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Neurological Outcome of Patients with Late-onset
Ornithine Transcarbamylase Deficiency
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The most common urea cycle disorder is ornithine transcarbamylase deficiency, More than 80 percent
of patients with symptomatic ornithine transcarbamylase deficiency are late-onset, which can present
various phenotypes from infancy to adulthood, With no regards to the severity of the disease, charac-
teristic fluctuating courses due to hyperammonemia may develop unexpectedly, and can be precipitated
by various metabolic stressors, Late-onset ornithine transcarbamylase deficiency is not merely related
to a type of genetic variation, but also to the complex relationship between genetic and environmental
factors that result in hyperammonemia; therefore, it is difficult to predict the prevalence of neurological
symptoms in late-onset ornithine transcarbamylase deficiency, Most common acute neurological manife-
stations include psychological changes, seizures, cerebral edema, and death; subacute neurological
manifestations include developmental delays, learning disabilities, intellectual disabilities, attention-deficit/
hyperactivity disorder, executive function deficits, and emotional and behavioral problems, This review
aims to increase awareness of late-onset ornithine transcarbamylase deficiency, allowing for an efficient
use of biochemical and genetic tests available for diagnosis, ultimately leading to earlier treatment of
patients,
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Introduction

The most common urea cycle disorder is orni-
thine transcarbamylase (OTC) deficiency?. Pre-

valence of OTC deficiency is estimated to be 1:
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14,000 live births?; with a bias towards earliest
and most severe presentation, with an increased
occurrence when late—onset (partial deficiency)
OTC deficiency is included. In a study conducted
on 260 individuals, all of which presented with
symptomatic OTC deficiency, 18% had the neo-
natal—onset disease, and 82% had the late—onset
disease®. OTC deficiency is the only urea cycle

disorder that is inherited in an X—linked manner®.
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OTC gene is encoded on the Xpll.4 and is ex-
pressed in the mitochondrial matrix of the small
intestine and liver, with major complications being
neurological®”. In males and females, OTC defici-
ency can occur as a late—onset disease and can
occur as a severe neonatal—onset disease only
in males. In the neonatal period, affected hemizy-
gous males typically present with severe hyper-
ammonemia encephalopathy that is often fatal de-
spite vigorous treatment. Hemizygous males and
heterozygous females with late—onset OTC defi-
ciency can present various phenotypes in infancy,
later childhood, adolescence, or adulthood. With
no regard to the severity of the disease, charac-
teristic fluctuating courses due to hyperammo-
nemia may develop unexpectedly and can be
precipitated by metabolic stressors such as infec-
tion, or protein consumption?. Patients often pre-
sent signs of acute and rapidly progressive ence-
phalopathy, including altered mentality, lethargy,
anorexia, vomiting, hyperventilation, hypothermia,
seizures, behavioral disturbances, and obtundation
at any age from infancy to adulthood. Besides en-
cephalopathy, developmental delay, learning disa-
bilities, intellectual disability, attention—deficit/
hyperactivity disorder, and executive function
deficits also may be presented. There is relatively

little information known about the long—term neu-
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rological and cognitive outcomes of ongoing OTC
deficiency. Boys with neonatal onset of the dis-
order perform poorly, with a deficient cognitive
outcome and a high frequency of neurological
complications”. Girls also presented a poor out-
come, with cognitive disability reported in 20—
40%?. Clinical cases in the literature were re-
viewed with intention of obtaining information on
neurological outcomes and management of patients

with late—onset OTC deficiency.

Pathophysiology of neurological complications

Ammonia is predominantly produced by the
skeletal muscle from amino acid catabolism, and
from absorption from the gut”. Fig. 1 summarizes
precipitating factors contributing to catabolism;
hyperammonemia due to OTC deficiency. After a
seemingly normal life, a triggering event such as
infection, fasting, pregnancy, childbirth, surgery,
trauma, chemotherapy, sodium valproate, carba-
mazepine, salicylates, haloperidol, systemic corti-
costeroids, or excess protein intake often results
in a sudden appearance of hyperammonemia®™'?.
Ammonia is taken up by hepatocytes, metabolized
in the urea cycle, and excreted. The rate—limiting
step in the urea cycle is carbamoyl phosphate

synthase!”. The product of this reaction, car-
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Fig. 1. Precipitating factors contributing to catabolism; hyperammonemia due to OTC deficiency.
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bamoyl/phosphate, reacts with OTC to transfer a
carbamoyl group to ornithine—producing citrulline.
Carbamoyl phosphate is excessively produced
during OTC deficiency, with some of this product
reacting with aspartate to generate orotic acid,
subsequently being excreted through urination.
A direct toxic effect on the neurotransmission
that is responsible for a portion of the neurolo-
gical symptomatology is a result of large amounts
of proteins being metabolized during the catabolic
phase, combined with the effects of ammonia ex-
ceeding the urea cycle capacity due to the lack
of OTC. Furthermore, the astrocytic glutamine
synthetase converts ammonia and glutamate into
glutamine, which in turn, acts as an osmolyte and
increases cerebral volume, leading to cerebral
edema, mental status changes, cerebral engage-

ment, and death'?.

Neurological manifestations

Late—onset OTC deficiency is not merely re-
lated to a type of genetic variation, but also to the
complex relationship between genetic and environ-
mental factors that result in hyperammonemia;
therefore, it is difficult to predict the prevalence
of neurological symptoms in late—onset OTC de-

1319 In a previous study reviewing 30

ficiency
reported cases of late—onset OTC deficiency from
1987 to 2016, the median age was 37 (age range:
13-67), 57% of individuals being women'”. The
most common acute neurological manifestations
included psychological changes, seizures, cerebral
edema, and death, with the overall mortality rate
being 30%"'". Subacute neurological manifestations
included developmental delays, learning disabi-
lities, intellectual disabilities, attention—deficit/hy-
peractivity disorder (ADHD), executive function

deficits, and emotional and behavioral problems'™

19 Intelligence scores are related with both peak
ammonia levels and with multiple hyperammo-
nemia episodes; therefore, it is difficult to dis-
tinguish the difference between the effects of

from hypoxia—ischemia
16-19)

metabolic alterations

derived, from the cerebral edema , seeing as
both are disease severity indicators. Internalizing
problems on the Child Behavior Checklist, such
as being withdrawn, depressed, and/or anxious,
or having somatic complaints, have also been
noted in late—onset OTC deficiency, including in
individuals who are "asymptomatic"™. With further
analysis, it has been revealed that even heterozy-
gous females who have never displayed bioche-
mical evidence of hyperammonemia, present with
mild cognitive impairments and deficits in execu-
tive function and miniscule motor tasks, despite
exhibiting normal IQ on neuropsychological tes-
ting. These deficits may only become apparent

when individuals are challenged cognitively?®2?,

Brain magnetic resonance imaging findings

Prolonged or frequent hyperammonemia crises
are associated with severe impairment of cogni-
tive function and parenchymal injury®?. Previously,
studies have shown that cortical lesions seen on
brain magnetic resonance imaging (MRI) of pa-
tients with hyperammonemia encephalopathy may
either: resolve completely?”, or result in mild
atrophy in the cingulate gyrus or insular cortex

24,25) .

after treatment ; thus indicating that early
changes are reversible, and suggests the idea that
early treatment minimizes, or completely prevents,
the neurologic sequelae. Consequently, brain
MRI findings may assist with earlier diagnosis of
the atypical late—onset OTC deficiency. There is
a definite connection between perisulcal lesions

and diminished cerebral perfusion in the setting
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of elevated intracranial pressure®. Pathologically,
symmetric cystic lesions at the gray matter—white
matter junction, especially in frontal, parietal, hip-
pocampal, and insular regions, are early lesions
in patients with hyperammonemia encephalopathy
2128 Previously, brain MRIs of late—onset OTC
deficiency with severe clinical manifestations de-
monstrated extensive infarct—like abnormalities
involving both cortex and white matter® ™", pre-
sumably due to ischemic lesions in the cerebral
intervascular boundary zones®**¥. In the other
study of seven patients with late—onset OTC de-
ficiency (aged 3—27 years), brain MRIs during
asymptomatic periods revealed white matter
lesions in two patients with an advanced clinical
stage; T1 and T2 lesions in the deep white matter
and posterolateral angle of the lateral ventricle
in one patient; small foci of T2 and T1 prolonga-
tion in the subcortical white matter in another®.
Brain MRI may present as normal in the early
stages of the disease, and progress in proportion
to the clinical stage; thus, in children, late—onset
OTC deficiency should be considered a differential

diagnosis of small foci in the white matter”.

Electroencephalogram

Based on clinical status, patients with late—
onset OTC deficiency may need to be monitored
with an electroencephalogram (EEG) for differen-
tial diagnosis of altered mental status or seizure
activity. The EEG in hyperammonemia patients
commonly shows a theta activity in the form of
mild or latent encephalopathy, with the appearance
of increasingly frequent delta waves as the se-
verity of the disease increases®*”. During a hy-
perammonemia coma, the EEG shows low voltage
with slow waves and may include a burst suppres-

sion pattern in which the duration of the interburst
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interval correlates with the height of the ammonia
levels®”. Seizures, which may only be detected
on an EEG, are common during hyperammonemia

and do not indicate a poor prognosis®”.

Conclusion

Late—onset OTC deficiency encompasses a
heterogeneous set of conditions. Even in asymp-
tomatic patients with late—onset OTC deficiency,
a hyperammonemia crisis can be precipitated by
stressors and potentially become a life—threa-
tening event at any stage of life, from infancy,
later childhood, adolescence, or adulthood®”. De-
layed diagnosis during the first episode of decom-
pensation may result in death, thus having high
suspicion is crucial®. Typical neuropsychological
manifestations include developmental delay, learning
disabilities, intellectual disabilities, ADHD; execu-
tive function deficits are present in any individuals
with late—onset OTC deficiency®”. Although af-
fected individuals differed between clinical forms
and correlated with lower ammonia levels, the
neurological outcomes do not correlate with am-
monia levels at diagnosis®. This review aims to
increase awareness of late—onset OTC deficiency,
allowing for efficient use of biochemical and
genetic tests available for diagnosis, ultimately

leading to earlier treatment of patients.
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