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Abstract: Reactive hepatitis complicates the treatment of ballistic wounds. The aim of our study 
was to study the clinical and pharmacoeconomic effectiveness of the treatment of reactive hepatitis 
in the wounded. A prospective study of 112 wounded servicemen with increased transaminase ac-
tivity was randomized into three groups: group I received arginine glutamate intravenously for 10 
days, group II received phosphatidylcholine intravenously for 10 days, and group III received stan-
dard treatment. In the presence of hypoalbuminemia, the wounded received intravenous infusions 
of albumin to normalize its level in serum. The initial level of alanine aminotransferases was 62.5 
in group I patients [50.5; 80.0] IU / l, in the second group - 64.0 [48.5; 83.0] IU / l and 62.0 [47.0; 
85.5] IU / l, respectively, in group III (p> 0.05 according to the Mann-Whitney test). In the period 
up to 14 days after injury, alanine aminotransferase levels decreased significantly in all groups 
(p <0.05 according to Wilcoxon’s test) and amounted to 38.5 in group I [34,0; 63.5] IU / l, in the 
second group 46.0 [32.0; 62.5] IU / l, in group III 50.0 [40.0; 78.0] IU / l (p = 0.014 according 
to the Mann-Whitney test compared to group I). In 14 and more days after injury in all groups the 
average concentration of alanine aminotransferases was significantly lower compared to the pre-
vious study period (p <0.05 according to Wilcoxon’s test): in group I the concentration of alanine 
aminotransferases was 33.0 [29,8; 40.0] IU / l (p = 0.048, p <0.001 according to the Mann-Whit-
ney test in comparison with group II and III, respectively), in group II - up to 38.0 [31.0; 62.0] and 
in group III to 48.0 [39.5; 69.0] (p = 0.014 according to the Mann-Whitney test compared to group 
II). Also, there was a tendency to reduce the frequency of complications from internal organs: in 
13% (8 of 63) patients of groups I and II, compared with 27% (13 of 49) of group III (p = 0.063). 
Significantly decreased both the duration of treatment in the intensive care unit: in group I (4.2 ± 
1.8) days, compared with group III (7.4 ± 6.0) days, p = 0.012, and the duration of total hospital 
stay (20.4 ± 11.1) days for group I, compared with (29.7 ± 3.5) days for group III, p = 0.022. In 
the cost-effectiveness analysis of arginine glutamate and phosphatidylcholine regimens, a 2-fold 
better cost-effectiveness ratio was found in the group of reactive hepatitis wounded who received 
arginine glutamate. 
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Introduction
One of the serious complications of ballistic 

wounds is reactive hepatitis (RH) due to primary 
liver damage (Osyodlo et al., 2022), or second-
ary lesions resulting from systemic disorders in 
critically ill patients (Horvatits, Trauner, & Fuhr-
mann, 2013; Soleimanpour et al., 2015; Horva-
tits, Drolz, Trauner, & Fuhrmann., 2019; Yang, 
2015). Almost 40% of those injured in the an-
ti-terrorist operation showed an increase in trans-
aminases (alanine aminotransferase - ALT and 
aspartate aminotransferase – AST (Kazmyrchuk, 
Miasnykov, Sydorova N.M., & Sydorova L.L., 
2014). In a retrospective study, 2 weeks or more 
after a gunshot wound, the proportion of ALT pa-
tients above 80 IU / l was more than 20% (Sav-
ichan, 2022a). There is a gradual increase in the 
incidence of chronic diffuse liver disease of pre-
dominantly non-viral aetiology, which ranks sec-
ond in the structure of digestive diseases among 
officers and servicemen of the contract service 
(Osyodlo, 2013; Osyodlo et al., 2015).

Preventing the development of chronic liver 
pathology is possible with timely diagnosis and 
pathogenetic treatment (Horvatits et al., 2013). A 
special place in the treatment of hepatitis of var-
ious origins is occupied by hepatoprotectors - a 
large group of drugs that restore hepatocyte me-
tabolism, prevent the development of degenera-
tive-dystrophic processes and stimulate regener-
ation in the liver. In patient`s treatment are used 
essential phospholipids (EFL) - essentiale, phos-
phogliv, essliver, enlir, lesfal, etc., which help to 
restore hepatocyte membranes, reduce the accu-
mulation of free fatty acids in the liver, protect cell 
organelles and reduce the intensity of oxidative 
stress (Belovol, & Kniazkova, 2019; Palii, 2009). 
According to several studies, the use of essential 
phospholipids accelerates the reduction of subjec-
tive symptoms and clinical manifestations of liv-
er pathology, which is confirmed by the results of 
histological and ultrasound examinations, and the 
positive dynamics of hepatic cytolysis markers. 
The therapeutic effect of EFL is associated with 
the effect on membrane-dependent cell functions, 
as well as with anti-inflammatory, antioxidant, an-
tiseptic, membrane-protective and lipid-regulating 
actions of drugs (Gundermann et al., 2016). Mod-
ulators of nitric oxide, in particular arginine gluta-

mate, also have a hepatotropic effect. Arginine is 
part of many proteins and is one of the precursors 
in the synthesis of creatine and an intermediate 
in the synthesis of urea in the liver. (Oleshchuk, 
2014). It is known that arginine is a replaceable 
amino acid, but against the background of trau-
matic or metabolic stress, this amino acid becomes 
indispensable due to the inability to meet the re-
quirements of the body due to only endogenous 
arginine (Patel et al., 2016; Hsu et al., 2021). The 
consequences of a lack of arginine in a critical 
disease can be a decrease in NO production, poor 
wound healing, impaired microcirculatory blood 
flow, immunosuppression (T-cell dysfunction) and 
impaired muscle function (Patel et al., 2016; Mor-
ris et al., 2017; Hsu et al., 2021). Parenteral ad-
ministration of arginine to rats with polymicrobial 
sepsis not only reduced inflammation of the liver 
tissue, but also improved the condition of CD4+ 
T lymphocytes (Yeh et al., 2020). The positive ef-
fect of this drug was also found with clinical use. 
Adding arginine to standard therapy in patients af-
ter injury or hemorrhagic shock improved wound 
healing (Shi et al., 2007; Debats et al., 2009), and 
in postoperative patients significantly reduced the 
incidence of infectious and non-infectious compli-
cations and hospital stay time (Osland et al., 2014; 
Marimuthu et al., 2012). Also recommended are 
arginine glutamate, ornithine aspartate, mixtures 
of amino acids and other hepatotropic drugs (Os-
yodlo et al., 2022).

Aim
study of clinical and pharmacoeconomic ef-

fectiveness of reactive hepatitis treatment in 
wounded by firearms.

Methods
To verify the clinical advisability of early hep-

atotropic therapy, a prospective study of 112 pre-
healthy wounded servicemen, who underwent 
regular medical examinations, was undertaken. 
They were hospitalized at the National Military 
Medical Clinical Center (NMMCC) (clinical 
base of the Military Therapy Department of the 
Ukrainian Military Medical Academy) with in-
creased transaminase activity and a high risk of 
reactive hepatitis occurrence (Savichan, 2022b), 
received standard wound treatment according to 
existing protocols and were randomized into 3 
groups:

http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/


63

Ukrainian scientific medical youth journal, 2022, Issue 2 (131)
http://mmj nmuofficial.com

63

Ukrainian Scientific Medical Youth Journal 	  ISSN 1996-353X
Issue 2 (131), 2022	 ISSN 2311-6951
Creative Commons «Attribution» 4.0

- Group I (main) - 30 wounded received ar-
ginine glutamate from the first day of inpatient 
treatment, 2 g / day in 200 ml of isotonic sodium 
chloride solution intravenously by drop infusion;

- Group II (main) - 33 wounded as hepatotro-
pic therapy from the first day of inpatient treat-
ment received phosphatidylcholine 500 mg (10 
ml) 1 g / day intravenously on autologous blood).

Treatment was prescribed from the first day of 
hospital stay for 10 days. 

Group III (comparison) - 49 wounded who 
received standard wound treatment according 
to existing protocols with the appointment of 
hepatotropic therapy in the presence of clinical 
and laboratory signs of hepatic dysfunction. For 
the treatment of clinically significant hepatic 
dysfunction, arginine glutamate was prescribed 
immediately after diagnosis (5-7 days after ad-
mission) for at least 10 days with correction of 
hypoalbuminemia according to the indications.

General clinical characteristics of the injured 
on admission to the hospital did not reveal a sig-
nificant difference between the groups (Table 1).

Injured with preceding persistent or acute liver 
disease were not included in the study.

Most of the wounded suffered mine injuries 
and were in a state of shock, the most common 
being abdominal trauma and multiple soft tissue 
injuries, and in half of the cases, anaemia was 
observed on the first day after the injury. Only 
one indicator showed a significant difference - in 

groups I and II the frequency of liver injuries was 
higher than in the comparison group III (p < 0.05 
by criterion χ2), in cases of significant primary 
liver damage. But in general, the groups were 
similar in severity and type of injuries.

All victims underwent surgical treatment with 
the necessary surgical intervention for the wound 
and the necessary postoperative conservative 
treatment. All wounded servicemen received oth-
er necessary types of treatment, such as antibac-
terial, blood transfusion, detoxification, gastro-
protective, symptomatic, etc., in accordance with 
approved current industry standards and clinical 
guidelines.

All injured were examined in the laboratory 
with the use of unified methods of laboratory 
tests on the basis of the department of laboratory 
diagnostics of the NMMCC. Biochemical analy-
sis of blood was performed on the 5th, and 10th 
day of therapy and as needed using an automat-
ic biochemical analyzer AU480 from Beckman 
Coulter (USA), which defines the concentration 
of total protein and its fractions, bilirubin and its 
fractions, electrolytes, urea, creatinine, amylase, 
Alanine aminotransferase (ALT), blood and As-
partate aminotransferase (AST). 

The obtained data were processed taking 
into account the recommendations for biomedi-
cal research (Glanz, 1987) using the package of 
statistical programs PSPP (ver. 1.4.1) (an open 
program that does not require a license). Quanti-

Table 1. General clinical characteristics of the wounded included in the prospective study - n (%).

Indicator Group І 
n=30

Group ІІ 
n=33

Group ІІІ 
n=49

Average age 38,6±8,2 37,4±9,1 38,2±11,4
Mining and explosion wound 25 (83%) 27 (82%) 40 (82%)
Shock (I-III grades) 25 (83%) 26 (79%) 38 (78%)
Abdominal trauma 16 (53%) 18 (60%) 24 (49%)
Liver injuries 5 (17%)1 5 (15%)2 2 (4%)
Skeletal trauma 11 (37%) 13 (39%) 20 (41%)
Thoracic trauma 8 (27%) 9 (27%) 14 (28%)
Multiple soft tissue injuries 17 (57%) 18 (54%) 28 (57%)
Combined injury 11 (37%) 12 (36%) 19 (39%)
Anaemia on the first day after injury 16 (53%) 17 (51%) 24 (49%)

Note. 1 - the difference between I and III subgroups is significant - p < 0.05 by criterion χ2. 2 - the difference 
between subgroups II and III is significant - p < 0.05 according to the criterion χ2.
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of treatment in ICU and inpatient treatment and/
or indications for repeated surgical interven-
tions): in 13% (8 of 63) patients of groups I and 
II, compared with 27% (13 of 49) of group III  
(p = 0.063).

There was a tendency to reduce the frequency 
of treatment in the intensive care unit (ICU) - 73% 
(46 of 63) of groups I and II wounded, compared 
with 78% (38 of 49) of group III wounded. Signifi-
cantly decreased both the duration of treatment in 
the ICU in groups I and II (4.2 ± 1.8) days, com-
pared with group III (7.4 ± 6.0) days, p = 0.012, 
and the duration of total hospital stay (20.4 ± 11.1) 
days for groups I and II, compared with (29.7 ± 
3.5) days for group III, p = 0.022 (Table 2).

According to the results of PEA, the cost 
of treatment with phosphatidylcholine (group 
II-A) was increased compared to the treatment 
with arginine glutamate (group I-A) 1.8 times: 
UAH 13,800.00. against UAH 7,501.80. (Table 
3). Since the main disadvantage of the total cost 
method is not taking into account the clinical ef-
fectiveness of the studied drugs, for further anal-
ysis we used the method of “cost-effectiveness”.

The analysis of the rate and frequency of trans-
aminase decrement in wounded servicemen with 
reactive hepatitis showed that the clinical effec-

tiveness (Ef) of arginine glutamate was 6.5 points, 
and for phosphatidylcholine - 6.0 points, and the 
cost-effectiveness ratio CER - 1154 UAH / point 
and 2300 UAH / point, respectively (Table 3).

From this perspective, the cost-effectiveness 
analysis of arginine glutamate and phosphati-
dylcholine regimens revealed a higher clinical 
efficacy rate (6.5 points) and a 2-fold cost-effec-
tiveness ratio in the group of reactive hepatitis 
patients receiving arginine glutamate.

Discussion
The data obtained on the effectiveness of argi-

nine glutamate in RH are consistent with the re-
sults of other studies. In particular, it was shown 
that the use of nitric oxide precursors L-arginine 
and L-arginine-L-glutamate helped to normalize 
liver function in experimental peritonitis, reduce 
the intensity of lipid peroxidation, increase the 
level of renewed glutathione and activity of anti-
oxidant and mitochondrial enzymes (Cherniash-
ova, 2015). Also in the experiment it was found 
that the administration of L-arginine L-gluta-
mate in rats with experimental chronic hepatitis 
led to a slowing of fibrotic processes in the liver 
(Shevchenko, 2015). The positive effect of this 
drug was found in clinical use. Inclusion in the 
complex therapy of L-arginine helped to reduce 

Indicator Group І and II, n=63 Group ІІІ, n=49 р
Frequency of complications 8 (13%) 13 (27%) =0,063
Treatment at the ICU (number of cases) 46 (73%) 38 (78%) =0,583
Duration of treatment in the ICU, days 4,2±1,8 7,4±6,0 =0,012
Duration of inpatient treatment, days 20,4±11,1 29,7±3,5 =0,022

Table 2. The course of the post-traumatic period in patients with reactive hepatitis depending on the 
appointment of early hepatotropic therapy.

Table 3. The results of the analysis by the methods of total cost and “cost-effectiveness” of different 
options for reactive hepatitis hepatoprotective therapy. 

Indicator Arginine glutamate, n=15 Phosphatidylcholine, n=15
Total costs (Cost), UAH 7,501.80 13,800.00
The ratio of the cost of treatment of arginine 
glutamate and phosphatidylcholine 1.8

Clinical Efficacy Index (Ef), points 6.5 6.0
Cost-effectiveness ratio (CER), UAH / point 1154 2300
The cost-effectiveness ratio of arginine 
glutamate and phosphatidylcholine therapy 1.99
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the level of total bilirubin by 26.3%, ALT - by 
48.5%, alkaline phosphatase - by 33%, as well 
as the normalization of parenchymal echogenic-
ity and vascular pattern of the liver (Semenchuk, 
2017).

The effectiveness of hepatotropic therapy with 
essential phospholipids has also been confirmed 
by other studies. It was found that the institution 
of these drugs accelerates the elimination of sub-
jective symptoms and clinical manifestations of 
liver pathology, which is confirmed by the results 
of histological and ultrasound examinations, and 
the positive dynamics of markers of hepatic cy-
tolysis. The therapeutic effect is associated with 
the effect on membrane-dependent cell functions 
and with anti-inflammatory, antioxidant, antia-
poptotic, membrane-protective and lipid-regulat-
ing effects of drugs (Gundermann et al., 2016).

Conclusions
Early hepatotropic therapy with arginine glu-

tamate from the first day of inpatient treatment 
promotes faster normalization of transaminase 
activity compared to the traditional approach to 
treatment: 9.3 ± 1.4 days and 13.6 ± 2.1 days, re-
spectively (p < 0.05 according to Student’s test).

Early hepatotropic therapy helps to reduce 
the incidence of internal diseases complica-
tions (13% vs. 27%, p = 0.063) by reducing the 
duration of treatment in ICU to 4.2 ± 1.8 days 
compared to traditional treatment 7.4 ± 6.0 days  

(p = 0.012), the duration of the total stay in the 
hospital up to 20.4 ± 11.1 days compared to tradi-
tional treatment 29.7 ± 3.5 days (p = 0.022).

Hepatotropic therapy with arginine glutamate 
in wounded servicemen is effective and pharma-
cologically cost-effective not only in terms of 
treatment cost (1.8 times) but also cost-effec-
tiveness (2 times) compared to phosphatidyl-
choline.
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Ефективність гепатотропної терапії при реактивному гепатиті у постраждалих 
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Анотація: Реактивний гепатит ускладнює лікування вогнепальних поранень. Метою на-
шого дослідження було вивчення клінічної та фармакоекономічної ефективності лікування 
реактивного гепатиту при вогнепальній травмі. Проведено проспективне дослідження 112 по-
ранених військовослужбовців із збільшенням трансаміназної активності, які були рандомізо-
вані на три групи: І група отримувала аргініну глутамат внутрішньовенно протягом 10 діб, ІІ 
група отримувала фосфатидилхолін внутрішньовенно протягом 10 діб, ІІІ група отримувала 
стандартне лікування. При наявності гіпоальбумінемії поранені отримували внутрішньовенні 
інфузії альбуміну до нормалізації його рівня в сироватці крові. Вихідний рівень аланінамі-
нотрансфераз склав в І групі хворих 62,5 [50,5; 80,0] ОД/л, в ІІ групі – 64,0 [48.5; 83,0] ОД/л та 
62,0 [47,0; 85,5] ОД/л відповідно у ІІІ групі (р>0,05 за критерієм Мана-Уітні). У період до 14 
днів після травми рівень АЛТ достовірно зменшився у всіх групах (р<0,05 за критерієм Уіл-
коксона) і склав у І групі 38,5 [34,0; 63,5] ОД/л, у ІІ групі 46,0 [32,0; 62,5] ОД/л, у ІІІ групі 50,0 
[40,0; 78,0] ОД/л (р=0,014 за критерієм Мана-Уітні у порівнянні з І групою). Через 14 та більше 
діб після травми у всіх групах середня концентрація аланінамінотрансфераз була достовірно 
менше у порівнянні з попереднім терміном дослідження (р<0,05 за критерієм Уілкоксона): в І 
групі концентрація аланінамінотрансфераз складала 33,0 [29,8; 40,0] ОД/л (р=0,048, р<0,001 за 
критерієм Мана-Уітні у порівнянні з ІІ та ІІІ групою відповідно), в ІІ групі – до 38,0 [31,0; 62,0] 
та в ІІІ групі до 48,0 [39,5; 69,0] (р=0,014 за критерієм Мана-Уітні у порівнянні з ІІ групою). Та-
кож, мала місце тенденція до зменшення частоти ускладнень з боку внутрішніх органів: у 13% 
(8 із 63) хворих групи І, порівняно з 27% (13 із 49) групи ІІ (р=0,063). Достовірно зменшува-
лася як тривалість лікування у ВРІТ у групі І (4,2±1,8) л./днів, порівняно з групою ІІІ (7,4±6,0) 
л./днів, р=0,012, так і тривалість загального перебування в стаціонарі (20,4±11,1) л./днів для 
групи І, в порівнянні з (29,7±3,5) л./днів для групи ІІІ, р=0,022. При аналізі за методом «витра-
ти-ефективність» схем терапії з аргініну глутаматом та фосфатидилхоліном, встановлено у 2 
рази кращий коефіцієнт витратної ефективності у групі поранених з реактивним гепатитом, які 
отримували аргініну глутамат.

Ключові слова: вогнепальні, гепатит, економіка, лікування, печінка, поранення, трансамі-
нази, фармацевтична.
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