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תאור   מק רה  תאור   מק רה  

בן חו דשיי םבן חו דשיי ם

  אוש פז ב מח ל קה  בש ל  קו צ ר נשימה  אוש פז ב מח ל קה  בש ל  קו צ ר נשימה



 הער כ ה ק ר די אלי ת  הער כ ה ק ר די אלי ת ––תאור   מק רה  תאור   מק רה  
אנמנזהאנמנזה

הריון ולידה  תקיניםהריון ולידה  תקינים
עולה  במשקל טובעולה  במשקל טוב
 הורים קרובי משפחה הורים קרובי משפחה
 אחיין ש ל אבא נפטר ממחלת ל ב אחיין ש ל אבא נפטר ממחלת ל ב

בבדיקהבבדיקה
נאנח צפצופיםנאנח צפצופים
בולטת בגפיים וצוואר בולטת בגפיים וצווארהיפוטוניההיפוטוניה 
קולות לב סדירים ללא קולות נוספיםקולות לב סדירים ללא קולות נוספים
 ב  ב 22\\66אוושה סיסטולי ת אוושה סיסטולי ת LSBLSB ונשמעת בגב  ונשמעת בגב 



מעב ד המעב ד ה

 CPK       CPK       813  813  (0(0--195)195)

 AST       AST       168168 (13(13--40)40)

 LDH      LDH      935935 (337(337--888)888)



אק גאק ג



צלו ם חזהצלו ם חזה



 ל ב  ל ב אק ואק ו



HYPERTROPHIC HYPERTROPHIC 
CARDIOMYOPATHYCARDIOMYOPATHY
 IDIOPAHICIDIOPAHIC
 FAMILIAL FAMILIAL 
 INFANT OF DIABETIC MOTHERINFANT OF DIABETIC MOTHER
 HYPERTENSIONHYPERTENSION
 LEFT VENTRICLE OUT FLOW    LEFT VENTRICLE OUT FLOW    

OBSTRUCTIONOBSTRUCTION
 INBORN ERROR OF METABOLISMINBORN ERROR OF METABOLISM
HYPOTHYROIDISMHYPOTHYROIDISM
FRIEDREICHFRIEDREICH’’S ATAXIAS ATAXIA

Genetic 



CardiomyopathyCardiomyopathy, muscle weakness, muscle weaknessCarnitineCarnitine deficiencydeficiency

Breathlessness, feeding difficulties, Breathlessness, feeding difficulties, cardiomegalycardiomegaly, , 
heart failureheart failure

EndocardialEndocardial fibroelastosisfibroelastosis

Hypertrophic Hypertrophic cardiomyopathycardiomyopathy, skeletal muscle , skeletal muscle 
myopathymyopathy, vacuolar glycogen storage, vacuolar glycogen storage

DanonDanon diseasedisease

HypotoniaHypotonia, progressive proximal muscle , progressive proximal muscle 
weakness, absent reflexes, feeding difficultiesweakness, absent reflexes, feeding difficulties

Spinal muscular atrophy ISpinal muscular atrophy I

Shared signs and symptomsShared signs and symptomsDiagnosis                   Diagnosis                   

HYPERTROPHIC HYPERTROPHIC 
CARDIOMYOPATHYCARDIOMYOPATHY
and HYPOTONIAand HYPOTONIA



HepatomegalyHepatomegaly, , cardiomyopathycardiomyopathy, , myopathymyopathyMitochondrial disordersMitochondrial disorders

Inflammation of myocardium contributing to Inflammation of myocardium contributing to 
cardiac enlargementcardiac enlargement

MyocarditisMyocarditis

Biventricular hypertrophyBiventricular hypertrophyIdiopathic hypertrophic Idiopathic hypertrophic 
cardiomyopathycardiomyopathy

HepatomegalyHepatomegaly, , hypotoniahypotonia, , cardiomegalycardiomegaly, , 
muscle weakness, elevated CKmuscle weakness, elevated CK

GSD II and III and IVGSD II and III and IV

Shared signs and symptomsShared signs and symptomsDiagnosis                   Diagnosis                   

HYPERTROPHIC HYPERTROPHIC 
CARDIOMYOPATHYCARDIOMYOPATHY



DIAGOSISDIAGOSIS

Deficiency:Deficiency:

acid alphaacid alpha--glucosidaseglucosidase (GAA)(GAA)

POMPE DISEASEPOMPE DISEASE



DIAGNOSIS:DIAGNOSIS:
POMPE DISEASE POMPE DISEASE 

 SynonymsSynonyms
 Glycogen storage disease type II (GSDGlycogen storage disease type II (GSD--II)II)
 Acid maltase deficiency (AMD)Acid maltase deficiency (AMD)
 Glycogenosis, type IIGlycogenosis, type II

 Disease FamiliesDisease Families
 LysosomalLysosomal storage diseasestorage disease
 Glycogen storage diseaseGlycogen storage disease
 Neuromuscular disease/metabolic muscle Neuromuscular disease/metabolic muscle 

diseasedisease



Lysosomal Storage DisordersLysosomal Storage Disorders

 A Group of Over 40 Genetic DisordersA Group of Over 40 Genetic Disorders
 Due to a deficiency of a Due to a deficiency of a lysosomal lysosomal 

enzymeenzyme resulting in the accumulation of resulting in the accumulation of 
substrate in the cellssubstrate in the cells

Prevalence:  1:7700 newbornPrevalence:  1:7700 newborn



Lysosomal Storage DisordersLysosomal Storage Disorders

Cystinosis
4%

Tay-Sachs
4%

Sanfilippo B
4%

Niemann Pick C
4%

Gm1 Gangliosidosis 2%

Niemann Pick A/B 3%
Mucolipidosis II/III 2% 

Maroteaux-Lamy 3%

Metachromatic
Leukodystrophy

8%

Sanfilippo A
7%

Krabbe
5%

Morquio
5%

Sandhoff 2%

MPS I 
9%

Fabry
7%

Pompe
5% Hunter

6%

Gaucher
14%



POMPE DISEASE

EPIDEMIOLOGY

1/40,0001/40,000
(1/17,000(1/17,000--1/100,000)1/100,000)

Overall incidenceOverall incidence

1/57,0001/57,000
(1/27,000(1/27,000--1/128,000)1/128,000)

LateLate--onsetonset

1/138,0001/138,000
(1/43,000(1/43,000--1/536,000)1/536,000)

InfantileInfantile--onsetonset

Incidence (95% CI)Incidence (95% CI)Pompe Disease SubtypePompe Disease Subtype

Ausems MGEM, et al. Community Genet. 1999;2:91-96. 
Hirschhorn R, et al. In: The Metabolic and Molecular Bases of Inherited Disease. 2001:3389-3420.



POMPE DISEASE POMPE DISEASE 

Irreversible pathology caused by deficiency of Irreversible pathology caused by deficiency of 
lysosomal acid alphalysosomal acid alpha--glucosidaseglucosidase (GAA)(GAA)



POMPE DISEASE POMPE DISEASE 
PATHOGENESISPATHOGENESIS

 GAA essential GAA essential 
for degradation for degradation 
of of lysosomallysosomal
glycogenglycogen

 Deficit causes Deficit causes 
accumulation accumulation 
and distentionand distention

Raben N, et al. Curr Mol Med. 2002;2:145-166.



POMPE DISEASE 
INHERITANCE PATTERN

Hirschhorn R, et al. In: The Metabolic and Molecular Bases of Inherited Disease. 2001:3389-3420.



POMPE DISEASE 
GENETICS

 GAA gene located on chromosome 17GAA gene located on chromosome 17

 Around 150 mutations in GAA gene identified Around 150 mutations in GAA gene identified 
to dateto date
 Some mutations are common in general populations Some mutations are common in general populations 

or certain ethnic groups, but most are private or certain ethnic groups, but most are private 
mutations identified in individual patientsmutations identified in individual patients



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozymeresults with Myozyme

IntroductionIntroduction

 Pompe disease variability: from a rapidly progressive course Pompe disease variability: from a rapidly progressive course 
(fatal by 1 year of age) to relentlessly progressive course with(fatal by 1 year of age) to relentlessly progressive course with
significant morbidity and/or premature mortalitysignificant morbidity and/or premature mortality



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozymeresults with Myozyme

Clinical Signs & Symptoms Clinical Signs & Symptoms -- InfantsInfants

Clinical 
Manifestations

Frequency
n (%)

Age at onset, months
Mean (± SD)

Cardiomegaly 154 (92) 4.1 (3.1)
Hypotonia 148 (88) 3.9 (2.7)
Cardiomyopathy 147 (88) 4.2 (4.7)
Respiratory distress 131 (78) 4.3 (4.4)

Muscle weakness 105 (63) 4.5 (3.1)
Feeding difficulties 96 (57) 3.4 (2.7)
Failure to thrive 89 (53) 4.2 (2.6)
Congestive heart failure 84 (50) 5.1 (2.4)
Gastroesophageal reflux 16 (10) 5.3 (5.6)

Sleep apnea 6 (4) 4.0 (2.4)

SymptomSymptom Frequency and OnsetFrequency and Onset

Reprinted from Kishnani et al. J Pediatr 2006; 148:671-6, with permission from Elsevier.



POMPE DISEASE 
OVERVIEW OF CLINICAL FEATURES

Infantile-onset

Difficulty feeding/failure to thriveDifficulty feeding/failure to thrive
OrganomegalyOrganomegaly ((hepatomegaly/splenomegalyhepatomegaly/splenomegaly//

macroglossiamacroglossia))

GastrointestinalGastrointestinal

Frequent respiratory infectionsFrequent respiratory infections
Progression to respiratory insufficiencyProgression to respiratory insufficiency
Death due to Death due to cardiorespiratorycardiorespiratory failurefailure

PulmonaryPulmonary

Profound and rapidly progressive muscle weakness Profound and rapidly progressive muscle weakness 
((hypotoniahypotonia//““floppy babyfloppy baby””/head lag)/head lag)
Delayed motor milestonesDelayed motor milestones

MusculoskeletalMusculoskeletal

Marked Marked cardiomegaly/cardiomyopathycardiomegaly/cardiomyopathy
Progression to cardiac failureProgression to cardiac failure

CardiacCardiac



 Best results when started early Best results when started early 
((ActaActa NeurolNeurol BelgBelg 2006:822006:82--6)6)

 Improvement in brain Improvement in brain myelinationmyelination
( ( PediatrPediatr Res 2006:349Res 2006:349--52)52)

 ECG responseECG response
((GenrtGenrt Med 2006:297Med 2006:297--301)301)

 HistologicHistologic responseresponse
( Lab Invest 2006) ( Lab Invest 2006) 

ERT ERT –– (POMPE DISEASE)(POMPE DISEASE)
10 mg10 mg\\kg recombinant human acid alphakg recombinant human acid alpha--
glucosidaseglucosidase ((rhGAArhGAA))



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

Myozyme Phase I/II – Glycogen Clearance 

Pre-treatment 4 months Post-treatment

glycogen

Amalfitano et al. Genetics in Medicine 2001 V3 N2 P132



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

Myozyme Phase I/II – Reduction of Cardiomegaly

Amalfitano et al. Genetics in Medicine 2001 V3 N2 P132



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

Study 1Study 1**

 Design and Patients CharacteristicsDesign and Patients Characteristics

 Open label, international, multiOpen label, international, multi--center trialcenter trial

 18 infantile18 infantile--onset patients aged 6 months or less at the onset of onset patients aged 6 months or less at the onset of 
treatmenttreatment

 CardiomyopathyCardiomyopathy (LVMI (LVMI ≥≥ 65 g/m65 g/m22))

 no ventilator use at study entryno ventilator use at study entry

 Control Group Control Group –– Matched Historical CohortMatched Historical Cohort

 61 untreated patients born between 1982 and 200261 untreated patients born between 1982 and 2002

 unethical to have a placebounethical to have a placebo

*Kishnani et al. Recombinant human acid–glucosidase :Major clinical benefits in infantile-onset Pompe disease; NEUROLOGY 68 January 9, 2007



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

Study 1 Results:  Study 1 Results:  
Kaplan Meier Curve for Myozyme Study in 18 Infants Under 6 Kaplan Meier Curve for Myozyme Study in 18 Infants Under 6 

Months Old at Treatment Initiation: Proportion AliveMonths Old at Treatment Initiation: Proportion Alive

*Kishnani et al. Recombinant human acid–glucosidase :Major clinical benefits in infantile-onset Pompe disease; NEUROLOGY 68 January 9, 2007

18/18

1/61



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

 58% mean decrease in 58% mean decrease in 
left ventricular mass left ventricular mass 
(LVM) as compared to (LVM) as compared to 
baselinebaseline

 Improvement Improvement 
observed in all 12 observed in all 12 
patients measuredpatients measured

Study 1 Results:Study 1 Results:

Improvement of Cardiomyopathy as Measured by Decrease in Left VeImprovement of Cardiomyopathy as Measured by Decrease in Left Ventricular Massntricular Mass



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

Study 2Study 2* * 

 Design and Patients CharacteristicsDesign and Patients Characteristics

 Open label, international, multiOpen label, international, multi--center trialcenter trial

 21 Pompe patients aged 6 months to 3.5 years with more advanced 21 Pompe patients aged 6 months to 3.5 years with more advanced 
stage of the disease stage of the disease 

 All had All had cardiomyopathycardiomyopathy

 5 had ventilator support at baseline5 had ventilator support at baseline

 Dose: 20 mg/kg every two weeksDose: 20 mg/kg every two weeks

 Control Group Control Group –– Historical Cohort (unethical to have a placebo)Historical Cohort (unethical to have a placebo)

 Control derived from a retrospective Pompe natural history studyControl derived from a retrospective Pompe natural history study

 n=48n=48

*Genzyme Data on File



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

Study 2 Results: Decrease in Left Ventricular MassStudy 2 Results: Decrease in Left Ventricular Mass

Upper limit of normal

*Genzyme Data on File



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

Study 2 Results: Increase in Ejection FractionStudy 2 Results: Increase in Ejection Fraction

18% at Week 52

*Genzyme Data on File



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
results with Myozyme results with Myozyme 
Treatment Treatment –– MyozymeMyozyme

Myozyme Study Results: Importance of Early Myozyme Study Results: Importance of Early 
TreatmentTreatment

87% 87% (n=15)(n=15)100% 100% (12/12 pts with data)(12/12 pts with data)Decrease in LVMDecrease in LVM

73%73% after 1 year of ERT after 1 year of ERT 
(n=15)(n=15)

100%100% at 18 months age at 18 months age 
(n=18)(n=18)AliveAlive

Study 2 (n=21)Study 2 (n=21)
(6(6--36 months at ERT)36 months at ERT)

Study 1 (n=18)Study 1 (n=18)
(< 6 months at ERT)(< 6 months at ERT)

ParameterParameter



Cardiac Manifestations of Pompe Disease and treatment Cardiac Manifestations of Pompe Disease and treatment 
Treatment Treatment –– MyozymeMyozyme

Case PresentationCase Presentation
 Treated by ERT Treated by ERT –– short period of improvementshort period of improvement

 Intolerance to Intolerance to rhrh--GAA (ERT) GAA (ERT) –– ANTI ANTI rhGAArhGAA
antibodies  antibodies  

 Negative cross reactive immunological material Negative cross reactive immunological material 
(CRIM)(CRIM)

 Tolerance to CRIM negative mice by induction to Tolerance to CRIM negative mice by induction to 
ERT after ERT after hematopoieichematopoieic stem cell gene transfer stem cell gene transfer 
GAAGAA The Journal of Gene Medicine The Journal of Gene Medicine volvol 11,200911,2009

Pediatrics , 113, e448Pediatrics , 113, e448--e457,2004e457,2004



POMPE DISEASE 
INVESTIGATIONAL TREATMENT: 
GENE THERAPY

 Goal to supply functional gene for enzyme Goal to supply functional gene for enzyme 
neededneeded
 Usually delivered via modified virusUsually delivered via modified virus

 Currently no approved gene therapies Currently no approved gene therapies 





Recognition, Diagnosis, and Recognition, Diagnosis, and 
Treatment of Treatment of FabryFabry diseasedisease



FabryFabry Disease BackgroundDisease Background

 UnderUnder--recognized, genetic (Xrecognized, genetic (X--linked) linked) lysosomallysosomal storage storage 
disorderdisorder

 Progressive, often lifeProgressive, often life--threateningthreatening
 Characterized by deficiency of the Characterized by deficiency of the lysosomallysosomal enzyme enzyme 

alphaalpha--galactosidasegalactosidase A (A (--GAL)GAL)
 Enzyme deficiency leads to progressive cellular Enzyme deficiency leads to progressive cellular 

accumulation of accumulation of glycosphingolipidsglycosphingolipids (fatty substances), (fatty substances), 
particularly particularly globotriaosylceramideglobotriaosylceramide (GL(GL--3),3), in many in many 
body tissuesbody tissues

 Progressive, pathologic changes result in endProgressive, pathologic changes result in end--organ organ 
damage in most classic damage in most classic FabryFabry casescases



Fabry Signs & SymptomsFabry Signs & Symptoms

Hearing loss, ringing in 
ears

Stroke

Irregular heartbeat, enlarged 
heart

Reddish 
purple skin 
rash

Pain in the hands and feet

Chronic kidney disease, kidney 
failure

Lack of ability to sweat

Diarrhea, 
abdominal pain

Starburst pattern on 
cornea

Because GL-3 accumulation is 
widespread, Fabry symptoms 
are widespread as well.



Clinical Presentation to a Range Clinical Presentation to a Range 
of Specialistsof Specialists

 NephrologistsNephrologists
 CardiologistsCardiologists
 NeurologistsNeurologists
 PediatriciansPediatricians
 Primary Care PhysiciansPrimary Care Physicians
 OphthalmologistsOphthalmologists
 DermatologistsDermatologists



Clinical Presentation to CardiologistClinical Presentation to Cardiologist

Patients may present with:Patients may present with:

 Left ventricular hypertrophyLeft ventricular hypertrophy
 Mitral valve Mitral valve prolapseprolapse and/or regurgitationand/or regurgitation
 Premature coronary artery diseasePremature coronary artery disease
 AnginaAngina
 Myocardial infarctionMyocardial infarction
 ArrhythmiaArrhythmia



DiagnosisDiagnosis

 Disease usually presents in childhood, yet disease often goes Disease usually presents in childhood, yet disease often goes 
unrecognized until adulthoodunrecognized until adulthood1,21,2

 Underlying pathology is advancedUnderlying pathology is advanced
 Median age of diagnosis is 28.6 yearsMedian age of diagnosis is 28.6 years33

 Delayed diagnosis may be due to underDelayed diagnosis may be due to under--recognition of early signs recognition of early signs 
and symptomsand symptoms

 Symptoms of Symptoms of FabryFabry disease similar to those of other more disease similar to those of other more 
common disorderscommon disorders

 Early diagnosis is importantEarly diagnosis is important
 Disease is progressiveDisease is progressive

1. Shelley ED, Shelley WB, Kurczynski TW.  Painful fingers, heat intolerance, and telangiectases of the ear: easily ignored childhood signs of Fabry disease.  
Pediatr Dermatol 1995; 12:215-9. 

2. Menkes DL, O'Neil TJ, Saenz KK.  Fabry's disease presenting as syncope, angiokeratomas, and spoke-like cataracts in a young man: discussion of the 
differential diagnosis.  Mil Med 1997; 162:773-6.

3. Meikle PJ, Hopwood JJ, Clague AE, Carey WF. Prevalence of lysosomal storage disorders.  JAMA 1999; 281:249-54.



Phase 3 Extension Study Results:Phase 3 Extension Study Results:
Median Plasma GLMedian Plasma GL--3 Level3 Level



 GaucherGaucher disease disease –– CerezymeCerezyme

 MucopolysaccharidosisMucopolysaccharidosis type I and VItype I and VI

 PompePompe disease      disease      

 FabryFabry diseasedisease

ERT ERT ––
ENZYME REPLACEMENT THERAPYENZYME REPLACEMENT THERAPY

Future ?Future ?



SCRENING FOR POMPE !!SCRENING FOR POMPE !!

SCREENING FOR FABRY !!SCREENING FOR FABRY !!

Pediatrics 120,e1327-e1334,2007
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