil » 1°s meses de vida

clinica A Hipotonia muscular | cardiomiopatia hipertrofica | macroglossia |
hepatomegalia
Apresentacao juvenil

A Disfunc&o muscular, coafeccdomotora e respiratoria progressivas
A Hipertrofia musculaMis (~ distrofiaDucheng

Apresentacdo no adulto » 3342 decadas

A Afecciodo tronco, masculos proximais e diafragnas[ifresp]

A Geralmente sem envolvimento cardiaco

A Arteriopatias e aneurismas

Laboratorio o Elevacao CKriglobinurial lesao renal
Genética l'w 0w  MOR2H.IROOM]
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Glicogenose tipo Il [Doenca dePompq

Diagndstico Testesenzimaticos [fibroblastos cutaneos] ¢ SadSa 3ISYy SGA
musculady 9 aD YA 2 L} pskuddnbtoricdda OF NB I &
Tratamento A Suplementacéo enzimatica comglucosidasécidarecombinante

(20mg/Kg 2/2 sem)
A Prevencao da falénc@ardorrespiratériae suporte vital, quando
necessario
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I Epinephrine
cExercise ______ 5
n

%2 Lysosome v |
? Glycogen - cAMP ( Cé’" )
= Protein Kinase :
() GluCose :
E] Phosphorylase b Kinase: - - — J
@ |<—1x
8 Glucose GWCOQE'\ Phosphorylase a-e—Phosphorylase b
> olr—> <V Vi
3] UDPG PLD
= N\ J/ <—m

Glucose 1-P
; l

Gl e 6P g ——™ Glucose

Fructose 6-P

<— VIl
Fructose 1,6-P,
| «<—xn

GLYCOLYSIS

Glyceradehyde 3-P (2)

3-P-Glycerol Phosphate (2)
l <€— PGK Defic zncy
3-Phospheglycerate {2)
| «—Xx

2-Phosphoglycerate (2)

<— XIlI
Phosphoanolpyruvate (2)

Pyruvate {2)
| «<—xi

‘actate (2)

GLICOGENOSE TIPO |

O Fig. 6.1. 5cheme of glycogen metabo-
lism and glycolysis. PGK, Phosphoglycerate
kinase; P, phosphats; PLD, phosphorylase
limit dextrin; UDPG, uridine diphosphate
glucose. Roman numerals indicate enzymes
whose deficiencies cause liver (italics) and/or
muscle glycogenoses: 0 glycogen synthass;
I, glucose-6-phosphatase; I, acid maltasa
{o-glucosidase); lll, debranching enzyme; IV,
branching enzyme; V, myophosphorylase;
V1, liver phosphorylase; Vil, phosphofruc-
tokinase; IX, phosphorylase-b-kinase; X,
phosphoglycerate mutase; XI, lactate dehy-
drogenase: X, fructose-1 6-bisphosphatase
aldolase A; XIll, B-enolase

Adaptado de Saudubray, 2012
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DISTURBIOS DA GLICOLISE

Disturbios da glicdlise

Deficiéncia Fosfofrutocinas¢GSD Vlidoenca deTauri
enzimatica Fosfogliceratanutade[GSD X]
Desidrogenase lactica muscular [GSD XI]
AldolaseA [GSD XIl]
wenolasgGSD XIlI]
Fosfoglicomutas@GSD XIV]

Apresentacio AD{5 +#LLY ARsy(OR@¥nEDHPS5S+0aY!I & IHD
clinica ingestao de HC
A GSD XIV: muito raras | intolerancia ao exerciciodimbrag mioglobin

Laboratorio o Elevacao CKrhiglobinurial lesao rena| hiperamoniémia
o Elevacadilirrubina e reticuldcitos (hemolise)
0 LDH reduzido » sugestivo de GSD XI

o Lactato N

Genética Xlinkedw wbHhmnnyY§®e

Diagnostico Teste de exercicio antebragel¢vamoniae lactato N) » biépsia muscular
Testes genéticom ¢ Seazinfiticos

Tratamento A Evitar dieta rica em HC

A Devem ser evitados esforgestenuantes
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TAKEHOMEMESSAGES

A Asglicogenoses (GSD¥aoum grupoheterogéneode DHM

A As GSD hepaticas apresentamse frequentemente com hipoglicemia e
hepatomegalia,enquanto nas musculares predomina a intolerancia ao exercicioe
caimbras

A Opadraode transmissia, maioritariamente autossémico recessivo.

A O diagndsticoenvolvefrequentementetestes enzimaticos, genéticos, histoldgicos e
bioquimicos.

A As complicacdes podem, geralmente, ser preveniveis com medidas higieno-
dietéticas e/ ou farmacologicas.

A Globalmentep prognéstico das GSD é bom [exceptoGSDOV e Il infantil].
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