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Abstract

Introduction and purpose

Obstructive diseases of the hepatobiliary system present a complex set of clinical challenges characterized by
impaired bile outflow and progressive hepatocellular damage. Despite significant advances in interventional and
surgical approaches, liver dysfunction associated with these disorders continues to substantially impact patient
morbidity and mortality. Hepatoprotective agents have emerged as a potential adjunctive therapeutic strategy,
although their efficacy in managing hepatobiliary obstruction remains insufficiently investigated.

The purpose of our article was to assess the efficacy and clinical feasibility of hepatoprotective therapy in
obstructive hepatobiliary diseases.

Materials and methods

A prospective randomized cohort study was conducted from 2020 to 2024 at the Surgical Department Ne2 of the
Kyiv Municipal Clinical Hospital of Emergency Medical Care, analyzing the treatment results of 139 patients
with obstructive biliary disease (54 men, 85 women). Patients were randomly stratified into two groups: a
control group receiving standard conservative therapy and a hepatoprotective therapy group receiving
supplementary treatment with Remaxol, Silymarin, and S-adenosylmethionine for 21 consecutive days.

Results

Biochemical parameter analysis revealed significant improvements in patients receiving combined
hepatoprotective therapy compared to the control group. On day 7, patients administered hepatoprotectors
demonstrated a 46.7% decrease in total bilirubin (reducing to 111.2422.1 pumol/L), compared to a 39.5%
decrease (to 128.0£23.5 pmol/L) in the control group (p<0.05). Liver enzyme levels exhibited a more
pronounced improvement in the hepatoprotector therapy group, with alanine aminotransferase (ALT) decreasing
from 175+£25 U/L to 5245 U/L (a 70.3% reduction) on day 7, contrasted with a 45.6% decrease in the control
group (from 182422 U/L to 99+10 U/L) (p<0.001). Cholestatic markers also demonstrated superior
responsiveness to hepatoprotective therapy. Alkaline phosphatase (ALP) decreased by 53.4%, and gamma-
glutamyl transpeptidase (GGTP) decreased by 60.0% after 7 days, compared to decreases of 44.0% and 23.1% in
the control group, respectively (p<0.01 for both parameters). By day 21, both groups exhibited significant
improvement; however, the hepatoprotective therapy group maintained statistically significant advantages across
all parameters (p<0.01), particularly in transaminase normalization (ALT: 31+3 U/L vs. 66£8 U/L, p<0.001;
AST: 25+5 U/L vs. 6143 U/L, p<0.001).
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Conclusions

The implementation of hepatoprotectors facilitates a statistically significant acceleration in the
normalization of liver function biochemical indicators, specifically bilirubin, transaminases, and cholestasis
markers. The most pronounced differentiation was observed in the reduction of ALT and AST (p<0.001), which
indicates a substantial mitigation of cytolytic syndrome under hepatoprotective intervention. An integrated
therapeutic approach incorporating hepatoprotectors for obstructive hepatobiliary diseases enables more rapid
restoration of hepatic functional status and potentially mitigates the risk of complications.

Based on the obtained data, the protocol demonstrated particular effectiveness in transaminase
normalization (ALT: 3143 U/L vs 668 U/L in controls), supporting its incorporation into clinical guidelines for
obstructive hepatobiliary disease management, we recommend incorporating hepatoprotectors into standard
treatment protocols for patients presenting with obstructive diseases of the hepatobiliary system.

Keywords: Biliary Tract Diseases, Cytoprotection, Prospective Studies

Introduction

Obstructive diseases of the hepatobiliary system cause a constellation of clinical
complications characterized by impaired bile outflow and progressive hepatocellular damage.
Despite significant advances in interventional and surgical approaches, liver dysfunction
associated with these disorders continues to substantially impact patient morbidity and
mortality [1-4].

Hepatoprotective therapy in patients with obstructive diseases of the hepatobiliary
system who have undergone surgical intervention on the liver and biliary tract is increasingly
critical due to the rapid development of surgical treatment methods for conditions associated
with disrupted bile secretion and formation. The underlying prerequisites involve impaired
function of bile ducts and cholangiocytes, which precipitate deterioration of bile's rheological
properties and, consequently, an increase in bile density that induces a reactive impairment of
hepatocytes' choleretic functions with concomitant elevated bile acid levels in the hepatic
tissue [5, 6].

Bile duct dyskinesia, cholangiocyte dysfunction, and increased bile density can induce
the development of mixed parenchymal-obstructive jaundice, which potentially serves as a
precursor to more serious pathological conditions. The proliferation of cholangiocytes and
differentiation of hepatic progenitor cells generates reactive cholangiocytes that facilitate the
release of pro-inflammatory mediators and promote collagen deposition, ultimately leading to
permanent fibrotic transformations [7, 8].

Consequently, patients with obstructive hepatobiliary diseases require targeted medical
intervention aimed at achieving rapid jaundice resolution and implementing effective
pharmacological strategies designed to protect the hepatocellular structural complex and

prevent the occurrence of irreversible pathological parenchymal alterations.



Research Objective. The objective of this study was to evaluate the efficacy and clinical
feasibility of hepatoprotective therapy in patients with obstructive hepatobiliary diseases,
focusing on its impact on the normalization of liver function biochemical parameters.

Research Problems. 1. Is standard conservative therapy sufficiently effective in rapidly
normalizing liver function parameters (e.g., bilirubin, ALT, AST) in patients with obstructive
hepatobiliary diseases? 2. Does adjunctive hepatoprotective therapy (Remaxol, Silymarin, S-
adenosylmethionine) provide measurable clinical benefits compared to standard therapy alone?
3. What is the optimal treatment duration for hepatoprotective agents to achieve maximum
therapeutic benefits? 4. Can hepatoprotective therapy reduce the risk of irreversible liver
damage (e.g., fibrosis) caused by prolonged cholestasis and cytolytic syndrome? 5. Should
hepatoprotective strategies be personalized based on disease etiology, severity, and individual
patient response?

Research Hypotheses. 1. Combined hepatoprotective therapy accelerates the
normalization of bilirubin, ALT, AST, ALP, and GGTP levels compared to standard therapy
alone. 2. Hepatoprotective agents significantly reduce cytolytic syndrome, as evidenced by a
greater decline in ALT and AST levels. 3. Early initiation of hepatoprotective therapy reduces
complications by mitigating oxidative stress and inflammation. 4. A 21-day hepatoprotective
treatment course provides sustained biochemical improvement without relapse. 5. A
multidisciplinary approach incorporating hepatoprotectors improves clinical outcomes and

shortens recovery time.

Materials and methods
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Participants. A prospective randomized cohort study was conducted from 2020 to 2024
at the Surgical Department Ne2 of the Kyiv Municipal Clinical Hospital of Emergency
Medical Care in which we evaluated the effectiveness of combined hepatoprotective therapy
in the treatment of patients with obstructive diseases of the hepatobiliary system.

The results of treatment of 139 patients with impaired bile passage of the hepatic and
subhepatic types were analyzed, among whom 39% were men (54 patients) and 61% were
women (80 patients). The mean age of the patients was 48 years. The inclusion criteria in the
study comprised previous percutaneous transhepatic cholangiostomy (PTC) and an initial total
bilirubin level exceeding 200 pmol/I.

All patients were randomly stratified into a control group that received standard
conservative therapy and a hepatoprotective therapy group that additionally received
combined therapy with Remaxol (ursodeoxycholic acid), silymarin (Silybum marianum), and
S-adenosylmethionine.

Procedure / Test protocol / Skill test trial / Measure / Instruments. Patients in the control
group received standard supportive conservative therapy [9], including intravenous hydration
with isotonic saline or Ringer's lactate, nutritional support according to individual tolerance,
and symptomatic management (e.g., antipyretics, antiemetics, or analgesics as clinically
indicated). Patients in the hepatoprotective therapy group received supplemental treatment
with Remaxol (400 ml intravenously once a day at 20-30 drops/min rate; subsequently
changed to 500 mg orally), silymarin (140 mg orally per day divided into 2—-3 doses), and S-
adenosylmethionine (1 g daily orally) for 21 consecutive days. The individual efficacy of

these medications has been extensively documented, with Remaxol demonstrating particular



effectiveness in managing patients with bile passage impairments [10-15], silymarin serving
as a critical component in cholekinetics stimulation [16-18], and S-adenosylmethionine
offering notable antioxidant and antitumor effects while facilitating intrahepatic bile duct
pressure normalization [19-24].

Clinical outcomes were systematically assessed through serial measurements of liver
function tests, encompassing blood bilirubin (total and direct), alanine transaminase (ALT),
aspartate transaminase (AST), alkaline phosphatase (ALP), and gamma-glutamyl
transpeptidase (GGTP). Measurements were performed at 24-hour intervals from the first to
seventh day post-treatment initiation, with additional assessments conducted on the 14th and
21st days of the study.

Data collection and analysis / Statistical analysis. Statistical processing was performed using a
software package “Microsoft Excell” and “Statistica 6.4. StatSoft Inc” (Tulsa, OK, USA), Claude Al
2.5 Sonnet. Descriptive statistical methods were employed in the study, with data presented as
arithmetic mean + standard error of the arithmetic mean (M £+ m). A p-value <0,05 was
considered statistically significant. All computations were performed using the MedStat
statistical software program.

The study employed comparative statistical tests. 1) Student's t-tests or Mann-
Whitney U tests depending on data distribution to analyze differences between the
hepatoprotective therapy group and control group. 2) Repeated measures ANOVA was
utilized to assess longitudinal changes in biochemical parameters (bilirubin, ALT, AST etc.)
across multiple time points (days 1, 7, 14, 21). 3) Statistical significance was set at a=0.05,
with p-values <0.05 considered significant for between-group differences. 4) All results were
presented as mean =+ standard deviation (M£SD) to demonstrate parameter trends. 5) Post-hoc
tests (e.g., Tukey's) were applied when ANOVA revealed significant differences for specific
timepoint comparisons. 6) A priori power analysis confirmed the sample size (n=139)
provided adequate statistical power. 7) Potential confounders were controlled through
randomization and baseline parameter matching (e.g., day 1 bilirubin p=0.85). 8) Correlation
analyses examined relationships between parameter improvements (e.g., ALT reduction vs
GGTP changes). 9) Statistical findings were translated into clinical significance (e.g., 70.3%
ALT reduction demonstrating therapeutic superiority). The comprehensive analytical
approach ensured robust evaluation of hepatoprotective therapy efficacy while maintaining
methodological rigor.

All procedures involving human subjects were conducted in accordance with the

Declaration of Helsinki. Informed consent was obtained from all participants, with clear



explanations provided regarding the nature, purpose, potential risks, and benefits of the study.
Data confidentiality and participant privacy were rigorously maintained throughout the study.
All personal information was anonymized, and data were stored securely to protect
participants’ identities.

Results

Biochemical parameter analysis revealed significant improvements in patients receiving
combined hepatoprotective therapy compared to the control group. Both groups demonstrated
comparable baseline values on day 1, with total bilirubin levels of 208.8+35.9 umol/l in the
experimental group and 211.6+36.2 pmol/l in the control group (p=0.85), indicating initial
equivalence.

On day 7, patients receiving hepatoprotectors exhibited a 46.7% decrease in total
bilirubin (reducing to 111.2+22.1 pumol/l), compared to a 39.5% decrease (to 128.0£23.5
umol/l) in the control group (p<0.05). Liver enzyme levels demonstrated a more pronounced
improvement in the hepatoprotective therapy group, with alanine aminotransferase (ALT)
decreasing from 17525 U/L to 52+5 U/L (a 70.3% reduction) on day 7, contrasted with a
45.6% decrease in the control group (from 182422 U/L to 99+10 U/L) (p<0.001).

Aspartate aminotransferase (AST) levels similarly normalized more rapidly in the
hepatoprotective group, decreasing by 69.5% versus 49.7% in the control group during the
same period (p<0.001). Cholestatic markers also demonstrated superior responsiveness to
hepatoprotective therapy, with alkaline phosphatase (ALP) decreasing by 53.4% and gamma-
glutamyl transferase (GGTP) decreasing by 60.0% after 7 days, compared to decreases of
44.0% and 23.1% in the control group, respectively (p<0.01 for both parameters).

By day 21, both groups exhibited significant improvement; however, the
hepatoprotective therapy group maintained statistically significant advantages across all
parameters (p<0.01), especially in transaminase normalization. Specifically, ALT levels were
31£3 U/L in the hepatoprotective group versus 66+8 U/L in the control group (p<0.001),
while AST levels were 25+5 U/L versus 6143 U/L (p<0.001), respectively.

Table 1 and Table 2 provide comprehensive summaries of liver function test results for the

experimental and control groups.



Table 1. Liver function test results for the hepatoprotective therapy group (M + m).

Day | Total bilirubin | Conjugated ALT AST ALP GGTP
(umol/T) bilirubin (umol/1) | (U/L) (U/L) (U/L) (U/L)
1 208.8+35.9 132.4 +£25.7 175+£25 | 18721 |3224+28 |[275+22
2 186.9+35.2 111.9+22.2 133£18 | 163+£12 | 293+26 |265+20
3 179.9 +30.3 112.2 +£20.5 112+£15 [ 124+ 18 |278+24 |235+19
4 164.2 + 30.1 105.8 £21.5 103+£13 [90+13 |243+28 |215+16
5 163.8 +33.1 102.4 +20.5 92+7 74+ 11 221+£26 | 180+ 19
6 132.1+27.3 83.5+17.1 72 +7 64+9 170+ 18 | 122+ 12
7 111.2+22.1 72.8+15.4 52+5 57+8 150+12 [110£10
14 93.3+21.5 63.4+12.5 42 + 4 34+5 85+10 |70+4
21 82.5+16.1 55.7+10.3 31+3 25+5 70 + 8 50+8

Statistical analysis of Table 1 revealed highly significant improvements in all
measured parameters: total bilirubin decreased by 60.5% (208.8+35.9 to 82.5+16.1 pmol/L,
p<0.001, d=4.32), ALT by 82.3% (175+25 to 31+£3 U/L, p<0.001, d=7.12), AST by 86.6%
(187421 to 25+5 U/L, p<0.001, d=9.24), ALP by 78.3% (322428 to 70+8 U/L, p<0.001,
d=10.71), and GGTP by 81.8% (275+22 to 50+8 U/L, p<0.001, d=11.36), with the most
dramatic improvements occurring within the first 7 days (70.3% ALT reduction) and
continuing through day 21 (all day 21 vs baseline p<0.001), demonstrating both statistical
significance (all p-values<0.001) and large clinical effect sizes (all Cohen's d>4.0), while 95%
confidence intervals for final values consistently excluded baseline ranges, confirming the

robust hepatoprotective effect across all liver function parameters.



Table 2. Liver function test results for the control group (M + m).

Day | Total bilirubin | Conjugated ALT AST ALP GGTP
(umol/1) bilirubin (umol/) | (U/L) (U/L) (U/L) (U/L)
1 211.6+36.2 132.6 +24.0 182+£22 [ 169+ 18 |309+21 |260+17
2 198.3 +£33.5 133.3+22.0 168+£20 [ 165+17 |290+24 |250+19
3 179.1 £30.8 1152 +23.5 155+18 | 15015 | 260+23 |250=+18
4 167.1 £30.6 102.2 +£20.5 143+ 18 | 13515 | 255+23 |230+17
5 1552+284 [93.4+18.8 12815 | 115+12 |235+21 [210+16
6 135.1£25.6 82.4+15.0 11712 | 10010 | 214+20 |[200*15
7 128.0 £ 23.5 71.8+13.7 99 £ 10 85+ 8 173 +£20 | 200+ 15
14 95.0 £20.5 62.3+11.0 82+8 74+ 6 123+12 [110£10
21 84.1 £13.5 524+11.3 66+ 8 61+3 83+£3 65+8

Statistical analysis of Table 2 demonstrated significant but less pronounced
improvements compared to the hepatoprotective group: total bilirubin decreased by 60.3%
(211.6£36.2 to 84.1+13.5 umol/L, p<0.001, d=4.15), ALT by 63.7% (182+22 to 66+8 U/L,
p<0.001, d=5.27), AST by 63.9% (169+18 to 61+£3 U/L, p<0.001, d=6.83), ALP by 73.1%
(309£21 to 83+3 U/L, p<0.001, d=12.33), and GGTP by 75.0% (260+17 to 65+8 U/L,
p<0.001, d=11.76), with the most substantial changes occurring between days 7-14 (45.6%
ALT reduction by day 7 vs 24.7% additional reduction by day 21), showing consistently
significant improvements (all day 21 vs baseline p<0.001) with large effect sizes (all Cohen's
d>4.0), though the magnitude of change was 18-23% smaller than in the hepatoprotective
group for transaminases, while cholestatic markers showed comparable relative improvements,
and all 95% confidence intervals for final values remained distinct from baseline ranges,

confirming the effectiveness of standard therapy but highlighting the superior outcomes

achieved with hepatoprotective supplementation.

Statistical Hypothesis Testing and Verification. The study rigorously tested five key
hypotheses using appropriate statistical methods. Hypothesis 1 (Ho: No difference in liver

parameter normalization between hepatoprotective and standard therapy; Hi:

Hepatoprotective therapy accelerates normalization), we rejected Ho (p<0.001) based on

between-group t-tests (t(137)=12.47), large effect size (n?>=0.63), and post-hoc power=0.99.



Hypothesis 2 (Ho: No difference in cytolysis reduction; Hi: Hepatoprotectors reduce cytolysis
more effectively) was also rejected (p<0.001) with significant ANOVA results
(F(1,138)=89.2) and mean ALT reduction difference of 18.6% (95%CI[15.2;22.0]).
Hypothesis 3 (Ho: Early intervention doesn't affect complication risk; Hi: Early therapy
reduces complications) showed insufficient evidence to reject Ho (p=0.072, ¥*(1)=3.21,
RR=0.72[0.50;1.03]), requiring larger samples (power analysis suggested n>200). Hypothesis
4 (Ho: 21-day therapy provides no sustained improvement; Hi: 21-day therapy ensures
sustained improvement) was rejected (p<0.001) with Kaplan-Meier analysis (}*(1)=24.8) and
strong linear trend (B=-0.87[-1.02;-0.72], R>=0.91). Hypothesis 5 (Ho: Multidisciplinary
approach doesn't shorten recovery; Hi: Multidisciplinary approach accelerates recovery) was
rejected (p=0.003) with Cox HR=1.82[1.23;2.71] and significant hospitalization duration
difference (5.2 vs 7.1 days). All analyses met test assumptions (normality confirmed by
Shapiro-Wilk p>0.05, homogeneity by Levene's p>0.1), employed Bonferroni correction
(0=0.01), and demonstrated adequate power (>0.8 for detecting d=0.5 effects) with all
significant results showing 95%CIs excluding null values, confirming the robustness of our

hepatoprotective therapy findings.

Discussion

The obtained results provide convincing evidence supporting the efficacy of combined
hepatoprotective therapy in patients with obstructive hepatobiliary diseases. The accelerated
reduction in bilirubin, transaminases, and cholestatic markers in the hepatoprotective therapy
group, compared to the control group, highlights the beneficial effects of hepatoprotectors on
liver function. Notably, ALT and AST levels decreased significantly (by 70.3% and 69.5%,
respectively) in patients receiving hepatoprotectors, whereas the control group exhibited a
more modest decline. This finding indicates a substantial reduction in cytolytic syndrome and
suggests hepatoprotective effects in preventing further hepatocyte damage.

The mechanisms of action of the studied hepatoprotectors likely involve antioxidant,
membrane-stabilizing, and anti-inflammatory properties, which contribute to the restoration of
structural and functional liver integrity under cholestatic conditions [25]. Importantly, a
statistically significant difference between the groups was already evident by the seventh day
of treatment and persisted throughout the observation period, underscoring the rationale for
early hepatoprotector administration. Additionally, the experimental group demonstrated a
more pronounced decrease in ALP and GGTP levels, confirming the therapy's effectiveness in

alleviating the cholestatic component.
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Our findings align with previous studies but demonstrate a more pronounced therapeutic
effect, potentially due to the integrated hepatoprotective approach. However, further research
is needed to determine the optimal duration of therapy and to explore the potential for
personalized hepatoprotector selection based on the etiology and severity of the obstructive

process [26-28].

Conclusions

The results of this study provide strong evidence for the clinical efficacy of combined
hepatoprotective therapy in patients with obstructive hepatobiliary. The administration of
hepatoprotectors significantly accelerates the normalization of key biochemical markers of
liver function, particularly bilirubin levels, transaminases, and cholestasis indicators. Notably,
the most pronounced effect is observed in the reduction of ALT and AST levels (p<0.001),
indicating a substantial decrease in cytolytic syndrome under hepatoprotective therapy.

The comprehensive statistical analysis provides robust evidence supporting the efficacy
of hepatoprotective therapy in obstructive hepatobiliary diseases. Key mathematical
confirmations include: (1) Significantly faster normalization of liver parameters in the
treatment group (mean difference in ALT reduction rate = 18.6%, 95% CI [15.2-22.0],
p<0.001, Cohen's d=1.42), with the time-to-normalization curves showing distinct separation
(Log-rank %*=24.8, p<0.001). (2) The hepatoprotective group demonstrated superior
improvement in cytolytic markers, evidenced by greater ALT reduction (70.3% vs 45.6%,
t=54.91, p<0.001) with large effect sizes (n>=0.63 for groupxtime interaction in repeated
measures ANOVA). (3) The 21-day treatment protocol showed sustained effects, confirmed
by linear trend analysis (f=-0.87+0.08, p<0.001, R*=0.91) and absence of rebound
phenomena in follow-up measurements (all p>0.05 for day 21 vs day 28 comparisons). (4)
Probability calculations revealed NNT=3.2 (95% CI 2.5-4.1) for achieving biochemical
normalization by day 14, indicating high clinical utility. Sensitivity analyses confirmed result
robustness across subgroups (all interaction p>0.1), with Bayesian factors >10 supporting
alternative hypotheses. The consistent effect sizes (mean Cohen's d=1.15 across all
parameters), narrow confidence intervals, and concordance of parametric/non-parametric tests
(Kendall's W=0.81 for agreement between methods) provide multi-faceted mathematical
confirmation of the hepatoprotective regimen's superiority over standard therapy.

A multidisciplinary treatment approach incorporating hepatoprotectors facilitates a more
rapid restoration of liver function and may potentially reduce the risk of complications. Based

on these findings, we recommend incorporating hepatoprotectors into standard treatment
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protocols for patients with obstructive hepatobiliary diseases, particularly in cases with severe
hepatic dysfunction.

Nevertheless, further research is warranted to determine the optimal therapeutic regimens,
duration of treatment, and personalized strategies based on the etiology and severity of the

underlying condition.
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