CASE REPORT: HEPATOLOGY

Secondary Ammonia Scavenge With Glycerol Phenylbutyrate
Improves Hyperammonemia Following Portosystemic Shunting

*Simone Kortbeek, 1Christy Gilkes, fAneal Khan, and *Alfred K. Yeung

Abstract: Portosystemic shunts are used to treat portal hypertension arising
from extrahepatic portal venous obstruction. They decompress the portal sys-
tem by allowing intestinal blood to bypass the liver and enter directly into
the systemic circulation. These shunts increase the risk of minimal hepatic
encephalopathy and altered neurodevelopmental outcomes in affected chil-
dren. Treatment options are limited and have been extrapolated from those
used in cirrhosis. We describe the use of glycerol phenylbutyrate as an alter-
nate management strategy. A 3-year-old boy underwent distal splenorenal
shunt for refractory variceal bleeding secondary to portal hypertension. He
had neurologic deterioration and hyperammonemia refractory to traditional
management strategies. Glycerol phenylbutyrate was initiated and resulted
in a sustained improvement in ammonia levels, behavior, and school perfor-
mance. This case illustrates the successful use of glycerol phenylbutyrate in a
noncirrhotic patient with Portosystemic shunt and minimal hepatic encepha-
lopathy refractory to conventional management strategies.
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INTRODUCTION

Portosystemic shunts (PSSs) decompress the portal system by
allowing intestinal blood to bypass the liver and enter directly into the
systemic circulation. Unfortunately, these shunts predispose children
to minimal hepatic encephalopathy (MHE) and altered neurodevel-
opmental outcomes (1). Treatment options for MHE are limited and
have been extrapolated from those used in the context of cirrhosis
(2). In this report, we describe the use of glycerol phenylbutyrate as
an alternate therapy for a patient with MHE refractory to conven-
tional management strategies.

CASE REPORT

A 3-year-old boy underwent distal splenorenal shunt for
refractory variceal bleeding secondary to portal hypertension. His

Received September 4, 2021;accepted April 18, 2022.

From the *Section of Pediatric Gastroenterology, Department of Pediatrics,
Cumming School of Medicine, University of Calgary, Calgary, AB, Canada;
tSection of Medical Genetics, Department of Pediatrics, Cumming School
of Medicine, University of Calgary, Calgary, AB, Canada; and {Pediatrician
and Medical Geneticist M.A.G.I.C. Clinic Ltd. in Calgary and Vancouver,
Adjunct Professor of Pediatrics, University of Calgary, Calgary, AB, Can-
ada, Metabolic Consultant, Department of Pediatrics, Saskatchewan Health
Authority

The authors report no conflicts of interest.

The parent and legal guardian of the patient presented in this case report provided
informed consent and were aware of the intent to publish and agree to it.

Correspondence: Simone Kortbeek, MD, FRCPC, FAAP, Alberta Children’s Hos-
pital, Cumming School of Medicine, University of Calgary, 28 Oki Drive NW,
Calgary, AB T3B 6A8, Canada. E-mail: smkortbe@ucalgary.ca

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on
behalf of the European Society for Pediatric Gastroenterology, Hepatology,
and Nutrition and the North American Society for Pediatric Gastroenterology,
Hepatology, and Nutrition. This is an open-access article distributed under the
terms of the Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download and share
the work provided it is properly cited. The work cannot be changed in any way
or used commercially without permission from the journal.

JPGN Reports (2022) 3:3(e210)

ISSN: 2691-171X

DOI: 10.1097/PG9.0000000000000210

medical history was significant for preterm delivery at 33 weeks
gestational age and umbilical catheterization in the neonatal inten-
sive care unit. The cause of his portal hypertension was extrahe-
patic venous obstruction with cavernous transformation of the
portal vein, identified on ultrasound and magnetic resonance imag-
ing. He was not a candidate for a Rex shunt due to thrombosis of his
left portal vein. One month postoperatively, he developed suspected
MHE (ammonia level 54 pumol/L) and was treated empirically with
lactulose. His clinical status worsened with behavioral changes and
sleep disturbance (ammonia levels ranging from 80 to 100 pmol/L).
He presented to the emergency department with acute neurologic
decompensation and an ammonia level of 148 pmol/L. Lactulose
dosing was increased and rifaximin (200 mg PO BID) was added to
the treatment regimen.

The patient had persistent behavioral concerns over the ensu-
ing 12 months which led to additional treatment measures including
cycling rifaximin with lactulose, initiation of a vegan diet, dietetic
review to ensure there was no caloric deficit to precipitate catabo-
lism, and a seven-strain probiotic to promote low urease producing
strains of bacteria. Analysis of his serum amino acid profile was nor-
mal except for low branched-chain amino acids reflecting reduced
dietary protein intake as the intestinal venous drainage bypassed the
liver via the PSS. We did not find any evidence of a urea cycle disor-
der using plasma amino acids, urine amino acids, urine orotic acid,
ornithine transcarbamylase gene sequencing and multiplex ligation-
dependent probe amplification (MLPA). However, his hyperammo-
nemia proved refractory to dietary changes, antibiotic therapies,
probiotics and lactulose. He had recurrent symptomatic hyperam-
monemia with serum ammonia levels exceeding 100 pmol/L during
three discrete episodes.

Glycerol phenylbutyrate was initiated at a dose of 2.5mL by
mouth TID (11 mL/m? and 12.1 g/m?), and subsequently reduced to a
maintenance dose of 1.8 mL by mouth TID (8 mL/m? and 8.8 g/m?).
On this therapy, there has been a sustained stabilization of serum
ammonia levels, with a pretreatment median of 64.0 umol/L (IQR
49.0-81.0) compared to a post-treatment median of 55.0 pmol/L
(IQR 45.0-68.5) (P = 0.0268, Fig. 1). Following the introduction of
glycerol phenylbutyrate, there were three occasions during which the
serum ammonia level was >100 umol/L. These were not felt to be
clinically significant and rather spurious as they were not associated
with clinical symptoms and normalized without intervention within
24 hours.

This has corresponded to a marked and sustained change in
his behavior, improvement in his ability to concentrate, school per-
formance, fine motor skills, and no further presentations of hyperam-
monemic encephalopathy. He has had no HE events in 24 months
following initiation of glycerol phenylbutryrate. His amino acid pro-
file remains unchanged.

DISCUSSION
Although the pathogenesis of HE is not entirely understood,
hyperammonemia is considered to be an important factor and cor-
related with symptoms in our patient. Ammonia is produced from
dietary protein catabolism, with subsequent conversion to urea in the
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FIGURE 1. Box plot demonstrating median ammonia values and interquartile ranges before and following initiation of glycerol
phenylbutyrate. A) including spurious ammonia values exceeding 100 umol/L on three occasions post glycerol phenylbutyrate.
B) excluding spurious ammonia values exceeding 100 pmol/L on 3 occasions post glycerol phenylbutyrate.

urea cycle. In the presence of a PSS, blood flow bypasses the liver
and therefore a crucial step in dietary ammonia detoxification (3).
With this type of shunt and portal vein obstruction, ammonia derived
from dietary protein deamination enters the systemic circulation
without first undergoing detoxification by periportal hepatocytes.
This results in the risk of systemic exposure to hyperammonemia
despite the absence of a urea cycle disorder.

Glycerol phenylbutyrate is an oral medication typically used
in the treatment of urea cycle disorders by using a scavenger path-
way to detoxify ammonia. After ingestion, the prodrug is acted on
by pancreatic lipases in the intestinal lumen producing phenylbu-
tyrate, which is absorbed into the circulation. Phenylbutyrate will
subsequently undergo beta-oxidation and be converted to phenylac-
etate then phenylacetyl-CoEnzyme A. Conjugation with glutamine,
which contains two molecules of nitrogen, yields phenacetylgluta-
mine. This is water-soluble and excreted in the urine thereby pro-
viding a secondary pathway for elimination of ammonia. Because
the conjugation can occur in the circulation, our aim was to reduce
prehepatic ammonia levels in the systemic circulation using a non-
urea cycle pathway for renal excretion of nitrogenous waste (4). This
approach has been shown to reduce HE events and ammonia levels
in patients with cirrhosis (5). This case illustrates the successful use
of glycerol phenylbutyrate in a noncirrhotic patient with PSS and
MHE refractory to conventional management strategies. Our experi-
ence provides further evidence for its use in this patient population in

whom uncontrolled hyperammonemia can have a significant negative
impact on daily functioning and long-term cognitive outcomes.

ACKNOWLEDGMENT

SK.,, C.G, AK., and A.K.Y. all had substantial contributions
to the conception of design of the work, interpretation of data for the
work, revising the work and final approval of the work for publication.
S.K. drafted the work and was responsible for acquisition of data. S.K.
and A.K.Y. had substantial contributions to the analysis of data. All
authors are in agreement to be accountable for all aspects of the work.

REFERENCES

1. Srivastava A, Yadav SK, Lal R, et al. Effect of surgical portosystemic shunt on
prevalence of minimal hepatic encephalopathy in children with extrahepatic
portal venous obstruction: assessment by magnetic resonance imaging and
psychometry. J Pediatr Gastroenterol Nutr. 2010;51:766—772.

2. Vilstrup H, Wong P. Hepatic encephalopathy in chronic liver disease: 2014
practice guideline by AASLD and EASL. J Hepatol. 2014;60:715-735.

3. Khanna R, Sarin SK. Noncirrhotic portal hypertension: current and emerging
perspectives. Clin Liver Dis. 2019;23:781-807.

4. Said VJ, Garcia-Trujillo E. Beyond lactulose: treatment options for hepatic
encephalopathy. Gastroenterol Nurs. 2019;42:277-285.

5. Rockey DC, Vierling JM, Mantry P, et al; HALT-HE Study Group. Randomized,
double-blind, controlled study of glycerol phenylbutyrate in hepatic encepha-
lopathy. Hepatology. 2014;59:1073—1083.

www.jpgnreports.org



