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Direct acting inhibitors of ammoniagenesis:
a role in post-TIPS encephalopathy?
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ABSTRACT

A limited number of medications are typically considered for the management of hepatic encephalopathy
occurring as a complication of transjugular intrahepatic portosystemic shunt (TIPS) placement. Multiple al-
ternative compounds aimed at disrupting ammoniagenesis are or will soon be available, though their use
tends to be limited by a lack of large data sets and of clinical awareness. In this review, we provide a tar-
geted overview of the mechanisms and availability of five anti-ammoniagenic compounds (sodium phenylbu-
tyrate, glycerol phenylbutyrate, sodium benzoate, L-ornithine L-aspartate, and ornithine phenylacetate)
identified as possibly useful alternative therapeutic agents for cirrhotic encephalopathy. Three of these
medications have been FDA approved for use in congenital urea cycle disorders only, while two are under
active investigation for use in cirrhotic patients. In spite of limitations posed by cost and comorbidities, fa-
miliarity with these options may prove beneficial in cases refractory to conventional management.
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INTRODUCTION

Transjugular intrahepatic portosystemic shunt
(TIPS) placement is typically pursued in order to
control complications of portal hypertension like as-
cites accumulation or variceal bleeding that have
become refractory to medical or endoscopic manage-
ment. The procedure, typically performed under ra-
diologic guidance, involves introduction of a
specialized catheter though one of the jugular veins
into the hepatic venous system. A needle is then
used to pierce the liver parenchyma, forming a tract
with the portal venous system that is subsequently
balloon-dilated and bolstered with an expandable
stent.! By providing an auxiliary pathway for blood
flow from the splanchnic circulation into the syste-
mic circulation, the shunt thus attenuates portal ve-
nous pressure and its associated consequences.

Immediate technical success rates for shunt pla-
cement are typically greater than 90%. One major
adverse consequence, however, is new or worsened
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hepatic encephalopathy (HE), which complicates
roughly 20-31% of all TIPS procedures (Figure 1).2
HE encompasses a wide spectrum of cognitive im-
pairment ranging from mild distractibility and for-
getfulness to frank coma.? Onset of post-TIPS
encephalopathy typically occurs within a few months
following the procedure. Symptoms may improve
with time, due to either progressive shunt stenosis
or the brain’s adaptation to an increased neurotoxin
load, though especially with the use of newer stents
that remain patent for longer periods of time, ence-
phalopathy may develop more than a year after the
procedure.* According to a recent systematic review,
the most significant risk factors for the development
of post-TIPS encephalopathy include advanced age,
the presence of encephalopathy symptoms prior to
shunt placement, and significantly diminished liver
function as indicated by a high Child-Pugh score.5
Important distinctions bear mentioning within
the larger category of encephalopathy due to portal
hypertension or portal-systemic shunts. The first
major division is between minimal and overt hepatic
encephalopathy, the former describing a subclinical
entity that is diagnosed by neuropsychometric tes-
ting but nonetheless leads to a reduction in quality
of life.®7 Overt HE is diagnosed on the basis of clini-
cal symptoms and is sub-divided into persistent and
episodic encephalopathy, either of which can follow
TIPS placement. Episodic HE may be spontaneous
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Figure 1. A flow diagram illustrating events leading to post-TIPS encephalopathy, success rates associated with various ma-
nagement strategies, and the potential role of direct-acting inhibitors of ammoniagenesis.

or precipitated, and resolution of an underlying en-
cephalopathy trigger (infection, gastrointestinal
bleeding, or electrolyte disturbances, for example) is
often effective at improving symptoms. Persistent
HE may be variable in severity, though as the termi-
nology suggests, symptoms never fully remit and
may become dependent on continued therapy.3
Treatment for post-TIPS encephalopathy, as with
HE of other etiologies, most commonly involves ad-
ministration of non-absorbable disaccharides, other
cathartics, or antibiotics. Among the estimated 5% of
patients in whom these agents fail, shunt downsizing,
shunt occlusion, or liver transplantation may be
needed to mitigate symptoms, though these methods
are not always useful or viable. One large recent
analysis of TIPS revisions showed that hepatic ence-
phalopathy symptoms improved in 58% of cases,
with associated risks including recurrent bleeding,
recurrent ascites, mesenteric infarction, and major
infection.® Common agents like lactitol and rifaxi-
min have been evaluated in a prophylactic context
after TIPS, though neither agent was shown to be
effective in reducing the incidence of post-procedural
encephalopathy.? Novel stepwise approaches to me-
dication administration and stent size adjustment

have been proposed, but these approaches remain
unstudied.®

Medication pricing has emerged as another im-
portant mediator of the usual approach to HE thera-
py. A 2007 decision analysis illustrated the fact that
although rifaximin is equivalent or superior to lac-
tulose at improving encephalopathy symptoms in
head-to-head trials, the relative inexpensiveness of
the latter agent has made it more cost-effective as
monotherapy.1!2 To our knowledge, such a compa-
rison study or cost-effectiveness analysis has not
been performed with specific attention to post-TIPS
encephalopathy. Considering TIPS itself in econo-
mic terms, one prior analysis estimated initial pro-
cedural costs in the range of $21,000, with final
costs over five years of follow-up exceeding
$70,000.12 However these numbers may vary in indi-
vidual cases, the associated utility is largely negated
when a shunt must be reversed in the event of re-
fractory encephalopathy.

PATHOGENESIS

Experimental evidence has given rise to multiple
putative mechanisms for the pathogenesis of hepatic
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encephalopathy, including among others the impai-
red clearance of various neurotoxic compounds, in-
creased neuroinhibitory tone secondary to type A
gamma-aminobutyric acid (GABA,) signaling,* and
cerebral edema generated by hyponatremia and in-
flammatory mediators.® Many of these hypotheses
describe interactive and mutually dependent proces-
ses within a biochemically complex disorder, but
among them, the accumulation of neurotoxins, spe-
cifically ammonia, remains central.

Likewise for post-TIPS encephalopathy, the most
widely held pathogenetic model involves an increa-
sed shunting of ammonia from the portal veins into
the systemic circulation via the new conduit created
across the liver.16 This hypothesis is supported by
the observed risk of encephalopathy among patients
with portal-systemic shunts existing in the absence
of liver dysfunction.!” This risk is certainly com-
pounded by the presence of cirrhosis, however, sug-
gesting that the TIPS procedure may further
diminish an already limited hepatic reserve.!® Re-
search in rat models has also suggested that the in-
testinal activity of glutaminase, an enzyme directly
involved in ammoniagenesis, is increased following
portocaval shunt formation.!?

Several methods of HE prevention and therapy
have been trialed, exploiting a wide range of poten-
tial mechanisms. Dietary restriction and avoidance
of neuroactive medications, for example, are fre-
quently utilized as adjunctive strategies to reduce
the risk of encephalopathy development. This review
will dwell primarily on alternative therapeutic
agents specifically targeting the disruption of ammo-
nia metabolism (Figure 2) toward the goal of
treating overt encephalopathy following TIPS place-
ment. Indeed, the most commonly utilized medical
therapies at present for post-TIPS encephalopathy

(and HE in general) are already directed toward de-
creasing ammonia production and increasing its
clearance. Non-absorbable disaccharides like lactu-
lose or lactitol are typical initial agents, whose me-
tabolites acidify the gut, inhibit ammoniagenic
enzymes (urease), and favor ammonia’s conversion
to ammonium, which does not enter the bloods-
tream. Antibiotics such as the non-absorbable rifaxi-
min and neomycin or the partially absorbed
metronidazole are typically utilized next and func-
tion by decontaminating the gut of urease-producing
bacteria.?®

PHENYLBUTYRATE-BASED
COMPOUNDS

Newer agents (Table 1) conceived as competitive
intermediates within ammonia metabolism pathways
have a less robust basis of evidence as HE therapy,
though research is ongoing. Phenylbutyrate is one
such compound. Its bioactive derivative, phenylace-
tate, complexes with glutamine to form the renally
excreted molecule phenylacetylglutamine, a process
that reduces the amount of nitrogenous substrate
available for ammoniagenesis.?! Sodium phenylbu-
tyrate (Buphenyl™, Ucyclyd Pharma, Scottsdale,
AZ, USA) has been FDA approved particularly for
use in chronic hyperammonemic states associated
with urea cycle disorders.?2 No formal trials have
been initiated on its use in cirrhotic HE, much less
with particular application to post-TIPS encephalo-
pathy; anecdotal evidence at our institution, howe-
ver, has been promising in the acute setting (despite
acute hyperammonemia being a labeled contraindi-
cation to the use of this agent). Potential obstacles
to the long-term use of sodium phenylbutyrate in
cirrhotic patients include poor palatability and

| Phenylbutyrate |—>Phenylbutyric acid

| Phenylacetate |

Phenylacetyl-
glutamine <
(renally excreted)

Glutamine «¢

Figure 2. The steps of am-
moniagenesis targeted by va-
rious third-line encephalopathy
I therapies (listed in boxed

L-ornithine,
L-aspartate

text). Phenylbutyrate, phen-
ylacetate, and benzoate lead

» Glutamate to the formation of renally ex-

| Benzoate

Hippurate
(renally excreted)

v

Glycine ¢———pNH;

UREA CYCLE

creted molecules (listed in
bold), while ornithine and as-
partate increase glutamate
production, leading in turn to
the preferential synthesis of
glutamine.




Ahuja NK, et al. Anass of flepatolosy, 2014; 13 (2): 179-186

182

J8JUN09-8y}-19A0 1910

"siopJosip 9j942 BaIn :qoN

peoy wnipos (w0°Z-6"1 vsd 4 T 10} 3sop
194 uolned Sulwnsse 9duRUULRW
“uawuredwt pue asop s)eLl} 9AL3DR ou se pajeadal (wInuowiwry)
]e3USW ‘SUOISINAUOD 3ulpeo) LTS (vsn ‘zv ‘Sn ey uL@dn jo uay3 ‘ulw 0Z1-06 93e3908)AUsyd
‘elwaeyodAy suLpn)doxa) (%01 /%01) 91eps13008) elwsuowwe-1adAy pue 19A0 3s0p Sulpeo) wnipos
‘elwadA)SiadAy 010‘8Z% uotsnju| *ou| ‘ewleyd Ayredojeydadua e se paJsajsiulwpe + 93e0ZUS(
‘BUIIIWIOA -800°17$ Al W 0§ pA>£on a3nde 4oy paroiddy Al 7W/8 G°G wnipos
s|eLs} aAlde
ou 5N 3y Ut
peo) wnLpos 71$ "xoidde saew.eyd juase 9)5uls e se (197eMm Ul
134 uoined :Japmod Sulpunodwod a)qge)LeAe Ajjelaiawwod PaAjossLp) Ajtep 91e0ZUSq
‘etsdadsAq YARRS 8 001 J0 Jeuoljeulalu| 10 paAoidde joN DIMIO0d 8 § wnipos
adoun3 ut @on 404 paje.a)0) Ajajes
ayoepeay uorjeusisap Snup ueyd.o y¥z/8 oy
‘95U3)0UWOS (vsn ‘v2 ‘sn ut ssaugoud ‘Aiep § 01
‘ssaulzzip d\qe)teAy ‘08a1q ues) *ou| uL ainjiey JaAl) :9s0p Al ‘paylodal
‘BULILWIOA Aeuswwo)  ‘sorynadesay] 9)nde pue JH ajnde j0U 9s0p dlnadesayy ayelaoe)Auayd
‘easneN V/N 194 10N e1320 10} SaLpn3s || aseyd :3s0p Od auLuyIO
adoun3 ul 9)ge)teAe
uotje|nwiioy
09$ "xoudde (Auewan Al Quswayddns Aep/8 0 :Al
BULILWOA :19pmod ‘Jnpjuel) 710 ue se gn ayy ut ‘Arep sawiny 9jeniedse-q
‘easneN 9%-7% 800} eweyd zJaw paAo.dde uolryejnwioy Od 931Y1 8 9-€ :0d aulyituio-1
A3101X0304N3U Ayyedojeydadua (uswuiredwit
‘ayoepeay 2130Y.J1D Ul 3sn ol3eday Joy
‘ured (vsn 1o} pajajdwiod papuswiwiodal
Jeurwopge ‘v ‘odsioueld 1eLy || aseyd abuel
‘aouame)) (w0°Z-6"1 vsd 6GL°TS ues) “ou| ‘snayyuraon a5esop Jo pus (y 131Aey)
‘eayJielp suLwinsse) :uo1IN|os ‘solynadesayl uL 3sn dLuoJayd 19M0)) Aep/,wi/8 a1eJAIngiAuayd
‘easneN LE€LTS-Sv LS quw Gz uoLiadAH 10} panouddy $°7L 016 10492419
peo) wntpos 0¥'78€°T$
a1 uorined :(yoea 5w 0og) (Aep/8 oz asop
‘saduequnistp s321qe3 067 (vsn “zv @on 1e3Luasu0d xew) Ajrep sawi}
aseq-ploe (zw0°Z-5"1 vsg ¥8'99L¥S ‘91eps1302s) J0 elwsUOWWe 9-€ ‘sjeaw yum (wpAuaydng)
‘uorydunysAp sulwnsse) :1opmod *Ou| ‘eweyd -19dAy oruouayd paJajstuiwpe ‘0d 9jeJAingiAuayd
JenJisusy 9€9%-€9¢€$ 8 052 pAIAON Joy panoiddy Kep/,w /8 €1-6'6 wnLpos
SIUBAS (asn) Aeq J4ad (asn)
8nup as1aApy 350D *353 350D Hun Jainyoejnuey Agejreay sulsoq

*103INQLIISLP 9Y3 UO paseq pa3dadxa aq 03 S UOLJeLIBA SWOS ‘€07 ISNSNny jo se
9jeJndde 3q 03 YSNOoY) SI uoljew.IofuL SUldLld *(SJUdSe JaYlo Joj) saidew.reyd 1eIDISWWOD JO/puUe S92USI9)3J JedlInadewleyd pue (93e0zuaq WNLpos Joj) sn Y3 ul Adew
-1eyd Suipunodwod 1ed20) e wolj suoyda)al Aq pauleiqo sem uoljewlojul Suidtid “Ayyedoreydadsus sd|1-3sod ut A3Lian jerjualod jo syusfe dluaseluowwe-1uy * | a)qe



Direct acting inhibitors of ammoniagenesis. Axnais of flepatology, 2014; 13 (2): 179-186

183
°

excessive sodium load, the latter potentially predis-
posing to ascites accumulation (1 gram of the drug
delivers approximately 125 milligrams of sodium,
and typical adult doses of sodium phenylbutyrate
range from 10-20 g/day).?3

An alternative formulation, glycerol phenylbu-
tyrate (GPB) (Ravicti™, Hyperion Therapeutics,
San Francisco, CA, USA), bypasses these obstacles
and is under active investigation for HE prevention
among cirrhotic patients, having already been ob-
served to be safe and well tolerated in this patient
population.?* GPB has recently received FDA appro-
val, but like sodium phenylbutyrate, its labeled use
is currently limited to urea cycle disorders.2? The
agent is currently available as an oral liquid, with a
daily cost slightly higher than that of sodium phen-
ylbutyrate. Preliminary results of a randomized
double-blind Phase 2 trial of GPB among 178 cir-
rhotic patients with a history of encephalopathy
suggest that, in combination with a standing
regimen of lactulose and/or rifaximin, GPB is supe-
rior to placebo for preventing new HE events
and reducing the length and frequency of future
HE hospitalizations.26

L-ORNITHINE-L-ASPARTATE
AND ORNITHINE PHENYLACETATE

Other compounds aimed at disrupting ammonia
synthesis in hepatic encephalopathy include L-orni-
thine-L-asparate (LOLA) (Hepa-Merz®, Merz Pharma,
Frankfurt, Germany) and ornithine phenylacetate
(Ocera Therapeutics, San Diego, CA, USA). Ornithine
is metabolized in vivo to glutamate, which in turn is
thought to facilitate the diversion of nitrogen in
excess ammonia toward glutamine synthesis and ex-
cretion.2” Results have been generally favorable
regarding the efficacy of LOLA in treating HE.
A recent meta-analysis identified three high-quality
randomized controlled trials of LOLA among a total
of 212 patients with chronic Stage I and II HE;28 the
largest of the included trials, with 126 patients,
evaluated the effects of intravenous dosing,?? while
the others studied the drug’s oral formulation.
All concluded that LOLA improved symptoms of
clinically overt encephalopathy relative to either
lactulose or placebo.

Among patients with HE related to acute liver
failure, however, a randomized trial of 201 subjects
showed no reduction in mortality or encephalopathy
grade with intravenous LOLA as compared with pla-
cebo.3? Furthermore, intervention periods in trials
of LOLA have often been short (four to seven days

in the studies mentioned above), and some investiga-
tors have suggested that the agent’s clinical effects
are transient with risk of rebound hyperammonemia
on discontinuation (an observation specifically re-
ported from a cohort of eight cirrhotic patients,
though without associated details of their baseline
characteristics.)?! LOLA has also been studied with
particular attention to the post-TIPS setting,
though results are limited in their interpretability.
A crossover trial of fifteen cirrhotic patients, seven
with TIPS and eight without, challenged partici-
pants with a glutamine load (promoting ammoniage-
nesis) and treated them with either intravenous
LOLA or placebo; non-TIPS subjects demonstrated
an improvement in choice response time with LOLA
relative to placebo, but no reduction in psychome-
tric testing performance could be generated in either
treatment arm among subjects with TIPS.32

In addition to providing ornithine as a driver of
glutamine synthesis, ornithine phenylacetate (OP)
complexes with glutamine to form a molecule that
can be renally excreted (by a mechanism similar to
that of phenylbutyrate, a metabolic precursor of
phenylacetate, as mentioned above), an action hypo-
thesized as a potential basis for more durable
symptomatic benefit.22 Much of the published
evidence at present is derived from animal models
of cirrhosis and liver failure, where significant
reductions have been noted in serum ammonia con-
centrations, brain edema, and neurophysiologic deficits
as measured by motor-evoked potentials.3334 A small
observational study of ten human cirrhotic patients
with recent gastrointestinal bleeding demonstrated
the relative safety of OP administration in this
population along with reliable reduction in serum
ammonia concentration and correlative increase in
urinary phenylacetylglutamine, the excreted meta-
bolite.3? Large clinical trials of OP have yet to be
published, though it has received orphan drug and
fast track designations from the FDA, and Phase I1
studies are in progress investigating the agent’s
utility in cirrhotic hepatic encephalopathy and acute
liver failure respectively.36:37

SODIUM BENZOATE

Limited evidence also supports the utility of so-
dium benzoate in diverting nitrogen from ammonia
synthesis pathways, specifically by complexing with
glycine to form the renally excreted molecule hippu-
rate.38 Like phenylbutyrate, benzoate was initially
used in urea cycle disorders, but data from one ran-
domized controlled trial of 74 patients with HE (in



184

Ahuja NK, et al. Axwas of flepatology, 2014; 13 (2): 179-186

the setting of underlying cirrhosis, except for 4 ca-
ses with portosystemic shunt) also demonstrated
efficacy in the treatment of cirrhotic encephalopathy,
with benefits equivalent to those seen with lactulose
administration (in combination with ancillary stan-
dard of care measures, including tap water enemas
and dietary protein restriction.) In that study, so-
dium benzoate therapy (5 grams twice daily) was no-
ted to be thirty times cheaper than the disaccharide
alternative at the time and location of publication.??

Conflicting data have been reported, however, on
the utility of sodium benzoate in reducing serum
ammonia levels outside the setting of overt encepha-
lopathy. A subsequent trial of six cirrhotic patients
demonstrated relative hyperammonemia following
sodium benzoate administration, both at baseline
and after a glumatine challenge.*° The authors sug-
gest that the post-treatment effects seen in the lar-
ger randomized trial may have been attributable to
the standard of care provided in both arms rather
than the experimental agent in question. While
emerging from a much smaller sample size, these re-
sults resonate with doubt raised by earlier animal
studies regarding the direction of effect of sodium
benzoate on serum ammonia levels.*!

As with sodium phenylbutyrate, caution would
seem advisable in a cirrhotic population regarding
the high sodium load associated with long-term ad-
ministration of this medication. Per molecular-weight
calculations, assuming administration of an additive-
free powder, approximately 160 milligrams of
sodium would be delivered per gram of sodium ben-
zoate, corresponding with 1.6 g of sodium per day
of therapy at usual doses. One observational study of
sodium benzoate administered daily over six months
to eighteen patients with chronic cirrhotic encepha-
lopathy notably demonstrated no significant fluid re-
tention at monthly follow-up, though the severity of
participants’ liver disease is difficult to ascertain.*?
From our anecdotal experience, the palatability of
this dissolved compound is also poor and therefore
potentially limiting.

Oral sodium benzoate has not been FDA appro-
ved for medicinal use, nor is it commercially manu-
factured as a single agent in North America, though
it may be obtained from compounding pharmacies at
minimal expense. Sodium benzoate is also available
as an intravenous combination therapy with sodium
phenylacetate (Ammonul™, Ucyclyd Pharma, Sco-
ttsdale, AZ, USA), labeled for treatment of acute hy-
perammonemia in the setting of urea cycle
disorders.*3 This formulation is markedly more ex-
pensive than the other agents discussed herein, par-

ticularly for the higher dosages that would be requi-
red in adult patients; studies of its use in urea cycle
disorders suggest that it is typically employed as a
short-term bridge to the successful administration
of oral therapy.** Published evaluations of this
combination therapy in an adult cirrhotic population
are rare; one small crossover trial of oral adminis-
tration among eight patients with portosystemic
encephalopathy demonstrated improvement in ence-
phalopathy grade in the majority of participants
with dual therapy, greater than the improvement
seen with either agent alone.?

CONCLUSION

Post-procedure encephalopathy poses a signifi-
cant challenge to the long-term management of cir-
rhotic patients requiring TIPS. Shunt downsizing
and reversal typically follow trials of non-absorba-
ble disaccharides and antibiotics, opposing the ini-
tial intervention’s intended benefit and introducing
further risk of procedural morbidity. This review
seeks to promote familiarity with a richer field of
pharmacologic options by which encephalopathy
might be reversed and an otherwise functional
shunt salvaged.

Several caveats bear mentioning prior to the cli-
nical implementation of these medications. The ge-
neralizability of research into third-line agents for
acute or chronic HE management is often limited by
the grade and mechanism of encephalopathy studied,
as well as the potential concurrent use of other HE
medications. Few clinical trials have been performed
with particular attention to post-TIPS encephalopa-
thy. Moreover, newer compounds have typically not
been specifically studied in the setting of other chro-
nic impairments, such as renal dysfunction, an im-
portant point of caution given the reliance of many
of the aforementioned nitrogen-wasting agents on
renal clearance for their mechanism of action.

Cost is another significant consideration when
evaluating the feasibility of these third-line options.
As mentioned above, the high price of intravenous
combination therapy with sodium benzoate and
sodium phenylacetate makes it unlikely to be useful
as an agent for cirrhotic patients with chronic ence-
phalopathy symptoms. Oral sodium benzoate and
LOLA are comparatively inexpensive but respective-
ly limited by concerns regarding excessive sodium
administration, exacerbation of hyperammonemia,
and transient symptomatic benefit. Specific price po-
ints have yet to be set for those agents still under
investigation, but in broad terms, the cost-benefit
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analysis of initiating one of these less conventional
medications in a cirrhotic patient will likely hinge
significantly on its perceived utility as an acute
versus chronic management strategy. Our anecdotal
experience suggests that at least one of these agents
(sodium phenylbutyrate) can provide sustained
symptomatic benefit and reduced need for recurrent
hospitalization within the context of a limited course
of therapy following TIPS placement. Further in-
vestigation is still pending with respect to the wider
applicability of anti-ammoniagenic agents in cirrho-
tic and post-procedure encephalopathy.

ABBREVIATIONS

¢ GPB: glycerol phenylbutyrate.

* HE: hepatic encephalopathy.

* LOLA: L-ornithine L-aspartate.

e OP: ornithine phenylacetate.

e TIPS: transjugular intrahepatic portosystemic
shunt.
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