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McArdle disease: a “pediatric” disorder presenting in an adult
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Abstract Rhabdomyolysis is characterized by the acute
breakdown of skeletal muscle, resulting in the release of
muscle cell contents, subsequent myoglobinuria, and in severe
cases, acute renal failure. A number of etiologies have been
identified in acute rhabdomyolysis, in which drugs and trauma
account for the majority of cases. One etiological category that
is commonly overlooked in the adult population is an under-
lying genetic defect. This may be challenging to diagnose due
to its rarity in the adult demographic and the marked hetero-
geneity, often requiring a high level of clinical suspicion before
investigation is pursued. Once diagnosed, however, appro-
priate steps can be taken to reduce future episodes of rhab-
domyolysis, further renal injury, and other systemic
complications. Here, we report a case of an adult patient pre-
senting with acute rhabdomyolysis secondary to McArdle
disease, a genetic disease causing defective glycogenolysis.
The case highlights the importance of recognizing the potential
of undiagnosed “pediatric” disorders in adulthood and par-
ticularly for underlying genetic causes of thabdomyolysis.
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Introduction

The underlying etiology of acute rhabdomyolysis is broad.
Drugs and trauma account for up to 80% of cases in the
adult population [1, 2]. For the small percentage of rhab-
domyolysis due to genetic causes, most are diagnosed by
adolescence [3]. In this case report, we present an adult
patient with rhabdomyolysis secondary to McArdle dis-
ease, a genetic and neuromuscular disorder well recognized
in the pediatric population. The case highlights the
importance of gathering a careful history of symptoms
related to physical activity and recognizing the potential of
undiagnosed “pediatric” disorders presenting in adulthood.

Case report

A 43-year-old man presented with generalized myalgias. This
started 1 week prior to admission while vacationing in Mex-
ico, where he suffered a near drowning incident. A few hours
later, he began to experience diffuse muscle soreness and
several episodes of “tea” colored urine. He was seen by a
physician there, who told him that his “kidneys were failing.”
The patient returned to our institution 8 days after symptom
onset. Past medical history is significant for hypertension and
diabetes mellitus type II. There is no family history of similar
symptoms. His only home medication was metformin 500 mg
twice daily. With further questioning, the patient endorsed
daily synthetic marijuana use while on vacation.

Vitals were significant for known hypertension but
otherwise normal. Neurological examination was normal.
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Laboratory studies were notable for the following: sodium
133 mmol/L, potassium 6.5 mmol/L, chloride 99 mmol/L,
bicarbonate 7 mmol/L, BUN 219 mg/dL, creatinine
25.27 mg/dL, glucose 103 mg/dL, phosphorus 17.1 mg/
dL, uric acid 15.1 mg/dL, and creatinine kinase 4569 U/L.
Outside records revealed normal baseline BUN and crea-
tinine 5 months prior, and sparse records from Mexico
revealed a BUN of 342 mg/dL and creatinine of 32.3 mg/
dL 8 days prior. Urinalysis was as follows: specific gravity
1.011, pH 5.5, large blood, trace protein, and 0-3 red blood
cells. Urine drug screen was negative. A CT of the chest,
abdomen, and pelvis was negative for abnormalities
including malignancy. After emergent temporary
hemodialysis and aggressive intravenous volume repletion,
the patient showed signs of renal recovery with eventual
normalization of chemistries.

With further probing, the patient retrospectively recalled
a pattern of tea colored urine with preceding exercise. He
learned the limits of his physical activity from a young age
and was able to avoid such episodes throughout his life. His
urine myoglobin later returned at 972 ng/L (reference range
<28 ng/L). A muscle biopsy was pursued and demon-
strated a complete absence of the myophosphorylase
enzyme activity (Fig. 1). Genetic testing confirmed a
homozygous mutation of the PYGM gene.

Discussion
Metabolic myopathies comprise of a heterogenous group of

disorders, which are split into three broad categories:
glycogen storage diseases, fatty acid metabolism defects,
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Fig. 1 Left normal fiber pattern
in control sample. Right muscle
biopsy of the left quadriceps
from our patient stained for
phosphorylase showing a total
absence of activity. Left

figure adapted from Dubowitz
et al. [26]
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and mitochondrial disorders. Together, they span a variety
of clinical presentations, from infantile-onset multi-organ
involvement to adult-onset isolated myopathies. Still, they
remain a diagnostic challenge, because common to this
diverse collection of diseases is their shared syndromic
complaint of exercise intolerance and recurrent myo-
globinuria. Nonetheless, there are distinct clinical patterns
unique to each disorder, which becomes essential to rec-
ognize as they can guide diagnostic testing.

Our patient was diagnosed with myophosphorylase
deficiency, also known as McArdle disease, or Glycogen
Storage Disease (GSD) Type V. This is the most common
disorder of glycogen metabolism caused by a homozygous
mutation in the PYGM gene, leading to a partial or com-
plete absence of the myophosphorylase enzyme [4]. The
enzyme catalyzes the breakdown of muscle glycogen by
removing 1,4 glycosyl units from the glycogen molecule,
which liberates glucose-1-phosphate (Fig. 2). Its conver-
sion to glucose-6-phosphate then becomes a participant of
glycolysis. The enzyme deficit leads to a blockage of
glycolysis and subsequent muscle necrosis, resulting in
generalized myalgias, myoglobinuria, and, in some cases,
rhabdomyolysis with acute kidney injury (AKI). Muscle
complaints usually present from a young age, sometimes
mislabeled as “growing pains,” which can delay diagnosis
until adulthood. Symptoms are induced within minutes
following isometric muscle activity. This is in contrast with
symptoms of lipid metabolism disorders, which appear
after hours of prolonged exercise. The pathognomonic
feature of McArdle disease is the so-called “second wind”
phenomenon [5]. This denotes a sudden improvement in
exercise capacity after ingesting a glucose load prior to
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Fig. 2 Schematic representation of skeletal muscle glycogen meta-
bolism. The figure denotes the steps that are affected in various
glycogen storage diseases. GSD glycogen storage disease, UDP
uridine diphosphate. Adapted from Lucia et al. [6]

exercise. Conversely, the “out-of-wind” phenomenon
occurs when glucose intake preceding exercise exacerbates
muscle symptoms, indicative of another glycogen storage
disorder caused by the absence of glycolytic enzyme AB
phosphofructokinase (GSD Type VII). The two opposing
mechanisms are determined by the location of the enzyme
deficit, with the former representing enzyme blockage
upstream of glucose catabolism and the latter with block-
age downstream of the entry of glucose into glycolysis [6].
Thus, obtaining a history of a “second wind” is essential in
any patient presenting with exercise intolerance.
Disorders of fatty acid oxidation often present in infancy
with multi-organ involvement, but milder forms of the
condition present in adolescence with predominantly
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myopathic complaints. Carnitine palmitoyltransferase II
(CPT II) deficiency is the most common lipid metabolism
disorder, and symptoms primarily affect skeletal muscle,
presenting as myalgias associated with myoglobinuria.
However, these symptoms are not only provoked by pro-
longed exercise, but also infections, fasting, emotional
stress, drugs, alcohol, and cold exposure or heat exposure
[7]. The CK level is usually normal outside of episodes of
muscle injury, compared to the elevated baseline CK level
in McArdle disease (mean 2000-3000 U/L). Since a mus-
cle biopsy in CPT II deficiency is often normal, a fasting
blood acylcarnitine profile is the first-line investigation.
The diagnosis is confirmed by a combination of enzyme
assays and genetic testing [8]. Sometimes, symptoms and
muscle biopsies are inadequate in discriminating between
the different lipid metabolism disorders. Very long-chain
acyl-coA deficiency (VLCAD), for example, has a similar
presentation to CPT II deficiency. In both diseases,
symptoms are induced by the same provocation factors.
The diagnosis of VLCAD is made by blood acyl carnitines
by tandem mass spectrometry, showing an abnormal long-
chain acyl carnitine with tetradecenoylcarnitine (Cy4.1) as
the predominant species [9].

In comparison to the previous categories, mitochondrial
disorders classically occur within a constellation of
symptoms. Mitochondrial diseases may be inherited
maternally or via autosomal dominant, autosomal reces-
sive, or X-linked fashions. They are clinically heteroge-
neous, can affect any organ system at any age, and are
typically progressive. Symptoms often involve the central
nervous and cardiovascular systems. Kearns—Sayre syn-
drome, for example, is defined by the classical triad of age
of onset before 20, extraocular muscle weakness, and
pigmentary retinopathy, plus one of the following: ataxia,
protein level greater than 100 mg/dL in cerebrospinal fluid,
or cardiac conduction abnormalities [10]. Mitochondrial
disease can be investigated either molecularly by gene
panel or whole-exome sequencing, or by pathologic find-
ings on muscle biopsy of abnormal respiratory chain
function or the presence of ragged red fibers. However, a
normal biopsy may not definitely rule out a mitochondrial
disorder. A variety of metabolites on urine or plasma
amino acids can suggest mitochondrial dysfunction, and
generalized aminoaciduria can support mitochondrial
tubular dysfunction [11].

Other possibilities were considered for our patient prior
to the muscle biopsy and genetic confirmation. His CK
level on admission to our center was not significantly
elevated to the degree which one would expect with
rhabdomyolysis, as the frequency of AKI in rhabdomyol-
ysis is usually low when CK values are less than
15,000-20,000 U/L [12]. It is likely that his rhabdomyol-
ysis was already improving along with his AKI based on
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the records obtained from Mexico. CK levels typically
peak at 24-36 h after the inciting event and then decreases
back to baseline at a rate of 40% per day [13]. Presuming
that the patient was already recovering from the drowning
incident 8 days prior, his presenting CK level would have
been consistent with the rate of downward trend.
Nonetheless, the prospect of drug-induced AKI and rhab-
domyolysis was entertained given his metformin and syn-
thetic marijuana use. However, evidence for either drug as
a cause for acute rhabdomyolysis is only limited to case
reports. One case described the association of metformin to
rhabdomyolysis in the context of a combined overdose of
metformin, ramipril, and alcohol [14]. Another described
its association during the concomitant use with an
antipsychotic drug [15]. To our knowledge, there have
been no reports in the literature describing a direct link
between metformin and rhabdomyolysis, although there
have been case reports connecting other antidiabetic agents
to rhabdomyolysis, such as sitagliptin, rosiglitazone,
pioglitazone, and troglitazone [16—19]. In all of the cases,
the described association has occurred in patients who were
also taking other medications in addition to the antidiabetic
agent of interest, including ones notoriously known to
cause rhabdomyolysis, such as statins and fibrates. This
observation led some authors to speculate that the high
doses of antidiabetic medications had contributed to a
decreased renal function, thereby precipitating rhabdomy-
olysis by increasing circulating levels of the statin or
fibrate. In one study involving over 125,000 patients, those
who had used antidiabetic medications did not experience
an increased risk of a myopathic event compared to those
who had not [20]. The overarching theme appears to be that
rhabdomyolysis is more likely to occur as a consequence of
drug—drug interactions and toxicities that accumulate as a
result, rather than direct insult by an antidiabetic agent
alone.

Synthetic cannabinoids are a blend of herbal and
chemical compounds that imitate the effects of marijuana.
They are becoming more popular due to the high potency
that is achieved when smoked but also to their difficulty in
being detected in a urine drug screen [21]. There have been
several reports connecting synthetic marijuana to AKI in
the form of acute tubular necrosis [22] and/or rhabdomy-
olysis [23-25]. It is also possible that the synthetic
cannabinoids acted as a “second hit” for his genetic dis-
ease to manifest clinically. A renal biopsy was considered
given the several possibilities mentioned above. This was
not pursued, because differentiating rhabdomyolysis from
acute tubular necrosis was not clinically necessary as it
would have not have changed management. Moreover, his
kidney function was already showing improvement by the
time that a renal biopsy was considered. Ultimately, his
presentation and clinical history led us to obtain the muscle

biopsy and confirm the underlying diagnosis of McArdle
disease.

In conclusion, this case serves as a reminder of the
potential for undiagnosed “pediatric” diseases in adulthood.
The careful collection of an exercise history was a clinical
key for an eventual diagnosis of an inherited myopathy.
Although treatment for McArdle disease at this time is
supportive, patient education about diet, exercise, and
avoiding drugs of abuse is important. Adequate hydration,
carbohydrate intake before exercise, appropriate exercise
instruction that includes gradual warm-up, use of the second
wind phenomenon, and avoidance of certain types of activity
such as sprinting and isometric exercise can help to prevent
future episodes of rhabdomyolysis and kidney injury.
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