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Abstract
The urea cycle is the final pathway for nitrogen metabolism. Urea cycle disorders (UCDs) include a variety of genetic defects, which lead to inefficient urea synthesis. Elevated blood ammonium level is usually dominant in the clinical pattern and the primary manifestations affect the central nervous system. Herein, we report the case of a 17-year-old girl who was diagnosed with UCD at the age of 3. Despite a controlled diet, she was hospitalized several times for acute attacks with recurrent life risk. She came to our attention for a hyperammonemic episode. We proposed an orthotopic liver transplant (OLT) as a treatment; the patient and her family were in complete agreement. On February 28, 2007, she successfully received a transplant. Following the surgery, she has remained well, and she is currently leading a normal life. Usually for UCDs diet plays the primary therapeutic role, while OLT is often considered as a last resort. Our case report and the recent literature data on the quality of life and prognosis of traditionally treated patients versus OLT patients, support OLT as a primary intervention to prevent life-threatening acute episodes and chronic mental impairment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Urea cycle disorders (UCDs) include a variety of genetic defects which lead to inefficient urea-synthesis with hyperammonemia. The liver is the main site of urea cycle’s enzymatic activity. Diet has traditionally been the primary therapy; orthotopic liver transplantation (OLT) is often considered as a last resort. This case report presents a 17-year-old girl with UCD who was successfully treated with OLT. Her recovery and a recent literature review support OLT as a primary intervention for UCDs patients to prevent life-threatening acute episodes and chronic mental impairment, with an approximately 90% survival rate and a better quality of life.
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INTRODUCTION

The urea cycle is the final pathway for nitrogen metabolism, which occurs primarily through amino acid catabolism with urea production and subsequent excretion (Figure 1). Urea cycle disorders (UCDs) include a variety of genetic defects in ammonia metabolism in which one of the urea-synthesis passages is defective, leading to hyperammonemia. The genetic defect can involve one of the enzymes involved in the urea cycle or a transporting protein related to the metabolic process. The liver is the most important site of this enzymatic activity.

Although data from population studies are lacking, the prevalence of this type of genetic defect is approximately 1: 30.000-46.000 live births[1].

The cycle consists of the action of cytoplasmic and mitochondrial enzymes and some transporting proteins, leading to the production of urea molecules from nitrogen atoms. The different metabolic blocks determine the accumulation of nitrogen and intermediate substances, with a variety of corresponding clinical features.

The classification of urea cycle defects is summarized in Table 1.

In patients with normal hepatic function and hyperammonemia, the diagnosis of UCD should be considered after excluding other causes of elevated blood ammonemia, such as medications (valproate and chemotherapeutic agents), portosystemic shunt, urea producing organisms and hyperalimentation[2]. The diagnosis of UCD is based on clinical, biochemical and molecular data[3,4].

Elevated blood ammonium levels are usually dominant in the clinical pattern and the main manifestations affect the central nervous system[5]. The presentation of UCDs can be quite variable ranging from agitation to coma in acute attacks (common cause of neonatal exitus in these patients) and different degrees of mental impairment chronically (even with correct dietary intake).

Usually, patients with this type of metabolic defect develop a tolerance to high ammonium levels. Therefore, they can be completely asymptomatic even with levels of approximately 200 µg/dL. These episodes are not rare even in mild forms of UCD because many factors (e.g., infections, fever, fasting, surgery) can break down the metabolic equilibrium. Moreover, the long-term compliance of these young patients is usually difficult. The central nervous system damage is at least in part reversible when ammonium levels do not exceed 200-400 µg/dL. Nevertheless, mild neurological damage in the presence of lower ammonium levels cannot be completely ruled out[6,7]. The consequent neurological deterioration is inversely proportional to the frequency of acute episodes and to the ammonia levels. Additional disease-specific symptoms are related to the particular metabolic defect, which are often due to an excess or lack of specific amino acids[8]. 

Herein, we discuss the case of a girl with UCD caused by carbamyl phosphate synthetase (CPS I) deficit (Table 1) who underwent an orthotopic liver transplantation (OLT) 14 years after her diagnosis.

CASE REPORT

A 17-year-old girl came to our attention in November 2007. She was diagnosed with a CPS I defect in a Pediatric Hospital when she was 3 years old after evidence of lethargy attacks, sight disturbances and growth retardation. Despite a strict dietary regimen, the symptoms control was partial and recurrent acute attacks developed. These attacks were characterized by sudden somnolence, ataxia, coordination defects and temporal cognition distortion (never completely resolved). These often required hospitalization to reduce the ammonia levels with parenteral therapy infusion.

She came to our hospital for an acute attack with lethargy and a blood ammonia concentration of 305 µg/dL. The episode was resolved with a 72-h infusion of a parenteral complex containing sodium benzoate and arginine. Her cerebral magnetic resonance imaging results were normal. 

Considering the constant risk of death and the poor quality of life, even with otherwise normal liver parameters, we proposed OLT as a treatment. The patient and her family were in complete agreement.

After a complete work-up, the patient was admitted to the Pediatric list of Bologna Liver Transplantation Center and after two months she underwent OLT. The post-operative course was free from complications with rapid ammonia blood level normalization. After a 7-day recovery period, she was discharged. Currently, her clinical conditions are good; she leads a normal life without dietary restrictions and is free from lethargy episodes and hospital admissions, except for immunosuppressive therapy and routine follow-up visits at the Transplant Center.

DISCUSSION

The treatment for UCDs is a dietary intervention consisting of severe protein restriction[5]. Additionally, citrullin and arginine supplementation (except in cases of argininemia) and sodium benzoate and sodium phenylacetate administration (useful to excrete nitrogen excess) are often used to treat acute hyperammonemia. Nocturnal enteral nutrition and prompt recognition and treatment of intercurrent illnesses are also necessary to prevent catabolism[9]. In cases of acute hyperammonemia attacks, the treatment is based on ammonium removal by dialysis or hemofiltration and on reversing the catabolic state by caloric and arginine supplementation[9]. This strategy, in the actual daily life of teenage patients, could be hindered by the difficulty in maintaining dietary restrictions; daily monitoring helps to control the trigger causes (infections, fasting and other conditions often make the metabolic imbalance unpredictable) of hyperammonemia. In patients whose symptoms cannot be controlled by diet, OLT is a treatment option because the liver is the principal site of urea cycle activity. 

In absence of viral reinfection, tumor recurrence and alcohol relapse (typically affecting patients who underwent OLT for more frequent indications), transplants in patients with metabolic disorders (e.g., hemochromatosis, Wilson's disease, familial amyloidosis, cystic fibrosis) have significantly better outcomes compared with primary liver diseases. The 5 year survival rate is nearly 90% with better results when structural liver disease is absent[10]. Moreover, the consequent metabolic correction is associated with a considerably improved quality of life and elimination of specific death risks.

After OLT, dietary restriction in our patient was no longer needed. Consequently, the other medications for amino acid supplementation and urea excretion were discontinued with no further encephalopathy episodes. Furthermore, our patient has demonstrated increased intellectual performance leading to maturation of personality and behavior comparable with her peers; these improvements are not to be generalized since other authors reported cases of interrupted neurological deterioration without significant intellectual improvements[7,11,12]. A possible explanation could be the timing of OLT, which was performed prior to the development of irreversible brain damage. 

The exact number of OLTs for patients with UCDs is unknown; a United States survey in 1998[12] described 16 cases of OLTs for UCD patients. Kyoto University[1] refers to 13 patients who underwent liver transplant for urea cycle defects, and a recent article describes 2 UCD patients who were subjected to OLT in China[13]. A European review[11] reported of 59 transplants with a 93% survival after 3 years. Of these transplant recipients, 6 patients had a CPS I deficit and all of the patients were alive after the 3-year follow-up. In Italy, the Sicilian transplant group[14] reported one case of a living-donor liver transplant (LDLT) for OTC deficiency.

Recently, the United Network for Organ Sharing (UNOS) described 293 patients who underwent liver transplantation for UCDs and organic acidemias with a 5-year graft survival rate of 78% for children < 2 years old at the time of transplant and 88% for children ( 2 years old at the time of transplant[15]. Finally, Kasahara et al[16] described 40 patients with UCDs who underwent LDLT, in which the patient and graft survival rate was 96.1% after 15 years.
Despite these good results, currently the univocally accepted indications for OLT in patients with UCDs are very severe disease with poor prognosis; progressive liver disease with prospect of liver failure; severe complications that cannot be avoided by other interventions; or when diet is insufficient to maintain normal ammonia blood levels[1,11]. A recent UNOS review highlighted that eight children died while they were waiting for transplantation, thus confirming the lethal nature of this disease. The optimal timing for transplantation remains an important question because younger patients have a higher risk of graft loss due to increased liver transplant complications. Recent expert consensus conference guidelines recommend OLT between 3 and 12 mo of age if the child weighs more than 5 kg[17].

An important aspect highlighted by Hadzic and Vara is that children with these rare conditions are followed by specialists in metabolic units that often have no direct contact with the transplant center. Considering the positive results of transplantation for metabolic diseases, there should be closer contact between these sectors[18].
Moreover, the periodic lack of compliance in these children and adolescents, facing this long-term life restriction, that can cause recurrent hyperammonemia episodes is another factor favoring OLT. 

Of course, all patients require an individual evaluation for risk and benefit options. However, when considering the significant improvements in transplant techniques, the overall results and the positive and generally better outcomes following OLT in patients with metabolic defects compared to primary liver diseases, we support the idea of liver transplant as an option for every single patient. Furthermore, liver transplant should no longer be a last resort. In particular, we agree with some authors, such as Meyburg et al[19], who have strongly promoted OLT as the first and only definitive cure for UCDs given that liver transplant is associated with the best survival rate in the whole field of solid organ transplantation. OLT should be performed as soon as possible to prevent irreversible brain damage. 

The OLT indications are not different for the different UCDs types, except NAGS deficiency for whom the definitive therapy is N-carbamyl-L-glutamate, a NAG analogue that is taken up enterally and replaces NAG for the activation of CPS1[17]. For all the other UCD forms, liver transplantation should be considered in all patients before irreversible neurological damage and/or repeated crises occur[17].

In the literature, OLT has been reported for patients with all UCD types, except NAGS deficiency. Wakiya et al[20] described twelve children with OTC deficiency who underwent living donor liver transplantation with satisfactory outcomes. Kimura et al[21] reported two cases of adult-onset type II citrullinemia successfully treated with OLT. Nagamani et al[22] report OLT as a long-term correction for patients with ASL deficiency. Santos Silva et al[23] described two cases of children with argininemia successfully treated with OLT. Morioka et al[1] reported 13 patients with UCDs who underwent OLT at Kyoto University and reviewed 38 OLTs for patients with UCDs reported in the worldwide English literature of whom 28 patients had an OTC deficiency; 4 patients had a CPSI deficiency; 4 patients had citrullinemia type I; 27 patients had citrullinemia type II; 1 patient had an arginase deficiency. 

Regarding our patient, in our opinion, the transplant should have been performed long before she came to our hospital, which would have prevented more than 10 years of mental impairment and life-threatening episodes during her childhood. The improved quality of life that OLT offers, dDespite the immunosuppressive therapyespite the immunosuppressive therapy, to these young people and the great benefit for their social development should be taken into account. 

Therefore, our present experience, together with the results obtained worldwide in patients with this type of metabolic disease, supports OLT as soon as possible. The advantages for these children are an approximate 90% survival rate with normal mental development and a better quality of life.
COMMENTS
Case characteristics 

A 17-year-old girl diagnosed with urea cycle disorder (carbamyl phosphate synthetase deficiency diagnosed when she was 3) presented with an acute attack characterized by lethargy. 
Clinical diagnosis
Drowsiness, ataxia, coordination defects and temporal cognition distortion.
Differential diagnosis

Urea cycle disorders (UCDs), other metabolic disorders, encephalitis, hepatic encephalopathy, cerebral mass, drug intoxication.
Laboratory diagnosis
The patient’s blood ammonia concentration was 305 µg/dL; the liver function tests were within the normal limits.
Imaging diagnosis

The cerebral magnetic resonance imaging results were normal.
Pathological diagnosis
No pathological investigations were performed.
Treatment

The acute episode was resolved with a 72-h infusion of a parenteral complex containing sodium benzoate and arginine; shortly afterwards, after a complete work-up, the patient underwent orthotopic liver transplantation.
Term explanation 


The urea cycle is the primary nitrogen disposal pathway in humans. The cycle requires the function of six enzymes to catalyze the conversion of ammonia and bicarbonate into urea. Ammonia is toxic, but urea is relatively inert, is soluble in water and is readily excreted by the kidney into the urine. The liver is the most important site of this enzymatic activity.

Urea cycle disorders are metabolic inborn errors caused by a deficiency in one of the enzymes of the cycle. Ammonia (and other toxic intermediates) accumulation leads to predominant neurologic sequelae, ranging from mild cognitive deficits to deep coma and death.
Experiences and lessons

This case report, together with the recent literature data, supports liver transplantation as a primary intervention in patients with UCDs to prevent life-threatening acute episodes and chronic mental impairment.
Peer review

This case report focuses on the issue of liver transplantation for patients with urea cycle disorders, which is relevant and not thoroughly discussed in the transplant literature.
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Figure 1 Urea cycle. NAGS: N-acetylglutamate synthetase; NAG: N-acetylglutamate; CPS I:  Carbamyl phosphate synthetase 1; OTC:  Ornithine transcarbamylase; ASS: Argininosuccinate syntetase; ASL: Argininosuccinate lyase.
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Table 1 Main causes of urea cycle defects
	CPS I deficiency:
	Genetic defect of carbamoyl phosphate synthetase, inheritated as autosomal recessive mutation

Block of the first passage of nitrogen in urea cycle 

Neonatal onset when there is a severe enzyme deficiency and adult onset when the effects of mutation are mild 

	OTC deficiency
	X-linked disorder, the most common among UCDs

Mutation in ornithine transcarbamylase (second passage in urea cycle)

Clinical presentation very similar to CPS I deficiency

	ASS deficiency/citrin deficiency

(citrullinemia)
	Citrullinemia type I: autosomal recessive defect caused by a deficit of argininosuccinate syntetase, with consequent very high citrulline levels in blood

Citrullinemia tipe II: caused by a deficit of citrin, a mitochondrial carrier protein of glutamate and aspartate who consequently fail to shuttle to and from the mitochondrion with increase of citrulline levels in blood

	ASL deficiency

(argininosuccinic aciduria)
	Autosomal recessive mutation 

Loss of argininosuccinate lyase with accumulations in body fluids (also in cerebrospinal fluid) 

Seems to lead to mental retardation in all the affected, even when dietary ammonium control is well performed

	Arginase deficiency

(argininemia)
	Arginase I defect 

Peculiar manifestations such as paraplegia and intractable mental retardation

	N-acetylglutamate synthetase deficiency:
	Very rare and clinically overlapped to CPS I deficiency


UCDs: Urea cycle disorders; CPS I: Carbamyl phosphate synthetase. 
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