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Abstract: Acute hyperammonemia is a medical emergency requiring rapid recognition and 

treatment to prevent devastating neurologic sequelae. Its varying etiologies include primary 

hepatic failure, drug toxicity, infection, and inherited disorders of metabolism. Ornithine 

transcarbamylase (OTC) defi ciency is the most common inherited urea cycle disorder and 

can result in hyperammonemic encephalopathy and coma, often presenting in the newborn 

or early childhood. Partial defi ciencies of the enzyme can present later in adulthood with 

protean neuropsychiatric signs and symptoms. Early recognition and management of metabolic 

encephalopathy is crucial to avoid neurologic damage, and may require hemodialysis for 

rapid removal of ammonia, with adjunctive medications and dietary modifi cations to decrease 

endogenous nitrogen production and activate alternate pathways of nitrogen excretion. 

We present the case of an adult patient with partial OTC defi ciency who presented with 

encephalopathy, coma, and seizures, accompanied by hyperammonemia and treated acutely 

with hemodialysis.
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Introduction
Ornithine transcarbamylase (OTC) defi ciency is the most common inherited disorder 

of the urea cycle and is a well-known, but infrequent cause of hyperammonemia. 

Severe or complete OTC defi ciency manifests as encephalopathy, coma, and seizures, 

resulting in death, usually in newborns and infants. Partial OTC defi ciency may present 

more variably especially in adults, progressing from behavioral and mood changes, 

nausea and emesis (particularly after consuming meat and other high-protein foods), 

encephalopathy with irritability, confusion, seizures, and/or coma (Hawkes et al 2001; 

Summar et al 2005). Unfortunately, these early indistinct clinical features lead to delays 

in recognizing the diagnosis and initiating treatment, leading to poor neurologic out-

comes and overall survival. As such, the diagnosis of an underlying inherited disorder 

of the urea cycle is often missed, often until late acute neurologic deterioration occurs, 

or sometimes the diagnosis remains undiscovered until post-mortem investigation.

OTC defi ciency is the most common of the urea cycle enzyme defi ciencies 

(estimated incidence of 1/14,000 (Smith et al 2005) and has X-linked inheritance 

(Nassogne et al 2005). The other urea cycle enzyme defi ciencies have an autosomal 

recessive inheritance pattern (Nassogne et al 2005). The urea cycle functions to 

offl oad nitrogenous wastes (derived from normal protein catabolism) – ammonia in 

particular – in the form of urea, facilitating its excretion via the kidneys into the urine. 

Disruption of urea synthesis by inborn errors of metabolism leads to hyperammonemia 

and accumulation of other metabolic intermediaries (Summar et al 2005).

Elevated ammonia in the central nervous system (CNS) leads to neurotoxicity not 

via a direct mechanism but rather due to the accumulation of glutamate as a result 
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of interruptions to the normal breakdown of ammonia via 

the urea cycle. Hyperammonemia shifts the equilibrium of 

the glutamate dehydrogenase reaction toward the direction 

of glutamate formation, depleting alpha-ketoglutarate, 

and resulting in decreased cellular oxidation and ATP 

production, leaving the brain vulnerable due to its high energy 

consumption. Additionally, glutamate is osmotically active, 

and accumulates intracellularly in astrocytes. Accompanied 

by this is activation of the N-methyl-D-aspartate (NMDA) 

receptor, which enhances the formation of nitric oxide and 

causes cerebral vasodilatation. These osmotic and vasodila-

tory actions can chronically result in cerebral atrophy, ven-

tricular enlargement, and delayed myelination; acutely the 

effect is cerebral edema, resulting in increased intracranial 

pressure and uncal herniation (Mathias et al 2001), 

manifesting clinically with depression in consciousness, loss 

of higher CNS functions, and seizures.

Radiologic modalities, such as computed tomography 

(CT) and magnetic resonance imaging (MRI) can demonstrate 

cerebral edema. Cerebral swelling with symmetric corti-

cal and subcortical damage that does not match a vascu-

lar distribution, effectively excludes focal ischemic and 

hemorrhagic injury. In patients with cerebral edema 

secondary to OTC defi ciency, MRI commonly shows sym-

metric involvement of both cerebral hemispheres and pallidal 

nuclei, with specifi c involvement of the insula, frontal, and 

temporal lobes, and sparing the brainstem and cerebellum. 

The absence of atherosclerotic vascular disease or drug abuse, 

coupled with the above imaging, should draw suspicion 

towards an acute metabolic process (Gaspari et al 2003).

Urea cycle disorders, such as OTC deficiency, that 

manifest during adulthood are more often discovered after 

common etiologies for encephalopathy are ruled out. Often, 

unexplained elevated serum ammonia levels in the setting 

of normal liver-associated-enzymes without evidence of 

primary hepatic failure, are the fi rst clue. A laboratory pro-

fi le of respiratory alkalosis, anion gap metabolic acidosis, 

hypoglycemia, ketonuria, elevated transaminase level, or 

bone marrow suppression, should raise suspicion for an 

inherited metabolic disorder (urea cycle defect, organic 

acidemia, fatty acid oxidation disorder) (Greene et al 1988; 

Mathias et al 2001). Respiratory alkalosis is a classic feature 

of urea cycle defects in patients with cerebral edema, and 

occurs due to hyperventilation, resulting from stimulation of 

central respiratory drive. Metabolic acidosis can be present in 

severely ill patients with urea cycle defects, due to perfusion 

defi cits (Smith et al 2005). Once a clinical diagnosis of 

hyperammonemia due to a urea cycle disorder is suspected, 

further laboratory studies, to include urine amino acid and 

organic acid analysis, with quantitative orotic acid analysis, 

can be helpful. In OTC defi ciency elevations of urine orotic 

acid, serum glutamine, and decreased serum arginine and 

citrulline are often seen.

Case report
A 34-year-old otherwise healthy Caucasian male was found 

unconscious in his quarters by members of his unit. He had 

been deployed to Iraq in support of Operation Iraqi Freedom 

for 9 months. He had recently been home on mid-tour 

leave, noticed he had lost weight, and began taking protein 

supplements. He had done well medically during the fi rst 

part of the deployment, but began experiencing post-prandial 

nausea and vomiting, inability to eat meat, and unintentional 

weight loss. After being found unconscious, he was taken 

to a nearby Military Treatment Facility, and expeditiously 

transported to a Combat Support Hospital in theater, with 

limited laboratory capabilities.

Evaluation at that time was signifi cant for a GCS of 

9 with intact cranial nerve exam, normal head CT and 

normal serum laboratories to include electrolytes and 

blood counts. His serum ammonia level was 125 μmol/L 

(normal 9–33 μmol/L), but in the combat medical facility 

the specimen had to be sent out for processing, and a result 

was not available at time of evaluation. He was transferred 

to Germany within 24 hours and the diagnosis of hyperam-

monemia was made, after an extensive neurologic work-up to 

include lumbar puncture, infectious serologies, and imaging. 

In Germany, his examination was signifi cant for worsening 

neurologic exam with inability to protect his airway, requiring 

endotracheal intubation and mechanical ventilation. Labora-

tory evaluation at that time was remarkable for respiratory 

alkalosis and a serum ammonia ranging to 233 μmol/L. CT 

of the head showed effacement of the gyri, cerebral edema, 

and no midline shift. He was then transferred to our medical 

center for defi nitive care.

En route, his serum ammonia rose to 250 μmol/L. He 

developed seizures that progressed to status epilepticus 

while in-fl ight, necessitating treatment with pentobarbital 

and propofol coma.

At our hospital, the patient’s initial serum ammonia was 

956 μmol/L. Hemodialysis was instituted with the goal of 

reducing his serum ammonia level to less than 125 μmol/L. 

Further studies at that time revealed an elevated urinary orotic 

acid level of 609 μmol/molCr (normal 0–3 μmol/molCr), with 

a urine creatinine of 0.80 mmol/L (normal 2.38–26.55 μmol/L). 

His urine amino acid analysis showed an elevated level of 
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glutamine (227.6 μmol/molCr, normal 21.5–57.6), and low 

arginine (0.0 μmol/molCr, normal 1.1–10.2 μmol/molCr) 

(Figure 1). These lab fi ndings were felt to be consistent with a 

diagnosis of partial OTC defi ciency. Treatment with lactulose 

and neomycin was used to decontaminate the intestinal tract, 

and antibiotics were given to cover an aspiration pneumonia 

of the right lower lobe. Hemodialysis was unsuccessful in 

effectively reducing the ammonia level rapidly enough to 

facilitate clinical improvement, and serial CT exams of 

the brain showed progressive cerebral edema. The patient 

continued to deteriorate, and ultimately, brain death was diag-

nosed and care withdrawn. Orthotopic liver transplantation 

was discussed but this was predicated on return of neurologic 

function with correction of hyperammonemia.

This patient had no prior signifi cant medical problems. He 

was a self-selected vegetarian due to experiencing headaches, 

somnolence, and malaise with high protein-content meals, 

and his brother had a history of “liver problems,” and, 

“comas,” in the past. He was later tested and diagnosed with 

partial OTC defi ciency.

Discussion
This case provides a classic presentation of an uncommon 

cause of acute mental status deterioration and coma. Partial 

OTC defi ciency can present later in adulthood, sometimes 

as old as 62 (Rohininath et al 2004), and commonly after 

signifi cant stress, such as starvation, weight loss, dehydration, 

trauma, surgery, infection (even mild, such as pharyngitis; 

Weng et al 2004) and post-partum (Peterson 2003).

Our patient likely had manifestations of OTC defi ciency 

for two reasons. He was in a catabolic state as evidenced by 

his weight loss in the face of the stress of deployment and he 

was also taking protein supplements, a known precipitant of 

OTC defi ciency (Weng et al 2004; Summar et al 2005).

The most important step in managing patients with OTC 

defi ciency is suspecting and identifying the diagnosis, with 

expeditious transfer to a facility experienced in managing 

inherited metabolic disorders. Acute management strategies, 

once hyperammonemia secondary to an inherited metabolic 

disorder is diagnosed, are three-fold. First, endogenous 

ammonia production and protein catabolism are reduced 

through restricting exogenous nitrogenous intake (Mathias 

et al 2001). Second substrates of the urea cycle that are absent, 

secondary to enzymatic defect (such as the supplementation 

of arginine in OTC defi ciency) are administered. And third, 

ammonia removal is facilitated.

Maximizing nutrition with high-calorie intake to prevent 

further catabolism, is critical. Protein restriction, coupled with 

hyper-caloric supplementation (high in carbohydrates and 

lipids (Mathias et al 2001), helps prevent further increases 
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Figure 1 Ammonia clearance during dialysis.
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in protein (created by the catabolic state inherent in critically 

ill patients). The clinical relevance of protein restriction is 

highlighted in cases of severely ill patients who present with 

an encephalopathic picture and deteriorate following enteric 

nutritional supplementation (Chan et al 2002). Practically, 

this can be accomplished with high dextrose intravenous 

fl uids and intralipid infusion.

Alternative pathway therapy typically encompasses 

arginine, to incorporate nitrogen in unaffected portions 

of the urea cycle and to replenish circulating amino acids, 

and sodium phenylacetate/sodium benzoate (Ammonul®, 

recently FDA-approved), to scavenge nitrogen. Benzoate 

conjugates to glycine, and phenylacetate conjugates to 

glutamine. These function to direct nitrogen away from 

defective urea cycle pathways towards hippurate and phenyl-

acetylglutamine, which can be rapidly excreted in the urine 

(Mathias et al 2001).

For cases with severe hyperammonemia, dialysis is 

needed to rapidly clear serum ammonia to nontoxic levels 

(reported in the literature as �100 mg/dl) (Gaspari et al 

2003). Hyperammonemia duration greater than 24 hours and 

higher serum levels (ammonia �800 mg/dl), are associated 

with worse neurologic outcomes and overall survival (Msall 

et al 1984; Yoshino et al 1991; Picca et al 2001; Leonard 

and Morris 2002; Rajpoot and Gargus 2004). Therefore, 

immediate rapid removal of ammonia with dialysis favors a 

better prognosis. Ammonia is a small molecule (MW 17.03), 

with a molecular weight less than urea, and as such its clear-

ance by a dialyzer membrane is greater than the clearance 

rate for urea. Various dialysis modalities – peritoneal 

dialysis (PD), intermittentent hemodialysis (IHD), continuous 

venovenous hemodialysis (CVVHD), and continuous arte-

riovenous hemodialysis (CAVH) – have all been used with 

varying degrees of effi cacy. There is a paucity of adult experi-

ence with using extracorporeal modalities to treat the acute 

hyperammonemia associated with OTC defi ciency, and 

treatment strategies, though effective, are largely derived 

or inferred from experience with treating neonates. CAVH 

has been described in the treatment of an adult female 

heterozygous for OTC defi ciency with a late hyperam-

monemic coma (Ha et al 1997). For patients with severe 

encephalopathy, continuous renal replacement therapy may 

be superior because of decreased changes in intracranial 

pressure (Davenport et al 1990; Chang et al 1999). Perito-

neal dialysis, while having the potential to reduce the risk 

of elevated intracranial pressure, has shown to be repeatedly 

inferior in the pediatric literature, requiring longer treatment 

duration (�24 hours, and continuation for 1–5 days) to reach 

adequate ammonia clearance (Schaefer et al 1999). IHD 

is superior to both PD and exchange transfusion in anuric 

newborns (Donn et al 1979). The clearance of ammonia 

(Wiegand et al 1980) with HD is up to 10 times greater 

than in PD (19.4 ml/min in CVVH and up to 20–84 ml/min 

with IHD, versus 2.15 ml/min in PD) (Chan et al 2002) and 

is therefore the modality of choice for rapid removal of 

ammonia via extracorporeal therapy.

The goals of therapy with dialysis are to clear ammonia 

levels to a nontoxic level (accepted in the literature as below 

100 mg/dl), improve neurologic status, and to remove other 

potentially-confounding CNS-acting substances such as 

anticonvulsants and sedatives. Because ammonia is not 

osmotically active, the risk for dialysis disequilibrium 

syndrome is considered to be low (Wiegand et al 1980). 

Dialysis in the hyperammonemic patient with normal 

renal function can lead to hypokalemia, hypomagnesemia, 

and hypophosphatemia, therefore renal replacement 

therapy should be conducted in a tertiary care facility with 

nephrologists experienced in the care of dialysis patients. 

Limitations of dialysis technique include hemodynamic 

instability, dialysis catheter restrictions on blood-fl ow rates 

and potential for access recirculation, and the potential for 

rebound ammonia regeneration due to ongoing catabolism 

if hemodialysis is discontinued before adjunctive medical 

therapies are in place to decrease the endogenous nitrogen 

load and to activate alternate pathways for nitrogenous 

waste removal. Prompt referral to a tertiary care center and 

treatment in conjunction with physicians knowledgeable in 

the diagnosis and management of metabolic disease is crucial 

(Wilcken 2004).

Orthotopic liver transplantion (OLT) has been performed 

in patients with OTC defi ciency, primarily in the pediatric 

population. Indications for OLT include severe or progressive 

liver disease or life-threatening complications not amenable 

to medical and dietary management (Leonard and McKiernan 

2004). Short- and long-term outcomes are excellent; however 

neurologic damage pretransplant is typically irreversible. As 

our patient was newly diagnosed and had not “failed medical 

management”, it is unclear if OLT would even have been 

appropriate.

This case highlights both the diffi culty and the impor-

tance of early diagnosis and treatment in preventing lasting 

neurologic damage. As a caveat, this case further demon-

strates the importance of patient and doctor knowledge of 

family history of genetic diseases. Unfortunately, our patient 

presented in a war zone, to a combat medical facility with 

limited laboratory support. Perhaps prior knowledge of his 
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family history may have prevented his deployment and 

subsequent decompensation.
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