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Introduction. In cirrhotic patients, hyperammonemia develops due to impaired ammonia detoxification and porto-
systemic blood shunting and is most commonly associated with hepatic encephalopathy and sarcopenia. Currently,
there are questions regarding the diagnosis of hyperammonemia and the effect of ammonia-lowering therapy on dis-
ease outcomes.

Materials and methods. The Russian Scientific Liver Society selected a panel of seven experts in liver cirrhosis
research and management of patients with this disease to make reasoned statements and recommendations on the
issue of diagnostic and prognostic value of hyperammonemia in patients with liver cirrhosis, hepatic encephalopathy
and sarcopenia.

Results. The Delphi panel identified the most relevant topics, in the form of PICO questions (patient or population,
intervention, comparison, outcome). The Delphi panel made six questions relevant to clinical practice and gave rea-
soned answers, framed as ‘clinical practice recommendations and statements’ with evidence-based comments. The
questions and statements were based on the search and critical analysis of medical literature by keywords in En-
glish- and Russian-language databases. The formulated questions could be combined into four categories: hepatic
encephalopathy, sarcopenia, hyperammonemia, and ammonia-lowering therapy.

Conclusions. The results of the experts' work are directly relevant to the quality management of patients with liver
cirrhosis, and their recommendations and statements can be used in clinical practice.
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BeepeHue. Y naumeHToB C LMPPO30OM MEYEHN B Pe3ynbTaTe HapyLUEHMS MPOLLECCOB 00E3BPEXMBaHMS aMMuaka
1 MOPTOCMCTEMHOrO LUYHTUPOBAHNS KPOBU MOXET pa3BMBaTbCs rMnepaMmmMoHMeEMUs, KOTopas Hanbonee 4acTo ac-
couMMpOBaHa C NeYeHOYHOW aHUEedanonaTnen n capkoneHmen. Ha cerogHALWHNA eHb OCTaOTCS BOMPOCHI MO Ava-
rHOCTUKE rMNePaMMOHNEMMUU N BINSHUIO TMNOAMMOHMEMMNYECKOI TEPANUM Ha NCXOAbl 3ab60eBaHNS.

Matepuanbl U MeToabl. Poccuiickoe 06LLECTBO MO U3YHEHMIO NeYeH 0ObEONHNIIO CEMb 9KCMEPTOB B 061aCTn
M3Y4YeHMS LMPPO3a NeYeHN U BeOEHUS NALMEHTOB C 3TUM 3aboneBaHNEM AJ151 BbIHECEHWS apryMEHTUPOBAHHbIX pe-
KOMEHZALMIA 1 NONOXEHUI No npobneme «[AnarHoCTMYECKOe M MPOrHOCTUYECKOE 3HAYEHNE rMnepamMMOHUEMNN
y NaLMEHTOB C LMPPO30M NEYEHU, MEYEHOUYHOM SHLEePaNonaTren n capkoneHnemn».

Pes3ynberaTbl. OKCnepTbl paboTanu no ynpoLLEHHOMY AeNbOUACKOMY METOAY, ONPeaeneHne Hanbonee akTyanbHbIX
npobnem ocyuiectensanu no npuHumny PICO (patient or population, intervention, comparison, outcome). 9kcnepTbl
cHOpPMyYNIMPOBaNV LLECTb aKTyaslbHbIX AN KIMHUYECKOM MPakTUKN BOMPOCOB U AaNN HA HUX apryMEHTUPOBaHHbIE
OTBETbI, 0DOPMIIEHHBIE KaK «PEKOMEHOALMN N MONIOXEHUS AN KITMHUYECKOW NPAKTUKM» C KOMMEHTapPUSMWN Ha OC-
HOBE [0Ka3aTenbHOM MeauumHbl. B 0CHOBY OPMYNMPOBKM BOMPOCOB, PEKOMEHOALMIA N MOMOXEHUI NEer KpUTn-
YeCcKUi aHann3 MeguLIMHCKOW NTepaTypbl, HAMAEHHOW MO KJIOYEBLIM C/IOBAM B @HIOS3bIYHbBIX U PYCCKOSI3bIYHbIX
6asax gaHHbIx. O6begUHUTL CHOPMYIMPOBAHHbLIE BOMPOCHI MOXHO B YETbIPE KAaTErOpUN: NeYeHOYHas aHuedanona-
TUS, CApPKOMNEHWS, rTMNepPaMMOHNEMUS], TMIOAMMOHEMMYECKAs Tepanus.

BeiBoAbl. Pe3ynbtatbl paboTbl 9KCNEPTOB MMEIOT NMPSMOE OTHOLLUEHME K KaYeCTBEHHOMY BEAEHMIO MaUMEHTOB
C LMPPO30M MneyeHn, cHopMyMpPOBaHHbIE MU PEKOMEHAALMM U MOJIOXEHUS MOFYT MCMONb30BATLCS B KINHNYE-
CKOW NpakTuKe.

KnioueBbie cnoBa: PICO, MeToabl M3MEPEHUS aMMMaka, rmnepaMMoOHNEMUS, MeYeHOYHas aHLedanonatms, cap-
KOMEHUS, NeYeHne rmnepaMmmMmoHMEMINN, NakTynosa, pudakcumuH, L-opHntnH-L-acnaptat, LOLA, aMnHOKMCNOTSI
C pa3BeTBEeHHOW 60koBOW Lienbio, BCAA

KoHdnukT HTEepecoB: aBTopbl 3a9BASI0OT 00 OTCYTCTBUN KOHPNNKTA NHTEPECOB.
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Introduction

Ammonia is a toxic substance that is mainly
present in the blood as ions (NH*"). Under fast-
ing conditions, healthy people have low concen-
trations of ammonia in the blood (from 8 to 60
pumol/L). It should be noted that the upper nor-
mal limit for blood ammonia concentrations is not
defined by international standards and may vary
depending on the blood sampling site (arterial,
venous, or capillary blood) and laboratory test
method [1].

Liver cirrhosis (LC) is characterized by fibrosis
and transformation of normal liver structure into
abnormal nodules, representing the end stage of
most diffuse liver diseases. Hyperammonemia may
occur during the course of cirrhosis and is due to
impaired ammonia detoxification in the liver and
portosystemic blood shunting. In clinical studies
of patients with LC, hyperammonemia is defined
as venous blood ammonia concentration > 50
umol/L [2—4] or > 60 umol/L [5, 6] and arterial
blood ammonia concentration > 60 umol /L [7].

Approximately one third of patients with L.C
develop a fatal outcome directly associated with
its complications [8]. One of the most common
complications of cirrhosis associated with hy-
perammonemia is hepatic encephalopathy (HE):
overt HE at disease onset is observed in 10—20 %

[9—12], in 30—40 % of patients, it develops during
the disease course and is a marker of decompen-
sation [13—16]; while covert HE is diagnosed in
20—80 % of patients depending on the diagnostic
method [17—21].

Another common complication of cirrhosis is
sarcopenia: its prevalence is 25—70 %, increasing
with the severity of cirrhosis [22—24]. Ammonia
is neutralized in the skeletal muscles in patients
with LC, therefore, sarcopenia is a risk factor for
HE [25, 26]. Both experimental and clinical stud-
ies have shown that hyperammonemia can exacer-
bate sarcopenia [27].

Approximately one in four patients with cir-
rhosis is diagnosed with HE and sarcopenia si-
multaneously [28, 29]. This combination is un-
favourable: both conditions aggravate each other,
forming a circulus vitiosus, and have a negative
synergistic effect on patients’ quality of life and
prognosis [30].

Recent studies have demonstrated the prog-
nostic value of hyperammonemia in patients with
LC: increased ammonia levels have been identified
as an independent risk factor for hospitalization,
morbidity, and mortality [31, 32].

However, it is currently not known whether it
is necessary to measure blood ammonia levels in
patients with HE and/or sarcopenia before the
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use of pathogenesis-based ammonia-lowering ther-
apy, whether alternative therapeutic options for
these complications are available, and how the use
of ammonia-lowering therapy is going to affect
the outcomes, what the best method to measure
the ammonia concentration is, and some others.

The answers to these questions are directly re-
lated to the quality management of patients with
LC in clinical practice. The questions could be
combined into four categories: hepatic encepha-
lopathy, sarcopenia, hyperammonemia, and am-
monia-lowering therapy.

Materials and methods

The Russian Scientific Liver Society (RSLS)
selected a panel of experts in LC research and
management of patients with this disease to
make reasoned statements and recommendations
on the issue of diagnostic and prognostic value
of hyperammonemia in patients with liver cir-
rhosis and its complications.

A Delphi panel consisted of seven specialists,
including six hepatologists/gastroenterologists
who specifically treated patients with LC (in-
cluding those in the liver transplant waiting list
and during the post-transplantation period) and
one clinical pharmacologist. Of the six hepatolo-
gists/gastroenterologists, three specialists are in-
volved in research on the role of hyperammonemia
in liver diseases, one specialist has extensive ex-
perience in comparing the diagnostic accuracy
of blood ammonia measurement using different
methods. All experts have academic degrees, ex-
tensive practical experience in the management of
patients with LC and its various complications.

All participants in the presented agreement
took part in the discussion of all questions about
the diagnostic and prognostic value of hyperam-
monemia in patients with LC. The first meeting of
experts was held in-person in order to identify the
most relevant for clinical practice topics, in the
form of PICO questions.

The purpose of the question according to the
PICO method is to highlight the problems of a
patient or population (patient or population), any
intervention or method (intervention), to carry
out comparison, if applicable (comparison) and to
discuss the result (outcome).

Once the questions were formulated, the Delphi
panel discussed them online. Some of these ques-
tions were modified and finally they were agreed
upon. The answers to the questions were prepared
in the form of recommendations and statements
and substantiated by the experts as part of evi-
dence-based medicine.

The experts used the simplified Delphi method.
The following rules were applied by the experts
for approval of the statements: if the statement
had been approved by less than 50 % of experts,
it was rewrite and resubmitted for discussion and
voting; if the statement had been approved by 50—
75 % of experts, it was improved and rewrite, dis-
cussed and adopted without a second vote; if the
statement had been approved by 75—90 % of ex-
perts, it was not rewritten, comments were taken
into account; if the statement had been approved
by more than 90 % of experts, it was adopted with
small corrections.

All statements were discussed in three rounds
of voting and during two online meetings, re-
sulting in consensus among the experts, meaning
that all statements were discussed, modified, and
unanimously approved.

An advanced literature search was performed
in the English language using the following key-
words: hyperammonemia or hepatic encephalop-
athy or cognitive disorders and liver cirrhosis
or liver disease; ammonia level measurement and
liver cirrhosis; ammonia level measurement and
cognitive disorders or psychiatric disorders or en-
cephalopathy; ammonia-lowering therapy and he-
patic encephalopathy and outcome or improvement
or clinical course and liver cirrhosis; ammonia
level measurement and sarcopenia; hepatic enceph-
alopathy and sarcopenia; ammonia-lowering ther-
apy and sarcopenia and outcome or improvement
or clinical course and liver cirrhosis; prognostic
role of ammonia and liver cirrhosis. The search
was conducted in the following international data-
bases: PubMed, Google Scholar, Web of Science,
Embase, Cochrane Database, the relevant studies
were also searched for at ClinicalTrials.gov.

An advanced literature search was performed
in the Russian language using the same keywords.
The search was conducted in the following data-
bases: the electronic resource “The Rubricator of
Clinical Guidelines of the Ministry of Health of
the Russian Federation”, eLibrary, RusMed.

The work of the experts was to formulate ques-
tions using the PICO method, make statements
on each of the questions and substantiate them us-
ing the principles of evidence-based medicine, and
reach the consensus using the simplified Delphi
method.

The level of evidence was determined based on
the criteria of the Oxford Center for Evidence-
Based Medicine [33] (Tables 1 and 2).

This document discusses only ammonia-lower-
ing medicinal products that are authorized in the
Russian Federation and are mentioned in the clin-
ical guidelines of the Ministry of Health of the
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Russian Federation “Liver cirrhosis and fibrosis”
(ID 715; approved in 2021)".

Questions and statements,
recommendations

Should blood ammonia levels be measured
in patients with LC and HE before the initia-
tion of ammonia-lowering therapy?

Recommendation. 1t is not recommended
to measure blood ammonia levels in patients with
LC or any form of HE (covert or overt) before
the start of ammonia-lowering therapy since hy-
perammonemia is the main factor of pathogenesis
of this complication.

(LoE — 3, strong recommendation, 100 % consensus)

The pathophysiology of HE is based on necro-
sis or functional failure of hepatocytes, leading
to decreased detoxification function of the liv-
er and accumulation of toxic substances in the
systemic circulation, which cross the blood-brain
barrier to the brain and cause dysfunction of the
central nervous system [34]. Another pathophysi-
ologic mechanism of HE development in patients
with LC and clinically significant portal hyper-
tension is spontaneous or surgical portosystemic
shunts, through which toxins formed in the

gastrointestinal tract bypass the liver and enter
the systemic circulation. Other factors such as
neuroinflammation, aberrant neurotransmission,
bile acid signalling or microbiome; manganese
excess and some others are also considered to be
involved in the pathophysiology of HE, however,
hyperammonemia is believed to be the key factor
in the HE pathogenesis so far [35].

The role of ammonia in the pathogenesis of
encephalopathy after portosystemic shunting was
first demonstrated 130 years ago by a group of
physiologists led by I.P. Pavlov and M.V. Nencki
in the Imperial Institute of Experimental
Medicine in Russia. Dogs with an Eck’s fistu-
la (a shunt between the portal vein and inferior
vena cava) had behavioural changes and devel-
oped neurological symptoms that increased after
meat intake, while the concentration of ammo-
nium salts in the urine increased [36, 37]. The
results of these experiments suggested that am-
monia may play a central role in the development
of a complex of neuropsychiatric symptoms later
named HE.

Studies conducted in the following years con-
firmed this assumption: increased blood ammo-
nia levels were found in patients with LC and
HE [38, 39]. Although some patients with overt
HE may have normal ammonia levels [40, 41]
the ranges of ammonia concentrations overlap

Table 1. Level of evidence based on the Oxford Centre for Evidence-based Medicine

LoE Criteria Simple model for high, intermediate
and low evidence
1 Systematic reviews (with homogeneity)
of randomized controlled trials
. . . Furth h i likely to ch. fi-
Randomized controlled trials or observational déléceeiilrfﬁgaéscti;;&ngf Ee};le?itcaiﬁgreisiur contt
9 studies with dramatic effects; systematic reviews
of lower quality studies (i.e. non-randomized,
retrospective)
Non-randomized controlled cohort / follow-up
3 study / control arm of randomized trial (system-
ti iew i Ily better than individual . —
stllltzl}rswew s generally better than individua Further research (if performed) is likely to have
an impact on our confidence in the estimate of
. L benefit and risk and h the estimat
Case-series, case-control, or historically controlled cnehit-and risk and may change the estimate
4 studies (systematic review is generally better than
an individual study)
5 Expert opinion (mechanism-based reasoning) Any estimate of effect is uncertain

Note: LoE — level of evidence.

! Liver cirrhosis and fibrosis: Clinical guidelines. Approved by the Research and Practical Council of the Ministry of Health of
the Russian Federation. URL: https://cr.minzdrav.gov.ru/schema/715_1 (date of access: August 14, 2023).
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Table 2. Grades of recommendation

Grade Wording

Criteria

Must, shall, should, is recommended
Strong

Shall not, should not, is not recommended

Evidence, consistency of studies, risk-benefit
ratio, patient

Can, may, is suggested
Weak or open

May not, is not suggested

Preferences, ethical obligations, feasibility

at different stages of HE [42]; a direct correla-
tion between the degree of hyperammonemia
and the severity of HE has been established [31,
43, 44], and ammonia level reduction has been
shown to be associated with clinical improve-
ment [39, 45, 46]

The main causes of hyperammonemia in pa-
tients with LC include loss of functioning peri-
portal hepatocytes in which ammonia is neutral-
ized to its final product, urea, which is excreted
via the kidneys [47], and decreased ability of
perivenous hepatocytes to bind ammonia to form
glutamine [48].

The role of hyperammonemia in the central
nervous system disorders has been proven in
experimental studies and shown in histologi-
cal examinations: the main damage develops in
astrocytes, which play a crucial role in many
aspects of brain physiology, including ammo-
nia metabolism, neurotransmitter uptake, free
radical removal, release of neurotrophic factors,
and maintenance of synapse function [44].

In recent years, there have been studies
that suggest measuring blood ammonia con-
centration in patients with HE to confirm the
diagnosis, predict the development of com-
plications, and develop new therapeutic op-
tions [34, 49]. However, there is currently
insufficient evidence to support the efficacy
of measuring ammonia in all patients with LC
and signs of encephalopathy in routine clinical
practice to improve clinical outcomes.

When is it should to measure blood ammonia
levels in patients with LC and signs of enceph-
alopathy?

Recommendation. It is recommended to mea-
sure blood ammonia levels as part of differen-
tial diagnosis of altered consciousness in patients
with LC and diagnostically unclear encephalop-
athy.

(LoE — 3, strong recommendation, 100 9% consensus)

If a patient with LC has signs of altered con-
sciousness, a standardized diagnostic evaluation
by a multidisciplinary team should be conducted

[33, 50]. Altered consciousness can be caused by
extrahepatic conditions that cause or exacerbate
HE symptoms, these are so-called precipitating
factors. Among them are well-known factors:
infections (pneumonia, urinary infection, spon-
taneous bacterial peritonitis, sepsis, acute gas-
troenteritis and others) [51], gastrointestinal
bleeding [52], constipation, excessive breakdown
of glutamine by small intestinal glutaminases
[53], dehydration, hyponatremia [54], hypokale-
mia [55, 56], uncontrolled use of diuretics, alcohol
consumption [57], use of benzodiazepines, exces-
sive protein intake [58, 59] and factors whose role
in the development of HE has been actively dis-
cussed in recent years: loss of skeletal muscle mass
(sarcopenia) [29, 60] and transjugular intrahepatic
portosystemic shunt placement [61—63].

The precipitating factors of HE development
in patients with LC may be observed in isolation
or in various combinations and are accompanied
by hyperammonemia. In patients demonstrating
signs of HE, they should be ruled out based on
the results of standard clinical examination and
laboratory tests. Interventions aimed at eliminat-
ing/correcting these factors, in combination with
ammonia-lowering therapy, are accompanied by
clinical improvement of HE [64—67].

If this approach is ineffective, it is advisable
to measure the ammonia concentration: high
concentration requires the modification of am-
monia-lowering therapy (dose increase, use of
combination regimens) and active search for pre-
cipitating factors that have not been eliminated
yet, while normal concentrations require search
for alternative causes of altered consciousness.

There is a separate group of causes of altered
consciousness in patients with LC that produce
their potent independent effect on the central
nervous system (without the involvement of he-
patic failure and portosystemic shunts). These
causes include intracranial lesions (subdural he-
matoma, intracranial hemorrhage, tumor, stroke,
abscess), inflammatory diseases of the central
nervous system (meningitis, encephalitis), met-
abolic encephalopathy (diabetes mellitus, severe
anemia), Wernicke encephalopathy, the use of
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psychoactive substances (antipsychotics, seda-
tives, antidepressants) [64, 68—70].

In such cases, measurement of ammonia con-
centration may be useful: ammonia levels within
the reference ranges require active search for other
causes of altered consciousness (not associated with
HE) as part of differential diagnosis.

It is necessary to remember about extrahepatic
causes of hyperammonemia, which should be ruled
out in the absence of precipitating factors or no re-
sponse to adequate ammonia-lowering therapy [1].

Which method of measuring blood ammonia
concentration is the most preferable in routine
clinical practice?

Statement. The most preferable method
of measuring blood ammonia is its determination
in the capillary blood using a rapid test.

(LoE — 3, 100 % consensus)

All methods of blood ammonia measurement
can be divided into two groups: conventional
and rapid tests.

Conventional laboratory methods for the de-
termination of blood ammonia concentrations are
difficult to perform, time-consuming and involve
the following steps: isolation of ammonia from
the sample, ammonia capture followed by quan-
tification by titration, colorimetry/fluorimetry,
electrode or enzymatic assays [71].

The first factor limiting the use of these meth-
ods in routine clinical practice is the need to
standardize a large number of complex technical
conditions: the need to draw blood into a cooled
vacuum tube with anticoagulant, immediate
placement of the sample on ice, refrigerated cen-
trifugation, and a lot of other factors. Ammonia
levels in whole blood plasma maintained at 4 °C
remain stable for less than 1 hour. If concentra-
tion measurements are not carried out immedi-
ately, the samples should be frozen, otherwise
the persisting metabolism of red blood cells and
platelets in vitro will lead to increased ammonia
concentrations [72, 73]. Each laboratory adopts
a different standard of the testing protocol, re-
sulting in various results, as occurred in a recent-
ly published study [74]. Venous blood samples
collected from patients with LC and HE were
placed in a cooled tube, centrifuged in a refrig-
erator, then divided into two parts to determine
on-site ammonia levels and sent to a central lab-
oratory; for this purpose, the samples were frozen

2 Marketing authorization certificate for the medical device No

at —70 °C and stored at the same or lower tem-
perature in a freezer. The study was conducted
at multiple centers, and each of the local labora-
tories followed a different testing protocol. As a
result, the ammonia concentrations measured in
the local laboratories and in the centralized lab-
oratory differed, which caused misrepresentation
of the testing results [74].

In the Russian Federation, there is current-
ly a rapid test for the determination of blood
ammonia concentrations using a portable device
PocketChem BA PA-4140 (ARKRAY Factory,
Inc., Japan)?. This method was developed in 1992
as an alternative to conventional tests. The rapid
test is a dry chemistry test that requires a dispos-
able reagent test strip AMMONIA TEST KIT II
(ARKRAY Factory, Inc., Japan)?, on which one
drop of whole blood is applied (a microcapillary
is attached for taking the required volume, i.e.
20 ul), ammonium ion in the blood sample turns
into ammonia gas in the test strip and diffuses
onto the indicator layer, which intensity of co-
lour change is used to calculate the ammonia con-
centration using reflectance photometry. The de-
vice is very easy to use, fast (measurement takes
about 3 min), accurate and reproducible [75],
which makes it most suitable for bedside use. The
method is comparable to values obtained by con-
ventional methods: the intra-assay coefficient of
variation does not exceed 6.5 % [76].

Ammonia concentrations in patients with LC
can be measured in arterial, venous, and capillary
blood samples [39, 43, 77]. The brain ammonia uti-
lization rate has been shown to directly correlate
with arterial ammonia concentration [78]. Current
studies show an arteriovenous difference of blood
ammonia in patients with LC due to the uptake
of ammonia by muscles and its binding to form
glutamine [78, 79]. Moreover, a wide variability
of serum ammonia levels in healthy volunteers
has been established when using conventional test
methods [80]. In addition to this limitation, possi-
ble tourniquet-induced ischemia, which may affect
the ammonia concentration in the venous sample,
has been discussed [81]. Therefore, it is prefera-
ble to measure the levels of ammonia in arterial
blood, but this method requires a good practical
skill in performing arterial punctures.

Ammonia levels in capillary blood most closely
match those in arterial blood, so capillary blood
sampling may be a good alternative to more in-
vasive arterial blood sampling [82]. When per-
forming capillary blood testing, it is crucial to

. RZN No. 2014,/1901 issued on September 16, 2014.

3 Marketing authorization certificate for the medical device No. RZN No. 2014,/1845 issued on August 11, 2014.
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properly choose the sampling site. For example,
artificially elevated ammonia levels can be ob-
tained when blood sampling is performed from a
finger as a result of contamination of the sample
with sweat [83]. The ammonia concentration in
capillary blood obtained from the earlobe, which
does not contain sweat glands, more accurately
reflects the true ammonia concentration [71, 84].

In the first published studies, the reference
ranges for the rapid test for measuring fasting am-
monia in arterial blood and in capillary blood tak-
en from the earlobe in healthy volunteers ranged
from 8 to 35 pmol/L [71, 84, 85]. When evalu-
ating the measured capillary blood ammonia con-
centration using the PocketChem BA PA-4140, the
units of measurement must be taken into account.
The device has the option to change the units of
measurement ammonia level: in pg/dL or pmol /L.
The upper limit of normal specified for the test strips
is 76 pg/dL (measuring range — 10—400 pg/dL)
and 54 pmol /L (measuring range — 8—285 pmol /L).

What is the effect of ammonia-lowering
therapy on HE outcomes in patients with LC?

Statement. The use of ammonia-lowering
therapy in patients with LC improves outcomes
of all types of HE (covert or overt).

(LoE — 1, 100 % consensus)

Two groups of medicinal products with an
ammonia-lowering effect are authorized in the
Russian Federation: medicinal products that
stimulate ammonia detoxification and medici-
nal products that reduce ammonia production
in the intestine. Both groups are recommended
for use in adult patients with LC in the treat-
ment of covert or overt HE%.

The most commonly used medicinal product
from the first group: L-ornithine-L-aspartate
(LOLA) is a stable salt of L-ornithine and
L-aspartate, which readily dissociates into its
constituent amino acids [86]. L-ornithine is a
substrate of the urea cycle and an activator of its
key enzyme, carbamoyl phosphate synthetase, in
periportal hepatocytes. L-aspartate is converted
by transamination to glutamate, which is capable
of binding ammonia in perivenous hepatocytes,
skeletal muscle, and brain. Through these met-
abolic pathways, both amino acids participate
in reactions in which the ammonia molecule is
incorporated into urea and glutamine, resulting
in a decrease in blood ammonia concentrations

[86]. The presence of reserve ammonia detoxi-
fication systems in patients with LC was first
shown almost 50 years ago in the clinical set-
tings: administration of LOLA reduced hyper-
ammonemia induced by ammonium chloride
intake [87]. LOLA is available in two dosage
forms: intravenous and oral.

The agents that reduce the ammonia produc-
tion in the intestine include nonabsorbable di-
saccharides (lactulose) and antibiotics, and
among them, the most preferable product is
currently the one with minimal systemic ab-
sorption, namely rifaximin (rifaximin-alpha).
Lactulose reduces the ammonia production
due to its laxative effect, acidification of co-
lon contents and prebiotic properties [88, 89].
Rifaximin produces an ammonia-lowering ef-
fect by modifying the gut microbiome [90,
91]. Both medicinal products are available in
the oral dosage form.

There is no gold standard for ammonia-low-
ering therapy in patients with LC and HE. The
Cochrane systematic review on HE (2019) pres-
ents a conclusion that there is insufficient ev-
idence to determine the effect of all used am-
monia-lowering agents for the prevention and
treatment of HE in adult patients with LC, and a
suggestion that more evidence is needed to assess
their efficacy and safety [92]. However, it is very
difficult to conduct international multicenter,
double-blind, randomized placebo-controlled tri-
als, which serve as the basis for systematic re-
views and meta-analyses, in patients with HE for
the following reasons: the variety of HE forms
(episodic, persistent, recurrent), ethical consider-
ations (use of placebo in patients with overt HE),
multiple effects of precipitating factors, lack of
standardized methods of covert HE assessment,
impossibility to remain blind in trials involving
lactulose due to the need to achieve its main lax-
ative effect for the treatment of HE, as well as
limited availability of ornithine and rifaximin in
some countries.

Overt HE

The efficacy of LOLA in patients with overt
HE (episodic or persistent type) grades 2—4 of the
West Haven classification has been demonstrat-
ed in three meta-analyses [93—95]. LOLA (daily
oral dose of 9—18 ¢ or intravenous dose of 20 g,
treatment duration of 3 to 14 days) was more
effective in reducing HE symptoms, mortality
rate, rate, and extent of a decrease in both fast-
ing and postprandial hyperammonemia compared

* Liver cirrhosis and fibrosis. Approved by the Research and Practical Council of the Ministry of Health of the R)ussian Federa-

tion. Approved in 2021. URL:

ttps://cr.minzdrav.gov.ru/recomend,/715_1 (date of access: October 14, 2023).
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with placebo/no intervention. However, the
tolerance ratio and incidence of adverse events
were similar in the LOLA group and placebo/
no intervention groups.

Comparison of LOLA with other ammo-
nia-lowering agents for the treatment of overt
HE has shown either the similar effect [6] or
superiority of LOLA with respect to clinical
improvement, reduction in ammonia concentra-
tion, and tolerability [6, 96].

Lactulose is effective in improving symp-
toms of overt HE and improving survival rates
compared to placebo/no intervention [97]. The
product may be administered through a gastric/
nasogastric tube or as enemas. During use, the
development of adverse events (diarrhea, bloat-
ing, abdominal pain), hyponatremia is possible.
The latter should be monitored: hyponatremia
itself may be a precipitating factor for the HE
development.

The clinical efficacy of rifaximin is equiv-
alent to lactulose, however, the former has a
better safety profile [98]. Rifaximin and lactu-
lose have demonstrated similar efficacy in the
treatment of overt HE grades 2—3 [99].

Combination therapy with rifaximin and lac-
tulose improves clinical efficacy, reduces hospi-
tal length of stay, and mortality in patients
with HE compared to lactulose monotherapy
[100, 101].

Combination of three ammonia-lowering
agents can be used in patients with severe overt
HE (grades 3—4). The addition of LOLA for
5 days to the combination of lactulose and ri-
faximin compared to the addition of placebo
improved grades of HE, recovery time from en-
cephalopathy, with lower 28-day mortality [102].

After acute bleeding from esophageal gas-
tric varices, patients with LC are likely to de-
velop an episode of overt HE. In such cases,
LOLA (oral or intravenous dosage form) [103]
or lactulose [104] may be used for primary pro-
phylaxis of overt HE.

At present, there is no evidence to recom-
mend any of the ammonia-lowering agents as
monotherapy for primary prevention of overt
HE after transjugular intrahepatic portosys-
temic shunt placement, perhaps combination
therapy may produce a more significant effect
[105, 106].

Secondary prophylaxis of HE wusually in-
cludes the combination therapy, in particular,
a combination of lactulose and rifaximin has
demonstrated the reduction in the HE recurrence

and HE-related hospitalization in patients with
decompensated LC in one-year follow-up [107].

Covert HE

LOLA (daily oral dose of 9—18 g) and lactu-
lose (daily dose of 30 mL) have been shown to
have similar efficacy in the treatment of covert
HE (grade 1 of the West Haven classification)
for 14 days [6, 7].

In patients with minimal HE treated for 3
months, the efficacy of primary prophylaxis of
overt HE, improvement in the results of psy-
chometric tests, and improvement of the quality
of life were similar in patients receiving LOLA
and lactulose, while LOLA was better tolerated
[95, 103].

A meta-analysis of studies in patients with
minimal HE comparing the use of LOLA with
placebo/no-treatment has shown the improve-
ment of the psychometric test results in patients
receiving LOLA, lactulose and rifaximin. Also,
improvement has been demonstrated in patients
who received LOLA or lactulose for the preven-
tion of overt HE. The mean duration of treat-
ment was 2—3 months; LOLA was used at a
dose of 9—18 g/day; rifaximin — at a dose of
1,100—1,200 mg/day, and lactulose — at a dose
of 30—60 mL/day [108].

In patients with HE, therapy with LOLA,
lactulose or rifaximin improves health-related
quality of life and social functioning [109, 110].

Is it should to measure blood ammonia levels
in patients with LC and sarcopenia?

Recommendation. It is not suggested to mea-
sure blood ammonia levels in patients with LC
and sarcopenia since hyperammonemia is the
main factor of pathogenesis of this complication.
(LoE — 4, weak recommendation, 100 9 consensus)

The course of LC is often accompanied by
muscle disorders: atrophy, sarcopenia and
myosteatosis. These disorders are caused by sev-
eral factors: increased catabolism in cirrhosis
(when essential amino acids necessary for mus-
cle protein production are used for albumin syn-
thesis or gluconeogenesis due to the depletion of
glycogen stores); malnutrition; decreased levels
of testosterone and growth hormone; sedentary
lifestyle, etc. [111].

The association between hyperammonemia
and sarcopenia has been established. In patients
with LC, the mechanism of ammonia detoxifi-
cation changes: due to decreased activity of the
ornithine cycle enzymes and glutamine synthesis
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in the liver (as well as the presence of porto-
systemic shunts), skeletal muscle takes up more
ammonia and plays a major role in (temporari-
ly) detoxifying ammonia to glutamine.

Therefore, the development of sarcopenia in
patients with LC is associated with hyperam-
monemia and an increased risk of developing
both covert and overt HE [60, 112].

Ammonia detoxification in muscles occurs via
glutamine synthesis: an ammonia molecule com-
bines with a glutamate molecule, and the reaction
requires ATP energy. Alpha-ketoglutarate (an in-
termediate product of the tricarboxylic acid cycle)
and branched-chain amino acids (BCAAs) are re-
quired to produce sufficient amounts of glutamate.
In patients with hyperammonemia, ammonia de-
toxification in muscles leads to depletion of a-ke-
toglutarate, BCAA, and ATP stores, resulting in a
decreased protein synthesis, oxidative stress, and
uncontrolled autophagy [113—116].

Other mechanisms contributing to the de-
crease of skeletal muscle protein synthesis in
patients with hyperammonemia are also being
considered, particularly, myostatin activation
via NF-kB (nuclear factor kappa-light-chain-en-
hancer of activated B cells) [117]. In an ex-
perimental model, a reduce in myotube diam-
eter, impaired protein synthesis, and increased
autophagy were observed in response to hyper-
ammonemia and partially reversed following
24-hour and 48-hour withdrawal of ammonium
acetate. [118].

All the mechanisms described above contrib-
ute to the loss of muscle mass with even greater
accumulation of ammonia, forming a circulus
vitiosus [119]. Currently, there is no evidence
to support the need to measure ammonia levels
in patients with LC and sarcopenia in routine
clinical practice to improve clinical outcomes.

What ammonia-lowering agents are effective
in combination therapy for sarcopenia in pa-
tients with LC?

Statement. In patients receiving combination
therapy for LC and sarcopenia, the following
ammonia-lowering agents may be potentially ef-
fective: ornithine (LOLA) and rifaximin; their
use can improve the clinical outcome.

(LoE — 4, 100 % consensus)

Patients with LC and sarcopenia may be pre-
scribed both pharmaceutical and non-pharma-
ceutical therapies. Modern non-pharmaceutical
therapy is based on the combination of physical

activity (moderate strength workouts) and bal-
anced diet. The latter includes the consumption
of a sufficient amount of protein (1.2—1.5 g/
kg body weight) to prevent protein catabolism
in muscles and a high-calorie daily diet (30—35
kcal /kg body weight per day for non-obese pa-
tients) [120—122].

The European Society for Clinical Nutrition
and Metabolism (ESPEN) [120] and the
Indian National Association for Study of
the Liver [122], the RSLS and the Russian
Gastroenterology Association [17] recommend
long-term oral supplementation with BCAA
(0.25 g/kg/day) in patients with advanced
stages of LC in order to reduce the risk of
cirrhosis decompensation and to improve the
quality of life. Recently published meta-anal-
yses have demonstrated the efficacy of BCAAs
in terms of increased muscle mass; however,
the effect on muscle strength has not been es-
tablished [123, 124].

Several studies conducted in Japan have
shown the effect of L-carnitine in combi-
nation with BCAAs on preventing muscle
mass loss, reducing the incidence of muscle
cramps, and treating hyperammonemia that
is refractory to lactulose, non-absorbable an-
tibiotics, and low-protein diets [125—129]. The
primary function of L-carnitine is to transport
long-chain fatty acids into the mitochondria for
subsequent beta-oxidation, potentially reduc-
ing energy deficits in patients with hyperam-
monemia. The ESPEN guidelines do not specify
L-carnitine [120].

Among patients with cirrhosis, there is a sub-
group of patients who develop HE when having
normal protein consumption. This phenomenon,
considered to be historical by the ESPEN, is
called protein intolerance [120]. A significant
increase in the ammonia concentration in pa-
tients with LC after protein intake is consid-
ered to be the major mechanism for the de-
velopment of protein intolerance. Intravenous
administration of LOLA at a dose of 20—40 g
resulted in a decrease in the postprandial am-
monia concentration after the intake of oral
protein loads: 0.25 g/kg in the morning and
0.5 g/kg at lunch [130], which can be consid-
ered as a therapeutic option in such patients.

Experimental and clinical data on the effects
of LOLA on sarcopenia have been obtained.
A randomized clinical study in patients with LC
receiving LOLA supplementation in addition to
protein intake has shown that the muscle protein
synthesis rates measured in percutaneous biopsies
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of anterior tibialis muscle improved significantly
compared to placebo [131]. Experimental hyperam-
monemia induced in rats by portosystemic shunt
placement resulted in decreased lean body mass
and grip strength. Four-week oral administration of
LOLA and rifaximin was associated with decreased
ammonia concentration, increased protein synthesis
in the calf muscle, muscle fiber diameter and skele-
tal muscle weight, and grip strength [118].
Another positive effect of LOLA in patients
with sarcopenia is an increase in the produc-
tion of L-arginine and consequently nitric oxide,
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