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ABSTRACT

The urea cycle is a metabolic pathway that excretes nitrogenous waste products from the body. Urea cycle disorders (UCDs) result from
enzymatic deficiencies within this pathway, which can lead to life-threatening hyperammonemia. Gastric bypass-related hyper-
ammonemia in patientswhohave undergoneRoux-en-Y gastric bypass surgery has been previously reported.UCDshave been implicated
as a cause of gastric bypass-related hyperammonemia. In this report, we present the case of a patientwith a history of bariatric surgerywho
experienced severe hyperammonemia encephalopathy triggered by a gastrointestinal bleed due to an undiagnosed UCD.
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INTRODUCTION

The urea cycle is a metabolic pathway that converts nitrogen to urea for excretion from the body. Urea cycle disorders (UCDs) result
from a deficiency of enzymes within this pathway, which can lead to hyperammonemia and life-threatening metabolic and neurologic
complications. The estimated prevalence of UCDs is 1 in 35,000 live births in the United States.1 In a longitudinal study of 614 patients
with UCDs, the mortality rate was found to be 24% in neonatal-onset cases and 11% in late-onset cases.1 Among the UCDs, ornithine
transcarbamylase (OTC) deficiency, an X-linked semidominant disorder, is the most common, with an estimated incidence of 1 in
56,500 live births.2 Neonates can present with lethargy, malnutrition, seizures, coma, and death if left untreated. Adult patients can be
asymptomatic throughout life or develop hyperammonemia-related symptoms after a physiological stress trigger. Adults can have an
atypical presentation that includes headaches, altered mental status, behavioral abnormalities, and cyclic vomiting.3

In this report, we present the case of a patient with a history of bariatric surgery who experienced severe hyperammonemia
encephalopathy triggered by a gastrointestinal (GI) bleed due to an undiagnosed UCD.

CASE REPORT

A 41-year-old woman with a history of Roux-en-Y gastric bypass (RYGB) 16 years earlier, iron deficiency anemia, and bipolar
disorder presented to our facility with fatigue andmelena. She underwent extensive endoscopic and radiological workup, including a
nuclear bleeding scan, with findings suspicious for active GI bleeding within the excluded limb of the duodenum. She underwent
laparoscopic-assisted endoscopy in conjunction with bariatric surgery, revealing a bleeding ulcer in the duodenal bulb, classified as
Forest Class 1B. Successful endoscopic hemostasis was achieved through epinephrine injection, thermal therapy, and one endoclip.
Two days later, she developed recurrent GI bleeding with hemorrhagic shock requiring exploratory laparotomy, duodenotomy, and
bleeding ulcer vessel ligation. GI bleeding was controlled, and the patient was discharged home with advice to avoid nonsteroidal
anti-inflammatory drugs and to continue taking a proton-pump inhibitor.
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After 2weeks, thepatient presented to thehospital for alteredmental
status in the formof periodic episodes of confusion and somnolence.
Initial laboratory workup revealed a glucose level of 45 mg/dL
(reference range, 70–99mg/dL) andanewcholestaticpatternof liver
injury with an alkaline phosphatase of 216 U/L (reference range,
30–115 U/L), total bilirubin of 4.3 mg/dL (reference range, 0.2–1.2
mg/dL), and direct bilirubin of 3.2 mg/dL (reference range,
0.0–0.3 mg/dL). Aminotransaminase levels, international
normalized ratio, and platelet counts were normal.

Intravenous glucose and thiamine supplementation was initi-
ated; however, her mental status continued to worsen, and the
patient was nonresponsive to painful stimuli. Infectious etiol-
ogy was ruled out, and radiological workup, including non-
contrast computed tomography (CT) and magnetic resonance
imaging of the head, was unremarkable. Ultrasound, CT, and
magnetic resonance imaging of the abdomen were unremark-
able, except for hepatic steatosis. An electroencephalogram
demonstrated epileptiform discharges and slowing indicative of
severe encephalopathy, and she was started on levetiracetam.
The ammonia level was found to be elevated at 200 mmol/L
(reference range, 11.0–55.0mmol/L)while the zinc level was low
(38 mg/dL) (reference range, 44–115 mg/dL).

The patient was started on lactulose 30mL every 6 hours, rifaximin
550 mg twice daily, and zinc sulfate replacement of 50 mg daily.
Within 48 hours of initiating treatment, her ammonia level de-
creased to151mmol/L, andwithin4days, it normalized completely,
leading to an improvement in her mental status. The cholestatic
pattern of liver injury gradually normalized and was believed to be
drug-induced by antibiotics (piperacillin-tazobactam) she had re-
ceived on her prior admission. Her hyperammonemia encepha-
lopathy was suspected to be a long-term complication of her prior
gastric bypass surgery and precipitated by her recent GI bleed, and
given that no cirrhosis or portal shunt was seen on CT, a UCD
needed to be ruled out. Her plasma amino acid analysis revealed an
elevated glutamine level of 808.7 mmol/L (reference range,
372.8–701.4 mmol/L), a low citrulline level of 7.3 (reference range,
15.6–46.9 mmol/L), and a normal arginosuccinate level of ,0.1
mmol/L (reference range, 0.0–3.0). Serum analysis suggested a
biochemical diagnosis of heterozygosity for OTC deficiency, an X-
linked UCD. By hospital day 16, the patient’s mental status was
completely back to normal, and she was discharged home on lac-
tulose, rifaximin, and zinc supplementation.

DISCUSSION

We report the case of an adult woman who developed hyper-
ammonemia encephalopathy 2 weeks after being hospitalized
for a complicated GI bleed. Her history of RYGB surgery pre-
disposed her to develop hyperammonemia in the setting of
heterozygous OTC deficiency, likely triggered by the physio-
logic stress of the GI bleed. She was lost to follow-up, and urine
orotic acid and genetic testing were not conducted. However,
given that the patient was female with an elevated glutamine,
normal arginosuccinate, and low citrulline, these findings are

suggestive of heterozygous OTC deficiency. Patients with het-
erozygous OTC deficiency can sometimes have normal genetic
testing and still have low OTC enzyme function.

The incidence of duodenal ulcers is less common after gastric
bypass surgery as comparedwithmarginal ulcers.4Marginal ulcers
occur at or near the intestinal side of a gastrojejunal anastomosis
and are a common complication of RYGB surgery, seen in up to
16% of patients.5 Most marginal ulcers are seen within 1 year after
RYGB.5 Our patient presented with GI bleed from an ulcer in the
excluded part of the duodenum 16 years after the bypass surgery.

It has previously been reported that there are less than 25 known
cases worldwide of hyperammonemia encephalopathy associ-
ated with RYGB in the absence of cirrhosis.6 Bariatric surgery
is considered a cause of nonhepatic hyperammonemia.6,7 The
mechanism by which hyperammonemia occurs because of
RYGB is not fully understood, but is believed to bemultifactorial.
Factors that play a role include increased states of catabolic stress,
disruption of intestinal flora leading to increased nitrogenous
waste products, and nutritional deficiencies, among others.6–8

UCDs typically manifest in the newborn period with signs of
lethargy, vomiting, and even coma after initial feeding provides a
protein load that the infant is unable to metabolize, leading to
hyperammonemia. All UCDs are inherited in an autosomal re-
cessive pattern, except for OTC deficiency, which is X-linked.
Therefore, heterozygous female carriers have a range of clinical
severity fromasymptomatic to life-threatening comadepending on
the pattern of lyonization. Most female carriers will remain
asymptomatic during their lifetime; however, certain conditions
can trigger symptomatic late-onset OTC deficiency. There are case
reports highlighting previously asymptomatic OTC-deficient het-
erozygous female carriers who developed life-threatening hyper-
ammonemia in the postpartum period.9 Fenves et al10 conducted a
retrospective review of 20 patients with a history of RYGB who
developed hyperammonemia encephalopathy and described the
syndrome as gastric bypass-related hyperammonemia (GaBHA).
The onset of the hyperammonemia encephalopathy ranged from1
month to 28 years after surgery with a reported mortality rate of
50%.10 Of 20 cases, 19 were female, highlighting the role of an X-
linked risk factor associated with this syndrome and thus impli-
cating OTC deficiency as a major potential factor.10

The diagnosis of hyperammonemia encephalopathy can be made
by confirming an elevated blood ammonia level in patients with
altered mental status. Treatment of GaBHA is aimed at lowering
ammonia levels, primarily using lactulose and rifaximin.6 Patients
who respond to treatmentwith lactulose and rifaximin support the
diagnosis of hyperammonemia encephalopathy. Our patient
quickly responded to lactulose and rifaximin with rapid im-
provement inher ammonia level, and therefore, treatments such as
dialysis and other pharmacological nitrogen-scavenging agents
were not used. Other methods include repleting deficient amino
acids, micronutrients, glucose supplementation, and zinc. Zinc
deficiency has been believed to play a role in OTC deficiency
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because zinc supplementation has increased OTC activity in cir-
rhotic rats.11 Zinc is largely regulated by the liver, acts as a cofactor
for many enzymes, and plays an important role in cell growth and
development.12 In the review by Fenves et al10 of 20 cases of
GaBHA, zinc levels were low in 9 of 11 tested patients. In our
patient, it is possible that zinc supplementationhad an indirect role
in increasing her OTC activity, thereby improving her urea me-
tabolism. Other invasive measures for GaBHA that have been
reported include surgical reversal of theRYGB13 and occlusion of a
splenorenal shunt.14

In summary, we present awomanwith a history of RYGB found
to have heterozygous OTC deficiency who developed hyper-
ammonemia encephalopathy after a complicated GI bleed. This
case can be described as part of the syndrome of GaBHA.
GaBHA and OTC deficiency are under-recognized, and clini-
cians should be aware of these syndromes in any patient who
develops hyperammonemia encephalopathy.
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