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Who I am professionally
• Used to be a teacher

• Graduated peds UBC 2017

• Worked in Biochemical Diseases as a General Pediatrician 2017-2019

• Run a community based clinic (Granville Pediatrics and Family Medicine 
with a NP Partner)

• General Pediatrician for RICHER and the Jaw Clinic

• Provide community pediatrics at Lu’ma Medical Clinic

• Qualified Specialist for autism assessments at BCAAN

• Sessional work in Neuropsychiatry at BCCH

• Multiple research projects looking at improving health outcomes for 
children with behavioural complexity

• Sit at numerous tables and advocacy committees and groups

• Taking a year of sabbatical at UBC starting in August as a Wall Scholar



Objectives

1.Identify signs and symptoms of Pompe (metabolic myopathy) and 
have a differential

2.Develop an approach to weakness in infancy

3.Describe the different tests which are available to arrive at a diagnosis 
of patients who have weakness

4.4.4.4.Order a simple gene panel available to community pediatricians and Order a simple gene panel available to community pediatricians and Order a simple gene panel available to community pediatricians and Order a simple gene panel available to community pediatricians and 
understand how to interpret resultsunderstand how to interpret resultsunderstand how to interpret resultsunderstand how to interpret results

**pediatrician’s perspective (not a neurologist, not a metabolisist/ 
geneticist)



Case 1: Marjorie • 2 month old referred to your 
clinic for murmur auscultated 
in ED with febrile illness

• Seen in clinic, murmur II/VI 
SEM, pansystolic

• Echo identified large ASD, 
requiring surgical correction, 
but stable (monitor)

• Continue to follow

• 4months: no concerns

• 6months: not rolling, not 
flexing hips to lift legs

• 8months: not rolling, not 
flexing hips to lift legs



Case 2: Peter • 5 month old referred to your 
clinic for left metatarsus 
adductus

• No other major concerns

• Refer to Orthopedics and 
follow up in a few months

• Seen again in clinic at 7 
months, decreased energy 
following viral URI, FTT, weak 
(stopped rolling)

• Seen at 9 month (could not 
hold head up) for US 
abdomen that incidentally 
identified hypertrophic 
cardiomyopathy



Definitions 

Weakness: 

Maximum voluntary resistance to 
movement 

• generally points to a peripheral cause

• Head lag 

• DTR absent

• Reduced antigravity movements

Hypotonia: 

Resistance to passive movement 
• generally points to a central cause

• Limbs retain antigravity movements

• May have head lag

• DTR present



https://pubmed.ncbi.nlm.nih.gov/19668647/





Differential (not exhaustive) 

• Unwell infant: consider infection

• Genetic syndromes: T21, PWD, T18, T13, skeletal 
dysplasias

• IEM: CDG, carnitine pathway, GSD, OA, Peroxisomal, 
UCD, creatine

• Endo: thyroid

• 1o Neuromuscular

• Cerebral palsy 



Considerations on exam

• Assess strength and tone

• Reflexes: hyperreflexia (UMN) 
versus hyporeflexia 
(neuropathic/ myopathic)

• Facial features: hypotonic facies 
(cupid’s bow)

• Tongue fasciculations: SMA, plus 
others

• Cry/ suck/ swallow





Inborn Errors of Metabolism



IEM = MVC
When enzymes don’t work well, you

have two issues: 

1. Not enough product

2. Too much substrate builds up
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Metabolic Myopathy

Usual presentation: 

• MIXED picture, hypotonia 
and weakness, with poor 
muscle mass

• CARDIOMYOPATHY common 
presentation

• Progressive

Many metabolic myopathies, 
but only a few have treatment

• Carnitine transporter defects

• FAOD

• mitochondrial

• GSD2



Metabolic Myopathy

Issue in converting 

fuel (carbs/ fats) into energy 
(ATP)

• Mitochondrial

• Lipid metabolism (CPT I/II, 
FAOD, 

• Glycogen metabolism 
(glycolysis, glycogenolysis, 
glycogenesis)

Some clues 

• Exercise intolerance + 
second wind phenomena

• Cramping

• Cardiac issues

• Rhabdomyolysis

This Photo by Unknown Author is licensed under CC BY-SA



PompePompePompePompe
Acid maltase deficiency = acid alpha glucosidase deficiency
Glycogen Storage Disease II (GSDII)
Lysosomal Storage Disease (LSD)

• Infantile Onset Pompe (IOPD)

• <1year

• Late onset (LOPD)

• 1 year OR no cardiac involvement



Pompe - features



Peter… 

• Rapid assessment by 
cardiology revealed 
massive 
cardiomyopathy

• Pathognomonic ECG

• Peter was connected 
with biochemical 
diseases, admitted, and 
work up diagnosed him 
with IOPD 



Work up for 
weakness in 
clinic

• CK, LDH, AST (muscle) 

• Renal 

• Lactate (mitochondrial), 

• Acylcarnitine profile (FAOD, carnitine 
defects)

• UOA

• Acid alpha glucosidase (dried blood spot/ 
DBS)

• Chromosome microarray (+/- PWD)

• Spinal muscular atrophy

• Consider a gene panel



Genetic sequencing

Sanger Sequencing: 

• Developed in the 1970s

• Revolutionary technology

• still used to answer specific questions

Next Generation Sequencing: 

“massively parallel sequencing reactions”

• Fast = not cost prohibitive

• Whole genome sequencing (WGS)

• Whole exome sequencing (WES)

• TRIO (parents and child)

• Targeted sequencing (gene panels)



SherbrookeSherbrookeSherbrookeSherbrooke Genomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder Panel

The Genomic Medicine Group at Sherbrooke University offers a platform to facilitate the differential diagnosis of 

a multitude of genetic neuromuscular diseases

91 gene muscle disorder panel tests for muscular dystrophies, myopathies and myasthenia syndromes showing 

various muscle weakness patterns. It includes the following groups of disorders: 



The The The The SherbrookeSherbrookeSherbrookeSherbrooke Genomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder Panel

Canadian Panel Publication in Orphanet

Journal of Rare Diseases 2016

Panel is commercially available to 

clinicians.  

Requisition and DNA sample 

is sent to Sherbrooke Genomics for Next 

Generation Sequencing analysis.

Results are provided within 6- 8 weeks 

Interpretation and consultation is 

available to clinicians 



• Objective: To evaluate the diagnostic yield of an 89-
gene panel in a large cohort of patients with 
suspected muscle disorders

Thuriot, Fanny, et al. "Molecular diagnosis of muscular diseases in outpatient clinics: A Canadian perspective." Neurology Genetics 6.2 (2020).



Clinical Presentation of Pediatric (A) (n=201) and Adult Clinical Presentation of Pediatric (A) (n=201) and Adult Clinical Presentation of Pediatric (A) (n=201) and Adult Clinical Presentation of Pediatric (A) (n=201) and Adult 
(B) patients (n=1035)(B) patients (n=1035)(B) patients (n=1035)(B) patients (n=1035)

61.2%
17.9%

6.0%
0.0%

14.4%

0.005%

59.5%

10.0%

11.4%

0.9% 17.6%

0.6%

Limb-girdle weakness Diffuse weakness

Distal weakness Rigid spine syndrome

Other weakness Unknown pattern of weakness

Thuriot, Fanny, et al. "Molecular diagnosis of muscular diseases in outpatient clinics: A Canadian perspective." Neurology Genetics 6.2 (2020).

A B



DMD, 28, 15%

RYR1, 18, 10%

CAPN3, 17, 9%

PYGM, 14, 7%

DYSF, 10, 5%
FKRP, 10, 5%

GAA, 8, 4%

ANO5, 6, 3%

COL6A2, 6, 3%

MYOT, 6, 3%

FLNC, 5, 3%

VCP, 5, 3%

CAV3, 4, 2%

EMD, 4, 2%

GMPPB, 4, 2%

LMNA, 4, 2%

SGCA, 4, 2%

Others, 34, 18%

Causative Genes Among 187 Confirmed DiagnosesCausative Genes Among 187 Confirmed DiagnosesCausative Genes Among 187 Confirmed DiagnosesCausative Genes Among 187 Confirmed Diagnoses

35 different Genes

7 Genes account for ≈50%

15 GENS with single Cases (others)

Adapted from Thuriot, Fanny, et al. "Molecular diagnosis of muscular diseases in outpatient clinics: A Canadian perspective." Neurology Genetics 6.2 (2020).



ACCESSING the ACCESSING the ACCESSING the ACCESSING the SherbrookeSherbrookeSherbrookeSherbrooke Genomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder PanelGenomic Medicine Muscle Disorder Panel

This Muscle Disorders Panel test is available free of charge

PATIENT CRITERIA REQUIRED FOR FREE ACCESS:

1. Muscle Weakness + hyperCKemia or myopathic EMG or abnormal 

MRI or Muscle Biopsy 

OR

2.  Documented respiratory insufficiency  + hyperCKemia or

myopathic EMG or abnormal MRI or Muscle Biopsy 

OR

3. Other Symptom(s) supporting muscle involvement (i.e. exercise 

intolerance, rhabdomyolysis, myalgia) + hyperCKemia or myopathic

EMG or abnormal MRI or Muscle Biopsy 

DBS must be ordered in parallel or documentation must be provided if already performed 



Case 1. Marjorie



Understanding Variants







Peter…

• Peter was started on enzyme 
replacement therapy (ERT) –
Myozyme – receiving infusions 
every other week 

• 4 years later…

• He’s walking and getting 
ready for kindergarten

• LVMI is within normal limits



Marjorie…

• Referred to neuromuscular, followed in clinic

• Diagnosis of Limb Girdle Muscular Dystrophy 
(LGMD) established by gene panel

• Is getting ready for pre-school!



Take home points

• Please consider Pompe when working up a child up for weakness or

• (“DBS for Pompe” is what you write on the requisition)

• Life expectancy (pre-Myozyme) is around 12-24months, the earlier you treat 
the better the outcomes

• If you would have ordered a TIDE screen, consider ordering a targeted 
gene panel

• There’s a few out there 

• Now have buccal swabs, so easy to use at home (even in telehealth situation)


