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Child Neurology:
Pompe disease
New horizons

Case part 1. A 10-month-old full-term baby girl was
transferred to our tertiary care hospital for respiratory
distress and hypoxemia. Developmental history revealed
significant motor delay. On physical examination,
she was noted to be hypotonic, to be dysmorphic with
macroglossia, and to have hepatomegaly.

DIFFERENTIAL DIAGNOSES The table lists the differ-
ential for infants presenting with the above clinical fea-
tures. In this patient, the history of mild motor delay
along with the findings of hypotonia and hepatomegaly
should point to possible underlying congenital or meta-
bolic disease.

Case part 2.Chest x-ray revealed cardiomegaly and EKG
showed shortened PR interval with biventricular hyper-
trophy. Initial laboratory tests revealed normal blood
count and cultures, normal electrolytes, elevated liver
transaminases, and elevated creatine kinase. Echocardio-
gram revealed dilated and hypertrophic ventricular walls
with an ejection fraction of 40%.

The presence of dysmorphism, hypotonia, and hepa-
tomegaly in an infant suggests possible storage disorder.
The elevated creatine kinase and transaminases suggest
possible muscular involvement. These findings,
along with cardiomegaly on chest x-ray and short-
ened PR interval on EKG, should raise suspicion
for a metabolic myopathy, with Pompe disease being
the most common disease in this age group (figure).

CLINICAL FEATURES Pompe disease (acid maltase
deficiency, glycogen storage disorder type II) is an auto-
somal recessive condition caused by deficiency of the
lysosomal acid a-glucosidase (GAA). Accumulation of
glycogen in the lysosomes accounts for Pompe disease
being classified as both a glycogen storage disorder and a
lysosomal storage disorder.

J.C. Pompe, a Dutch pathologist, first described in
1932what is now known as the classic infantile form of
Pompe disease.1 This form presents in infancy with
cardiac symptoms, hypotonia, hepatomegaly, macro-
glossia, and failure to thrive. The natural history is
characterized by its uniformly rapid progressive nature
and death in the first year of life due to cardiorespiratory

failure.2 Other forms of this disease include the
following:

1. Variant infantile form, which presents in the first year
of life but has slower progression and less severe car-
diac involvement.

2. Late-onset form (figure), which includes childhood,
juvenile, and adult forms, all of which have a variable
natural course. They are usually slowly progressive.
Apart from the limb-girdle distribution and diaphrag-
matic muscle weakness, these have been recognized
to have multisystemic involvement as well.

PATHOPHYSIOLOGY Deficiency of the lysosomal
enzyme GAA leads to accumulation of glycogen in the
lysosomes and subsequently in the cytoplasm of tissues,
most notably in the skeletal and cardiac muscles. Glyco-
gen accumulation has also been detected in the CNS
including the cortical neurons, cerebellum, brainstem,
and anterior horn cells in the spinal cord. Characteristic
histopathologic findings include vacuolated muscle fibers
that stain positive with periodic acid–Schiff staining. The
role of autophagy in Pompe disease is currently an area of
active research interest and may explain the accumula-
tion of toxin aggregated in the myofibers.3

A possible genotype–phenotype correlation in
Pompe disease has also been proposed, with the classic
infantile form having 2 pathogenic alleles, one in each
gene for the enzyme.4 This leads to near-total to total
absence of the enzyme and hence severe clinical mani-
festations. Similar correlation has not been well-docu-
mented in the late-onset phenotype, since minor
genotypic abnormalities have been seen in patients
with severe clinical presentations, suggesting a poten-
tial role for environmental modifying factors.4

Case part 3. Given the clinical suspicion for Pompe dis-
ease, enzyme analysis on dried blood sample confirmed
decreased activity of GAA. Subsequent skin biopsy con-
firmed the diagnosis and the mutation analysis revealed
homozygous mutation in theGAA gene compatible with
Pompe disease.

LABORATORY DIAGNOSIS Initial workup of sus-
pected patients should include chest x-ray (cardiomegaly
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in the classic infantile form), EKG (ventricular
hypertrophy and shortened PR interval), and enzymes
reflecting muscle destruction (creatine kinase, aspartate
aminotransferase, alanine aminotransferase, and lactate
dehydrogenase).

Measurement of GAA activity in skin fibroblast cul-
ture is the gold standard of diagnosis for Pompe disease.
Newer methods for detection of enzyme activity in dried
blood samples and leukocytes from whole blood, after
blocking of neutral maltases, have been developed. Once
validated, these new tests will have the advantage of
being more expeditious than fibroblast cultures.

Recently, urinary glucose tetrasaccharide has been
shown to have high sensitivity. When combined with
dried blood enzyme assay, it also has high negative pre-
dictive value.5 Urine glucose tetrasaccharide has also been
shown to be a marker of disease severity and hence might
be useful in monitoring patient response to enzyme
replacement therapy (ERT).

Given the feasibility of dried blood sample testing,
pilot programs are currently looking into the reliability
and the benefits of adding Pompe disease to newborn

screening, although this cannot distinguish between the
infantile and adult-onset forms of the disease.

Case part 4. Initial management of the patient included
supportive care for respiratory distress and congestive
heart failure. Fibroblast cultures reconfirmed diagnosis
of Pompe disease andWestern blots for band pattern re-
vealed positive cross-reactive immunologic material
(CRIM). The patient was subsequently started on ERT.

MANAGEMENT The approval of ERT (Myozyme and
Lumizyme) by the US Food and Drug Administration
has heralded a new era in the management of Pompe dis-
ease. Given the uniformly dismal prognosis, the initial
trials in ERT used historical controls to compare treat-
ment outcomes in patients with the classic infantile form.
ERT reduced the risk of death by 99%, the risk of
death or invasive ventilation by 92%, and the risk
of death and any type of ventilation by 88%.6

Over the last decade, CRIM status has been well-
recognized as a predictive factor in immune responses to
ERT in patients with infantile Pompe disease.7 CRIM
status is determined by testing for residual enzyme activ-
ity using Western blot analysis. Patients with CRIM-
negative status have no residual enzyme activity and are
at high risk for mounting a strong antibody response to
ERT. Development of a strong antibody response has
been shown to be associated with poor clinical outcome,
independent of the CRIM status (figure). Multiple
immune modulatory regimens are currently being used
to optimize the effect of ERT in such patients with
high antibody titers. Commonly used regimens include
rituximab and methotrexate with or without IV immu-
noglobulin8 (figure). Though ERT in adult-onset Pompe
disease has shown some improvement, given the var-
iability in baseline presentation and progression of the
late-onset disease, assessment of efficacy is more dif-
ficult. The emergence of ERT in the last decade has
changed the natural course of infantile Pompe disease.
Previously unnoticed cognitive changes and brainstem
involvement including hearing loss, dysphagia, and bulbar
symptoms, as well as residual muscle weakness, have now
been recognized in patients treated with ERT.9

Despite new advances in treatment, persisting ques-
tions have led to novel avenues of research to help opti-
mize therapy. Approaches currently under investigation
include gene therapy, chaperone-mediated therapy,
adjunctive therapy to ERT, and alternative immune
modulatory regimens for patient with antibodies to ERT.

Even though ERT has brought about improved treat-
ment options for Pompe disease, multidisciplinary sup-
portive treatment of the systemic symptoms involved
continues to be an essential part of management.10 Base-
line evaluations in cardiorespiratory functions must be
established. A baseline chest x-ray, Holter monitoring,
and echocardiogram along with regular follow-up with a
cardiologist to address cardiac manifestations including

Table Clinical manifestations and differential diagnoses of Pompe disease

Initial manifestations in Pompe disease Differential diagnoses

Classic infantile Pompe disease

Hypotonia Spinal muscular atrophy type 1

Congenital muscular dystrophy

Glycogen storage disorders

Mitochondrial disorders

Peroxisomal disorders

Hypothyroidism

Cardiac symptoms with cardiomegaly Idiopathic hypertrophic cardiomyopathy

Glycogen storage disorders

Mitochondrial diseases

Danon disease

Endocardial fibroelastosis

Myocarditis

Hepatomegaly Glycogen storage disorders

Mitochondrial disorders

Peroxisomal disorder

Macroglossia Hypothyroidism

Glycogen storage disorders

Late-onset Pompe disease

Progressive muscle weakness Limb-girdle muscular dystrophy

Becker muscular dystrophy

Myasthenia gravis

Polymyositis

Late-onset glycogen storage disorders

Late-onset mitochondriopathies

e198 Neurology 79 December 4, 2012

ª 2012 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



cardiomyopathy, heart failure, and arrhythmias are indi-
cated. Baseline pulmonary function testing and polysom-
nography establish pulmonary status. Regular screening
for daytime sleepiness and fatigue by pulmonary special-
ists should be conducted to assess the need for supple-
mental ventilator devices. Testing to ensure safe and
adequate nutrition should include a detailed nutritional
assessment, evaluation for gastroesophageal reflux, vid-
eofluoroscopic swallow assessment, and dual x-ray
absorptiometry scan screening for osteopenia.

Given the significant neuromuscular involvement in
Pompe disease, a baseline evaluation and follow-up care
by a neurologist cannot be overemphasized. An EMG/
nerve conduction study may help with diagnosis and

assessment for spinal cord involvement or for an alterna-
tive diagnosis. Though a muscle biopsy is frequently a
part of the workup for weakness, a high clinical suspicion
for Pompe disease can alternatively be evaluated by
enzyme analysis on blood and a skin biopsy instead.
Motor and functional assessments should be monitored
at regular intervals to optimize muscle function and
to prevent contractures. Age-appropriate hearing as-
sessments need to be conducted at baseline and fol-
lowed at least annually.

A new exciting phase has emerged in the manage-
ment of chronic complex storage disorders in the last
decade. Along with improving the survival and quality
of life, these therapies have changed the natural course
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of these diseases. These new horizons emphasize the
importance of keeping up to date with novel research in
the future, giving hope of cure for a once uniformly fatal
disease.

Case follow-up. The patient is currently 15 months old
and is able to sit up independently, crawl, and stand
without support. She continues to receive ERT every
2 weeks and her cardiac function is much improved.

AUTHOR CONTRIBUTIONS
Deepa S. Rajan: article concept, literature search, and drafting the manuscript.

Hoda Abdel-Hamid: manuscript review.

DISCLOSURE
The authors report no disclosures relevant to the manuscript. Go to Neurology.

org for full disclosures.

REFERENCES
1. Pompe JC. Over idiopatische hypertrophie van her hart. Ned

Tijdshr Geneeskd 1932;76:304.

2. Kishnani PS, Hwu WL, Mandel H, et al. A retrospective,

multinational, multicenter study on the natural history of

infantile-onset Pompe disease. J Pediatr 2006;148:671–676.

3. Raben N, Wong A, Ralston E, Myerowitz R. Autophagy and

mitochondria in Pompe disease: nothing is so new as what has

long been forgotten. Am J Med Genet Part C Semin Med

Genet 2012;160C:13–21.

4. Kroos M, Hoogeveen-Westerveld M, Van der Ploeg A,

Reuser AJJ. The genotype phenotype correlation in Pompe

disease. Am J Med Genet Part C Semin Med Genet 2012;

160C:59–68.

5. Young SP, Piraud M, Goldstein JL, et al. Assessing disease sever-

ity in Pompe disease: the roles of a urinary glucose tetrasaccharide

biomarker and imaging techniques. Am J Med Genet Part C

Semin Med Genet 2012;160C:50–58.

6. Kishnani PS, Corzo D, Nicoline M, et al. Recombinant

human acid [alpha]-glucosidase: major clinical benefits in infan-

tile onset Pompe disease. Neurology 2007;68:99–109.

7. Kishnani PS, Goldenberg PC, DeArmey SL, et al. Cross-reac-

tive immunologic material status affects treatment outcomes

in Pompe disease infants. Mol Genet Metab 2010;99:26–33.

8. Lacana E, Yao LP, Pariser AR, Rosenberg AS. The role of

immune tolerance induction in restoration of the efficacy of

ERT in Pompe disease. Am J Med Genet Part C Semin Med

Genet 2012;160C:30–39.

9. Case LE, Beckemeyer AA, Kishnani PS. Infantile Pompe dis-

ease on ERT: update on clinical presentation, musculoskeletal

management, and exercise considerations. Am J Genet Part C

Semin Med Genet 2012;160C:69–79.

10. Kishnani PS, Steiner RD, Bali D, et al. Pompe disease

diagnosis and management guideline. Genet Med 2006;8:

267–288.

e200 Neurology 79 December 4, 2012

ª 2012 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



DOI 10.1212/WNL.0b013e318276893c
2012;79;e197-e200 Neurology 

Deepa S. Rajan and Hoda Abdel-Hamid
Child Neurology: Pompe disease: New horizons

This information is current as of December 3, 2012

Services
Updated Information &

 http://n.neurology.org/content/79/23/e197.full
including high resolution figures, can be found at:

Supplementary Material
 http://n.neurology.org/content/suppl/2013/12/30/79.23.e197.DC1

Supplementary material can be found at: 

References
 http://n.neurology.org/content/79/23/e197.full#ref-list-1

This article cites 10 articles, 1 of which you can access for free at: 

Subspecialty Collections

 http://n.neurology.org/cgi/collection/metabolic_disease_inherited
Metabolic disease (inherited)

 http://n.neurology.org/cgi/collection/developmental_disorders
Developmental disorders

 http://n.neurology.org/cgi/collection/all_neuromuscular_disease
All Neuromuscular Disease

 http://n.neurology.org/cgi/collection/all_clinical_neurology
All Clinical Neurology
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/about/about_the_journal#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.
1951, it is now a weekly with 48 issues per year. Copyright © 2012 American Academy of Neurology. All 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 

http://n.neurology.org/content/79/23/e197.full
http://n.neurology.org/content/suppl/2013/12/30/79.23.e197.DC1
http://n.neurology.org/content/79/23/e197.full#ref-list-1
http://n.neurology.org/cgi/collection/all_clinical_neurology
http://n.neurology.org/cgi/collection/all_neuromuscular_disease
http://n.neurology.org/cgi/collection/developmental_disorders
http://n.neurology.org/cgi/collection/metabolic_disease_inherited
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

