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Abstract

A 43-year-old man was referred by his general practitioner to the hepatology clinic with
deranged serum aminotransferases, discovered as part of routine blood tests. The objective
was to identify the cause of elevated serum aminotransferases in this patient in a systematic
manner. Thorough history and physical examination revealed a background history of rip-
pling muscle disease secondary to caveolin-3 protein deficiency, with typical clinical signs.
There was a positive family history of musculoskeletal disease in the patient’'s father and
brother. Previous diagnostic tests performed to investigate the patient's musculoskeletal
symptoms, including muscle biopsies, were revisited. Subsequent systematic investigations
such as blood tests, liver ultrasound scan and Fibroscan® were performed to exclude poten-
tial causes of the deranged serum aminotransferases. Liver biopsy was not performed. A
consistent pattern of chronic low-grade elevations of serum aminotransferases, less than
three times the upper limit of the normal range, was found. This was associated with a
consistently elevated serum creatine kinase and normal renal function tests. Previous muscle
biopsies had revealed chronic degenerative and regenerative changes suggestive of a focal
necrotizing myopathy. Liver ultrasound scan and Fibroscan® were normal. With exclusion of
other liver diseases and identification of profoundly elevated serum creatine kinase concen-
tration, the deranged aminotransferases were attributed to rippling muscle disease.
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Introduction

Deranged liver tests are a common reason for patients to be referred to hepatologists. A
systematic approach when further investigating such patients is important to ensure that
primary liver disease is excluded, rarer causes are not overlooked, and unnecessary invasive
investigations are avoided. This case illustrates that elevated serum aminotransferases may
be derived from tissues other than hepatocytes, such as skeletal muscle cells by using the
example of a rare muscle disorder, rippling muscle disease.

Case Report

Presentation

A 43-year-old male fitness trainer presented to the hepatology clinic after being referred
by his general practitioner with elevated serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels (2-3 times the upper limit of normal) over a period of
7 months. Bilirubin, gamma-glutamyl transpeptidase (GGT) and alkaline phosphatase (ALP)
were within normal range. On further questioning, the patient gave a history of rippling
muscle disease diagnosed when he was 9 years old. Subsequently, he had been lost to further
follow-up. There was no other relevant medical history. Specifically he had no history of al-
cohol abuse or dependency, no history of illicit drug use, no known history of hepatitis and
he was not on any regular medications. A detailed family history and research into previous
investigations performed on the patient and his family revealed that his father and elder
brother had been found to have elevated serum creatine kinase (CK) concentrations. Genetic
linkage analysis had pointed to caveolin-3 mutations in all of them.

On physical examination, there were no stigmata of chronic liver disease, and gastroin-
testinal, cardiovascular and respiratory examinations were unremarkable. Positive neuro-
muscular findings consistent with rippling muscle disease included a long-standing history
of activity-related fatigue of upper and lower limb muscle groups. He had obvious symmet-
rical wasting of pectoralis major muscles bilaterally (fig. 1). Characteristic muscle rippling
was demonstrated after minimal activity of proximal muscles in the upper limbs and lower
limbs bilaterally (online suppl. video clips 1 and 2; for all online suppl. material, see
www.karger.com/doi/10.1159/000351824). He demonstrated fatigue with repetitive con-
tractions of major skeletal muscle groups (online suppl. video clip 3).

Investigations

Full blood count examination and serum urea and electrolytes examination were nor-
mal. Full liver screen including a liver ultrasound, viral hepatitis, cytomegalovirus screen and
autoimmune screen were also normal. There was no evidence of haemochromatosis or
Wilson’s disease with normal iron studies, serum copper and caeruloplasmin. Thyroid func-
tion tests were normal. A Fibroscan® of the liver demonstrated median stiffness of 5.9 kPa
consistent with minimal or absent fibrosis.

Previous diagnostic studies including a gastrocnemius muscle biopsy when the patient
was 9 years of age showed predominance of type 1 fibres, with isolated fibres exhibiting
atrophy. There were also degenerative and regenerative changes, suggestive of mild focal
necrotising myopathy.

Blood tests over a 10-month period are shown in table 1. A consistent elevation of se-
rum aminotransferases and CK is demonstrated.
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Differential Diagnosis

ALT and AST catalyse the transfer of the alpha-amino groups of alanine and aspartate,
respectively, to the alpha-keto group of ketoglutarate. This results in the formation of pyru-
vate and oxaloacetate [1].

Various studies have analysed the clinical significance of asymptomatic deranged serum
aminotransferases [2, 3]. In a British study of patients where the diagnosis was not evident
with history, physical examination and non-invasive tests including ultrasound scans, the
most common diagnoses were found to be non-alcoholic fatty liver disease and alcoholic
liver disease [2]. In another prospective study where patients went on to have a liver biopsy,
steatosis and steatohepatitis were the most common diagnoses [3]. Results have tended to
vary depending on the prevalence of liver disease in the population groups studied and the
extent to which an underlying cause for these abnormalities was explored. For example, in a
study of American blood donors, a diagnosis could not be established in the majority of pa-
tients with incidental elevated ALT [4]. This was partly attributed to the limited investiga-
tions and diagnostic algorithm used in the study.

In the setting of elevated serum aminotransferases (less than five times the normal
range), the following investigative steps can be derived from the American Gastroenterologi-
cal Association recommendations [5, 6]: (1) Thorough history and physical examination.
(2) Identify medications and supplements that can cause derangement and discontinue
them. Assess for alcohol use, viral hepatitis B and C, haemochromatosis and fatty liver
disease. (3) Identify non-hepatic causes (primary muscle disease, hypo- and hyperthyroid-
ism, coeliac disease, adrenal insufficiency and anorexia nervosa). (4) Identify rarer liver con-
ditions such as autoimmune hepatitis, Wilson’s disease, alpha-1-antitrypsin deficiency and
adult bile ductopenia. (5) Proceed to a liver biopsy (patients with greater than two-fold
elevation in aminotransferases) or observe over a period of time (patients with less than
two-fold elevation in aminotransferases) before liver biopsy.

However, the decision to pursue specific investigations should be based on the pattern
of abnormality of liver tests, and be directed by features obtained from history, physical
examination and pre-test probability. In this case, elevated serum aminotransferases with a
normal serum GGT and ALP indicated a hepatocellular pattern of injury as opposed to cho-
lestasis. Non-invasive investigations performed on the patient did not reveal a hepatic cause,
but a detailed history raised the distinct possibility of a non-hepatic cause. The patient gave a
history of long-standing muscle fatigue since childhood and consistently exhibited typical
signs of rippling muscle disease, such as the rippling phenomenon. Serum aminotransferases
were elevated in conjunction with serum CK, which is a known marker of muscle injury.

Serum aminotransferase levels reflect the rate at which they enter and are cleared from
the circulation. They are catabolised by proteolysis in the reticulo-endothelial system and
are not excreted in significant amounts in urine and bile [7]. Hence, derangement is usually
related to damage to tissues rich in the aminotransferases, or to changes in cell membrane
permeability that permit leakage into the circulation [7].

Although hepatocytes contain the highest concentration of ALT and AST, it is well estab-
lished that they are also present in other tissues such as cardiac and skeletal muscle [1]. Be-
cause their isoenzymes are not tissue-specific, isoenzyme measurements of ALT and AST do
not aid in identifying the tissue of origin accurately [7]. In this clinical setting, chronic degen-
eration and regeneration of muscle fibres that were demonstrated in the patient’s muscle
biopsy causing leakage of these enzymes into the circulation explain the chronic low-grade
elevation of aminotransferases.
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Discussion

Caveolin-3 is a protein that forms flask-shaped invaginations called caveolae on the
cytoplasmic surface of the sarcolemma. It is composed of 151 amino acids and is synthesised
in the endoplasmic reticulum of muscle cells. Caveolae stabilise the sarcolemma and facil-
itate signal transduction and vesicular transport across it [8]. Caveolin-3 is encoded by the
CAV-3 gene, which is mapped on chromosome 3p25. Mutations in this gene result in under-
expression of the caveolin-3 protein [8, 9].

Four known skeletal muscle phenotypes have been attributed to the various caveolin-3
mutations identified to date [8]. They are: (1) Limb-girdle muscular dystrophy type 1C -
characterised by weakness and wasting restricted to the proximal limb-girdle musculature.
(2) Isolated hyperCKaemia - no clinical manifestations. (3) Rippling muscle disease - char-
acterised by signs such as percussion-induced rapid contractions and stretch-induced mus-
cle mounding or rippling. Other clinical features may include muscle fatigue, muscle stiff-
ness, tip-toe walking and myalgia [10]. (4) Distal myopathy - characterised by weakness
and wasting restricted to the distal limb musculature.

Muscle biopsies may show characteristic features such as muscle fibre degeneration and
regeneration, a predominance of type 1 fibres and fibre size variability. Elevated CK levels
have been noted in all four phenotypes [8].

Patients may exhibit significant overlap between these phenotypes, and some suggest
that they be seen as a clinical continuum [8, 11]. In our patient, the characteristic rippling
phenomenon demonstrated clinically, genetic linkage analyses and suggestive findings in the
muscle biopsy pointed to the diagnosis of rippling muscle disease. Immunohistochemistry
was not performed as he had been lost to follow-up in later years. However, it was noted that
the patient’s father and brother had elevated CK levels, but were relatively asymptomatic.
This illustrates the phenotypic variability amongst individuals with the same mutation, sug-
gesting incomplete penetrance.

To date, there are no case reports on deranged liver tests as a result of caveolin-3 defi-
ciency-related muscle disease, though there are reports of elevated aminotransferases in
other more common muscle diseases. For example, Tay et al. [12], in a case series analysis
study done in Singapore, showed that aminotransferases were elevated in all patients in
their cohort with biopsy-proven Duchenne or Becker’s muscular dystrophy and that their
levels were inversely proportional to their extent of mobility and age. This case adds to the
existing medical literature in highlighting a different muscle pathophysiology driving similar
laboratory results. Along with muscle degeneration, changes in the sarcolemmal architecture
secondary to caveolin-3 underexpression could also contribute to the chronic leakage of
aminotransferases into the circulation. This could be a subject for future research.

Caveolin-3 deficiency has been implicated in one case series of familial hypertrophic
cardiomyopathy [13] and some instances of arrhythmogenic long QT syndrome [8]. The cur-
rent consensus on caveolin-3-deficient muscle diseases is that patients need symptomatic
care with the aim to preserve muscle function. Regular monitoring of respiratory and cardiac
function is also recommended on a case by case basis [8].

It was explained to the patient that the cause of his deranged liver tests was in fact
chronic muscle disease. Given that it seemed to demonstrate an autosomal dominant pattern
of inheritance, he was referred to a clinical genetics specialist for genetic counselling and it
was suggested that his offspring be tested for caveolin-3 deficiency. The outcome of the
consultation and our recommendations were communicated to the patient’s general prac-
titioner.
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Table 1. Liver tests and serum CK between August 2011 and June 2012

Parameter (reference range) 30/08/2011 03/11/2011 20/12/2011 16/03/2012 28/06/2012
Bilirubin (4-20 pmol/1) 5 4 4 5 5
ALT (5-40U/1) 91 126 103 87 68
AST (10-40 U/1) 70 113 104 73 56
GGT (5-50 U/1) 17 16 19 22 18
ALP (35-110U/1) 46 51 52 54 54
Albumin (39-50 g/1) 45 45 44 45 40
Total protein (66-83 g/1) 76 73 75 77 71
CK (60-2201U/1) not done not done not done 3,564 3,738
Urea (2.5-8.5 mmol/l) 5.5 6.0 6.3 53 6.1
Creatinine (50-100 pmol/1) 62 65 67 60 63
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Fig. 1. Bilateral pectoralis major atrophy demonstrated in an individual with rippling muscle disease.
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