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Abstract

The aim was to study the results of using various treatment regimens for
hepatic encephalopathy for patients with liver cirrhosis before and after
liver transplantation and the effect on the incidence and severity of
hepatic encephalopathy in the perioperative period, and on the
posttransplantation course.

Material and methods. Fifty four patients with cirrhosis of various
etiologies and the presence of significant hepatic encephalopathy
undergoing living donor liver transplantation were included in the study.
In the comparison group, patients took lactulose and rifaximin. In the

main group, patients took lactulose and rifaximin in combination with L-
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ornithine-L-aspartate in the preoperative period, and L-ornithine-L-
aspartate after liver transplantation for 5 days.

Results. The use of L-ornithine-L-aspartate in the complex therapy of
hepatic encephalopathy led to significantly reduced time of performing
the Number Connection Test, the improvement of cognitive functions in
patients by the Montreal Cognitive Assessment, a decreased incidence of
stage II-111 hepatic encephalopathy and an increased incidence of stage
0-1 hepatic encephalopathy in the preoperative period. In the
postoperative period, patients of the main group showed a rapid decrease
in the severe stages of hepatic encephalopathy (stage II-111) towards less
severe forms (stage 0-1) on the 3™ 5™ and 7" days after liver
transplantation, and also a faster recovery of cognitive functions, an
earlier adequate recovery of consciousness, muscle tone, an earlier
possibility of extubation, a shorter length of stay in the intensive care
unit, and a decreased postoperative hospital length of stay relatively to
the patients of the comparison group.

Conclusion. The use of L-ornithine-L-aspartate in the combination
therapy for hepatic encephalopathy in the peritransplantation period
leads to a significant decrease of the incidence and severity of hepatic
encephalopathy, accelerates rehabilitation of patients, reduces
postoperative hospital length of stay.
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GIT, gastrointestinal tract

HE, hepatic encephalopathy

INR, International Normalized Ratio
LC, liver cirrhosis

LOLA, L-Ornithine-L-Aspartate

LT, liver transplantation

MoCA, Montreal Cognitive Assessment

Introduction

Hepatic encephalopathy (HE) is defined as a neuropsychiatric
syndrome that develops against the backdrop of severe diffuse liver
lesions and is manifested by behavioral and consciousness disorders, and
neuromuscular impairments caused by metabolic disorders, which could
be formed due to an acute liver cellular failure, diffuse chronic liver
diseases, impaired liver detoxification function, and portal blood shunting
[1-7].

HE most commonly occurs as a result of hepatocellular failure
(considered as the leading cause), as well as against the background of
forced diuresis, gastrointestinal bleeding, paracentesis, surgical
interventions, alcoholic excesses, infectious diseases (including
spontaneous bacterial peritonitis), increased protein intake, inflammatory

diseases of the colon, constipation, portosystemic shunting, the use of



benzodiazepine derivatives or opiates, hypokalemia, and hypovolemia [1-
3, 5].

In current understanding, the basis of HE pathogenesis is attributed to
the toxic effect of ammonia on astrocytes as a result of hyperammonemia
and impaired permeability of the blood-brain barrier [1, 6-8]. In diffuse
liver disease and the development of portosystemic shunting, the main
causes of hyperammonemia include an increased absorption of ammonia
in the gut, an impaired detoxification of ammonia in the liver, impaired
kidney function and alkalosis due to the chronic use of diuretics, a
depletion of kidney intravascular volume, and a decreased degree of
ammonia binding in hypotrophic skeletal muscles (decrease of glutamine
synthetase activity) [1-3, 7].

The HE clinical presentation is diverse, characterized by a wide range
of neuropsychic manifestations -- from minimal asymptomatic forms
(Stage 0) according to the West Haven Criteria to coma (Stage 4) [1-3, 5,
7-9].

HE treatment still remains an unsolved problem and requires a large
amount of medical care for a long time [2, 7]. The main areas of
therapeutic measures in HE include identifying and addressing the factors
that cause liver damage and provoke the development/growth of HE,
reducing the absorption of nitrogenous substances from the
gastrointestinal tract (GIT); reducing the severity of portosystemic
shunting; decreasing the formation and absorption of ammonia or
increasing its elimination, reducing brain abnormalities caused by the
liver failure [1, 7, 8]. Taking into account the peculiarities of HE
pathogenesis, the therapeutic treatment aimed at reducing the level of the
blood serum ammonia (mainly through its inhibition in the
gastrointestinal tract) and its removal is most effective in HE [1, 3, 7-10].

For this purpose, lactulose, unabsorbable disaccharide, has been widely



used, which, when administered, undergoes metabolic transformations
under the effect of the colon microflora, forming lactic, acetic and formic
acids, which is accompanied by a decrease in pH and increase in
osmolarity of intraluminal content, resulting in reduced production and
absorption of ammonia, in accelerated passage of intestinal contents,
minimized impact of colon microflora waste products on the central
nervous system [1-3, 5, 7-10].

The use of various oral antibiotics is justified by their effect on
microorganisms that produce nitrogenous compounds in the
gastrointestinal tract [1, 3, 10]. However, there is no convincing evidence
for the efficacy of these drugs, and a large number of possible undesirable
effects prevent their use as "first-line™ drugs in the treatment of HE [1, 3].

An important role in the treatment of HE belongs to the antibiotic
rifaximin-a, which is a semi-synthetic derivative of Rifamycin; it has a
wide spectrum of antibacterial activity against a large number of bacteria
with a bioavailability of 0.5%, which makes it a very safe drug [1, 3, 5,
7-11].

Recently in clinical practice, L-ornithine-L-aspartate (LOLA) has
been actively used for the treatment of HE. LOLA is considered one of
the most successful drugs currently used to neutralize ammonia [1, 2, 5,
7-10, 12, 13]. The mechanism of the protective effect of the drug is
associated with a decrease in the level of blood ammonia, which occurs in
parallel with an increase in the formation of urea, glutamate and
glutamine [1, 2, 5, 7, 10, 12, 13]. LOLA has a dual mechanism by
integrating both amino acids into the ornithine cycle. LOLA increases
protein tolerance and has an anabolic effect, increases the energy
potential of cells, increases the lactic acid utilization. The membrane-
stabilizing effect determines the antioxidant effect of LOLA, which is

especially significant in chronic liver diseases. The use of LOLA has



proven effective not only in reducing hyperammonemia and the severity
of this disease, but also in improving the quality of life of patients [3, 9,
12, 13].

The study objective was to investigate the results of various
treatment regimens for HE in patients with liver cirrhosis (LC) before and
after liver transplantation (LT) and to study their impact on HE incidence

and severity in the perioperative period, and on the post-transplant course.

Material and methods

In the period from January 2009 to April 2020, 377 LTs were
performed for liver diffuse and focal lesions at the Center for Surgery and
Transplantation of the State Research Center — Burnasyan Federal
Medical Biophysical Center of Federal Medical Biological Agency
(Moscow) [14-16]. This retrospective study included 54 patients with LC
of various etiologies and significant HE. The age of the patients was 42
(35-51) years old and ranged from 18 to 64 years. There were 26 men and
28 women. The identified LC was of HCV etiology in 15 patients, of
HBV etiology in 24 patients, and of other etiologies (primary biliary LC,
LC against the backdrop of primary sclerosing cholangitis, cryptogenic
LC, etc.) in 15 patients. All patients underwent an examination and
treatment prior to close-related donor right lobe liver transplantation. All
patients underwent a comprehensive examination, which included liver
function tests; the determination of international normalized ratio (INR),
blood albumin, blood creatinine, blood urea, sodium levels; abdominal
ultrasound examination, esophagogastroduodenoscopy. The patients with
concomitant neurological or psychiatric pathology were not included in

the study.



In the preoperative period, all patients received a standard
conservative therapy, including diuretic, antibacterial, hepatoprotective
therapy [17] and albumin infusion, if necessary.

Patients were allocated into groups with regard to HE treatment
methods. Group 1 (the comparison group) included 27 patients who, in
addition to the standard therapy, took lactulose at a dose of 20-30 g 2-3
times a day and rifaximin at a dose of 400 mg 3 times a day for 7 days.
Group 2 consisted of 27 patients who were treated for HE with lactulose
at a dose of 20-30 g 2-3 times a day, rifaximin at a dose of 400 mg 3
times daily in combination with LOLA in a dosage of 10 g 2 times a day
intravenously for 7 days in the preoperative period, followed by
intravenous LOLA therapy at a dose of 10 g 2 times a day for 5 days in
the postoperative period. In clinical, instrumental, and laboratory

parameters, the patient groups were comparable (Table 1).

Table 1. Clinical parameters and instrumental test results of the
investigated patients

Parameter Group 1 Group 2 p

Gender (m/f) 13/14 13/14 >0.05
Age, years 47 (36-52) 40 (34-49) >0.05
Etiology (viral hepatitis C

and B/others) 10/11/6 5/13/9 >0.05
Child-Pugh (B/C) 11/16 10/17 >0.05
MELD 20 (16-27) 22 (18-25) >0.05
Albumin 34.2 (29.4-38.2) 34.5 (29.6-37.8) >0.05

Blood bilirubin (total) 65.6 (49.8-142.6) 67.7 (56.5-190.6) >0.05
Blood bilirubin (direct) 19.2 (11.9-54.3) 23.5 (12-155.9) >0.05
Alanine aminotransferase 38.1 (23-78.4) 54.9 (27.5-83.1) >0.05
Aspartate aminotransferase 70.8 (38.1-112.6) 74.7 (39.1-127.3) >0.05
Blood creatinine 62 (53.3-77.1) 58.7 (51.9-72) >0.05
Blood urea 4.3 (3.2-5.8) 3.8 (3.3-5.3) >0.05
Serum sodium 138 (134.4-141) 139 (135-142) >0.05
INR 1.53 (1.34-1.74) 1.38 (1.33-1.71) >0.05
Number Connection Test 113 (91-134) 126 (93-132) >0,05




Diagnosis of HE was made based on a detailed conversation with the
patient, as well as his immediate family members, medical history,
clinical manifestations of HE, and the results of the Number Connection
Test before and after the course of therapy.

The main symptoms that characterize HE in patients of the compared

groups are presented in Table 2.

Table 2. The main symptoms of hepatic encephalopathy before

starting the therapy

Patient groups

FEITEGTEIEL Group 1 Group 2 P
Shortened attention span 100% 100% >0.05
Neuromu_scular disorders (changes in 85 20 88.9% >0.05
handwriting, tremors, etc.)
Memory decline 70.4% 74.1% >0.05
Sleep disturbance 77.8% 74.1% >0.05

The HE was graded according to the West Haven Criteria 1994, in the
preoperative period before and after HE treatment, as well as at 3, 5, and
7 days after surgery, [2, 4, 18].

Among the patients in group 1, 3 patients (11.1%) had Stage 1 HE, 11
patients (40.7%) had Stage 2 HE, and 13 patients (48.1%) had Stage 3 HE.
In the group 2 of patients, 2 patients (7.4%) had Stage 1 HE, 10 patients
had Stage 2 HE, and 15 patients (55.6%) had Stage 3 HE (Table 3).

Table 3. Distribution of patients by stages of hepatic encephalopathy
(according to West-Haven criteria)

Stage of hepatic Patient groups

encephalopathy Group 1 Group 2 P
Stage 1 11.1% 7.4% >0.05
Stage 2 40.7% 40.7% >0.05
Stage 3 48.1% 51.9% >0.05




In addition, patients were evaluated for cognitive functions according
to the Montreal Cognitive Assessment (MoCA) [19] in the preoperative
period before and after treatment for HE, as well as 5 days after LT. The
results of the assessment of cognitive functions in groups of patients

before the treatment for HE are presented in Table 4.

Table 4. Distribution of patients after the assessment of cognitive
functions before the treatment of hepatic encephalopathy (according

to the Montreal Cognitive Assessment)

Patient groups

MoCA (scores) p
Group 1 Group 2
<26 88.9% 96.3% >0.05
> 26 11.1% 3.7% >0.05

In the postoperative period, we studied the time of an adequate
recovery of consciousness and transfer of patients to spontaneous
breathing (extubation time), patient's length of stay in the intensive care
unit and the number of postoperative bed-days, meantime the patients
with surgically complicated postoperative course were not included in the
study.

Quantitative data are presented as "median (interquartile range)". The
statistical significance between dependent groups was assessed using the
Wilcoxon test, and that between independent groups was assessed using
the Mann-Whitney U-test and y° test with the level of statistical
significance p<0.05. Statistical processing of the study results was
performed using “Statistica 10.0” software package (StatSoft inc., USA)
[20].




Results

After using LOLA in combination with lactulose and rifaximin, all
patients in Group 2 noted an improvement in their general condition,
improved weakness, attention, memory, and sleep, and a decrease severity

of neuromuscular disorders (Table 5).

Table 5. The main symptoms of hepatic encephalopathy before and

after starting the therapy in the preoperative period

Patient groups

Parameter Group 1 Group 2
Before After Before After
Shortened attention span 100% 88.8% 100% 66.7%*"
!\leuromus_cylar disorders (changes 85.20% 70.4% 88.9% 40 7%*A
in handwriting, tremors, etc.)
Memory decline 70.4% 59.3% 70.4% 29.6*N
Sleep disturbance 55.6% 48.1% 63.0% 22.2%*"

Note: * - p <0.05 (Wilcoxon test) compared to the previous value;

A - p <0.05 (Mann-Whitney U-test) in relation to the results in the comparison group.

Seven days after the start of the conservative therapy course, patients
in group 1 showed a statistically significant decrease in the time to pass
the Number Connection Test compared to that before the start of the
treatment, and it made 98 seconds (75-111). However, when LOLA was
added to the therapy (patient group 2), the test completion time was
significantly reduced and made 49 seconds (40-85) and was statistically
significantly lower compared both to the value before the therapy start
and to the results obtained in the comparison group (p<0.05) (See

Figure).
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Figure. The effect of different treatment regimens for hepatic

encephalopathy on the time of the Number Connection Test

The LOLA use in the complex therapy for HE (patients of Group 2)
led to a statistically significant decrease of Grade 2-3 HE and an increase
in the frequency of Grade 0-1 HE in relation both to the values before the
start of the therapy and to the corresponding values in the comparison
group (Table 6).

Table 6. The effect of using different treatment regimens for hepatic

encephalopathy in the preoperative period (according to West-Haven

criteria)
Patient groups
Stage of hepatic encephalopathy Group 1 Group 2
Before After Before After

Stage 0 0 3.7% 0 25.9%*"
Stage 1 11.1% 14.8% 7.4% 44.4%*N
Stage 2 40.7% 40.7% 40.7% 14.8%*"
Stage 3 48.1% 40.7% 51.9% 14.8%*"

Note: * - p <0.05 (Wilcoxon test) compared to the previous value;

A - p <0.05 (Mann-Whitney U-test) related to the results in the comparison group.

When assessing cognitive functions using MoCA at 7 days after the

treatment, patients in the second group showed a statistically significant




improvement in cognitive functions compared to the values before the

therapy start, and to those in the comparison group (Table 7).

Table 7. The effect of various treatment regimens for hepatic

encephalopathy on the cognitive functions of patients in the

preoperative period (according to the Montreal Cognitive Assessment)

Patient groups
MoCA (scores) Group 1 Group 2
Before After Before After
< 26 88.9% 77.8% 96.3% 51.9%*
> 26 11.1% 22.2% 3.7% 48.1%*"

Note: * - p <0.05 (Wilcoxon test) compared to the previous value;
A - p <0.05 (Mann-Whitney U-test) related to the results in the comparison group.

The LOLA use in the postoperative period in patients who had been
treated with LOLA in combination with lactulose and rifaximin at the
preoperative stage led to a more rapid decline in HE severity grades
(Stage 2-3) to more mild forms (Stage 0-1) at post-LT days 3, 5, and 7

relative to those in the comparison group (Table 8).

Table 8. Distribution of patients by stages of hepatic encephalopathy

after liver transplantation (according to West-Haven criteria)
Stage of hepatic encephalopathy

Patient groups / Day post
surgery Stage 0 Stage 1 Stage 2 Stage 3
Before surgery 3.7% 14.8% 40.7% 40.7%
Group 1 Day 3 14.8% 25.9% 33.3% 25.9%
Day 5 18.5% 40.7% 22.2% 18.5%
Day 7 51.8% 29.6% 14.8% 3.7%
Before surgery 25.9%" 44 4% 14.8%" 14.8%"
Group 2 Day 3 48.1%" 37.0% 11.19%" 3.7%"
Day 5 85.2%" 14.8%" on on
Day 7 92.6%" 7.4%" on 0

Note: ” - p <0.05 (Mann-Whitney U-test) related to the results in the comparison group




The LOLA use in the combined treatment for HE resulted in a more
rapid recovery of cognitive functions in this group of patients compared
to patients who did not receive LOLA (Table 9).

Table 9. The effect of various treatment regimens for hepatic
encephalopathy on the cognitive functions of patients before liver
transplantation and on Day 5 of the postoperative period (according

to the Montreal Cognitive Assessment)

Patient groups
MoCA (scores) Group 1 Group 2
Before After Before After
< 26 77.8% 25.9%* 51.9% o*n
> 26 22.2% 74.1%* 48.1% 100.0%*"

Note: * - p <0.05 (Wilcoxon test) compared to the previous value;

A - p <0.05 (Mann-Whitney U-test) related to the results in the comparison group.

In addition, patients of group 2 showed a more rapid recovery in the
postoperative period, which was characterized by a statistically
significant (p<0.05) decrease in the postoperative hospital length of stay
(20 days (17-22) in the main group of patients versus 25 days (18-30) in
the comparison group).

There were no side effects related to the prescribed therapy in neither

group of patients. There was no hospital mortality.

Discussion of results

Hepatic encephalopathy is a severe complication of diffuse chronic
liver diseases, most often it develops in patients with LC and is noted in
30-80% of cases, and a much higher percentage of these patients may
have a minimal or latent stage of encephalopathy [3]. HE significantly
reduces the quality of life of both the patients and their relatives due to

the need for constant care and monitoring of their condition; and the




prevalence of HE correlates with the LC severity and is an important
indicator of decompensation [2, 4, 6]. In most patients with LC, the
mortality rate after the HE onset, makes 50% within a year, and about
80% within 5 years as a result of an increasing hepatocellular
insufficiency [1].

As indicated in the EASL/AASLD guidelines for the treatment and
prevention of HE, the combination of rifaximin-o with lactulose is
effective for preventing the severe HE recurrence [1, 2, 9].

Recently LOLA has actively been used in the clinical practice of the
treatment for HE. LOLA contains two important active ingredients:
ornithine (the substrate of the uric acid cycle; its functional potential in
LC is significantly limited) and aspartate (that converts to glutamate in a
transamination reactions) activating the ornithine cycle of ammonia
detoxification; LOLA is considered one of the most successful drugs used
currently to detoxify ammonia [1, 2, 5, 7-10, 12, 13].

Our study showed the positive effect of using LOLA in combination
with the rifaximin and lactulose in the treatment of HE on its incidence
and severity; the patients showed the improvement in general condition,
the number of patients with shortened attention span, neuromuscular
disorders, memory decline and sleep disturbance decreased, the number
of patients without disturbances of cognitive functions, according to
MoCA, increased; the positive Number Connection Test results were seen
in most patients compared to the patients who were treated for HE with
rifaximin and lactulose only.

LT is the only way to treat end-stage diffuse liver diseases, regardless
of their etiology. Most of these patients have HE of varying severity,
which significantly affects the surgery results and the postoperative
course [21]. Up to 50% of patients who have undergone LT for chronic

liver disease suffer from HE after surgery, and of these, 35% to 45% of



patients had a history of HE episodes [22, 23], which is currently
considered a risk factor for HE development in the first weeks after LT
[23]. In the first weeks after LT, 30% of patients develop disorientation,
confusion, blurred consciousness, hallucinations, or convulsions [23]. At
the same time, patients without HE before LT showed a significant
decrease in the frequency of manifested cognitive impairments during the
first year after surgery [22]. LT takes away the underlying chronic liver
disease that causes HE by definition, and thus effectively eliminates
hyperammonemia, the suspected main pathogenic factor of HE. Until
recently, HE has been considered to be completely reversible; however,
some degree of cognitive impairments may persist in patients after LT, as
well as in the patients who did not undergo transplantation, after HE
resolution [21, 24], and the sequelae of neurological complications are the
consequence of HE in the preoperative period [25]. The presence of HE
in patients with LC leads to a worse prognosis after LT [24]. Analyzing
the literature data, we can conclude that the treatment of HE in the
peritransplantation period is a necessary measure.

Our study has shown that using LOLA in combination with rifaximin
and lactulose before LT with further isolated LOLA use in the
postoperative period significantly reduced the number of patients with
severe forms of HE, increased the number of patients with mild HE, led
to a more rapid recovery of cognitive functions in patients with
preoperative HE and also reduced the patients' length of stay in the
intensive care unit and postoperative patients' hospital length of stay
compared to those in the patients who were preoperatively treated for HE
with rifaximin and lactulose only.

Currently, the principal method of HE treatment is the conservative
therapy, which includes the combined use of lactulose, alpha-rifaximin,
and LOLA [3].



Our experience of using L-ornithine-L-aspartate in combination with
rifaximin and lactulose in the treatment of severe hepatic encephalopathy
in patients with liver cirrhosis shows its good tolerability, safety and
efficacy; based on this, the use of L-ornithine-L-aspartate may be
recommended for the treatment of hepatic encephalopathy, including the

patients who are planned for liver transplantation.

Conclusions

1. The use of L-ornithine-L-aspartate in the combined treatment of
hepatic encephalopathy in patients with liver cirrhosis improves their
general condition, reduces weakness, improves attention, memory, sleep,
reduces neuromuscular disorders, reduces the time to pass the Number
Connection Test, and accelerates the recovery of cognitive functions
(according to the Montreal Cognitive Assessment) in the
peritransplantation period.

2. The use of L-ornithine-L-aspartate in combination with lactulose
and rifaximin before and after liver transplantation leads to a more rapid
decrease in the severity of hepatic encephalopathy and a marked decrease

(by 20%) in the duration of postoperative recovery of patients.
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