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CASE REPORT

Late onset ornithine transcarbamylase deficiency in a
61 year old male
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Abstract

Ornithine transcarbamylase (OTC) deficiency is the most frequent innate urea cycle disorder (UCD) and is the only one
with an X-linked inheritance. OTC deficiency leads to hyperammonemia and subsequent elevated cerebral pressure and
brain damage. Most often, UCDs are described as acute onset hyperammonemia in the newborn; however, rare, it can
present in adulthood. We present the case of a 61-year old Caucasian man with unexplained coma. He developed an acute
hyperammonemic encephalopathy leading to mental problems, seizures and coma. Despite the classical treatment with
hemodialysis and the administration of a combination of sodium phenylacetate and sodium benzoate, the patient
unfortunately died of cerebral herniation. Postmortem, genetic analysis confirmed the presence of a ¢.662G > A
(p-Ala208Thr) pathogenic mutation in the OTC gene in a hemizygous state. Synopsis: The association of neuropsychiatric
symptoms or encephalopathy of unknown origin should lead, even in the absence of liver disease and even in late
adulthood, to a high level of suspicion of hyperammonemia secondary to UCDs to ensure a timely diagnosis and
life-saving treatment. UCD, an inborn error of metabolism, can present itself at an advanced age; attenuated phenotypes
probably remain under-ascertained.
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1 Introduction

The urea cycle is the metabolic pathway that converts nitrogen, mostly in the form of ammonium (NH4+), from peripheral
(muscles) and enteral sources (protein ingestion) into urea that is water soluble and can be renally excreted . Urea
production out of almost all of the ammonia occurs mainly in the liver preventing the accumulation of ammonia in cells
and biological fluids .

Urea cycle disorders represent one of the most common groups of inborn errors of metabolism and are caused by a partial
or complete inactivity of one of the six enzymes, the two substrate transporters or cofactors in the pathway ™1, Of these,
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ornithine transcarbamoylase (OTC) deficiency is the most frequent innate, enzymatic deficiency of the urea cycle with an
estimated prevalence of 1:8.000 to 1:45.000 and is the only one transmitted as an X-linked trait. Clinically, the effects of
the deficiency are caused by the toxic accumulation of ammonia in the brain, which include lethargy, vomiting, behavioral
and neurological abnormalities but can cause in severe cases coma, brain edema and death (cerebral herniation) ™1,

We present the case of fatal hyperammonemia in a 61-year old Caucasion man with ornithine transcarbamoylase
deficiency. The patient developed mental problems, seizures, coma and he eventually died of cerebral herniation.

We conclude that urea cycle defects, as inborn errors of metabolism, can be clinically apparent at adult age and, if not
recognised, can be fatal. The association of neuropsychiatric findings or unexplained or nonresponsive, with hypera-
mmonemia, normal liver and kidney function needs a timely diagnosis and life-saving treatment of a urea cycle disorder.

2 Case report

A 61 year old Caucasian man was admitted to the psychiatric emergency ward because of acute onset of confusion and
psychotic behavior. The months preceding this hospitalization he had developed progressive symptoms of anhedonia
(exhaustion, loss of appetite), allegedly attributed to a theft in his shop a few months earlier. The general practitioner
treated this with ethylloflazepate 2 mg (Sanofi Aventis) and lormetazepam 1 mg (Pfizer). Of note, his relatives mentioned
a comparable episode of psychic distress 20 years before, at that time without clear diagnosis. His general practitioner and
family refer patient now because of impaired speech since less than an hour; he was also seen talking to himself and he had
urinated against a wall.

On day one at admission clinical evaluation was normal. Neurological status only revealed a slurred, inconsistent speech;
Glasgow Coma Scale was 13/15. Standard blood tests taken in the emergency ward were normal (liver tests, ionogram,
kidney function, infectious parameters, hematology, anion gap); urine sediment was normal, as was toxicology, but for the
presence of benzodiazepine. A brain CT scan was normal.

The patient was tentatively diagnosed with depression and was admitted to the psychiatry ward where sulpiride 50 mg
twice-daily and prazepam 5 mg three-times-daily were initiated. The next day no difference in neurological status was
seen; patient still suffered from a slurred, inconsistent speech. On day 3 after admission, his neurological status however
deteriorated rapidly, resulting in generalized seizures and coma. Electroencephalography was suggestive of encephala-
opathy, no epileptic signs were seen. Spinal fluid was normal. Abdominal ultrasound was normal. Biochemical analysis at
that point revealed a significantly increased ammonia levels (enzymatic method with glutamate dehydrogenase - Reagens
Roche Catlog Nr. 20766682 322 with a Roche Cobas Integra 400 plus machine) of 310 pg/dL (normal < 102 pg/dL, see
Figure 1), remarkably enough without any other sign of liver disease. Nevertheless, the patient was treated with lactulose
enema resulting in ammonia decrease to 216 pg/dL on the fourth day. Neurological status on that time showed a slight
improvement with less inconsistent speech and patient answered more appropiately.

On the fifth day, patient was referred to the ICU of our hospital, because of further progressive deterioration of the
neurological signs with evolution to comatose state and increasing ammonia levels (1023 pg/dL). Control imaging at
admission revealed diffuse cerebral edema. Intracranial pressure monitoring showed significantly increased pressure of
34 mmHg. At his time point ammonia was 1453 pg/dL.

An inborn error of metabolism of the urea cycle was suspected and chromatography of the plasma amino acids was
performed. Awaiting these results, the patient was treated with hemodiafiltration using a high-flux membrane
Elisio-21H ® (Nipro, Zaventem, Belgium) during 8 hours 45minutes. In addition, ammonia was scavenged by
administration of Ammonul ® (Ucyclyd Pharma, Scottsdale, USA), a combination of sodium phenylacetate and sodium
benzoate, which creates an alternative pathway to eliminate nitrogen precursors. In total 18.7 g Ammonul was
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administered in accordance with the dose suggested. These two interventions resulted in a swift decrease of ammonia to
152 pg/dL on sixth day (see Figure 1). A rebound hyperammonemia (1453 pg/dL) occurred 4 hours after dialysis was
stopped, which was treated with a new dialysis session. During this session there was an evolution to brain death due to
refractory and worsening cerebral edema. All therapy was discontinued and patient died on the seventh day.

Postmortem analysis of the chromatography of the plasma amino acids demonstrated increased levels of glutamine
(1533umol/L; reference range 250-850), methionine (80umol/L; reference range: 10-45) and lysine (813 pmol/L;
reference range: 50-280). In the urine massively increased concentrations of orotic acid were found, suggestive of
ornithine transcarbamylase (EC 2.1.3.3) (OTC) deficiency (MIM #311250). The diagnosis of OTC was confirmed
genetically: ¢.622G>A (p.Ala208Thr) in the OTC gene in a hemizygous state. This is a known pathogenic mutation, that
was described previously in a dutch pedigree with late-onset OTC deficiency [?. Mutation analysis in his relatives revealed
that his brother, his daughter and his grandson all carry the pathogenic mutation. At present they are all asymptomatic but
remain in follow up to prevent future hyperammonemic crises.
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Figure 1. Evolution of ammonia levels after admission. Red arrow indicates start of treatment with dialysis and Ammonul,
a preparation of sodium benzoate and sodium phenylacetate. A rapid drop of ammonia levels is observed.

3 Discussion

An atypical presentation, mostly due to a mutation causing a partial enzyme inactivity, has been described which is much
more difficult to diagnose as symptoms are nonspecific (hausea, sleeping disorders, psychiatric symptoms, vomiting) and
occur at older age %! As is illustrated by our case, valuable time can be lost in such cases due to these atypical presenting
symptoms and care should be taken to perform an extended biochemical evaluation including ammonia level
determination. If this level is found to be elevated in the absence of overt liver disease and if there is a normal anion gap,
this should trigger the differential diagnosis of UCD [, An increased anion gap indicates the presence of other inborn
errors of metabolism (i.e. organic acidaemia, fatty acid oxidation defects, ...) or liver failure.

In majority of the patients with an atypical presentation it is difficult to obtain a clear history. In the absence of a full
history (i.e. nutritional status), the threshold has to be kept low to determine an ammonium plasma level in patient with an
atypical psychiatric presentation.

Both drugs (Sulpiride and Prazepam) are not known to interact with the pathogenesis of hyperammonemia. It is however
well known that Valproate (anti-epileptic drug) can do this. This is why this was not administrated during the period of his
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epileptic seizures. These drugs can however also give psychiatric symptoms (i.e. psychoses, hallucinations, ...) especially
in elderly. Since these medications were started 2 months prior to the deterioration and that the patient deteriorated further
even after withdrawing these medications, it seems less likely that they are the main reason of this psychotic episode. It
seems more likely that the depressive period prior to the psychotic episode had an influence on his nutrition or protein
balance. We believe that this has provoked the psychotic episode and the further deterioration.

In most cases plasma amino acid profiles are readily available as are urine orotic acid concentrations to confirm the
diagnosis at short notice, some weeks before genetic confirmation. In any case, in doubt swift and adequate treatment is
necessary to prevent irreversible brain damage or refractory cerebral edema.

No definite data are available as to which treatment regimen is optimal for the treatment of hyperammonemic crises;
however Héberle et al. have suggested some treatment regimens (grade C-D evidence) depending on the ammonia
levels ). The first treatment option is the use of a combination therapy sodium phenylacetate and sodium benzoate,
creating an alternative pathway to eliminate nitrogen precursors . This can result in a significant and rapid decrease in
ammonia levels, hindering evolution to possibly lethal complications like cerebral edema. In the literature, the
supplementation of arginine is also recommended since it is an essential amino acid made through the ureum cycle. Due to
the enzymatic defect in OTC deficiency, arginine is not produced stimulating further proteinolysis and ammonia accumu-
lation.

If ammonia levels however are too elevated and overt clinical life-threatening symptoms are present, as in our case,
hemodialysis treatment should be performed to quickly eliminate the ammonia excess. It has been demonstrated that
ammonia elimination by hemodialysis is superior to peritoneal dialysis . In hemodialysis this removal is bloodflow,
dialysate flow and dialyser surface dependent. If these parameters are maximized, it has been demonstrated that more than
80% of the present ammonia can be eliminated. The use of a high flux membrane with a large convective flow might even
enhance this process . Care should be taken to the rebound phenomenon, shortly after dialysis stop. Dialysis does not
only lower the concentration of ammonia, but it also lowers the concentration of the administrated sodium phenylacetate
and sodium benzoate. Epuration treatment should be tapered slowly while monitoring ammonia levels.

4 Conclusion

Our case report illustrates that even at advanced age inborn errors of metabolism may become clinically apparent. It is
essential to keep thinking about these rare causes when making a differential diagnosis, as detecting them is pivotal both
for the patients’ treatment and for the further screening and early detection in his family.

UCDs are a specific subtype of inborn errors of metabolism presenting with non-specific symptoms at young age
including gastro-intestinal and neurologic manifestations (i.e. typical presentation). At advanced age, UCDs are more
difficult to diagnose because of attenuated phenotypes of which neuropsychiatric symptoms may be the only clinical signs
of a more systemic illness. Walterfang et al. listed the inborn errors of metabolism which may present neuropsychiatric
symptoms *4,

The association of neuropsychiatric symptoms or encephalopathy of unknown origin and hyperammonemia should lead,
even in the absence of liver and kidney disease, to a high level of suspicion of UCDs to ensure a timely diagnosis and
life-saving treatment. An inborn error of metabolism, even in male patients, can present at an advanced age. Especially
attenuated phenotypes are probably under-ascertained.
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