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a b s t r a c t
A high serum level of creatine kinase (CK) is a common reason for referring to medical specialities.
Myopathies are one of the causes of elevated levels of CK. McArdle disease is the most common disorder
of skeletal muscle carbohydrate metabolism. The cases are presented on 2 patients who were referred to
our medical consultation to study the cause of their increased CK levels: a 72-year-old asymptomatic man
with high levels of CK detected by chance in a routine analysis, and a 30-year-old woman with very few
symptoms, apart from slight muscle pain and tiredness. Electromyography was normal in both patients.
There was null activity of myophosphorylase in muscle biopsy of both cases, so a diagnosis of McArdle
disease was made.
© 2015 Elsevier España, S.L.U. and Sociedad Española de Reumatología y Colegio Mexicano de
Reumatología. All rights reserved.
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El estudio del incremento de la creatinina fosfoquinasa (CPK) constituye un motivo de consulta frecuente en diversas especialidades médicas. Entre las enfermedades que cursan con CPK alta se encuentran
las miopatías metabólicas siendo la enfermedad de McArdle la glucogenosis muscular más frecuente. Presentamos 2 casos clínicos de pacientes derivados a nuestro servicio de reumatología para estudio de CPK
elevada cuyo diagnóstico final fue enfermedad de McArdle: un hombre de 72 años, asintomático desde
el punto de vista muscular, en el que se objetivó de manera casual elevación importante de CPK en una
analítica de rutina y una mujer de 30 años con síntomas musculares muy leves. El electromiograma
(EMG) fue normal en ambos pacientes. En ninguno de los 2 casos existía actividad de la miofosforilasa en
la biopsia muscular, siendo diagnosticados de enfermedad de McArdle.
© 2015 Elsevier España, S.L.U. and
Sociedad Española de Reumatología y Colegio Mexicano de Reumatología. Todos los derechos reservados.

Introduction
Increases in the creatine kinase (CK) level are frequent reasons
for consulting specialists in rheumatology, neurology and internal medicine. Metabolic myopathies are diagnosed in 41% of the
cases of asymptomatic or nearly asymptomatic high serum CK
levels.1
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McArdle disease (also known as glycogen storage disease type
V) is a metabolic myopathy caused by deficiency of the enzyme
myophosporylase.2 The clinical characteristics are exercise intolerance, poor stamina and painful muscle cramps; in addition,
myoglobinuria, rhabdomyolysis and acute renal failure can develop
in 50% of the cases.3,4 The diagnosis is based on an increase in glycogen content and decrease in enzyme activity observed in a muscle
biopsy.5
Although there is no specific treatment for this disease at
the present time, it is possible to improve the quality of life
of the patients and prevent rhabdomyolysis and renal failure with
the proper diet and by controlling physical activity.3
We present the case reports of 2 patients, studied in our department because of elevated CK levels, who were ultimately diagnosed
with McArdle disease.
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Clinical Observations
Case report no. 1. The patient was a 72-year-old man with Paget’s
disease who was being followed in periodic visits to the rheumatology outpatient clinic. Although he had no symptoms of muscle
involvement, an elevated CK level was an incidental finding in a
routine analysis. A review of previous analyses revealed that it
had been rising progressively, and had reached values of 5000 IU/L.
He also had slightly elevated aldolase levels, with no changes in
liver enzymes or thyroid status, and negative autoantibody tests.
Physical examination showed normal muscle balance. An electromyogram (EMG) revealed no evidence of myopathy. Magnetic
resonance imaging (MRI) of the shoulder girdle showed bilateral
atrophy and fatty replacement in several muscles (Fig. 1A and B).
It also revealed changes in the deltoid muscle, which was biopsied.
The pathological study disclosed the presence of subsarcolemmal
glycogen-containing vacuoles (Fig. 2A and B). Histochemical analysis demonstrated a total absence of myophosphorylase, a finding
compatible with McArdle disease. In the genetic study, a homozygous Y733X nonsense mutation was observed in exon 18 of
the PYGM gene. The patient was referred to the endocrinologynutrition department.
Case Report no. 2. This patient was a 30-year-old woman with
nothing noteworthy in her clinical history. She had been referred
to our department from primary care for the study of persistent
CK elevation (peak value: 4000 IU/L). She complained of asthenia
and the feeling of a slight loss of strength in her lower limbs following strenuous exercise. On physical examination, her muscle
balance was normal. There was no EMG evidence of myopathy.
Laboratory tests showed an elevated CK level and normal liver

Fig. 2. (A) Multiple clear vacuoles containing eosinophilic granules located in the
sarcolemma. (B) Periodic acid Schiff (PAS) staining showing deposits of PAS-positive
glycogen granules within the vacuoles. (C) Absence of myophosphorylase in the
histochemical study.

Fig. 1. (A and B) Magnetic resonance image showing bilateral atrophy and fatty
replacement in the muscles of the shoulder girdle, with predominance of the right
side.

function, aldolase and lactate dehydrogenase levels, and autoantibody profile. The results of the determination of thyroid hormone
levels led to a diagnosis of subclinical hypothyroidism, which did
not require treatment. Given that CK continued to be elevated
in follow-up analyses, and based on her report of weakness in
her lower limbs following strenuous physical exercise, the decision was made to perform a biopsy of the quadriceps muscle.
The results revealed the presence, in the sarcolemma, of multiple clear vacuoles containing eosinophilic granules. Moreover,
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the histochemical study demonstrated the absence of activity
of the enzyme myophosphorylase, a finding that is compatible
with McArdle disease (Fig. 2C). A genetic study was not carried
out. This patient was also referred to the endocrinology-nutrition
department.
Discussion
McArdle disease, described for the first time in 1951 by Dr. Brian
McArdle,6–8 is the most frequently found muscle glycogenosis and
one of the most common genetic myopathies.3 Nevertheless, given
its low incidence, it is included in the group of “rare diseases” (up
to 2012, there were 239 cases registered in Spain).9 Its prevalence
in Spain is estimated to be 1/167 000.8 It is caused by autosomal
recessive mutations in the myophosphorylase gene (PYGM) located
on chromosome 11.3,8,10 This enzyme has a role in the first step
in skeletal muscle glycogen metabolism, and is necessary for the
conversion of this polysaccharide into glucose-1-phosphate. Thus,
myophosphorylase deficiency makes it impossible to obtain energy
from the glycogen stores in muscle.3,8
The clinical signs and symptoms include exercise intolerance
with myalgia, stiffness and cramps.3 Strenuous exertion can be
followed by myoglobinuria and acute renal failure, the former in
up to half of the cases.2,3,5,8 It has a pathognomonic characteristic known as the “second wind” phenomenon, in which the patient
acquires greater tolerance to physical exercise after the first 10 min
have elapsed.2,3,11 The symptoms usually appear during adolescence or early adulthood (the patient in our second case began
to notice fatigue and myalgia at the age of 30 years).2,3,7,8 Nevertheless, there is considerable heterogeneity in the severity of the
presenting signs and symptoms, ranging from congenital myopathy, in which there are nearly no symptoms, as occurred in our
first patient, to a variant with a fatal outcome that appears during
childhood.2,3,5 Cases of late onset McArdle disease involving muscle atrophy and predominantly proximal weakness have also been
reported.3,7,12,13
The characteristic laboratory findings are elevated CK levels
(even during intervals between peaks in disease activity).2,3,5 The
EMG can be normal or show evidence of myopathy.5 If the ischemic
forearm exercise test is performed, the curve observed for lactic acid is flat, indicative of failure of the breakdown of glycogen
to lactate.5,14 Regarding imaging studies, both computed tomography and MRI can demonstrate atrophy and fatty replacement
in muscle, especially in cases involving late onset, as in our first
patient.12,15 The definitive diagnosis is based on muscle biopsy and
the observation of the absence of myophosphorylase in a subsequent immunohistochemical analysis.3,5 The histological findings
are characterized by the presence of subsarcolemmal vacuoles containing glycogen, which can be examined using periodic acid Schiff
(PAS) staining.3 The diagnosis should be corroborated by a genetic
study.3,5,6,8
Treatment is based on the control of physical activity and
dietary measures.3,16 The diet should be rich in carbohydrates (65%)
and low in fat (20%), and the patients are informed of the need
to consume foods containing simple carbohydrates 5 min before
exercising. Moderate regular physical activity has been shown to
increase exercise tolerance in these patients.3,17,18
We conclude that, in cases of elevated CK levels, regardless of
patient age and the severity of the muscle damage, the differential
diagnosis should include McArdle disease.

163

Ethical Disclosures
Protection of human and animal subjects. The authors declare
that no experiments were performed on humans or animals for
this study.
Confidentiality of data. The authors declare that they have followed the protocols of their work center on the publication of
patient data.
Right to privacy and informed consent. The authors declare that
no patient data appear in this article.
Conflicts of Interest
The authors declare they have no conflicts of interest.
Acknowledgment
We thank Dr. Carmen Navarro for her contribution to this study.
References
1. García-Estévez D, San Millán B, Navarro C, Sogo T. Miopatía por deficiencia de
mioadenilato desaminasa desencadenada por el tratamiento con atorvastatina.
Med Clin (Barc). 2013;140:565–7.
2. Leite A, Oliveira N, Rocha M. McArdle disease: a case report and review. Int Med
Case Rep J. 2012;5:1–4.
3. Lucia A, Nogales-Gadea G, Pérez M, Martín MA, Andreu AL, Arenas J. McArdle disease: what do neurologists need to know? Nat Clin Pract Neurol. 2008;4:568–77.
4. Brady S, Godfrey R, Scalco RS, Quinlivan RM. Emotionally-intense situations can
result in rhabdomyolysis in McArdle disease. BMJ Case Rep. 2014, http://dx.doi.
org/10.1136/bcr-2013-203272.
5. Lopez A, Banos I, Garcia-Estan J, Garcia B, Perez J, Salmeron P. Enfermedad de
McArdle: descripción de cuatro hermanos con déficit de miofosforilasa. An Med
Interna. 2001;18:136–8.
6. Di Mauro S. Muscle glycogenoses: an overview. Acta Myol. 2007;26:35–41.
7. Felice KJ, Schneebaum AB, Jones HR Jr. McArdle’s disease with late-onset symptoms: case report and review of the literature. J Neurol Neurosurg Psychiatry.
1992;55:407–8.
8. Nogales-Gadea G, Santalla A, Brull A, de Luna N, Lucia A, Pinós T. The
pathogenomics of McArdle disease – genes, enzymes, models, and therapeutic implications. J Inherit Metab Dis. 2014, http://dx.doi.org/10.1007/s10545014-9743-2.
9. Lucia A, Ruiz JR, Santalla A, Nogales-Gadea G, Rubio JC, García-Consuegra I,
et al. Genotypic and phenotypic features of McArdle disease: insights from the
Spanish national registry. J Neurol Neurosurg Psychiatry. 2012;83:322–8.
10. Andreu AL, Nogales-Gadea G, Cassandrini D, Arenas J, Bruno C. McArdle disease:
molecular genetic update. Acta Myol. 2007;26:53–7.
11. Andersen ST, Haller RG, Vissing J. Effect of oral sucrose shortly before exercise
on work capacity in McArdle disease. Arch Neurol. 2008;65:786–9.
12. Nadaj-Pakleza AA, Vincitorio CM, Laforêt P, Eymard B, Dion E, Teijeira S, et al.
Permanent muscle weakness in McArdle disease. Muscle Nerve. 2009;40:350–7.
13. Rodríguez López I, Lado Lado FL, Donado Budiño E, Lojo Rocamonde S, Pintos
Martínez E. Thoracic pain and sharp enzyme increase. Presentation form of Mc
Ardle’s disease. An Med Interna. 2002;19:269–70.
14. Sanjurjo E, Laguno M, Bedini JL, Miró O, Grau JM. Forearm ischemic exercise test.
Standardization and diagnostic value in the identification of McArdle disease.
Med Clin (Barc). 2004;29:761–6, 122.
15. De Kerviler E, Leroy-Willig A, Duboc D, Eymard B, Syrota A. MR quantification of muscle fatty replacement in McArdle’s disease. Magn Reson Imaging.
1996;14:1137–41.
16. Quinlivan R, Martinuzzi A, Schoser B. Pharmacological and nutritional treatment
for McArdle disease (Glycogen Storage Disease type V). Cochrane Database Syst
Rev. 2014, http://dx.doi.org/10.1002/14651858.CD003458.pub5.
17. Ollivier K, Hogrel JY, Gomez-Merino D, Romero NB, Laforêt P, Eymard B,
et al. Exercise tolerance and daily life in McArdle’s disease. Muscle Nerve.
2005;31:637–41.
18. Santalla A, Munguía-Izquierdo D, Brea-Alejo L, Pagola-Aldazábal I, Díez-Bermejo
J, Fleck SJ, et al. Feasibility of resistance training in adult McArdle patients: clinical outcomes and muscle strength and mass benefits. Front Aging Neurosci.
2014;6:334.

