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Late-onset argininosuccinic aciduria in a 72-year-old man
presenting with fatal hyperammonemia
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Abstract

Argininosuccinate lyase deficiency (ASLD, MIM #207900) is an inherited urea

cycle disorder. There are mainly two clinical forms, an acute neonatal form

which manifests as life-threatening hyperammonemia, and a late-onset form

characterised by polymorphic neuro-cognitive or psychiatric presentation with tran-

sient hyperammonemia episodes. Here, we report a late-onset case of ASLD in a

72-year-old man carrying a homozygous pathogenic variant in the exon 16 of the

ASL gene, presenting for the first time with fatal hyperammonemic coma. This case

report shows the need to systematically carry out an ammonia assay when faced

with an unexplained coma.
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Synopsis
We report a late-onset case of ASLD in a 72-year-old man, carrying a homozy-
gous pathogenic variant of the ASL gene and presenting with for the first time
with fatal hyperammonemic coma.

1 | INTRODUCTION

Argininosuccinate lyase deficiency (ASLD, OMIM #207900),
also known as argininosuccinic aciduria (ASA), is an
autosomal recessive disorder first described in 1958.1 It is
the second most common urea cycle disorder, with a
prevalence of 1/70 000.2,3 Argininosuccinate lyase (ASL,
EC 4.3.2.1) is a cytosolic enzyme expressed in various tis-
sues, including the liver, kidney, brain, and fibroblasts.
In the liver, ASL catalyses the fourth step of the urea
cycle, enabling the conversion of argininosuccinic acid to
fumarate and arginine (Figure 1A). ASL deficiency is

responsible for an accumulation of argininosuccinic acid
in tissues and excretion of argininosuccinic acid in urine,
leading to argininosuccinic aciduria, and a reduction in
the synthesis of arginine. Arginine is a precursor for the
synthesis of urea and ornithine through the urea cycle
and is also an important substrate for many other mole-
cules, such as nitric oxide, polyamines, proline, gluta-
mate, and creatine.

The enzyme defect of this autosomal recessive disorder is
due to mutations in the ASL gene (OMIM *608310) located
in chromosome 7.4 More than 154 ASL pathogenic variants
have been reported (Human Gene Mutation Database),5,6
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the phenotypic severity being highly correlated with the
residual ASL activity.7

Various clinical presentations exist,8 but two forms
are predominant. The most frequent form is a severe neo-
natal onset presenting with acute hyperammonemic
encephalopathy and hyperglutaminemia during the first
days of life, leading to lethargy, drowsiness, refusal to
feed, vomiting, and tachypnea with secondary respiratory
alkalosis. The second clinical presentation is a more
insidious late-onset form characterised by transient epi-
sodes of hyperammonemia, triggered by stressors such as
infections, traumas, excessive protein intake, stress or
any other cause of increased protein catabolism,9 but also
intellectual disability, behavioural disorders, and learning
difficulties. Therefore, diagnostic wandering is often
observed in this form, delaying therapeutic care and
worsening the patient's prognosis. Other symptoms are
common to both forms and unrelated to the frequency or
duration of hyperammonemic crisis, such as neurologic fea-
tures (attention deficit, hyperactivity, developmental delay,
and learning disability), liver disease (hepatitis and cirrho-
sis), systemic arterial hypertension, and trichorrhexis

nodosa.10 The treatment is mainly based on a diet excluding
proteins of animal origin to reduce ammoniac production.

Neonatal forms have been widely described in the litera-
ture.9 Paediatric and young adult late-onset forms, more dif-
ficult to diagnose, have been less frequently reported.11,12

Very late-onset forms (50 years old and over) have been
rarely described.13 Here, we present one such very late-
onset case of ASLD diagnosed for the first time at 72 years
old, following a fatal hyperammonemic coma.

2 | CASE REPORT

The patient was a 72-year-old Caucasian male, born from
non-consanguineous parents and childless. He lived
alone at home, was under legal protection (curatorship)
and received weekly social assistance for disabled people.
He stopped his education in primary school. He spent his
entire professional career within ESAT (Institution and
assistance service for physically/mentally disabled people),
working in the maintenance of green spaces. He was not
known to follow a particular diet excluding animal proteins.

FIGURE 1 (A) Urea cycle.
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His medical history was an intellectual disability, issues
with interpersonal relationships, behavioural disorders and
type 2-diabetes treated with metformin. He had not under-
gone any hospitalisation until the end of 2019.

He was admitted to the emergency room in November
2019 for a fall followed by an extended period of around
12 h lying on the ground. Neurological examination was
normal. The patient was afebrile, with pronounced asthe-
nia, biological inflammatory syndrome (hyperleukocytosis,
thrombocytosis, elevated C-reactive protein 172 mg/L,
alpha-1 protein 6.3 g/L and alpha-2 protein 13.2 g/L
on serum protein electrophoresis), elevated transaminases
and slightly elevated AP and GGT (ALAT and ASAT =

3 N, GGT and AP < 2 N). On admission to the emergency
room, no disturbance of consciousness was noted during
the initial clinical examination, with a Glasgow score of
15. He was transferred to a general medicine department.
The trauma assessment of his fall did not reveal any
fracture. No infectious call points were found on chest
X-ray and urines. No glycemic imbalance was found in
this diabetic patient and a reduced carbohydrate diet with
a normal protein intake was put in place. The clinical con-
dition remained stable for a week, before the sudden onset
of a hypotonic coma with pyramidal signs (Glasgow Coma
Scale = 4), justifying a transfer to an intensive care unit.
Glycemia was normal (6.71 mmoL/L). A stroke was
suspected but not confirmed by CT scan, while additional
investigations (brain MRI, lumbar puncture) could not
explain the coma.

Hyperammonemic encephalopathy was then suspected
and confirmed by an ammonia assay performed 3 days
after coma-onset, showing a plasma concentration of
167 μmoL/L with a peak value of 1500 μmoL/L (normal
plasma level < 50 μmoL/L). The patient also presented
with persistent hyperlactatemia (peak value of 3.7 mmoL/
L). Shortly thereafter, multiple organ failure appeared with
acute renal failure (creatinine 149 μmoL/L, urea 9.25
mmoL/L) and hepatic cytolysis (ASAT 27 N/ALAT 18 N).
Ammonia was controlled by hemofiltration and a fasting
period relayed by a protein-free diet (1307 μmoL/L 1 day
after the start of hemofiltration, 140 μmoL/L 4 day later).
The clinical outcome was unfavourable. Brain death was
confirmed by cerebral CT angiography 2 weeks after coma
onset.

Metabolic investigation was performed in the days
following hospitalisation in the intensive care unit, as
soon as hyperammonia was detected. ASL deficiency was
suspected from the results of plasma amino acid profile
(chromatography of plasma amino acids), showing a high
level of argininosuccinic acid at 823 μmol/L (normal
plasma level: unrecordable). Citrulline concentration was
also elevated at 133 μmoL/L (normal plasma

level < 33 μmoL/L) as well as glutamine at 1206 μmoL/L
(normal plasma level < 670 μmoL/L), reflecting the sig-
nificant hyperammonemia. The urinary profile of amino
acid (chromatography of urinary amino acids) revealed
an elevation of the same analytes: increase excretion of
argininosuccinate at level of 7235 μmol/mmol of creati-
nine (normal urinary level: undetectable), of citrulline at
level at 30 μmol/mmol of creatinine (normal urinary
level: 4 μmol/mmol creatinine) and of glutamine at level
of 241 μmol/mmol of creatinine (normal urinary lev-
el < 36 μmol/mmol creatinine). Urine organic acid pro-
file showed an increase in orotic acid at 354 μmol/mmol
of creatinine. Orotic acid is a cytosolic metabolite highly
specific to urea cycle deficiency, synthesised from car-
bamoyl phosphate and accumulating into mitochondria
in ASLD.

The diagnosis of ASL deficiency was confirmed by
whole exome sequencing, revealing a homozygotic mis-
sense pathogenic variant in exon 16 of the ASL gene
(NM_001024944, c.1306C>T, p.R436W). This variant is
known to be pathogenic by Clinvar (https://www.ncbi.
nlm.nih.gov/clinvar/variation/660049/) and Uniprot
databases. It has previously been reported in a compound
heterozygous state in the literature but to our knowledge
never in a homozygous state. The allele frequency of the
variant in the gnomAD whole population database is
0.00002880, with most alleles (5) in European non-Finnish
individuals, two in African/African-Americans and one
in other populations (https://gnomad.broadinstitute.org/
variant/7-65557870-C-T?dataset=gnomad_r2_1).

3 | DISCUSSION

This case-report presents a very late-onset occurrence of
fatal hyperammonemia in a patient with ASLD. The
patient had previously shown symptoms, such as an
intellectual disability and a behavioural disorder fitting
with the ASLD clinical picture, but the initial diagnosis
of ASLD has been missed until this severe metabolic
decompensation because of the non-specificity of these
initial symptoms. The mental impairment and behav-
ioural disorder presented by the patient are typical symp-
toms of late-onset forms of ASLD.

The variability of ASLD clinical expression depends
on ASL residual activity.14 Therefore, frequency of hyper-
ammonemic crisis, ammonia levels and the patient's cog-
nitive profile vary according to this residual activity.14 The
best known and prevalent ASL variants are mostly missense
mutations, well correlated with neonatal-onset forms (p.
Arg12Gln, p.Ile100Thr, p.Val178Met, p.Arg186Trp, p.
Glu189Gly, p.Gln286Arg, and p.Arg385Cys).15 It appears
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probable that the most deleterious mutations (nonsense
mutations with premature stop codon or frame-shift muta-
tions), leading to a complete loss of enzymatic activity, are
correlated with these most severe neonatal onset forms.
Few studies have identified highly conserved regions
predicted to form ASL's active sites (Arg111, Ser112,
Arg113, Asn114, Val117, His160, Gln286 and Lys 288).15

Mutations near or within these domains of the protein may
cause more severe forms. Our patient's mutation is located
on the last exon (16). In the literature, 13 missense variants
have been reported within exon 16, three of which were
associated with severe forms of ASLD in the homozygous
state.15 The residue affected by the patient pathogenic vari-
ant was previously analysed in silico by molecular model-
ling using the human ASL protein, showing that it affects
the terminal alpha helix of the protein position, which is
important for dimerization.16 In addition, yeast used as a
model to measure ASL activity in vivo showed significant
residual activity and allowed to classify this variant as hypo-
morphic, thus explaining the unusual course of the disease
in this case.17

Hyperammonemia was probably caused by protein
hypercatabolism due to biological inflammatory syn-
drome associated with the continuation of a normal pro-
tein intake. The trigger factors of the decompensation on
top of the inflammatory syndrome were likely to be the
loss of appetite and poor calorie supply through IV infu-
sion. About half of patients with late-onset phenotype do
not present hyperammonaemia.18 Before 2019, there was
no documented hyperammonemia crisis in our patient.
However, chronic hyperammonemia cannot be excluded,
since it could explain the patient's intellectual deficiency,
which is the main manifestation of insidious primary
urea cycle disorder. Indeed, both chronic and acute
hyperammonemia are neurotoxic and could lead to intel-
lectual disability.19

Another hypothesis could explain his intellectual
impairment. In argininosuccinic aciduria, several works
have shown the existence of neurocognitive disorders
despite early initiation of therapy and even in the absence
of documented hyperammonemia.9 Plasma ammonia is
not the only toxic compound in ASLD, other neurotoxic
mechanisms could lead to mental disorders. ASLD causes
a lack of endogenous arginine. Therefore, this amino acid
becomes essential and dependent on exogenous intake.
NO is synthesised from arginine by NO synthase (NOS)
(Figure 1B). In ASLD, arginine deficiency cause NOS
uncoupling and NO deficiency20 but also the production
of reactive oxygen species (O2-, ONOO-) and nitrotyrosine, a
marker of neuronal oxidative/nitrosative stress. This phenom-
enon, shown by Baruteau and al in an ASL-deficient mouse,
is independent of hyperammonaemia.21 Argininosuccinic acid
is also neuropathogenic. It interacts with free radicals to form

guanidinosuccinic acid, a known cellular and neuronal toxin.
This could therefore explain the existence of neurocognitive
signs in the absence of hyperammonemia.22-24

The urinary excretion of orotic acid is markedly
increased in many inborn errors of the urea cycle, but typi-
cally, the orotic acid excretion is within the normal range in
ASLD. However, orotic aciduria could be observed in this
condition as shown in our patient.25 The impaired recycling
of ornithine may contribute to an increase of carbamoyl
phosphate leading to overproduction of orotic acid.

In this case, the finding of hyperammonemia was the
clue that led to a urea cycle defect being suspected. In
practice, every patient with unexplained intellectual dis-
ability or a coma of unknown aetiology should have their
plasma ammonia measured.
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