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CASE REPORT

Myoadenylate deaminase deficiency associated to a
liver cirrhosis: A possible cause of neurological
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Abstract
We report a clinical case of a 44-year-old Caucasian male presenting with decompensated HCV-related liver cirrhosis
and clinical symptoms involving the central nervous system, particularly muscular spasms and loss of consciousness.
Hepatic encephalopathy (HE) was ruled out on the basis of normal levels of ammonia and normal psychometric and
neurophysiological tools. A muscle biopsy revealed alterations consistent with homozygosity for myoadenylate
deaminase deficiency (MADD). We hypothesize that the liver failure is responsible for an excess of adenosine
monophosphate (AMP) which may exert an up-regulation in the expression of glutamine synthetase (GS) in astrocytes,
with the consequence of astrocyte swelling, which is one of the steps in the onset of cerebral edema.
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1 Introduction
Hepatic encephalopathy (HE) is a frequent complication and one of the most debilitating manifestations of liver disease,
severely affecting the lives of patients and their caregivers [1].
It is characterized by a wide spectrum of nonspecific neurological and psychiatric abnormalities. The diagnosis may be
difficult, especially in case of normal ammonia levels. In fact, finding normal ammonia levels in a confused, disorientated
or comatose cirrhotic patient should prompt immediate search for alternative causes of neuropsychiatric dysfunction [2].
The differential diagnosis includes several conditions including overt hepatic encephalopathy or acute confusional status
due to diabetes, alcohol, drugs, neuro-infections, electrolyte disorders, non-convulsive epilepsy, psychiatric disorders,
intracranial bleeding and stroke, dementia, brain lesions, and obstructive sleep apnea [1].
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Myoadenylate deaminase deficiency (MADD) is a recessive genetic metabolic disorder of skeletal muscle affecting
approximately 2% of the caucasian population [3, 4]. In the homozygous form, MADD is characterized by the absence of
any biochemical and histochemical adenosine monophosphate (AMP) deaminase activity [5]; there are different clinical
pictures ranging from asymptomatic to symptomatic patients with exercise-induced myalgia. It is unclear, however,
whether these individuals are at risk of developing complications. Moreover, no data are available on the association
between MADD and liver cirrhosis. We describe the neurologic symptoms resembling hepatic encephalopathy in a patient
with liver cirrhosis and homozygous for the AMPD gene mutation.

2 Case report
A 44-year-old Caucasian man was admitted in April 2007 to hospital for his first episode of slight ascites and lower-limb
edema. In his past history he underwent a maxillary surgery for removing a sinus cyst in 2002. At that time he was
diagnosed as having a chronic hepatitis C virus (HCV), genotype 3a with a viral load detectable at real-time PCR of 1.8 ×
105 IU/ml. He had no co-infection with HIV, and was positive for anti-hepatitis B surface and anti-hepatitis B core
antibodies. He had no history of drug use, and was a moderate drinker (1-2 units per day until 2002).
In June 2005 he underwent liver biopsy, which revealed a liver cirrhosis (grade 10, stage 6, according to Ishak’s scoring
system), and treatment with standard pegylated interferon alpha-2a (180 μg/week) plus ribavirin (1,200 mg/day) was
started thereafter. Antiviral therapy was discontinued after 45 days, due to marked anemia (hemoglobin ~6 g/dl) and
fatigue. Red blood count normalized after discontinuation of antiviral treatment, but fatigue worsened and the patient
developed nausea, anorexia, weight loss, and peripheral muscle spasms with a cranial-caudal progression. Neurological
symptoms (irritability, diffuse muscle spasms and loss of consciousness) developed; the patient gradually regained
consciousness within a few minutes, but the muscle pain persisted for 4-5 hours. Neurological examination showed
proximal and distal weakness in all limbs with no sensory loss. Deep tendon reflexes were normal, with a slight reduction
in the right Achilles tendon reflex.
Hemolysis and acute intermittent porphyria were ruled out on the basis of specific blood and urine tests. Magnetic nuclear
resonance of the brain, CT scan of the brain, electroencephalogram, and nerve conduction studies (EMG) suggested a
diagnosis of multifocal motor neuropathy. Abdomen ultrasound revealed ascites and signs of liver cirrhosis with no
evidence of hepatocellular carcinoma.
Laboratory tests showed: alanine aminotransferase, 62 U/L (upper normal limit [unl] 35 U/L); aspartate aminotransferase
125 U/L (unl 40); total bilirubin 6.54 mg/dl (normal range 0.2-1.2); alkaline phosphatase 239 U/L (unl 128); albumin
3.1 g/dl (normal range 3.5-5.5), prothrombin time 37.9 sec (normal range 24.6-36); white cell count 4,900/mm3 (normal
range 4,800-10,800); hemoglobin 12.2g/dL (normal range 13.5-18); and platelet count 125,000/mm3 (normal range
130,000 to 400,000); ammonia 136 μg/dl (normal range 25-94), creatine phosphokinase (CK) 96 U/L (normal range
10-80); cryocrit value > 5%. Further ammonia tests were always found within the normal range.
A skin cryoglobulinemic lesions were present peripherally: a palpable purpura and skin ulcers. A muscle biopsy showed
alterations consistent with MADD homozygosis, with absence of either perivascular inflammatory infiltrate and
perifascicular muscle fiber atrophy. A nerve biopsy showed a cryoglobulinemic neuropathy characterized by focal
perineurial thickening and inflammation with endoneurial microvessels exhibiting endothelial cell swelling, laminal
narrowing, and basal lamina reduplication.

3 Discussion
The interest in the present case report is the differential diagnosis of a hepatic encephalopathy in a patient with
decompensated cirrhosis. The described co-existence of MDD and liver cirrhosis is rather due to chance, as there is no
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common pathogenic mechanism linking the two conditions. In our patient the neurologic syndrome was not explained by
a typical encephalopathy, but was correlated with the association between liver disease and the MADD. Indeed, MADD
is considered a common cause of exercise-induced myopathy and is probably the most common cause of metabolic
myopathy in humans. Fishbein et al. [6] found 1%-2% of all muscle biopsies submitted for pathological examination
deficient in AMPD activity. Although the clinical relevance of MADD has recently been questioned, MADD is a clinically
heterogeneous metabolic disorder with a clinical spectrum that can range from no symptoms to mild exercise-induced
myalgia. MADD is also found in association with other distinct neuromuscular disorders, in which case it may be triggered
partly by pathological changes or act in synergy with another metabolic disease [7].
Biochemically, MADD coincides with an excess of AMP accumulating in the cell and being carried by the blood to the
liver to be metabolized, or to the kidneys to be excreted. Consequently, the deficiency causes two different effects: first of
all, significant amounts of AMP remain in the blood; secondly, ammonia may be not released when the glutamine
synthetase (GS) is up-regulated by an excess of AMP. It is should be hypothesized that in our patient, an excess of AMP
was transported via blood to the liver, where an impairment of liver function was present, due to cirrhosis. Thus, the
anomalous neurologic syndrome, resembling a HE, but with blood ammonia concentration only slightly abnormal, and
without the characteristic changes in psychometric tests and in EEG, can be correlated with the excess of AMP.
In HE ammonia enters the brain via diffusion from the blood or cerebrospinal fluid, and its removal relies almost entirely
on the GS localized mainly in the astrocytes [8]. The metabolism of ammonia to glutamine gives the glutamine an osmotic
effect and this leads to an osmotic disruption with astrocyte swelling and brain edema [9]. Since patients with cirrhosis
show signs of low-grade cerebral edema [10], we hypothesize that astrocyte swelling is due to the pathogenic action of
ammonia in HE syndrome [11]. Over the past 20 years, experimental studies have shown that GS expression is upregulated
by AMP in primary cultures of astrocytes from the brains of neonatal rats [12]. Although no corresponding data are
available for humans, we suggest that GS up-regulation can prompt an atypical neurological presentation of the HE
syndrome in individuals with MADD and a reduced hepatic functional reserve, as in our patient.
Another interesting aspect of the present case was the concomitant cryoglobulinemic neuropathy which was diagnosed by
the nerve biopsy. HCV chronically infects lymphocytes, specially B cells, triggering non neoplastic, oligoclonal B-cell
expansion, yielding cryoglobulins [13]. Cryoglobulinemic neuropathy is due to vasa nervorum inflammatory destruction,
which may feasibly have induced a muscle stress that led to the clinical expression of MADD with an excess production of
AMP [14].
In conclusion, precipitating factors are crucially important in the diagnosis and management of HE.
Although no corresponding data are available for humans, we suggest that GS up-regulation may trigger HE in individuals
with chronic liver disease associated with MADD. We hypothesize that MADD should be considered as a possible
condition associated in cirrhotic patients with normal levels of ammonia.
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