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The urea cycle consists of six consecutive enzymatic reactions that 
convert waste nitrogen into urea. Deficiencies of any of these enzymes 
of the cycle result in urea cycle disorders (UCDs), a group of inborn 
errors of hepatic metabolism that often result in life-threatening 
hyperammonemia. Argininosuccinate lyase (ASL) catalyzes the 
fourth reaction in this cycle, resulting in the breakdown of arginino-
succinic acid to arginine and fumarate. ASL deficiency (ASLD) is the 
second most common UCD, with a prevalence of ~1 in 70,000 live 
births. ASLD can manifest as either a severe neonatal-onset form 
with hyperammonemia within the first few days after birth or as a 
late-onset form with episodic hyperammonemia and/or long-term 
complications that include liver dysfunction, neurocognitive deficits, 
and hypertension. These long-term complications can occur in the 
absence of hyperammonemic episodes, implying that ASL has func-
tions outside of its role in ureagenesis and the tissue-specific lack of 
ASL may be responsible for these manifestations. The biochemical 
diagnosis of ASLD is typically established with elevation of plasma 

citrulline together with elevated argininosuccinic acid in the plasma 
or urine. Molecular genetic testing of ASL and assay of ASL enzyme 
activity are helpful when the biochemical findings are equivocal. 
However, there is no correlation between the genotype or enzyme 
activity and clinical outcome. Treatment of acute metabolic decom-
pensations with hyperammonemia involves discontinuing oral pro-
tein intake, supplementing oral intake with intravenous lipids and/
or glucose, and use of intravenous arginine and nitrogen-scavenging 
therapy. Dietary restriction of protein and dietary supplementation 
with arginine are the mainstays in long-term management. Ortho-
topic liver transplantation (OLT) is best considered only in patients 
with recurrent hyperammonemia or metabolic decompensations 
resistant to conventional medical therapy.
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 hyperammonemia within the first few days of life. Newborns 
typically appear healthy for the first 24 h but within the next 
few days develop vomiting, lethargy, hypothermia and refuse to 
accept feeds.3 Tachypnea and respiratory alkalosis are the early 
findings that suggest hyperammonemia. A failure to recognize 
and treat the defect in ureagenesis leads to worsening lethargy, 
seizures, coma, and death. The findings of hepatomegaly and 
trichorrhexis nodosa (coarse and friable hair) at this early stage 
are the only clinical findings that may suggest the diagnosis of 
ASLD.3

Late-onset form
The manifestations of the late-onset form range from episodic 
hyperammonemia (triggered by acute infection or stress or by 
noncompliance with dietary restrictions and/or medication) to 
cognitive impairment, behavioral abnormalities, and/or learn-
ing disabilities in the absence of any documented episodes of 
hyperammonemia.3

Long-term complications
Although manifestations secondary to hyperammonemia are 
common to all UCDs, many individuals with ASLD present 
with a more complex and unique clinical phenotype. There 
are increased incidences of (i) neurocognitive deficiencies, 
(ii) hepatic disease, and (iii) systemic hypertension in patients 
with ASLD. These manifestations appear to be unrelated to the 
severity or duration of the hyperammonemic episodes.6–8

introduction
The urea cycle (Figure 1) has two main functions: the detoxi-
fication of waste nitrogen into excretable urea and the de novo 
biosynthesis of arginine.1 Deficiencies of any of these enzymes 
of the cycle result in urea cycle disorders (UCDs), a group of 
inborn errors of hepatic metabolism that often result in life-
threatening hyperammonemia. The overall prevalence of UCDs 
is estimated to be 1 in 8,200 in the United States.2

The deficiency of the enzyme argininosuccinate lyase (ASL; 
MIM 608310), an enzyme that cleaves argininosuccinate to 
fumarate and arginine, results in an inborn error of ureagenesis 
termed argininosuccinic aciduria (OMIM 207900). ASL defi-
ciency (ASLD) has an estimated prevalence of 1 in 70,000 live 
births,3 making it the second most common UCD.4 The first 
documented case of this condition was in 1958, when it was 
described as “a disease, probably hereditary, characterized by 
severe mental deficiency and a constant gross abnormality of 
amino acid metabolism.”5

cLinicAL cHArActeristics
The clinical presentation of ASLD is variable. The two most 

common forms are the severe neonatal-onset form and the late-
onset form.

severe neonatal-onset form
The clinical presentation of the severe neonatal-onset form 
is identical to that of other UCDs and is characterized by 
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by the liver) may have potential benefits, but this has not yet 
been proven.

Hypertension
Recently, it was noted that hypertension is overrepresented in 
persons with ASLD.12 Usually no secondary causes of hyperten-
sion are detected, suggesting that this finding is related to ASLD.

electrolyte imbalances
Some individuals develop electrolyte imbalances such as hypo-
kalemia (unpublished data). Hypokalemia is observed even in 
individuals who are not treated with sodium phenylbutyrate. 
The etiology is unclear; however, increased renal wasting has 
been suggested.

other manifestations
Trichorrhexis nodosa is characterized by nodular swellings of 
the hair shaft accompanied by frayed fibers and loss of cuticle. 
About half of individuals with ASLD have an abnormality of 
the hair that manifests as dull, brittle hair surrounded by areas 
of partial alopecia13 as either an early or late manifestation. Nor-
mal hair contains 10.5% arginine by weight; hair that is deficient 
in arginine as a result of ASLD is weak and tends to break.

BiocHemicAL cHArActeristics
Elevated plasma ammonia with respiratory alkalosis is the clas-
sical finding observed during periods of metabolic decompen-
sations. Plasma amino acid analyses typically reveal elevated 
citrulline levels in the range of 100–300 μmol/l.3 The accumula-
tion of argininosuccinic acid (and its anhydrides), the substrate 
upstream of the metabolic block is the biochemical hallmark 
of ASLD. The typical levels observed in ASLD patients range 
between 50 and 110 μmol/l in the plasma and >10,000 μmol/g 
of creatinine in the urine.8 Elevations of alanine, glutamine, and 
glycine, which imply deficiency of nitrogen disposal by conver-
sion to urea, are also commonly observed in the plasma amino 
acid profile. Although typically the orotic acid excretion is in the 
normal ranges, orotic aciduria may be observed in ASLD.14,15 
The impaired recycling of ornithine seems to contribute to the 
increase in carbamoyl phosphate that leads to overproduction 
of orotic acid.14

moLecuLAr cHArActeristics
normal allelic variants
The human ASL gene cloned in 1986 is located on chromosome 
7q11.21.16 ASL consists of 17 exons with the first exon encod-
ing for the 5′-untranslated region.17 A pseudogene Ψ ASL2 
was recently mapped to a region ~3 Mb upstream of ASL. The 
pseudogene includes intron 2, exon 3, and part of intron 3 of 
ASL.17 The ASL gene has now been identified in a variety of spe-
cies, including bacteria, Saccharomyces, algae, amphibia, rats, 
and humans.18 In humans, the protein is expressed predomi-
nantly in the liver but is also expressed in most other tissues, 
such as fibroblasts, kidney, heart, brain, muscle, pancreas, and 
red blood cells.

neurocognitive deficiencies
In a cross-sectional study of individuals with UCDs, it was 
observed that patients with ASLD had a significant increase 
in disabilities and neurologic abnormalities as compared 
with persons with ornithine transcarbamylase deficiency.4 
Individuals with ASLD also had an increased incidence of 
attention deficit hyperactivity disorder, developmental dis-
ability (intellectual disability, behavioral abnormalities, 
and/or learning disability), and seizures compared to those 
diagnosed with other UCDs.4 In recent long-term  outcome 
studies in individuals with ASLD, intellectual disability, 
developmental delay, seizures, and abnormal electroen-
cephalograms were noted even in those without metabolic 
 decompensations.8,9

However, it is to be noted that, although the neurocognitive 
deficits are more common in ASLD than in other UCDs, they 
are not universally present.

Hepatic disease
Liver disease in individuals with ASLD also appears to be 
independent of the defect in ureagenesis. Hepatic involve-
ment ranges from hepatomegaly to elevations of liver 
enzymes to severe liver fibrosis.4,7,10,11 Liver involvement has 
been noted even in individuals treated with protein restric-
tion and arginine supplementation who had not experienced 
significant hyperammonemia.7,9 At present, no biochemi-
cal or molecular features help predict liver dysfunction in 
 patients with ASLD. Given the potential direct toxicity of 
argininosuccinic acid on hepatocytes, lowering the argini-
nosuccinate levels in plasma (a reflection of its production 
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Figure 1 the urea cycle. The urea cycle consists of a series of steps catalyzed 
by enzymes (depicted in green boxes), which convert nitrogen from ammonia 
and aspartate into urea. aSLD leads to the accumulation of argininosuccinate 
upstream of the block as well as deficiency of arginine downstream of the 
block. aRg, arginase 1; aSL, argininosuccinate lyase; aSS, argininosuccinate 
synthase; CPS1, carbamoyl phosphate synthase 1; Nag, N-acetylglutamate; 
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ornithine transcarbamylase. Reproduced with permission from publishers  
John Wiley and Sons.



503Genetics in medicine  |  Volume 14  |  Number 5  |  May 2012

Argininosuccinate lyase deficiency  |  NagaMaNi et al   genetest review

breakdown of proteins and synthesis from citrulline.26 In healthy 
adults, the level of endogenous synthesis (which is depen-
dent on ASL) is sufficient to meet the arginine requirements 
of the body, thus making arginine a nonessential amino acid. 
However, in situations of catabolic stress or renal or  intestinal 
 dysfunction, endogenous arginine production is not commen-
surate with metabolic requirements and the body is dependent 
on exogenous sources.

The arginine generated in the liver, the major site of argin-
ine metabolism, is converted to urea and ornithine. Thus, the 
liver does not contribute to the circulating pool of arginine. 
Approximately 60% of net synthesis of arginine in adult mam-
mals occurs in the kidney, where citrulline is extracted from the 
blood and  converted to arginine by the action of the enzymes 
ASS and ASL, located in the proximal tubules.27 However, many 
other tissues and cell types also contain both these enzymes 
for generating arginine from citrulline.28 In ASLD, arginine 
becomes an essential amino acid because all the cells and tis-
sues are deficient in the ASL enzyme.

Arginine is the precursor for synthesis of many biologi-
cally important compounds including urea, nitric oxide 
(NO), polyamines, proline, glutamate, creatine, and agmatine 
( Figure 2). With deficiency of ASL and the resulting deficiency 
of arginine, one could hypothesize that there would also be 
deficiency of NO and other metabolites for which it is a precur-
sor. However, ASLD patients are supplemented with arginine 
and hence, theoretically, should not be deficient in its metab-
olites. The “arginine paradox” describes the observation that, 
despite apparently saturating intracellular levels of arginine, 

normal gene product
ASL complementary DNA encodes a deduced protein of 464 
amino acids with a predicted molecular mass of 52 kD. The 
active enzyme is a homotetramer of four identical subunits 
with a molecular mass of 208 kD, with four active sites in each 
tetramer.19 In addition to its role in ureagenesis, ASL is the only 
enzyme in the body that is capable of generating arginine. The 
expression pattern in a wide variety of tissues is likely intended 
to meet the need for arginine synthesis in these tissues.

ASL belongs to a superfamily of enzymes that have homolo-
gous motifs and catalyze similar cleavages with the release of 
fumarate as one of the products. Of all the enzymes in this fam-
ily, ASL is most closely related to δ-crystallin, a protein found in 
abundance in the lens of birds and reptiles.20–22

Abnormal allelic variants
ASLD is caused by many heterogeneous mutations in the ASL 
gene. The enzymatic activity of ASL requires the assembly of 
four ASL monomers to form a homotetramer. Hence, the phe-
notypic consequences of a specific mutation are dependent on 
the mutation on the other allele and their ability to comple-
ment each other. The pathogenic mutations include nonsense 
and missense point mutations, insertions, deletions, and those 
affecting messenger RNA splicing. Mutations are scattered 
throughout the gene; however, exons 4, 5, and 7 appear to be 
mutational hotspots.17,23 Although most of the pathogenic alter-
ations are “private mutations” in the families, there are three 
mutations with a founder effect.
•	 The	c.1153C>T	variant,	the	founder	mutation	in	the	Finn-

ish population, is associated with residual ASL enzyme 
activity as measured by the incorporation of [14C] citrulline 
into proteins.24

•	 Two	founder	mutations	are	present	in	people	of	Arab	ances-
try from the Kingdom of Saudi Arabia: the c.1060C>T 
change that results in a premature stop codon is responsible 
for ~50% of the ASL mutations in this population;25 the 
other, c.346C>T, is common, but the proportion of indi-
viduals with this mutation is not known.

Abnormal gene product
Mutations in ASL lead to enzyme with reduced or no catalytic 
activity.

moLecuLAr PAtHoGenesis
It is unlikely that elevated plasma ammonia is the only toxic com-
pound in ASLD. The neurocognitive deficiencies can be observed 
even in the absence of hyperammonemia and liver dysfunction 
and hypertension occur seem unrelated to metabolic decompen-
sations.8,9,12 These support the hypothesis that the phenotype in 
ASLD is likely due to a combination of the increase in arginino-
succinic acid that is upstream of the block along with decreased 
endogenous synthesis of arginine that parsimoniously may lead 
to a decrease in arginine metabolites in various tissues.

Arginine is a semi-essential amino acid. The sources of argi-
nine are exogenous from the diet and endogenous from the 

Figure 2 metabolic fates of arginine. arginine is derived from dietary 
sources, protein catabolism, and endogenous synthesis. The citrulline–NO 
cycle (green) is responsible for the regeneration of arginine in various tissues. 
arginine serves as the precursor for many biologically important molecules; 
a decrease in arginine may result in decreased production of compounds 
for which it serves as a precursor. aDC, arginine decarboxylase; arg1, 
arginase 1; aSa, argininosuccinic acid; aSL, argininosuccinate lyase; aSS, 
argininosuccinate synthase; gaBa, γ-amino butyric acid; gaTM, glycine 
amidinotransferase; NO, nitric oxide; NOS, NO synthase; OTC, ornithine 
transcarbamylase. Reproduced with permission from publishers John Wiley 
and Sons.
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Sequence analysis. Sequence analysis of the coding region of 
ASL detects mutations in about 90% of the individuals with 
clinical and biochemical diagnosis of ASLD.

Deletion/duplication analysis. Although array comparative 
genomic hybridization–based assays have recently become 
available to detect deletions or duplications of ASL, no data are 
available on the frequency of these rearrangements in ASLD.

Targeted mutation analysis. The ASL c.1153C>T variant 
accounts	for	~60%	of	mutations	in	the	Finnish	population	and	
is	offered	on	a	clinical	basis	in	Finland.38

enzymatic activity testing
ASL enzyme activity can be measured in cell homogenates from 
a flash-frozen liver biopsy or, more conveniently, from skin 
fibroblasts or red blood cells by one of two methods:
•	 Forward	reaction:	addition	of	the	substrate	argininosucci-

nate followed by fluorometric measurement of the product 
fumarate.24

•	 Reverse	 reaction:	 addition	 of	 the	 substrates	 14C fumarate 
and unlabeled arginine followed by the assay of the product 
14C argininosuccinate.

Because the residual in vitro ASL enzyme activity as mea-
sured by these direct methods does not seem to correlate 
with the clinical severity, alternative indirect assays have been 
 evaluated.8

The citrulline incorporation test is an indirect in vivo method 
of assessing the ASL activity in fibroblast cell cultures. Incorpo-
ration of 14C from l-[ureido-14C]citrulline and 3H from l-[3,4,5-
3H(N)]-leucine into acid-precipitable material has been shown 
in at least one longitudinal study to be more sensitive in detect-
ing residual ASL enzyme activity than the direct ASL enzyme 
activity assay performed on cell lysates. Hence, this assay is 
reported to have better correlation with the phenotype.8 How-
ever, because the citrulline incorporation test involves a skin 
biopsy and the differences in results of this test compared with 
the results of the direct ASL enzyme assay were not significant, 
it is debatable as to whether this test is of value in determining 
the prognosis in a given individual with ASLD.

Prenatal diagnosis
If the mutations in the ASL gene are known, prenatal diagnosis 
can be performed by mutation analysis on either chorionic vil-
lous tissue or the amniocytes.39 Elevated levels of argininosuc-
cinic acid in the amniotic fluid can also reliably detect affected 
fetuses.40–42 Analysis of the enzyme activity by either direct 
methods from chorionic villus tissue or amniocytes or indirect 
methods such as 14C-citrulline incorporation in uncultured 
chorionic villus samples have been successfully performed.24,43 
Because of the limited amount of data available on the enzy-
matic analysis and argininosuccinic acid levels in the amniotic 
fluid, the sensitivity of these tests is not known. Moreover, the 
enzyme assays are available at only few specialized laboratories, 
precluding their use in clinical settings.

 exogenously administered l-arginine is able to increase NO 
production. This important paradox suggests that l-arginine 
availability at the site of NO production may be the limiting 
factor.29,30 Thus, it has been hypothesized that compartmental-
ization and intracellular metabolite channeling underlie the 
arginine paradox that distinguishes the extracellular from the 
intracellular pools of arginine.

A hypomorphic mouse model of ASL deficiency demonstrates 
multiorgan dysfunction, including hypertension consistent with 
systemic NO deficiency.31 The mice have decreased NO produc-
tion as evidenced by a significant decrease in  S-nitrosylation 
and/or nitrite in heart and other tissues. Corroboratively, NO 
production in patients with ASLD is lower than in those with 
ornithine transcarbamylase or argininosuccinate synthase  
deficiency.31,32 Dynamic measurements of metabolite fluxes 
using stable isotopes in ASL-deficient patients as well as in an 
argininosuccinic acid mouse model reveal decreased NO flux.31 
We have recently shown that there is a structural requirement 
of ASL for channeling of arginine into a protein complex neces-
sary for NO production, and hence ASLD leads to a decrease in 
NO at the tissue and organism levels.31

Depletion of arginine as substrate for NO synthesis can 
cause increased free radical production due to uncoupling 
of NO synthase.33 An increase in free radical production can 
result in tissue damage, with the brain being particularly 
sensitive to both direct and indirect effects of free radicals 
mediated by increases in intracellular free Ca2+ and/or excit-
atory amino acids.34	 Free	 radicals	 can	 interact	with	 argini-
nosuccinic acid in ASLD to form guanidinosuccinic acid, a 
cellular and neuronal toxin.35–37 It is yet to be determined 
if there is evidence for increased free radical production in 
ASLD.

diAGnosis
newborn screening
All 50 states in the United States include ASLD in their newborn 
screening programs (2011 National Newborn Screening Status 
Report, http://genes-r-us.uthscsa.edu/nbsdisorders.pdf). Cit-
rulline, assayed by tandem mass spectroscopy, is the metabolite 
used for detection of ASLD. Elevation of citrulline can also be 
seen with citrullinemia type 1 (ASS deficiency), citrullinemia 
type 2 (citrin deficiency), and pyruvate carboxylase deficiency; 
hence, confirmation of the diagnosis of ASLD rests on further 
biochemical, molecular, and/or enzymatic testing.

Biochemical testing
Confirmation of a clinical suspicion of ASLD or an abnormal 
newborn screen result is typically accomplished by plasma 
amino acid analyses that reveal elevated citrulline levels (in 
the range of 100–300 μmol/l) and the biochemical hallmark of 
increased argininosuccinic acid in the plasma and/or urine.

molecular genetic testing
ASL is the only gene in which mutations are known to be asso-
ciated with ASLD.
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(with close monitoring of blood glucose) to promote anabo-
lism; and (iii) intravenous nitrogen-scavenging therapy.46

Intravenous nitrogen-scavenging therapy involves a load-
ing dose of 600 mg/kg l-arginine-HCl and 250 mg/kg each of 
sodium benzoate and sodium phenylacetate in 25–35 ml/kg 
of 10% dextrose solution given intravenously over a 90-min 
period. This is followed by a sustained intravenous infusion 
of 600 mg/kg l-arginine-HCl and 250 mg/kg each of sodium 
benzoate and sodium phenylacetate over a 24-h period. When 
available, plasma concentrations of ammonia-scavenging drugs 
should be monitored to avoid toxicity. In the absence of drug 
levels, a serum anion gap of >15 mEq/l and an anion gap that 
has risen >6 mEq/l could indicate drug accumulation and 
increased risk for toxicity.

Ammonia levels usually normalize with therapy; however, 
failure to decrease ammonia levels with medical therapy man-
dates prompt institution of hemodialysis. Hemodialysis is the 
preferred method for rapid reduction of ammonia in patients 
who do not respond to nitrogen-scavenging therapy. Continu-
ous arteriovenous hemodialysis or continuous venovenous 
hemodialysis with flow rates >40–60 ml/min is optimal. Some 
centers use extracorporeal membrane oxygenation with hemo-
dialysis. Although this combination of techniques provides 
very high flow rates (170–200 ml/min) and rapidly reduces 
ammonia levels, morbidity is greater because of the need for 
surgical vascular access. Nitrogen-scavenging therapy needs to 
be continued during hemodialysis.

Prevention of primary manifestations
Dietary restriction of protein and dietary supplementation with 
arginine are the mainstays in the long-term management.

Diet. Lifelong dietary management is necessary and requires 
the services of a metabolic nutritionist. The recommended 
daily allowance for dietary protein is higher than the minimum 
needed for normal growth, and therefore most children with 
UCDs can receive less than the recommended daily allowance 
of protein and still maintain adequate growth. Plasma concen-
trations of ammonia, branched-chain amino acids, arginine 
plasma total protein, and serum albumin levels should be main-
tained within normal ranges. Plasma glutamine concentration 
should be maintained at <1,000 μmol/l if possible.3

Some of the correlations between compliance with the pre-
scribed diet and outcome are contradictory. Although in some 
patients dietary therapy along with arginine supplementation have 
been shown to reverse the abnormalities of hair, improve cognitive 
outcome, and reverse electroencephalographic abnormalities,8,47,48 
in many, dietary therapy has not been shown to influence the out-
come of liver disease or cognitive impairment.7,9

Arginine base supplementation. The doses of arginine base 
routinely recommended are 400–700 mg/kg/day in persons 
weighing <20 kg and 8.8–15.4 g/m2 body surface area/day in 
those weighing >20 kg. Supplementation with arginine base 
helps replenish this amino acid, which is deficient in  patients 

Genotype–phenotype correlation
The number of reported mutations is quite small compared 
with other urea cycle defects, as molecular genetic studies are 
not essential for the diagnosis.17,23 In general, there has been a 
poor correlation between the residual enzymatic activity and 
the severity of clinical phenotype. In vivo [14C] citrulline uptake 
has been reported to show better correlation with clinical phe-
notype in a single study, but this has not been yet replicated 
in larger cohort of patients.23 Recently, mutant ASL proteins 
were studied in an in vitro bacterial enzymatic assay,44 and the 
results were corroborated with data from clinical enzymatic 
testing. As observed with other methods, limited correlation 
was found between the patients’ clinical phenotype and the in 
vitro enzyme activity.

It is possible that the lack of correlation stems from a com-
bination of decreased sensitivity of the current enzymatic 
assays and the fact that the different mutations may allow 
for complementation in the tetramer. In order to study these 
variables, different mutant alleles were characterized by eval-
uating the growth of yeast-deletion mutants in arginine-free 
media.45 This method can detect low levels of residual activ-
ity and assess the effect of different allelic complementation. 
The model was able to demonstrate that patients with late-
onset form of ASLD either harbor significant residual  activity 
or allow for intragenic complementation. In these late-onset 
ASLD patients, at least one active site was formed in the hybrid 
tetramer or the mutations partially stabilized each other.18,45 
The drawback of the assay is its inability to ascertain the effect 
of the patient’s genetic background on enzyme activity. Con-
tinued characterizations of different allelic combinations will 
allow further correlation between clinical phenotype and 
molecular changes.

mAnAGement
evaluations following initial diagnosis
To establish the extent of the disease and the needs of an 
individual diagnosed with ASLD, the following evaluations 
are  recommended: (i) complete neurocognitive evaluation; 
(ii) evaluation for evidence of hepatic involvement such as 
hepatomegaly, hepatitis, and signs of liver failure; and (iii) plot-
ting of the systolic and diastolic blood pressure on the centile 
charts based on age and stature.

treatment of manifestations
Treatment recommendations may be separated into two sce-
narios: (i) treatment for rapid control of hyperammonemia 
during metabolic decompensations and (ii) interval ther-
apy to prevent the primary manifestations and long-term 
 complications.

treatment of acute metabolic decompensations
During acute hyperammonemic episodes severe enough to 
cause neurological symptoms, the treatment includes (i) discon-
tinuing oral protein intake; (ii) supplementing oral intake with 
intravenous lipids, glucose, and intravenous insulin if needed 
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they need to be more frequent in neonates and in those with 
frequent metabolic decompensations. We prefer to evalu-
ate neonates every 1–2 weeks, infants who are between the 
ages of 2 months and 1 year every 1–3 months, and children 
aged >2 years every 3–4 months. Early signs of impending 
hyperammonemic episodes in older individuals include 
mood changes, headache, lethargy, nausea, vomiting, refusal 
to feed, ankle clonus, and elevated plasma concentrations 
of glutamine, alanine, and glycine. Plasma glutamine con-
centration may rise 48 h in advance of increases in plasma 
ammonia concentration in such individuals. Annual mea-
surement of blood pressure using the appropriate-sized cuff 
and plotting of the centile values for age and stature would be 
important for diagnosing those with hypertension. Periodic 
evaluation of liver function tests and serum electrolytes may 
be necessary.

Agents/circumstances to avoid
The well-known precipitants for catabolism and/or hyperam-
monemia, including excess protein intake, prolonged fasting or 
starvation, and intravenous steroids, are to be avoided. Valp-
roic acid can precipitate liver failure and is best avoided in these 
patients.

Genetic counseLinG
ASLD is inherited in an autosomal recessive manner. The par-
ents of an affected individual are obligate heterozygotes and are 
asymptomatic. At conception, each sib of an affected individual 
has a 25% chance of being affected. Although the phenotypic 
manifestations can be variable, in families with one child with 
the severe neonatal-onset form, subsequent children are likely 
to have the same form. By contrast, the phenotype of late-onset 
forms associated with partial ASL enzyme activity is variable.

carrier detection
Carrier testing for at-risk family members is possible if the 
disease-causing mutations in the family have been identified. 
Carrier testing is not available by biochemical methods.
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