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These presentation materials have been prepared for medical and scientific
information sharing/ exchange purposes and not intended to encourage the
use of any product mentioned therein in any manner inconsistent with the
label approved by local regulatory authority.

Sanofi does not recommend nor encourage the use of any product in any
manner inconsistent with the locally approved label.

These presentation materials may include information about an
investigational product still under clinical study or uses of a product that are
outside the product’s approved label in your country and may include
information about preclinical studies or clinical studies that are still ongoing
and maybe outside a product’s approved label.
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OUTLINE

• Basic principles of muscle MRI for neuromuscular disease

• Update in literature of muscle MRI in Pompe disease

• Imaging guided muscle biopsy



VARIOUS MRI TECHNIQUES IN 
EVALUATING MUSCLE DISEASE 
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TYPICAL PROTOCOL OF MUSCLE MRI
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FATTY MUSCLE REPLACEMENT IN
T1 WEIGHTED IMAGE

• Fatty replacement occurs in 

chronic neuromuscular disease

• Muscular dystrophy

• Metabolic myopathy (including Pompe

disease)

• Chronic phase of inflammatory myopathy 

• Chronic phase of denervation injury 

Poliomyelitis



QUANTIFICATION OF FATTY 
INFILTRATION

Liang et al. J Musculoskelet Disord Treat 2019, 5:069

Semiquantitative - Mercuri scale  Quantitative – Fat Fraction

Sherlock SP et al . Biomark Med. 2021 Jun;15(10):761-773.



INCREASED T2 MUSCLE SIGNALS
- INFLAMMATION AND DENERVATION 

Fascial edema in dermatomyositis Denervation edema in peroneal neuropathy 

Schulze M, Kötter I, Ernemann U et al. American Journal of 
Roentgenology, 192(6), 1708–1716.
Magnetic Resonance Imaging of the Skeletal Musculature. 1st Ed.



INCREASED T2 MUSCLE SIGNALS
- NECROTIZING MYOPATHY 

Anti-HMGCR necrotizing myopathy 

Anterior thigh compartment: Anterolateral predominant 
(rectus femoris and vastus lateralis)

Posterior thigh compartment: Predominantly involving 
long head of biceps femoris  

Lee KH, Gao Y, Lau V.  Muscle Nerve. 2021 Oct;64(4):500-504 







POMPE DISEASE 
(ACID MALTASE 

DEFICIENCY) 
Two main clinical phenotypes

Infantile onset Pompe
disease (IOPD)

• Onset before within first year 
of life 

• Severe cardiomyopathy, 
respiratory insufficiency and 
hypotonia

Late onset Pompe disease 
(LOPD) 

• Onset after age of one

• Fatigue, myalgia and progressive 
limb-girdle weakness

GGA deficiency leads to accumulation of glycogen within 
lysosomes in skeletal, smooth and cardiac muscles

Autosomal recessive metabolic myopathy due to 
deficiency of alpha-glucosidase



FAT 
REPLACEMENT IN 

LATE ONSET 
POMPE DISEASE

• Early and prominent involvement of the 
tongue.

• Involvement of proximal muscles 

• Shoulder girdle muscles (the 
subscapularis and latissimus dorsi) 

• Gluteal muscles (gluteus minimus and 
medius > maximus) 

• Paraspinal, psoas and abdominal wall 
muscles

• In the thighs, the adductor magnus and 
long head of the biceps femoris show fat 
replacement earlier than other muscles.

Díaz-Manera J et al. Muscle Nerve. 2021 May;63(5):640-650. 



FAT 
REPLACEMENT IN 

LATE ONSET 
POMPE DISEASE

Proximal-distal gradients:

•1st gradient: Greater involvement in proximal 
thigh muscles (such as vasti) compared to 
distal.

•2nd gradient: Greater involvement in thigh 
compared to leg. 

Díaz-Manera J et al. Muscle Nerve. 2021 May;63(5):640-650. 



Tongue Subscapularis Latissimus dorsi

Abdominal wall & 

paraspinal muscles

Gluteus medius

and minimus Adductor magnus 

Díaz-Manera J et al. Muscle Nerve. 2021;63(5):640-650. 



MUSCLE EDEMA IN POMPE DISEASE

• Around one-third of muscles analyzed in LOPD patients showed increased T2 time at baseline. 

• The adductor magnus, semi-membranous and biceps femoris are most severely involved. 

• The origin of STIR/T2 changes is unclear

• No inflammatory infiltrates in muscle biopsy of LOPD patients.

• ?Active muscle necrosis 

• ?Increased water retention from glycogen accumulation.

• Associated with greater fat increase on follow-up MRI

Carlier PG, Azzabou N, de Sousa PL et al. J Inherit Metab Dis. 2015 May;38(3):565-72. 



INCREASED T2 MUSCLE SIGNALS IN 
PRESYMPTOMATIC LOPD PATIENT 

• Díaz-Manera J et al. Muscle 

Nerve. 2021 May;63(5):640-650. 



Carlier PG, Azzabou N, de Sousa PL et al. J Inherit Metab Dis. 2015 May;38(3):565-72. 



USE OF MRI IN MONITORING ERT EFFECT 

• MRI change of fat replacement is slow. 

• EMBASSY trial (multicenter study evaluating glycogen clearance in muscle tissue samples collected pre- and post- ERT 
in LOPD patient)

• Percent tissue area occupied by glycogen in quadriceps and deltoid muscles decreased at 6 month 

• No changes were detected on MRI. 

• Fat replacement continues despite ERT

• In LOPD received ERT , the average yearly progression rate of fatty infiltration rate was 0.9 – 1.9 %.

• Fat replacement rate lowered by 0.68 %/year as compared to the untreated patients. 

• In muscles with normal water T2, muscle degenerative changes were completely stopped.

Carlier PG, Azzabou N, de Sousa PL et al. J Inherit Metab Dis. 2015 May;38(3):565-72. 

van der Ploeg A, Carlier PG, Carlier RY et al. Mol Genet Metab. 2016 Sep;119(1-2):115-23. 



DIFFERENTIAL DIAGNOSIS OF
LATE ONSET POMPE DISEASE  

• Sarcoglycanopathies

• Similarity to Pompe disease: paraspinal and abdominal involvement; prominent gluteal muscle involvement; a 

proximal-to-distal gradient of fat replacement in the vasti; relative sparing of the distal leg muscles

• Difference: 

• Do not have involvement of the tongue

• Severe involvement of the scapular, biceps, and triceps brachii muscles

• Early complete fat replacement of the gluteus maximus

• Dystrophinopathies, dysferlinopathies, or calpainopathies

• Involvement of the distal leg muscles, mainly the gastrocnemius medialis and soleus

• Inflammatory myopathies

• Can present with increased STIR/T2 signal. Muscle biopsy will show inflammatory infiltrates unlike LOPD.



MRI PATTERN FOR SARCOGLYANOPATHIES

Tasca, G., Monforte, M., Díaz-Manera, J et al(2017). MRI in 

sarcoglycanopathies: a large international cohort study. Journal of Neurology, 

Neurosurgery & Psychiatry, 89(1), 72–77.





MUSCLE MRI IN INFANTILE ONSET 
POMPE DISEASE 

• Very limited data

• Early MRI study before introduction of ERT

• No significant fatty replacement (T1W) or edema (T2W)

• May have muscle hypertrophy (due to accumulation of glycogen)

• MRI of  ERT-treated children with IOPD

• Mild fatty replacement in adductor magnus and tongue muscles

• Muscle edema of thigh and calf muscles

Wens SC, van Doeveren TE, Lequin MH, et al. J Rare Disord DiagnTher. 2015;1:10-13.

Pichiecchio A, Rossi M, Cinnante C et al. Muscle Nerve. 2017 Jun;55(6):841-848.



MRI OF ERT-
TREATED 

CHILDREN 
WITH IOPD

Pichiecchio A, Rossi M, Cinnante C et al. Muscle Nerve. 2017 Jun;55(6):841-848.



UTILITY OF MRI IN GUIDING MUSCLE BIOPSY 

• Muscle selection 

• Clinical, EMG and/or imaging findings

• In patients with suspected idiopathic 
inflammatory myopathy

• Use of MRI to select target of muscle biopsy 
decreased the false-negative sampling rate 
from 23% to 19%

Lee KH, Lau V, Gao Y, et al. AJR Am J Roentgenol. 
2019;212(5):1126-1128. 



ULTRASOUND-MRI FUSION MUSCLE BIOPSY

Plane and point registration Real time US-MRI guidance

MRI thigh 



Lee KH, Lau V, Gao Y et al. AJR Am J Roentgenol. 2019;212(5):1126-1128



POTENTIAL BENEFITS  OF 
US-MRI  GUIDANCE 

MUSCLE BIOPSY IN POMPE 
DISEASE

Target muscle with active edema
- Muscle edema in Pompe disease can be patchy

- Involved muscle can be only partially affected

1

Avoid muscle with fatty atrophy2

Increase diagnostic yield and 
better radio-pathological 
correlation

3



TAKE HOME MESSAGE

• Muscle MRI is helpful in assessing various neuromuscular disease, both 

morphologically and quantitatively.

• Late onset Pompe disease has characteristic pattern of fatty replacement in 

T1 weighted MRI, mainly involving tongue, paraspinal, shoulder girdle and 

gluteal muscles. 

• USG-MRI fusion guided muscle biopsy can be a helpful adjunct in diagnosis of 

neuromuscular disease. 



THE END 

Thank you very much!

Email: 

viclkh88@gmail.com
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