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MYASTHENIA IN CHILDREN

MYASTHENIA 
MUSCLE WEAKNESS
FATIGUABILITY
FLUCTUATION

1. JUVENILE MYASTHENIA GRAVIS – MG with symptoms in children younger than 18 yoa

2. CONGENITAL MYASTHENIC SYNDROMES
3. NEONATAL MYASTHENIA/FETAL ACHR INACTIVATION SYNDROME (FARIS)
4. LAMBERT EATON MYASTHENIC SYNDROME

Due to impaired
neuromuscular transmission



MG  7,2-16,0/1 mill
Heldal, Andersen

JMG (0-17 yrs) 1,6/1 mill
JMG (0-12 yrs) 0,9/1 mill
Popperud et al 2017

MG  9,2/ 1 mill
JMG (0-9 yrs) 0,3/1 mill
JMG (10-19 yrs)  2,2/1 mill
Pedersen, 2013

JMG (0-17 yrs) 1,5/1 mill
Parr, 2014

MG 4,1-30/1 mill
JMG (0-19 yrs) 1,0-5,0/ 1mill
McGrogan, 2010

Europe: 10-15% juvenile onset
Evoli 1990

China: 27-50% juvenile onset
Zhang 2007, Huang 2013

JUVENIL MYASTHENIA GRAVIS
INSIDENCE RATES

Taiwan: 
JMG (0-4 yrs) 8.9/1 mill
Lai 2010

South-Africa:
JMG (0-10 yrs) 3.3/1 mill
JMG (10-14 yrs) 2.9/1 mill



Cetin, 2009

Incidence JMG < 18 yrs

Period N Person-
yrs x106

Cases pr mill (95% CI)

1989-93 7 0.98 1.4 (0.6-2.8)

1994-98 7 1.02 1.4 (0.6-2.7)

1999-03 10 1.06 1.9 (1.0-3.4)

2004-08 9 1.1 1.6 (0.8-3.0)

2009-13 9 1.12 1.6 (0.8-3.0)

1989-13 
Females 36 0.51 2.8 (2.0-3.8)

1989-13 
Males 6 0.54 0.4

(0.2-0.9

1989-13 
Total 42 1.05 1.6 (1.2-2.1)

Age and gender specific incidence of juvenile myasthenia gravis (JMG) 
in Norway 1989-2013 stratified in five-year periods.  
Incidence per million person-years with 95% confidence interval (CI). 

JUVENILE MYASTHENIA GRAVIS
INCREASING INSIDENCE?
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JMG in Norway. 
Age at onset and gender distribution

JUVENILE MYASTHENIA GRAVIS
GENDER DISTRIBUTION
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MYASTHENIA GRAVIS 
SUBGROUP CLASSIFICATION 

JUVENILE MYASTHENIA GRAVIS

• AChR ab most common followed by 
MuSK ab

• OMG more common
• Thymoma rare
• Prepubertal JMG milder disease
• Higher rate of spontaneous remission
• Broader differential diagnoses



*  P < 0.05

PREPUBERTAL (onset <12), N=21 POSTPUBERTAL (onset ≥12, N=42

Gender, M:F (M%, F%) 1:2.5 (29%, 71%) 1:9.5 (10%, 90%)
Onset age in years, 
median (IQR) 7 (4-10) 16 (12-18)
Caucascian, N (%) 21 (100%) 37 (90%)
Ocular MG, N (%), M:F 3 (14%), 2:1 3 (7%), 2:1
Generalized MG, N (%)
• At onset
• During first 2 years

18 (86%)
• 8 (38%)
• 8 (38%)

39 (93%)
• 18 (43%)
• 19 (45%)

Myasthenic crisis 4 (19%) 2 (5%)
AChR ab positive, N (%)
MuSK ab pos, N (%)

12 (57%)
1 (4.8%)

35 (83%)*

Follow up in years, median (IQR) 27 (11-39) 13 (7-34)

Thymus hyperplasia 7/13 (54%) 23/37 (62%)

Popperud et al 2017

JUVENILE MYASTHENIA GRAVIS IN NORWAY

CLINICAL CHARACTERISTICS



Characteristics of JMG by race/geographical area

Heckmann et al 2022



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY

No formal internationally accepted standards of care
for JMG

1. 242 ENMC International Workshop: Diagnosis and 
management of juvenile myasthenia gravis, March 2019. 
Munot et al, Neuromuscular Disorders 2020

2. O´Connell et al, Managemnet of Juvenile Myasthenia
Gravis 2020

3. International consensus guidance for management of 
myasthenia gravis: Executive summary. Neurology 2016, 
Sanders et al



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY

Spontaneous remission occurs in 10% of JMG
Arroyo et al 2022

• SR was more common in patients with mild to 
moderate JMG 

• SR was only found in those with no evidence of thyroid 
disease

Broader differential diagnosis
• CMS, congenital myopathies, mithocondriopathies, 

brainstem encephalitis, Miller Fisher



JUVENILE MYASTHENIA GRAVIS 
DIAGNOSTIC PATHWAY

Munot, Robb, Nicks, Palace et al 2020
Bruno Eymard, Daniel Hantaï, Brigitte Estournet, Handbook of Clinical Neurology, 
Volume 113, 2013, 1469–1480

Important to consider differential diagnoses, especially in 
seronegative patients



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY

Physical activity
• Low-/intermediate intensity w/rest

Avoid excessive weight gain
• Diet and lifestyle

Treat infections early
Physiotherapy
Speech/Occupational therapy/School
Psychological impact (early recognition)
Respiratory support
Vaccination (varicella, influenza)
Avoid medication that may worsen MG
Ophtalmologist



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY

Cholinesterase inhibitors
• 0.5-1 mg/kg every 4-6 h
• maximal daily dose 300-450mg
• adjust to activity/need, 30-60 min before

physical activity or meals

• MuSK JMG less responsive, more side effects

• Ptosis>diplopia



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY First line: Steroids

• 0,5 mg/ kg alternate days gradually uptitrated to maximum
1.5 mg/kg (max 100 mg) alternate days or 1 mg/kg (max 60 
mg) daily (5 mg alternate days uptitrated with 5 mg every
5th day)



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY

Second line: 
1. When no response to steroids
2. Inability to wean steroids to reasonable dose
3. Intolerable side effects to steroids

• Azathioprine/Mycophenolate mofetil
• Cyclosporin/methotrexate

• to little data/experience in JMG

• Cyclophosphamide
• side effects, malignancy and fertility



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY

Second line: 
• Rituximab

• Remission rate (CR/PR) of 60% and significant
morbidity reduction with reduced
hospital/intensive care admission.

• 10 JMG, 5.9-15.8 yoa
• 24 months observation
• 20 JMG cases from 11 publications, 35% CR/PR



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY

IVIg
• Acute exacerberations, preop
• Refractory JMG

PLEX
• Acute exacerberations, preop
• Refractory JMG
• Might be more effective than IVIg (Liew 2014)

C5 inhibitors
• Adults
• High cost



JUVENILE MYASTHENIA GRAVIS
MANAGEMENT

• SUPPORTIVE
• SYMPTOMATIC
• IMMUNOSUPPRESSIVE
• THYMECTOMY

• No RCT in JMG
• Thymic imaging in all (CT or MRI)

Thymoma absolute indication
Systematic review (Ng et al 2021)

• 588 JMG thymectomies
• 77% improved, 40% CR



JUVENILE MYASTHENIA GRAVIS IN NORWAY

TREATMENT


		

		PREPUBERTAL, N=21

		POSTPUBERTAL, N=42



		Pyridostigmine po, N (%)

		21 (100%)

		42 (100%)



		Pred po, N (%)

		6 (29%)

		20 (48%)



		Aza/Cic/MyM, N (%)

		2 (10%)

		15 (36%)*



		IVIG, N (%)

		5 (24%)

		15 (36%)



		Plasma, N (%)

		9 (43%)

		9 (21%)



		Thymectomy, N (%)

· AChR ab positiv

		13 (62%)

· 10 (77%)

		37 (88%)*

· 33 (89%)



		Thymus histology

· Hyperplasia, N (%)

· Normal, N (%)

· Thymoma, N (%)

· Unknown, N (%)

		

7 (54%)

3 (23%)

0

3 (23%)

		

23 (62%)

9 (25%)

0

5 (14%)



		Time from onset to thymectomy in years, median (IQR) 

		2 (1.2-3.7)

		1.3 (0.8-2.2)



		Medication last follow up

· None, N (%)

· Pyridostig, N (%)

· Pred po, N (%)

· Aza/Cic/MyM, N (%)

· Plasma/IVIG, N (%)

		

14 (67%)

5 (24%)

2 (10%)

2 (10%)

1 (4.8%)

		

17(41%)

19 (46%)

15 (37%)*

11 (27%)

1 (2.4%)
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JUVENILE MYASTHENIA GRAVIS IN NORWAY
POST TREATMENT OUTCOME



TREATMENT PATHWAY
AChR and MuSK JMG

Munot, Robb, Nicks, Palace et al 2020

+ Supportive therapy



Conclusions

• JMG is rare with race/geographical variation
• Early diagnosis and treatment is important to prevent disability/morbidity incl

permanent eye movement impairment/amblyopia
• Management is multidisiplinary and include symptomatic and immunosuppressives

based on experience in adult MG
• Thymectomy when thymoma, postpubertal AChRab generalized JMG, individual

assessment in prepubertal JMG
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