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【 CASE REPORT 】

Hyperammonemia in a Woman with Late-onset Ornithine
Transcarbamylase Deficiency

Yudai Koya 1, Michihiko Shibata 1, Michio Senju 1, Yuichi Honma 1, Masaaki Hiura 1,

Masahiro Ishii 2, Shirou Matsumoto 3 and Masaru Harada 1

Abstract:
A 52-year-old woman developed vomiting and disturbance of consciousness after consuming raw fish and

sushi on a trip. A blood test showed hyperammonemia (310 μg/dL) with a normal liver function. She fell into

a deep coma, and her serum ammonia level increased to 684 μg/dL. L-arginine was administered as a diag-

nostic treatment for urea cycle disorder (UCD) and serum ammonia, and her consciousness levels improved.

She was diagnosed with ornithine transcarbamylase deficiency (OTCD) by analyses of plasma amino acids,

urinary orotic acid, and the OTC gene mutation. UCD should be considered for patients with hyperammone-

mia without severe liver function abnormalities.
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Introduction

Ammonia is produced continuously in the body, mostly in

the gut, but also in the kidney and muscle. It readily crosses

the blood-brain barrier and exerts toxic effects on the brain

at high concentrations (1). Therefore, ammonia is detoxified

temporarily into the non-toxic amino acid glutamine. Am-

monia produced in the intestine is transported to the portal

circulation through the intestinal wall, carried to the liver,

and converted to non-toxic urea. This system is called the

urea cycle (ornithine cycle), and the liver is primarily re-

sponsible for the degradation of ammonia.

Most adult cases of hyperammonemia are complicated by

severe liver diseases, such as liver cirrhosis or acute liver

failure (2). However, there are some cases without severe

liver abnormalities (3-9). Urea cycle disorders (UCDs) are

major causes of hyperammonemia. The acute presentation of

UCDs must be diagnosed promptly and treated by arginine

products or hemodialysis. UCDs may show hyperammone-

mia refractory to the usual treatments of hepatic encephalo-

pathy, easily progressing to coma with potentially fatal out-

comes. Ornithine transcarbamylase deficiency (OTCD) is the

most common UCD (10, 11).

We herein report a woman with OTCD who fell into a

coma after travelling and recovered rapidly with the admini-

stration of L-arginine.

Case Report

A 52-year-old woman had suffered from general fatigue

and nausea for a few days after consuming raw fish, sushi,

and meat while traveling in 2015. She developed vomiting,

became incoherent, and was admitted to a local hospital

(hospital day 1). She had a history of temporary liver injury

and abnormal behavior, using abusive words and throwing

nearby objects during hyperemesis gravidarum. She was not

a habitual drinker. She had not been exposed to hepatotoxic

chemicals or drugs and had no habit of avoiding high-

protein foods. Her parent’s marriage was not consanguine-

ous. Two of her cousins had died from unknown acute liver

failure at the age of 16, and her daughter had a stillborn
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Figure　1.　Pedigree of the four-generation family in the present case. An oblique line indicates death. 
The age and cause of death are indicated below. Two of her cousins died from acute liver failure at the 
age of 16, and her daughter had a stillborn baby at 21 weeks of pregnancy due to amniotic infection.

baby at 21 weeks of pregnancy due to amniotic infection

(Fig. 1).

She was not overweight (body mass index 19.7 kg/m2).

Her vital signs were stable. A blood test on admission

showed hyperammonemia (310 μg/dL), whereas other data,

including her complete blood count, liver and renal function

tests, blood glucose, electrolytes, coagulopathy and arterial

blood gas findings, were within respective normal ranges

(Table). Imaging inspections, including abdominal ultra-

sound and computed tomography (CT), revealed that both

the liver and spleen were normal in size and shape, and

there was no evidence of portal hypertension or portosys-

temic shunt (Fig. 2).

Her consciousness level rapidly worsened, and she fell

into a deep coma. Her serum ammonia level increased to

684 μg/dL the next morning (hospital day 2, Fig. 3a). L-

arginine was administered intravenously as a diagnostic

treatment, as typical hepatic hyperammonemia was unlikely,

and UCDs were considered to be the most likely cause. She

was transferred to our hospital for the further evaluation and

treatment on the same day. Her serum ammonia level at the

time of admission to our hospital had decreased to 69 μg/dL

after the intravenous administration of L-arginine. Her con-

sciousness level gradually recovered, and her Glasgow

Coma Scale score was 10/15 (12). A neurologic examination

revealed the presence of a light reflex, no pathological re-

flexes and no symptoms of meningeal irritation. Viral hepa-

titis markers and antinuclear antibodies were all negative

(Table). Although a triphasic wave was transiently observed

on electroencephalography, brain CT and magnetic reso-

nance imaging revealed no pathological findings. A cerebro-

spinal fluid examination revealed normal findings.

Because the serum ammonia levels responded quickly and

dramatically to intravenous L-arginine, we strongly sus-

pected UCD. We continued to administer L-arginine intrave-

nously at 30 g/day, along with a glucose-electrolyte solution

with vitamin B1, B6 and B12. In addition, 39 g/day of lac-

tulose and 3,000 mg/day of levocarnitine were administered

via a nasogastric tube (Fig. 3a). Her consciousness level be-

came clear on hospital day 5, so we introduced a protein-

restricted diet (0.7 g/kg/day) and began the oral administra-

tion of 600 mg/day ascorbic acid (vitamin C) and 30 mg/

day ubidecarenone (coenzyme Q10). An analysis of plasma

amino acids, taken before the administration of L-arginine,

revealed increased levels of glutamine and lysine and de-

creased citrulline levels. Furthermore, the urinary orotic acid

excretion was also markedly increased (Table). Therefore,

we made a definitive diagnosis of OTCD.

Because the serum ammonia level was normalized on

hospital day 17, levocarnitine was tapered and discontinued,

and oral L-arginine was tapered to 6 g/day. The patient was

discharged on hospital day 27 while continuing medications
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Table.　Laboratory Findings on Admission.

Hematology Coagulation

WBC 11,200 /μL PT% 75 %

Neutro 69.1 % PT-INR 1.13

RBC 480×104 /μL APTT 34.7 sec

Hb 14.3 g/dL

Ht 41.2 % Virus markers

Plt 36.9×104 /μL HBsAg (-)

HBcAb (-)

Biochemistry HCVAb (-)

TP 7.4 g/dL

Alb 4.2 g/dL Arterial blood gas (room air)

T-bil 2.3 mg/dL pH 7.49

D-bil 0.5 mg/dL PaCO2 34 mmHg

AST 16 IU/L PaO2 141 mmHg

ALT 20 IU/L BE 2.9 mmol/L

LDH 150 IU/L HCO3 25.9 mmol/L

ALP 193 IU/L

GGT 12 IU/L Plasma amino acids (Normal values)

BUN 12.1 mg/dL Glutamine 902 nmol/mL (422-703)

Cre 0.45 mg/dL Citrulline 16.3 nmol/mL (17.1-42.6)

Na 138 mEq/L Lysine 295 nmol/mL (108-242)

K 3.8 mEq/L

Cl 104 mEq/L Urine organic acids

FPG 136 mg/dL Orotic acid ↑

NH3 310 μg/dL Uracil ↑

Serology

CRP 0.08 mg/dL

ANA (-)

WBC: white blood cell, Neutro: neurtophil, RBC: red blood cell, Hb: hemoglobin, Ht: hematocrit, 

Plt: platelet count, TP: total protein, Alb: albumin, T-bil: total bilirubin, D-bil: direct bilirubin, AST: 

aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lactate dehydrogenase, ALP: al-

kaline phosphatase, GGT: gamma glutamyl transpeptidase, BUN: blood urea nitrogen, Cre: creati-

nine, FPG: fasting plasma glucose, NH3: ammonia, ANA: antinuclear antibody, CRP: C-reactive 

protein, PT: prothrombin time, APTT: activated partial thromboplastin time, HBsAg: hepatitis B 

surface antigen, HBcAb: hepatitis B core antibody, HCVAb: hepatitis C antibody, BE: base excess

(L-arginine, vitamin B1, vitamin B6, vitamin B12, vitamin C

and ubidecarenone) and a low-protein diet. After informed

consent was obtained, a genomic analysis of the OTC gene

was performed. The analysis revealed Arg40His (c.119G>

A), a heterozygous mutation of the OTC gene (Fig. 3b).

Discussion

Hyperammonemia usually occurs as a consequence of se-

vere liver diseases, such as cirrhosis or acute liver failure.

However, other unusual nonhepatic causes should also be

considered, such as an occult inborn error of metabolism,

intake of certain drugs (e.g., anticonvulsants, 5-fluouracil,

ribavirin), infection by urea-producing bacteria, hemato-

oncological disorders and gastrointestinal bleeding (3-9).

Inborn errors of metabolism include UCDs, organic

acidurias, defects in fatty acid oxidation causing carnitine

deficiency, dibasic aminoaciduria and defects in pyruvate

metabolism, and UCD is the most common among them (3).

UCD has an estimated incidence of 1 in every 8,000-44,000

births (13-15). OTCD, which is caused by mutations in

OTC, is a common UCD and occurs in 1 of every 80,000

births in Japan (16). The OTC gene is expressed in an X-

linked dominant manner (13, 17), and the gene product

(OTC) is expressed in the mitochondrial matrix of the liver

and small intestine (18). The c.119G>A mutation detected in

the present case is identified in a minority of case reports

regarding late onset OTCD, and Nishiyori et al. found that

such patients were born within a limited area of the northern

part of Kyushu Island in southern Japan (19, 20). The pre-

sent patient was born and raised in the same area. This mu-

tation is usually associated with a mild phenotype, and al-

most all patients with this mutation who develop late-onset

OTCD are men. An extremely rare case of a woman with

this mutation who developed late-onset OTCD was previ-

ously reported, although she was 13 years of age (20). To

our knowledge, this is the first report describing a woman

with the c.119G>A mutation who developed hyperammone-
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Figure　2.　Abdominal contrast enhanced CT on admission. 
Both the liver and spleen were normal in size and shape. There 
were no findings indicating portal hypertension or portosys-
temic shunt.

mia in middle age. We should recognize that middle-aged

women with the c.119G>A mutation can present with hy-

perammonemia, and the outcome can be fatal if not properly

managed. Genetic counseling was performed for the pa-

tient’s daughter, and a genomic analysis is currently being

performed.

Although commonly diagnosed in neonates, patients with

OTCD can present at any age with hyperammonemic crisis

owing to environmental stressors (1, 15). The present patient

first became symptomatic during pregnancy in her 20s, and

she was diagnosed with OTCD in middle age. In most hy-

perammonemic episodes, patients typically present with a

loss of appetite, vomiting, lethargy and abnormal behaviors

associated with hallucinations, sleep disorders, ataxia and

seizures. These symptoms are frequently triggered by high-

protein diets and acute stresses or illness, such as sepsis,

surgery, anesthesia, pregnancy, trauma or drugs (15). In the

present case, the increased intake of protein by eating raw

fish, sushi and meat during her travels was definitely re-

sponsible for the cascade of events leading to her hyperam-

monemia. She rarely ate meat in her everyday life, being al-

most completely vegetarian. Her dietary preference for vege-

tables should be considered an important clinical clue, since

voluntary protein avoidance is a characteristic eating behav-

ior that UCD patients adopt in order to avoid postprandial

headache or drowsiness (21).

Two of the present patient’s cousins died from acute liver

failure at the age of 16. They might also have had OTCD

that was misdiagnosed as ordinary hepatic encephalopathy.

In UCD patients, serum ammonia levels may increase by the

intake of branched-chain amino acid products that are usu-

ally used for hepatic hyperammonemia, as these products

can precipitate an excessive nitrogen load. However, it is

difficult to differentiate UCD from typical hepatic hyperam-

monemia, especially in cases of adult-onset acute encephalo-

pathy, because hepatomegaly and a moderate increase in se-

rum aminotransferases are common during episodes of acute

hyperammonemia (3, 10, 18, 22). High-dose administration

of anticonvulsants during acute episodes of hyperammone-

mia should be avoided, as these drugs can actually increase

serum ammonia levels (7). Acute hyperammonemia in UCD

patients may progress rapidly, as in the present case, and

can be fatal. Therefore, they must be diagnosed correctly

based on a review of the patient’s history and laboratory and

imaging findings. If typical acute liver failure is unlikely,

analyses of serum and urinary amino acids should be per-

formed in order to achieve a correct diagnosis and begin ap-

propriate treatment. However, analyses of amino acids can

take a few days, so the administration of L-arginine may be

useful as a diagnostic treatment in a clinical setting, as was

the case with our patient. Given that our patient a good re-

sponse to L-arginine, UCD was strongly suspected.

Arginine is essential for protein synthesis, and its defi-

ciency may lead to hypercatabolism, resulting in hyperam-

monemia. The administration of arginine in patients without

a definitive diagnosis of the specific type of UCD is very

important, as demonstrated by the current case (14, 23).

However, arginine is contraindicated in neonates with ar-

ginase deficiency because it accelerates hyperargininemia.

Citrulline is also useful for reducing plasma ammonia levels

in OTCD patients, but it is not approved as a therapeutic

drug and is available only as a supplement in Japan. Sodium

benzoate and sodium phenylbutyrate are also useful, using

an alternative pathway that diverts nitrogen from the urea

cycle to other routes of excretion by the kidneys (23). Al-

though sodium benzoate has not yet been approved as a

therapeutic drug in Japan, phenylbutyrate was approved in

2013. Carnitine is also useful for reducing plasma ammonia

levels in acute UCD patients by activating carbamoylphos-

phate synthase 1, which catalyzes the synthesis of car-

bamoylphosphate from N-acetyl glutamate and bicarbon-

ate (3, 24, 25).

Hemodialysis is another useful treatment for removing

ammonia from blood; however, there are no standard criteria

for initiating hemodialysis. Hemodialysis is recommended in

order to avoid central nervous system after-effects when

peak ammonia levels exceed 300 μg/dL (26). We did not

perform hemodialysis in this case because the symptoms

rapidly improved after the administration of L-arginine.

In conclusion, OTCD may be predicted by hypocitrulline-

mia discovered via neonatal mass screening in Japan, but

patients who present with hyperammonemia after the neona-

tal period may not be identified. They can develop acute hy-

perammonemic encephalopathy incidentally by various trig-

gers in adulthood. When we encounter patients with unusual

hyperammonemia, OTCD should be considered so that fatal
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Figure　3.　The clinical course of the present case and results of a genomic analysis of the OTC gene. 
(a) The serum ammonia level worsened rapidly from hospital day 1 to day 2 and improved rapidly 
after the administration of L-arginine on day 2. Her consciousness recovered on hospital day 5. (b) A 
genomic analysis revealed an Arg40His (c.119G>A) heterozygous mutation in the OTC gene.

outcomes can be avoided by the prompt diagnosis and ade-

quate treatment.
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