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Recurrent noncirrhotic hyperammonemia @

causing acute metabolic encephalopathy
in a patient with a continent ileocecal pouch:
a case report

T. M. Skipina’, S. Macbeth, E. L. Cummer, O. L. Wells and S. Kalathoor

Abstract

Introduction: Acute encephalopathy, while a common presentation in the emergency department, is typically
caused by a variety of metabolic, vascular, infectious, structural, or psychiatric etiologies. Among metabolic causes,
hyperammonemia is relatively common and typically occurs in the setting of cirrhosis or liver dysfunction. However,
noncirrhotic hyperammonemia is a rare occurrence and poses unique challenges for clinicians.

Case presentation: Here we report a rare case of a 50-year-old Caucasian female with history of bladder cancer
status post chemotherapy, radical cystectomy, and ileocecal diversion who presented to the emergency depart-
ment with severe altered mental status, combativeness, and a 3-day history of decreased urine output. Her laboratory
tests were notable for hyperammonemia up to 289 umol/L, hypokalemia, and hyperchloremic nonanion gap meta-
bolic acidosis; her liver function tests were normal. Urine cultures were positive for Enterococcus faecium. Computed
tomography imaging showed an intact ileoceal urinary diversion with chronic ileolithiasis. Upon administration of
appropriate antibiotics, lactulose, and potassium citrate, she experienced rapid resolution of her encephalopathy and
a significant reduction in hyperammonemia. Her hyperchloremic metabolic acidosis persisted, but her hypokalemia
had resolved.

Conclusion: This case is an example of one of the unique consequences of urinary diversions. Urothelial tissue is
typically impermeable to urinary solutes. However, when bowel segments are used, abnormal absorption of solutes
occurs, including exchange of urinary chloride for serum bicarbonate, leading to a persistent hyperchloremic non-
anion gap metabolic acidosis. In addition, overproduction of ammonia from urea-producing organisms can lead to
abnormal absorption into the blood and subsequent oversaturation of hepatic metabolic capacity with consequent
hyperammonemic encephalopathy. Although this is a rare case, prompt identification and treatment of these meta-
bolic abnormalities is critical to prevent severe central nervous system complications such as altered mental status,
coma, and even death in patients with urinary diversions.
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Introduction

Acute encephalopathy is a common presentation in any

emergency department. The differential is broad and
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Among metabolic causes, hyperammonemia is a fre-
quent source of altered mental status and is typically
related to cirrhosis or liver dysfunction. However, several
nonhepatic etiologies of hyperammonemic encephalopa-
thy have been described in the literature and include uri-
nary tract infections (UTI) with urea-splitting bacteria
[1-7], hemato-oncologic disorders [5], organ transplan-
tation [5, 8], ureteral diversions [5, 9, 10], portosystemic
shunts [11, 12], medications [5, 13-15], and urea-cycle
disorders [16].

Here we report a case of fulminant noncirrhotic hyper-
ammonemic encephalopathy secondary to a UTI in a
patient with a continent ileocecal pouch (Indiana pouch)
and chronic ileolithiasis.

Case presentation

A 50-year-old Caucasian female with a history of pulmo-
nary embolism, morbid obesity [body mass index (BMI)
48], chronic abdominal pain, and high grade papillary
carcinoma of the bladder (T3bN1) status post chemo-
therapy, radical cystectomy, and Indiana pouch creation
presented to the emergency department with altered
mental status and a 3-day history of decreased urine out-
put, foul-smelling urine, nausea, vomiting, and anorexia.
She had been hospitalized multiple times in the past for
urosepsis, hypokalemia, enterocutaneous fistula, abdom-
inal wall abscesses, and cellulitis. She was most recently
hospitalized 3 months prior for altered mental status
and was successfully treated with piperacillin—-tazo-
bactam that was deescalated to oral ciprofloxacin after
a urine culture grew pansensitive Escherichia coli and
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Proteus vulgaris. Notably, she performs in-and-out cath-
eterization through her umbilicus several times per day
to drain urine from the Indiana pouch.

On physical examination, the patient was belliger-
ent and oriented only to place and person. Neurologi-
cal examination was grossly normal by observation, but
limited by severe patient combativeness. The patient
was swinging wildly at staff and screaming during intake
interview and examination. History obtained from her
mother revealed that at baseline she was a pleasant and
well-adjusted individual. Her abdomen was tender to pal-
pation, but without distention or rigidity. A large midline
scar was present without erythema or purulence.

Laboratory studies demonstrated hyperammonemia
(289 pmol/L), hypokalemia (2.8 mmol/L), hyperchlo-
remia (115 mmol/L), nonanion gap metabolic acidosis,
normal liver function studies, mildly elevated creatinine
(1.36 mg/dL), chronic leukopenia (2.8 x 1000/mm?), and
thrombocytopenia (71 x 1000/mm?). Urinalysis showed
increased pH (8.5) and pyuria with many bacteria. Urine
cultures grew 10,000 to 50,000 colony forming units
(CFU)/mL Enterococcus faecium. Blood cultures were
negative. Arterial blood gas was unable to be obtained
owing to her mental status.

Computed tomography (CT) imaging showed post-
surgical changes of radical cystectomy with ileocecal
diversion in the right lower quadrant; there was also ileo-
lithiasis present (Fig. 1). CT of the head was unrevealing.

The patient was initially admitted to the general medicine
service, but because of significantly altered mental status
and combativeness with concern for airway protection, the
patient was ultimately transferred to the medical intensive

acute abnormality is present in the abdomen or pelvis

Fig. 1 CT of the abdomen and pelvis with contrast. CT scan of the abdomen and pelvis showing postsurgical changes of radical cystectomy with
ileal diversion in the right lower quadrant. lleclithiasis is present within the Indiana pouch (arrow). There is no hydroureteronephrosis. No other
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care unit (ICU) for continued management. Of note, she
had presented 3 months prior with similar symptoms that
resolved quickly with a course of piperacillin—tazobactam
with transition to oral ciprofloxacin. Because of this, she
was empirically started on piperacillin—tazobactam, but
was changed to daptomycin once urine cultures showed
Enterococcus growth, and ultimately transitioned to vanco-
mycin thereafter. She was treated with antibiotics for a total
of 5 days. Her hyperammonemia was treated with lactu-
lose, and her hypokalemia and nonanion gap metabolic aci-
dosis were treated with potassium citrate.

Ultimately, she returned to her baseline mental status
within 3 days and was discharged on lactulose and potas-
sium citrate. Her discharge laboratories tests were nota-
ble for an ammonia level of 108 umol/L and persistent
hyperchloremic metabolic acidosis (Table 1).

Discussion

Noncirrhotic hyperammonemia can be caused by a mul-
titude of factors. Endogenous ammonia, a breakdown
product of protein, is primarily processed in the liver. It

Table 1 Comparison of chemistries on admission and at

discharge
Chemistry On admission At
discharge
Na (mmol/L) 144 138
K (mmol/L) 28 3.7
Cl (mmol/L) 115 110
CO, (mmol/L) 18 18
BUN (mg/dL) 20 7
Cr (mg/dL) 136 093
Anion gap (mmol/L) 11 10
Total bilirubin (mg/dL) 0.5 04
AST (IU/L) 27 17
ALT (IU/L) 31 21
Ammonia (umol/L) 289 108

Table 2 Typical etiologies of nonhepatic hyperammonemia
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reacts with bicarbonate and N-acetylglutamic acid in the
mitochondria to enter the urea cycle. After a multistep
process, nontoxic urea is formed in the cytosol and sub-
sequently transported to the kidneys to be excreted in the
urine [17].

In general, noncirrhotic or nonhepatic hyperam-
monemia can be divided into two etiological groups as
described by Laish et al., [5]: increased ammonia produc-
tion or decreased ammonia clearance (Table 2).

In our patient, the most likely precipitant of her hyper-
ammonemia was increased ammonia production from a
urinary tract infection in the setting of chronic ileolithi-
asis. She grew E. faecium in her urine, and although this
organism is not classically known for being a urea pro-
ducer, there has been a case reported in the literature
describing recurrent noncirrhotic hyperammonemia in
a patient with urine cultures growing E. faecalis [18]. In
concordance with this case, there is a possibility that our
patient’s strain of E. faecium acquired urease-producing
capabilities.

The patient has a remote history of malignancy with
chemotherapy treatment, but no history of any hemato-
logic disorder or recent chemotherapeutics, making this
etiology much less likely. In addition, she has no history
of organ transplantation. There were no obvious signs of
seizures, starvation, trauma, gastrointestinal bleeding,
or any reports of steroid use. Per chart documentation
and discussion with family, she had no history of ethanol
abuse or liver disease, but has had a history of incidental
hepatomegaly on CT. The patient did not appear to be in
a prolonged catabolic or cachectic state; however, she did
have mildly decreased oral intake in the days leading up
to her acute presentation.

Regarding etiologies of decreased ammonia clearance,
our patient did not have a ureterosigmoidostomy but had
a different configuration of urinary diversion in the form
of an ileal neobladder. Hyperammonemia in the presence
of bowel segments used as a bladder is not surprising given
the fact that the bowel retains its absorptive and secretory

Increased ammonia production

Decreased ammonia clearance

Infections by urea-producing bacteria: Proteus mirablis, Klebsiella species,
Escherichia coli, Morganella morganii, Providencia rettgeri, diphtheroids,
Mycobacterium genavense, herpes simplex

Ureterosigmoidostomy

Hematooncological disorders: multiple myeloma, chemotherapy for acute  Portosystemic shunts; congenital intrahepatic and extrahepatic

leukemia, bone marrow transplantation, 5-fluorouracil
Organ transplantation

Protein load and increased catabolism: severe exercise, seizures, starvation
or trauma, total parenteral nutrition, gastrointestinal bleeding, steroid
use

Drug-induced: valproic acid, glycine, carbamazepine, ribavirin, sulfadiazine

with pyrimethamine, salicylate

Inborn errors of metabolism: urea-cycle disorders, defects in 3-oxidation of

fatty acids, organic acidemias, disorders of pyruvate metabolism
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capabilities. Urothelial tissue at baseline is a highly imper-
meable barrier to urinary solutes; urine tends to have a low
sodium content and high potassium content and is typi-
cally acidic with low concentrations of bicarbonate [19].
Urinary ammonium is created by the kidney in an effort
to buffer urinary acidity and is instead reabsorbed by the
bowel, where it travels to the liver to be metabolized by the
urea cycle [19]. Ammonia is thereby absorbed, resulting in
oversaturation of hepatic metabolic capacity and conse-
quential hyperammonemia in the setting of other precipi-
tating factors such as urea-splitting organisms and hepatic
or renal insufficiency [19, 20]. Notably, these findings are
more commonly reported in patients with ureterosigmoi-
dostomy and not ileal diversion, which suggests that this
case is an anomaly among an already rare subset of nonhe-
patic hyperammonemia related disorders.

Hyperammonemia can also result from decreased
absorption of bile salts and interruption of the entero-
hepatic cycle. The ileum is a site of bile salt and fat
absorption; however, when this is removed and used as
a urinary diversion, buildup of these contents occurs
within the small bowel. This imbalance can lead to small
intestine bacterial overgrowth (SIBO), and decreased
absorption of alkaline contents leading to acidosis and
dehydration [7]. In addition, it is well known that patients
with urinary diversion are more prone to dehydration
[19, 21]. Given that the ileocecal valve serves as one of
the protective factors for SIBO and that our patient had
it manipulated and reconstructed, SIBO could have been
contributory or precipitative to her presentation [22].

In addition to hyperammonemia, our patient also had
hyperchloremic metabolic acidosis, which is a well-docu-
mented consequence of urinary diversion using bowel seg-
ments [19]. Ileal tissue contains antiporters that exchange
ions in equimolar doses; in the setting of urine exposure,
urinary chloride is absorbed in exchange for bicarbonate.
Since urine typically has little to no bicarbonate and a mod-
erate concentration of chloride, bicarbonate is transported
into the urine in exchange for chloride, resulting in the
observed hyperchloremic metabolic acidosis [19, 20, 23].

Given that the administration of lactulose and the ini-
tiation of antibiotics were essentially simultaneous in
our patient, we are unable to differentiate which therapy
played a more predominant role in improving her hyper-
ammonemia and neuropsychiatric symptoms. While
the mechanism of action of lactulose is still debated in
the literature, it has long been hypothesized that lactu-
lose in the gut causes a proliferation of non-urease
producing microorganisms (such as Lactobacilli and Bifi-
dobacteria), which then results in intraluminal lactate
and acetate production causing a decrease in the pH of
the colon [24, 25]. The acidification of the colon causes
NH, (ammonia) to be protonated to NH," (ammonium),
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and thus, ammonia can no longer diffuse into the blood-
stream or move across the blood—brain barrier when it
takes the form of ammonium [24, 26]. Additionally, a
cathartic effect occurs causing NH; to be removed from
the bloodstream, diffused into the gut where NH," is,
and then generated and excreted from the body, result-
ing in a reduction in ammonia levels. Importantly, cer-
ebral edema with subsequent brain herniation is the
feared consequence of elevated ammonia levels in both
cirrhotic and noncirrhotic patients. This complication
develops when ammonia and glutamate are converted
into glutamine by glutamine synthetase, which is present
in astrocytes [24, 27]. Glutamine behaves as an osmolyte
causing astrocytic dysfunction, leading to the develop-
ment of cerebral edema, which clinically manifests as
altered mental status, coma, or death in extreme cases
[24, 27]. It is important to note that ammonia levels do
not always correlate with encephalopathy in cirrhotic
patients [28]; however, we believe that hyperammonemia
is the most likely cause of our patient’s altered mental sta-
tus, given that this was her only severe metabolic abnor-
mality and there was a temporal association between
resolution of her encephalopathy and reduction of her
hyperammonemia on two different occasions.

Ultimately, our patient’s hyperammonemia was pre-
sumed to be from resorption of urinary solutes in the
setting of ileal urinary diversion precipitated by a UTL
In the setting of chronic ileolithiasis, this could serve as
a nidus for recurrent UTI and subsequent precipitant
hyperammonemia. After treatment with antibiotics and
lactulose, the patient’s mental status and hyperammone-
mia improved, and she was subsequently discharged on
daily lactulose and potassium citrate for her hyperam-
monemia, hypokalemia, and metabolic acidosis. If she
continues to have recurrences in the future, there is a
case report of a patient with recurrent hyperammonemic
encephalopathy after a ureterosigmoidostomy who expe-
rienced complete resolution of hyperammonemia with
diet involving complete restriction of animal proteins and
only plant-based protein supplementation, so this could
be a potential therapeutic intervention [23]. In addition,
stone removal or prophylactic antibiotics could be fur-
ther interventions should she fail to improve with con-
servative therapies.

Conclusion

This case is an example of one of the unique conse-
quences of urinary diversions. Urothelial tissue is typi-
cally impermeable to urinary solutes. However, when
bowel segments are used, abnormal absorption of solutes
occurs, including exchange of urinary chloride for serum
bicarbonate, leading to persistent hyperchloremic nonan-
ion gap metabolic acidosis. In addition, overproduction
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of ammonia from urea-producing organisms can lead
to abnormal absorption into the blood and subsequent
oversaturation of hepatic metabolic capacity with con-
sequent hyperammonemic encephalopathy. Although
this is a rare case, prompt identification and treatment of
these metabolic abnormalities is critical to prevent severe
central nervous system complications such as altered
mental status, coma, and even death in patients with uri-
nary diversions.
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