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Cherenko Makar Petrovych
To the 100th anniversary of his birth

The biographical essay is dedicated to the outstanding Ukrainian surgeon, one of the founders of thyroid surgery
in Ukraine, Honored Worker of Science and Technology, laureate of the State Prize of Ukraine in Science and
Technology, Professor Makar Petrovych Cherenko — whose life and work became a model of devotion, human-
ism, and exceptional professional mastery. The essay presents the key milestones of his biography, scientific
achievements, pedagogical and public activity, as well as his contribution to the formation of the Ukrainian

surgical school.

Professor Makar Cherenko stands out as one of the
most versatile and devoted Ukrainian surgeons of
the twentieth century. His enduring legacy is defined
by masterful surgical expertise, steadfast humanistic
principles, and an unwavering sense of responsibil-
ity shaped by the hardships of war. The professional
path of Makar Cherenko — a graduate of Bogomolets
National Medical University — embodies the devel-
opment of postwar Ukrainian surgery.

Cherenko Makar Petrovych was born on August
26, 1925, into a large family in the picturesque vil-
lage of Dniprovske, Chernihiv region, situated on
the banks of the old Dnipro riverbed. His father,
Petro Makarovych, headed the local meteorological
service of the village. During the First World War,
he was awarded the St. George’s Cross — a distinc-
tion given «for fearless bravery». His mother, Fedora
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Mytrofanivna, was a peasant woman. At the age of
18, Sergeant Cherenko had already served at the
front as a commander of a 45 mm artillery crew. He
was awarded the Order of Glory for destroying two
German Tiger tanks (one by direct fire). In Septem-
ber 1944, during the liberation of Belarus, he was
wounded in the leg but soon returned to the front.
Later, near Konigsberg in East Prussia, he suffered
a severe multiple shrapnel chest injury that required
several surgeries over a year. The final fragment was
removed at a military hospital in Chernihiv. The
long treatment and rehabilitation lasted over two
years, but he never fully recovered. He continued
life as a Group II disabled veteran. He received the
Order of Glory (III class), Orders of the Patriotic
War (I and II class), and numerous medals for his
bravery. The hardships he endured during treatment
and his almost miraculous recovery — thanks to the
surgeons’ skills — determined his future path in life.
In the famine year of 1946, he entered the Kyiv
Medical Institute, which was named after academi-
cian O.O. Bogomolets that same year. The faculty
then included surgical luminaries such as Professors
A.P.Krymov, LN.Ishchenko, M.I. Kolomiichen-
ko, D.M. Horodynskyi, and A.H. Yeletskyi. Soon,
M. M. Amosov joined their ranks. After graduating
with honors in 1952, his mentor became Professor
Oleksandr Kyrylovych Horchakov (1900—1960),
a talented endocrine surgeon who perfected the
subtotal strumectomy technique and inspired Che-
renko’s lifelong devotion to endocrine surgery. As
a young researcher, Cherenko personally treated
patients with thyrotoxicosis using radioactive io-
dine-131. Underestimating radiation hazards, he
handled and dispensed the isotope himself (more
than 1,200 patients in five years). Predictably, he de-
veloped almost fatal radiation sickness with leukope-
niadown to 1,200 cells/mL. Yet again, his strong body
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prevailed. The results were published as A. K. Hor-
chakov, M. P. Cherenko «Experience in treating pa-
tients with hyperthyroid goiter using radioactive
iodine isotope», VD, 1955, No8. This work — a rare
achievement in Soviet medical science — appeared
only nine years after the American pioneers (Hertz
& Roberts and Chapman & Evans, JAMA, 1946) but
presented ten times as many clinical cases.

Fate granted Makar Petrovych a happy family
life: in 1955, he married Lina Serhiivna Roienko,
a charming final-year student of the Faculty of Den-
tistry. Her role in the creative and social life of her
war-scarred husband — and of the entire family — de-
fies any measure or description.

Makar Petrovych gained his professional experi-
ence going through a multifaceted school of surgery —
one that is almost impossible to imagine today. Over
the years he performed operations on the heart and
great vessels (commissurotomies, suturing of stab and
gunshot wounds of the heart), on the lungs and me-
diastinal organs (lung resections, removal of the thy-
mus and its tumors, intrathoracic goiter), on the brain
in cases of head trauma, as well as on the vessels of the
limbs and the sympathetic nerve ganglia.

His greatest expertise lay in abdominal surgery.
He also never neglected ambulatory and minor sur-
gery, assisting villagers and acquaintances alike —
true to the spirit of a real surgeon. His manuals,
«Polyclinic Surgeon’s Handbook» and «Abdominal
Hernias», remain relevant today. His favorite field
was endocrine surgery, so he focused mainly on the
thyroid gland at that time. His mastery as a thyroid

surgeon was exemplary: zero mortality, minimal
bleeding and laryngeal nerve injury, and an almost
complete absence of postoperative hypoparathy-
roidism — achievements that brought him fame
throughout Ukraine. He presented his insights in
his brilliant monographs «Complications of Thy-
roid Surgery» and «Diseases and Injuries of the
Neck», which trained hundreds of students and fol-
lowers. In 1968, he defended his doctoral disserta-
tion, «The reactivity of the central nervous system
and cardiovascular system in patients with diffuse
toxic goiter before and after surgical treatment».

From the pen of a scholar who treated every writ-
ten line with perfectionist care came not only about
200 scientific articles but also several major mono-
graphs: «Diseases of the Thyroid Gland and Their
Surgical Treatment» (1989); «Polyclinic Surgeon’s
Handbook» (1990); «Abdominal Hernias» (1995);
and the textbook «General Surgery» (1999) — the
first of its kind written in the Ukrainian language.
He developed and patented several original surgical
techniques for endocrine and purulent diseases.

The fruitful scientific and publishing activity of
Professor Cherenko was combined with his tire-
less work in the clinic. Throughout his professional
career, Makar Petrovych performed about 12,000
operations on nearly all organs of the human body.
Summarizing many years of his scientific and practi-
cal experience in thyroid surgery, as well as his work
at several institutions across Ukraine for more than
two decades, Makar Petrovych undertook the main
responsibility for preparing the materials for nomi-
nation for the State Prize of Ukraine in Science and
Technology in 1988. Makar Petrovych donated his
monetary award to the restoration of the Church of
the Assumption of the Blessed Virgin Pyrohoshcha.

At 46 (in 1971), he became a professor of surgery
at the Faculty of Dentistry under Professor Vasyl
Bratus. Between 1980 and 1993, he headed the De-
partments of General Surgery, Pediatric Faculty Sur-
gery, and Dental Faculty Surgery. He supervised one
doctoral and ten PhD theses, teaching generations
of surgeons and endocrinologists. He also founded
a family dynasty of physicians that presently includes
two professors (Doctors of Science) and two PhDs.

Cherenko was a remarkable teacher, shaping
several generations of physicians, an active public
figure, a member of the Presidium of the Ukraini-
an Society of Surgeons, the Kyiv Surgical Society
Board, and the chair of the NMU surgical disserta-
tion review council.

Remembering Makar Petrovych, one cannot help
but mention his kind and intelligent sense of humor.
He could sincerely laugh at good jokes, and it was nev-
er burdensome or uncomfortable to be in his presence.
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Makar Petrovych could find a common language
with anyone, from the uneducated to academicians.
His decisions were always guided by an inner moral
code that drew its roots from the deep cultural tradi-
tions of the Ukrainian people.

At the same time, despite such a rare combination
of qualities, abilities, and professional achievements,
Makar Petrovych remained an exceptionally modest
man — entirely devoid of arrogance or vanity.

His erudition was also striking — it extended far
beyond medicine, grounded in his natural curiosity,
constant striving for self-improvement, and remark-
able memory.

Maxap IlerpoBud HepeHbKO
o 100-pivys Big JHA HAPOIKEHHA

JI. 1O. Mapkysan

Biographies

Makar Petrovych did not live to see our fortunate
age of open information exchange — a time when
his achievements could be compared with the fin-
est examples in the world. The «Iron Curtain» did
not let him travel even to Bulgaria, and his visits to
the United States and Canada in the final years of
his life only deepened the sorrow of the irretrievably
lost opportunities for international exchange of sur-
gical experience.

It is heartening to know that Makar Petrovych’s
legacy continues — carried forward by his children
and grandchildren, by the hundreds of students and
disciples who follow in his footsteps.

L.Y. Markulan
Bogomolets National Medical University, Kyiv

Hamionampanit mepnaamii yaisepcureT iMeHi O. O. boromossirsa, Kuis

biorpadiuyHuit HApUC NPUCBIYEHO BUAATHOMY YKPATHCBKOMY Xipypry, OTHOMY 3 (PyHIOATOPiB Xipypril muTO-
NoAi6HO] 3a/103U B YKpaiHi, 3aC/Iy’KEHOMY Jigdy HAYKHU i TEXHIKH, J1aypeaTy Jep:kaBHoi TpeMii YKpaiHU B Taysi
HAYKU i TexHiKY, IIpodecopy Makapy IlerpoBuuy YepEeHbKY, YHUE XKUTTA i AisUIbHICTb CTAJIU B3ipLIEM CAMOBI/I-
JIAHOCTI, T'YMaHi3My Ta BHCOKOI NPO(eCiiHOI MAaUCTEPHOCTL. Y HAPHUCi TOAAHO OCHOBHI BiXH HOro 6iorpadii,
HAYKOBi JIOCATHEHHS, MEAAIOIiYHy Ta I'POMAJCHKY LiIbHICTb, 4 TAKOX BHECOK y CTAHOBJIEHHSA YKPAaIHCBKOI
XipypriyHoOi IMIKOJIH.
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Severe acute pancreatitis (SAP) complicated by organ failure (OF) is associated with mortality rates of 15—-40 %.
While the step-up approach has proven superior to primary necrosectomy, its universal application fails to
account for the heterogeneity of clinical trajectories. Early stratification of patients based on OF patterns may
facilitate the development of personalised treatment protocols.

OBJECTIVE — to evaluate the effectiveness of a differentiated treatment approach to severe acute pancreatitis
based on organ failure patterns in comparison to standard disease management.

MATERIALS AND METHODS. A quasi-experimental study with historical control was conducted in 77 patients with
SAP or high risk of its development. The comparison group (n=41, 2014-2019) received standard treatment
with retrospectively confirmed OF development. The main group (n=36, 2022—2024) underwent prospec-
tive stratification using a prognostic model within 24 hours of admission, identifying three OF patterns: early
respiratory-renal, late respiratory, and early multisystem. Pattern-specific protocols were applied: aggressive early
drainage for the early respiratory-renal pattern, a maximal conservative approach for the late respiratory pattern,
and intensive monitoring with readiness for emergency interventions for the early multisystem pattern. The pri-
mary endpoint was hospital length of stay (LOS). Secondary endpoints included OF development, intensive care
unit (ICU) utilisation, surgical interventions, and mortality.

REsurts. Median hospital LOS decreased from 35 [23—65] to 27 [15—33.25] days (p=0.015), representing a 22.9 %
reduction. OF development was prevented in 33.3 % of high-risk patients (the number needed to treat is 3). The
incidence of persistent OF decreased from 90.2 % to 50.0 % (odds ratio (OR)=0.11, 95 % confidence interval (CI):
0.03-0.37, p<0.0001), and multiorgan failure from 31.7 % to 5.6 % (p=0.004). The treatment effect was pattern-
dependent (interaction p<0.0001): the late respiratory pattern showed a 44.4% LOS reduction (61.1+27.2
to 34.0+£23.6 days, p=0.005), the early multisystem pattern demonstrated a 47.2% reduction (50.2+32.8 to
26.5+19.3 days, p=0.042), while the early respiratory-renal pattern showed a non-significant increase (+31.3 %,
p=0.870). The proportion of staged open operations decreased from 58.5 % to 22.2 % (p=0.001) without affect-
ing emergency surgery rates. Mortality decreased from 12.2% to 8.3% (p=0.579).

ConcrLusions. Pattern-oriented treatment of SAP significantly reduces hospitalisation duration and prevents OF
development in one-third of high-risk patients. Treatment efficacy is heterogeneous across patterns, with the
greatest benefit observed in late respiratory and early multisystem variants. This approach transforms the surgi-
cal paradigm from reactive to proactive, optimising intervention timing based on predicted clinical trajectory.
Further multicentre validation is warranted to confirm these findings.

KEYWORDS
pancreatitis, multiple organ failure, acute necrotizing pancreatitis, hospital length of stay, treatment outcome,
risk assessment, inflammation.
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Severe acute pancreatitis (SAP) is associated with ~ Atlanta 2012 classification, the presence and du-
a mortality rate of 15-30% when organ failure ration of OF represent key prognostic factors [2].
(OF) develops and up to 40 % in cases of infected The modern «step-up» approach, validated in the
pancreatic necrosis [10, 11, 15]. According to the PANTER and POINTER trials, has demonstrated
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advantages of delaying invasive interventions up to
4 weeks [4, 8, 21]. However, universal application of
this strategy does not account for the heterogeneity
of clinical course, potentially leading to suboptimal
outcomes in some patients.

Analysis of large patient cohorts demonstrates sig-
nificant variability in OF development trajectories
in SAP. In 20—-30 % of patients, OF develops within
the first 48—72 hours, while in others it occurs in the
second or third week of the disease [6, 9]. This het-
erogeneity suggests the existence of distinct disease
phenotypes that potentially require differentiated ap-
proaches to timing and the extent of interventions.

The concept of personalised medicine, success-
fully implemented in oncology and cardiology, sup-
ports patient stratification based on biomarkers and
clinical characteristics. In the context of SAP, this
approach could optimise treatment tactics according
to the predicted disease trajectory. However, there is
a lack of validated models for early stratification and
corresponding differentiated treatment protocols.

Hypothesis: Early identification of the OF pat-
tern, followed by the application of a differentiated
treatment protocol for SAP, is expected to improve
clinical outcomes compared to the standard unified
approach.

OBJECTIVE — to evaluate the effectiveness of a dif-
ferentiated treatment approach to severe acute pan-
creatitis based on organ failure patterns in compari-
son to standard disease management.

Materials and methods

Study design

A quasi-experimental study with historical control
was conducted to evaluate the effectiveness of the
pattern-oriented approach to SAP treatment. This
design was chosen due to ethical considerations, as
randomising patients to a control group would have
been unacceptable after the identification of high-risk
patterns. The study protocol was approved by the
Commission on Ethics and Bioethics of Poltava State
Medical University (No. 203, dated March 24, 2022).

Study population

The study comprised 77 patients with SAP or high
risk of its development, divided into two groups from
different time periods. The comparison group con-
sisted of 41 patients hospitalised during 2014—2019,
in whom OF development was retrospectively con-
firmed according to modified Marshall criteria. The
main group included 36 patients hospitalised during
2022-2024, to whom the improved pattern-orient-
ed treatment algorithm was applied.
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Methodology for the development
of a prognostic model

The development of the pattern-oriented approach
was implemented through three consecutive stages.
In the first stage, agglomerative hierarchical clus-
tering using Ward’s method and Euclidean distance
was performed to analyse 13 variables characteris-
ing OF dynamics in patients from group 1. These
variables included time to OF development, episode
duration, number of affected systems, and the pres-
ence of transient and persistent forms of respiratory,
renal, and cardiovascular dysfunction. The optimal-
ity of the identified clusters was confirmed by the
ratio of within-class (67.02 %) variance to between-
class (32.98 %) variance.

Characteristics of identified
organ failure patterns

Cluster analysis identified three clinically distinct
patterns, each exhibiting unique trajectories of dis-
ease progression.

The early respiratory-renal pattern encompassed
39.0 % of the comparison group patients and was
characterised by the earliest development of OF,
with a median of 4.5 days from disease onset (in-
terquartile range 2.0—13.5). This pattern was dis-
tinguished by a high frequency of early OF within
the first 48 hours in 68.8 % of cases, a predominance
of persistent respiratory dysfunction in 75.0 % of
patients, and exclusively persistent renal failure in
31.3 %. This variant was associated with the short-
est hospitalisation duration (median 22.5 days).

The late respiratory pattern was observed in
39.0 % of patients and was distinguished by delayed
onset, with a median time to OF development of
30.0 days (interquartile range 22.8—49.0). No cases
of early OF were identified in this group; instead, in
93.8 % of cases, organ dysfunction developed exclu-
sively in the late phase of the disease after day 14.
Isolated respiratory system involvement was noted
in 87.5 % of patients, with minimal involvement of
other organs. This pattern was associated with the
longest hospitalisation (median 62.0 days).

The early multisystem pattern, representing the
least common variant (22.0 % of patients), demon-
strated intermediate temporal characteristics, with
a median OF development of 7.0 days (interquar-
tile range, 6.0—11.0 days). However, this pattern
was associated with the most severe clinical course.
Multiple episodes of organ dysfunction (four or
more) were observed in 77.8 % of patients, with
a high frequency of both transient cardiovascular
and persistent renal failure (77.8 % each). Patients
with this variant required the longest intensive care
unit stay (median 9.0 days).
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The identified patterns demonstrated statistical-
ly significant differences across all key parameters
(p<0.0001 for time of onset), justifying the need to
develop differentiated treatment protocols.

In the second stage, a comprehensive statistical
analysis of clinical and laboratory parameters from
the first day of hospitalisation was conducted to
determine predictors of the identified patterns. For
practical clinical application, a simplified algorithm
for pattern determination based on key predictors
was developed, demonstrating 74.5 % accuracy.

The hierarchical decision-making structure was
constructed using the CHAID (Chi-squared Au-
tomatic Interaction Detector) classification tree
method, with a maximum depth of 4 levels and
a minimum of 10 observations per node.

Prognostic model structure
A two-stage prognostic model for risk stratifica-
tion and OF pattern determination was formed. In
the first stage, five high-risk criteria were evaluated
during the first six hours from hospitalisation: heart
rate > 88 bpm, presence of at least one systemic in-
flammatory response syndrome (SIRS) criterion,
BISAP (Bedside Index for Severity in Acute Pancre-
atitis) score > 1 point, creatinine level >87 umol/L,
and total protein <64 g/L. The presence of at least
one criterion indicated a high risk of OF develop-
ment with 94.9 % sensitivity and 93.3 % specificity.
The second stage, implemented over 6—24 hours,
involved determining the specific pattern using
a hierarchical algorithm. Patients with a heart rate
<85bpm combined with a history of arterial hyper-
tension were classified as having an early multisys-
tem pattern. A heart rate >95 bpm and creatinine
level >102 pumol/L indicated an early respiratory-
renal pattern. A combination of tachycardia with
SIRS signs indicated a late respiratory pattern.
In cases not meeting any of the above combina-
tions, the systemic immune-inflammatory index
(SII=platelets x neutrophils /lymphocytes) — was
also evaluated for final stratification.

Differentiated treatment algorithm
A modified differentiated treatment algorithm was
developed based on identified patterns, incorpo-
rating the critical timing of complications and the
specific features of each pattern’s course. The algo-
rithm provided pattern-specific surgical tactics, in-
cluding the differentiated application of the step-up
approach, optimised intervention timing, and indi-
vidualised intensive care.

The main group comprised 36 patients hospital-
ised during 2022—2024 who had a high risk of OF
development on admission. Unlike the comparison
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group, where patterns were determined retrospec-
tively after the onset of complications, the main
group underwent prospective stratification using
prognostic model criteria for OF pattern determi-
nation within the first 24 hours, followed by appli-
cation of a differentiated treatment protocol.

Inclusion criteria required adult patients aged
18 years or older with acute pancreatitis diagnosed
according to the Atlanta 2012 criteria, who were
hospitalised within 72 hours from symptom onset.
For the comparison group, confirmation of OF dur-
ing hospitalisation was mandatory, whereas for the
main group, the presence of high-risk criteria for
OF development was sufficient. Exclusion criteria
included chronic pancreatitis, prior pancreatic sur-
gery, or pancreatic malignancies.

Differentiated treatment protocols

Patients in the comparison group received stan-
dard treatment according to 2014—2019 protocols
based on a reactive approach to managing compli-
cations. In contrast, the main group was treated us-
ing a pattern-oriented protocol that applied differ-
entiated tactics depending on the identified variant
of progression.

For the early respiratory-renal pattern, the pro-
tocol provided aggressive early tactics, including
ascites drainage within the first 72 hours when the
volume exceeded 500 ml, aimed at reducing intra-
abdominal pressure and improving ventilation.
Prophylactic respiratory support via continuous
positive airway pressure (CPAP) or high-flow oxy-
genation was provided concurrently with aggres-
sive renoprotection, maintaining diuresis at a rate
of least 0.5 ml/kg/hour. Importantly, necrosectomy
was deliberately delayed until the fourth week for
necrosis maturation.

For the late respiratory pattern, the most con-
servative approach was applied, with avoidance of
invasive interventions during the first two weeks.
Drainage of fluid collections was deferred until
at least the third week and was performed only in
the presence of infection. From the fourth week
onwards, the classical step-up approach was used,
gradually increasing the invasiveness of interven-
tions. Respiratory therapy was prescribed preven-
tively for atelectasis prophylaxis.

The early multisystem pattern required the most
aggressive management, including immediate ad-
mission to the intensive care unit and 24-hour sur-
gical team availability for emergency interventions.
Drainage of fluid collections commenced in the sec-
ond week regardless of infection status, and early
initiation of renal replacement therapy was consid-
ered in cases of renal failure.
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Study variables

A comprehensive assessment of clinical status and
treatment outcomes was conducted by analysing
the following groups of parameters:

Demographic and anthropometric data: age, sex,
body mass index.

Aetiological factors: biliary, alcoholic, drug-in-
duced, alimentary, and idiopathic aetiology.

Comorbidity: assessed using the Charlson co-
morbidity index, which includes 19 categories of
comorbid conditions with scores from 1 to 6 de-
pending on mortality risk. Arterial hypertension,
ischaemic heart disease, diabetes mellitus, chronic
respiratory, renal, and hepatic diseases were regis-
tered separately.

Severity indicators at admission: BISAP scale
from 0 to 5 points, presence of SIRS criteria, the
modified CT severity index (mCTSI) from 0 to 10
points for assessing inflammatory changes, and the
percentage of pancreatic necrosis.

First-day laboratory parameters: complete blood
count with differential white cell count, SII index,
biochemical markers (creatinine, urea, total pro-
tein, bilirubin, alanine aminotransferase (ALT), as-
partate aminotransferase (AST), amylase, glucose,
fibrinogen), and urine parameters.

Organ failure characteristics: presence and type
(transient <48 hours or persistent >48 hours), af-
fected systems (respiratory, cardiovascular, renal),
time of onset (early before day 14 or late after day
14), number of episodes, and the maximum Multi-
ple Organ Dysfunction Score (MODS).

Surgical interventions: total number of opera-
tions and procedures, timing of the first interven-
tion, types of operations (elective or emergency for
infection/haemorrhage /peritonitis), number of re-
operations, performed drainage and necrosectomies.

Local complications: necrotising pancreatitis,
infected and sterile pancreatic necrosis, acute peri-
pancreatic fluid collections (APFC), acute necrotic
collections (ANC), walled-off necrosis (WON),
pleural effusion, and ascites.

Endpoints and data collection

The primary endpoint was the total length of hos-
pitalisation as an integrative indicator of disease se-
verity and treatment effectiveness. Secondary end-
points included frequency of OF development and
its characteristics with differentiation into tran-
sient, persistent, and multiorgan forms. Important
indicators were ICU length of stay, the total num-
ber of surgical interventions divided into staged and
emergency procedures, the development of local
complications including infected pancreatic necro-
sis, and hospital mortality.
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Statistical analysis

Statistical analysis was performed using XLSTAT
v. 2021.2. Power calculations indicated that a mini-
mum of 35 patients per group was required. This
sample size was needed to detect a 25 % difference
in hospitalisation duration. The significance level
was set at 0.05, and the power at 80 %. Categori-
cal variables are presented as absolute numbers and
percentages. Continuous variables are described as
either the median with interquartile range or the
mean with standard deviation, depending on their
distribution. The Shapiro-Wilk test was used to as-
sess the normality of the distributions.

Categorical variables were compared using the
chi-square test. For small expected frequencies,
Fisher’s exact test was used. Continuous variables
were compared using the Mann-Whitney U test,
as most parameters did not follow a normal distri-
bution. To assess differential treatment effects by
pattern, analysis of variance with covariates and an
interaction term between group and pattern was
applied. Predictors of binary outcomes were deter-
mined using logistic regression. The number of in-
terventions was modelled with Poisson regression.
Time to surgery was analysed using Cox regression.

An extended sensitivity analysis was conducted.
This involved excluding deaths, including only pa-
tients with confirmed OF, and removing outliers that
exceeded three standard deviations above the mean.
Statistical significance was set at p<0.05. The Tukey
correction was applied for multiple comparisons.

Study limitations

The quasi-experimental design does not completely
exclude confounders, particularly the general im-
provement in medical care observed between the
study periods. Differences in inclusion criteria, with
the retrospective cohort comprising only patients
with confirmed OF and the prospective cohort in-
cluding high-risk patients, introduce methodologi-
cal heterogeneity. The single-centre setting further
limits the generalisability of findings to other popu-
lations and healthcare systems. To mitigate these
limitations, an extended statistical analysis was
conducted using multiple methods to evaluate in-
tervention effects.

Results

Study population characteristics

A total of 77 patients with SAP were divided
into a comparison group (group 1, n=41, period
2014-2019) and a main group (group 2, n=36,
period 2022—-2024). In the comparison group, all
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patients developed confirmed OF during acute pan-
creatitis, whereas the main group included high-risk
patients. In group 2, the implementation of differen-
tiated pattern-oriented surgical tactics resulted in
OF development in only 24 patients (66.7 %).

The groups’ demographic and clinical character-
istics were comparable (Table 1).

The median age was 43.0 [34.0-56.0] years in
the comparison group and 46.5 [40.0-55.0] years
in the main group (p=0.272). Males predominated
(68.3% vs. 63.9%, p=0.683) with median body
mass index (BMI) 26.3 and 25.5 kg/m?, respec-
tively (p=0.955). Biliary aetiology dominated in
both groups (61.0 % vs. 66.7 %, p=0.604), while al-
coholic aetiology accounted for approximately one
quarter of cases (29.3 % vs. 25.0 %, p=0.675).

The comorbidity profile was characterised by
a high prevalence of cardiovascular pathology

Table 1. Baseline characteristics of study groups

without intergroup differences: arterial hyperten-
sion was diagnosed in 58.5 % and 55.6 % (p = 0.792),
and ischaemic heart disease in 56.1 % and 41.7 %
of patients, respectively (p=0.206). The median
Charlson Comorbidity Index was 5.0 [4.0-6.0] in
the comparison group and 4.0 [3.0—5.0] in the main
group (p=0.106).

Disease severity at admission was comparable:
SIRS frequency was 36.6 % vs. 30.6 % (p=0.577),
and BISAP >2 was observed in 19.5% vs. 13.9%
(p=0.331). The only statistically significant differ-
ence was found for mCTSI distribution (p =0.020),
which may reflect the evolution of diagnostic capa-
bilities at our hospital over time.

First-day laboratory parameters showed statis-
tically significant differences between the groups,
including higher total protein levels (68.3+8.6
vs. 61.3+8.6 g/L, p=0.002), which may suggest

Parameter Group 1 (n=41) Group 2 (n=36) p
Demographics

Age, years 43.0 [34.0-56.0] 46.5[40.0-55.0] 0.272

Male sex 28 (68.3%) 23 (63.9%) 0.683

BMI, kg/m? 26.3[24.2-30.2] 25.5(24.2—-31.6] 0.955
Aetiology

Biliary 25 (61.0 %) 24 (66.7 %) 0.604

Alcoholic 12 (29.3 %) 9(25.0%) 0.675

Idiopathic 4(9.8%) 3(8.3%) 0.828
Comorbidity

Charlson Index 5.0 [4.0-6.0] 4.0[3.0-5.0] 0.106

Arterial hypertension 24 (58.5%) 20 (55.6%) 0.792

IHD 23 (56.1 %) 15 (41.7 %) 0.206

Diabetes mellitus 4(9.8%) 5(13.9%) 0.573
Severity at admission

SIRS positive 15 (36.6 %) 11 (30.6 %) 0.577

BISAP >2 8 (19.5%) 5(139%) 0.331

mCTSI>6 21(51.2%) 15 (41.7 %) 0.035
Key laboratory parameters, Day 1

Lymphocytes, x 107/L 1.84+0.48 1.63+0.47 0.012

Total protein, g/L 61.3+8.6 68.3+8.6 0.002

Creatinine, pmol /L. 107.1£46.0 107.9+81.3 0.450

Note. Categorical variables are presented as the number of cases and percentage,
while quantitative indicators are presented as Median [Q1-Q3] or Mean+SD.

BMI - body mass index; IHD — ischemic heart disease.
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better prior hydration, and lower lymphocyte
counts ((1.63+0.47) vs. (1.84+0.48)x10°/L,
p=0.012) in the main group. The systemic im-
mune-inflammatory index tended to be higher in
the main group (2297.2 + 1424.3 vs. 1839.6 + 630.6;
p=0.089), but this difference was not statistically
significant. Other admission parameters were com-
parable between the groups.

Distribution by organ failure patterns
Patient stratification by patterns revealed clinically
important differences between the groups (Table 2).
The comparison group exhibited an equal distribu-
tion between early respiratory-renal and late respira-
tory patterns (39.0 % each), with a smaller proportion
of early multisystem (22.0 %). In the main group, the
distribution shifted towards a multisystem pattern
(41.7 %), with a reduction in early respiratory-renal
cases to 22.2 %. However, these differences did not
reach statistical significance (x>=4.07; p=0.124).

Primary endpoint: length of hospitalisation
The total length of hospitalisation, chosen as an in-
tegrative indicator of treatment effectiveness, dem-
onstrated a statistically and clinically significant
reduction. The median decreased from 35 [23—65]
days in the comparison group to 27 [15-33.25] days
in the main group (U=977.5, z=2.43; p=0.015),
reflecting a reduction in patient hospital stay by 8
days (22.9 %). The mean duration decreased from
44.1£28.5t0 30.2 +21.2 days.

Differential effect by patterns:

interaction analysis

Analysis of variance with covariates revealed
a highly significant interaction between the treat-
ment group and the corresponding OF pattern
(F=6.179; p<0.0001), explaining 30.3% of the
total hospitalisation variability (R?=0.303, adjust-
ed R?=0.254). Importantly, age and BMI did not
enter the final model through stepwise selection
(p>0.05), confirming that their effects are inde-
pendent of these potential confounders (Table 3).

H. O. Levytskyi, V. D. Sheiko

Table 2. Patient distribution
by organ failure patterns

Pattern ((;1:(:141)1 ; ?1:(:13%%

Early respiratory-renal 16 (39.0 %) 8(22.2%)
Late respiratory 16 (39.0 %) 13 (36.1 %)
Early multisystem 9(22.0%) 15 (41.7%)

The most pronounced therapeutic effect was ob-
served in patients with the late respiratory OF pat-
tern. In this group, mean hospitalisation duration
decreased from 61.1 +27.2 days in the comparison
group to 34.0 £23.6 days in the main group, cor-
responding to an absolute reduction of 27.1 days or
44.4% (p=0.005 by Mann-Whitney for subgroup
analysis). Post-hoc Tukey analysis further con-
firmed that the late respiratory pattern in group
1 was associated with the longest hospitalisation
among all six subgroups (patterns of groups 1 and
2), with statistically significant differences com-
pared to all other combinations (p <0.05).

Patients with the early multisystem pattern
also demonstrated an excellent response to differ-
entiated treatment, as hospital stay was reduced
from 50.2£32.8 to 26.5+19.3 days, representing
a 47.2% improvement (p=0.042). Notably, this
pattern was the only one to demonstrate a statisti-
cally significant reduction in ICU stay, decreasing
from 8.2+ 5.0 to 4.5+ 7.8 days (p=0.036).

Paradoxically, the early respiratory-renal pattern
was associated with less favourable outcomes. Hos-
pitalisation duration increased from 23.6 = 8.6 days
to 31.0£21.9 days (+31.3%). However, this dif-
ference was not statistically significant (p =0.870)
and was accompanied by greater variability. This
pattern had the shortest natural treatment dura-
tion in the retrospective cohort, which may suggest
that excessive interventions were administered in
the prospective group.

Table 3. Pattern-specific treatment effects on hospitalisation duration (M+SD)

Difference

Pattern ?;21141)1 ; ?nr(:g:if p*

Days %
Early respiratory-renal 23.6£8.6 31.0£21.9 +7.4 +31.3 0.870
Late respiratory 61.1+27.2 34.0+23.6 -271 —44.4 0.005
Early multisystem 50.2+32.8 26.5+19.3 -23.7 —47.2 0.042
Note. "Mann-Whitney test for each pattern separately;
ANCOVA (Analysis of Covariance) for overall model: F=06.179; p<0.0001, R?=0.303.
General Surgery 3azansnaxipypein * 2025 ¢ Ne3 (14) 13
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Organ failure modification

The application of the pattern-oriented approach
resulted in enhanced OF parameters (Table 4).

The frequency of any OF development decreased
from 100 % in comparison group 1 to 66.7 % in main
group 2 (p<0.0001), indicating prevention in 12 of
36 high-risk patients. The number needed to treat
(NNT) to prevent one case of OF was 3.

Among the 24 patients in the main group who de-
veloped OF, a significant change in the nature of OF
was observed. The frequency of persistent OF, which
defines a severe course according to Atlanta 2012
criteria, decreased from 90.2 % (37/41) to 50.0%
(18/36), with an odds ratio (OR) of 0.11 (95 % con-
fidence interval (CI): 0.03-0.37; p<0.0001). The
incidence of multiorgan failure declined from 31.7 %
t0 5.6 %, OR=0.13 (95 % CI: 0.03—0.60; p=0.004).

Analysis of the number of OF episodes demon-
strated a shift toward milder forms. The median
number of episodes decreased from 2 [1-3] to 1
[1—2]. Notably, no patients in the main group expe-
rienced >4 OF episodes during the AP course, com-
pared to 24.4% (10/41) in the comparison group
(p=0.002, Fisher’s exact test).

Surgical paradigm transformation

Surgical activity structure demonstrated cardinal
transformations. The proportion of patients who did
not undergo open surgical intervention increased

from 26.8% (11/41) to 52.8% (19/36), 32=5.52;
p=0.047. The most significant reduction occurred in
staged open operations, which declined from 58.5 %
(24/41) to 22.2 % (8/36), p=0.001. In contrast, the
frequency of emergency operations remained stable:
for infection, 26.8 % vs. 27.8 % (p = 0.925); for haem-
orrhage, 7.3% vs. 2.8% (p=0.363); for peritonitis,
4.9% vs.8.3% (p=0.532).

Kaplan-Meier analysis of time to first surgical in-
tervention revealed no statistically significant dif-
ference in median values between groups (30 vs. 32
days, log-rank x%>=0.041; p=0.839). However, the
distribution of timing differed markedly: the 25th
quartile was 5 [2—23] days in the comparison group
vs. 26 [18-32] days in the main group, indicating
a five-fold delay in early surgical interventions.

Predictors of surgical interventions
Poisson regression for operation count (R?=0.437)
identified OF development in the late phase of
acute pancreatitis as the most powerful predictor
of multiple interventions with IRR (incidence rate
ratio) =4.70 (95% CI: 1.67—13.24; p=0.001). The
pattern-oriented approach showed a trend toward
a 33 % reduction in total operations (IRR=0.67;
95% CI: 0.34—1.31). However, the result did not
reach statistical significance (p=0.236).

Cox regression analysis for time to surgery in-
dicated that classic severity predictors (age, BMI,

Table 4. Organ failure characteristics in the study groups

Parameter Group 1 (n=41) Group 2 (n=36) OR (95 % CI) p
OF development
Any OF 41 (100.0 %) 24 (66.7 %) = <0.0001
Persistent OF 37 (90.2%) 18 (50.0 %) 0.11 (0.03-0.37) <0.0001
Transient OF 22 (53.7%) 18 (50.0%) 0.86 (0.36-2.08) 0.745
Multiorgan OF 13 (31.7%) 2(5.6%) 0.13 (0.03-0.60) 0.004
Number of OF episodes
1 13 (31.7%) 19 (52.8%)
2 12 (29.3%) 13 (36.1%) 0.051+
3 6 (14.6 %) 4(11.1%)
>4 10 (24.4%) 0
ICU Utilisation
ICU admission 8(19.5%) 15 (41.7%) 2.94 (1.08-8.00) 0.034
ICU duration, days* 5.0[1.0-9.0] 2.510.0-7.0] - 0.136

Note. * Fisher’s exact test for distribution; Median [Q1-Q3].
OR: odds ratio; CI: confidence interval.
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BISAP) did not enter the final model. Instead, the
time of complication type determined the timing
of intervention: emergency operations for peri-
tonitis had HR (hazard ratio)=2.70 (95% CI:
0.59-12.47, p=0.203), infectious complications —
HR=1.83 (95% CI. 0.87-3.85; p=0.110), while
staged open operations demonstrated a protective ef-
fect with HR=0.75 (95 % CI: 0.20—2.84; p=0.672).

Intensive care resource utilisation

Paradoxical dynamics were observed in the re-
quirement for ICU admission. The frequency of
ICU admissions increased from 19.5% to 41.7 %
(OR=2.94; 95% CI: 1.08-8.00; p=0.034), while
the median duration of stay decreased from 5.0
[1.0-9.0] to 2.5 [0.0-7.0] days (p=0.136). These
findings suggest a shift from a reactive model, char-
acterised by prolonged ICU stays for patients with
established complications, to a proactive model in-
volving short-term monitoring of high-risk patients.

Local Complications

The frequency of necrotising pancreatitis remained
comparable between the groups (80.5 % vs. 77.8 %,
p=0.770). Infected pancreatic necrosis showed
a trend toward reduction from 46.3% to 30.6 %
(p=0.152). Acute peripancreatic fluid collections
were observed in 85.4% and 75.0% of cases, re-
spectively (p=0.248). The frequency of infected
peripancreatic collections increased from 17.1 % to
36.1 %. However, this difference did not reach sta-
tistical significance. Walled-off necrosis was rare in
both groups (2.4 % vs. 2.8 %, p=0.929).

Mortality

Hospital mortality decreased from 12.2 % (5/41) to
8.3 % (3/36). However, this difference did not reach
statistical significance due to the small number of
events (OR=0.66; 95% CI: 0.16-2.71; p=0.579).
The clinical significance lies in the absolute reduc-
tion in death risk of 3.9 %, corresponding to an NNT
of 26 to prevent one death.

Table 5. Sensitivity analysis for the primary endpoint
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Sensitivity analysis

A comprehensive sensitivity analysis was conduct-
ed to confirm the reliability of the findings and to
exclude the influence of random factors (Table 5).
This approach facilitates the assessment of the sta-
bility of group differences across various data anal-
ysis approaches.

A comparison of all study patients, based on the
intention-to-treat principle, revealed a statistically
significant reduction in hospitalisation duration for
the group receiving enhanced treatment (group 2)
compared to the group receiving traditional treat-
ment (group 1). The median hospital stay was 27
days (mean 30.2£21.2 days) in group 2 vs. a me-
dian of 35 days (mean 44.1 +28.5 days) in group
1. The reduction in hospital stay ranged from 8 to
14 days (p=0.015), indicating that the improved
algorithm decreased patient hospitalisation by
nearly two weeks.

Excluding patients with fatal outcomes from the
analysis (5 cases in group 1 and 3 cases in group 2)
further accentuates the advantages of the improved
approach. The difference in hospitalisation dura-
tion increases to 15 days (p =0.012). The treatment
effect remains moderate (effect size r=0.352), with
a 67.6 % probability that a randomly selected pa-
tient from group 1 will have a longer hospitalisa-
tion. Statistical analysis of anomalous values indi-
cates that the longest hospitalisation (116 days)
is not a statistical outlier, and the exclusion of ex-
treme values minimally affects the results.

The practical value of the improved approach
was assessed by calculating the number of pa-
tients who required treatment using the proposed
algorithm. For OF prevention, the NNT (Number
Needed to Treat) was 3 patients; for persistent
OF prevention, the NNT was 2.5 patients; and for
death prevention, 26 patients required treatment,
respectively.

These indicators demonstrate the high effective-
ness of the proposed approach, particularly in pre-
venting the development and progression of OF.

Analysis Group 1 (n=41) Group 2 (n=36) Difference p
Main analysis (ITT), days 35 [23-65] 27[15-33.25] -8 0015
(Median [Q1-Q3], Mean + SD) 44.1£285 30.2+21.2 ~13.9 '
Excluding deaths, days 45.0%29.7 29.9+22.0 154 0.012
(Mean +SD) (n=36) (n=33) ’ ’
Outlier analysis (Grubbs criterion)* - - - 0.155

Note. ITT: intention-to-treat (analysis of all study patients).
*G=23.002<Gcrit=3.292.
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Discussion

Interpretation of the main results

The study demonstrates that personalisation of
SAP treatment through early identification of OF
patterns leads to clinically and economically sig-
nificant improvements in outcomes [1, 5, 18, 23].
A reduction in median hospitalisation by 8 days
(22.9 %) exceeds the minimal clinically important
difference and aligns with recent studies on person-
alised medicine in critical conditions.

A key outcome is the prevention of OF in 33.3 %
of high-risk patients (NNT =3). Thus, for every
three patients treated according to the differenti-
ated protocol, one patient completely avoids the
development of OF. Considering that OF is the
main determinant of mortality in pancreatitis, this
preventive effect is highly significant for improving
survival rates.

Heterogeneity of treatment effects based on OF
pattern is confirmed by a highly significant interac-
tion in the ANCOVA model (p <0.0001), which val-
idates the central hypothesis regarding the neces-
sity of personalised treatment. Notably, the model
accounts for 30.3 % of the variability in hospitalisa-
tion duration without incorporating traditional se-
verity predictors such as age or BMI, underscoring
the fundamental role of OF patterns in determining
disease trajectory [13].

The effectiveness of the pattern-oriented ap-
proach is based on three interconnected mecha-
nisms. First, early stratification within the first 24
hours enables the initiation of preventive measures
before irreversible pathophysiological changes
occur. In contrast to the traditional reactive ap-
proach, which initiates interventions after com-
plications manifest, the proactive model allows for
modification of the natural disease course. Second,
optimising the timing of interventions according to
each pattern’s expected trajectory prevents both
premature operations with elevated complication
risk and delayed interventions during necrosis
progression. Third, differentiated therapy inten-
sity avoids unnecessary interventions in favourable
variants while ensuring adequate aggressiveness in
unfavourable ones. This staged, physiology-guided
strategy is consistent with broader surgical prin-
ciples of damage control [17].

A reduction in persistent OF frequency from
90.2% to 50.0% (OR=0.11) suggests effective
interruption of the pathophysiological cascade.
This outcome results from pattern-specific inter-
ventions, including aggressive early drainage of
ascites-peritonitis in the early respiratory-renal
pattern, an absolutely conservative approach in the
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late respiratory pattern, and readiness for emergen-
cy interventions in the early multisystem pattern.
The complete absence of patients with multiple OF
episodes in the main group, compared to 24.4 % in
the retrospective cohort, further demonstrates the
approach’s capacity to prevent recurrent episodes
of organ dysfunction.

The late respiratory pattern, which had the most
severe natural course (a 61-day hospitalisation)
demonstrated the maximum response to pattern-
oriented therapy, achieving a 44 % reduction in
hospitalisation duration. This finding aligns with
POINTER trial data, which indicate that delayed
interventions are most effective for patients expe-
riencing late complications [3, 4]. These patients
typically have sufficient time for preventive mea-
sures, with a median manifestation period of 38.5
days. Employing conservative tactics until day 14,
followed by a step-up approach, corresponds to this
pattern’s natural evolution, in which necrosis devel-
ops slowly and often remains sterile with adequate
supportive therapy. The findings expand upon this
concept by demonstrating the feasibility of prospec-
tively identifying such patients.

The early multisystem pattern showed compre-
hensive improvements, with overall hospitalisation
reduced by 47.2 % and ICU stay by 45 %. This vari-
ant is characterised by a fulminant onset and early
multiorgan dysfunction, which is traditionally asso-
ciated with the worst prognosis. Implementation of
aggressive early therapy and continuous emergency
intervention readiness enabled effective control of
the multiorgan dysfunction cascade. The complete
elimination of multiple OF episodes (> 4) in this
group further supports the effectiveness of the se-
lected treatment tactics.

The paradoxical worsening of results for the early
respiratory-renal pattern, evidenced by a 31.3% in-
crease in hospitalisation duration, warrants critical
evaluation. In the retrospective cohort, this variant
exhibited the shortest natural treatment duration of
23.6 days, suggesting a relatively favourable progno-
sis. Potential contributing factors include: (1) impact
of early frequent invasive interventions; (2) disrup-
tion of natural compensatory mechanisms; (3) inac-
curate stratification in the small subgroup (n=8).
Importantly, in the historical group, this pattern had
the shortest hospitalisation duration (23.6 days), fur-
ther indicating a relatively favourable natural course
that did not require treatment intensification. These
findings underscore the need for personalisation, not
only by intensifying interventions, but also by consid-
ering reductions in their number and type.

The present findings expand upon the step-up
approach paradigm established in the landmark

General Surgery 3azansnaxipypein * 2025 ¢ Ne3 (14)



PANTER and TENSION trials [14, 19, 20]. While
these studies proved the advantage of minimally
invasive staged interventions over primary open ne-
crosectomy for all patients, the current study high-
lights the need for personalisation within the step-
up protocol. The observed reduction in new multi-
organ failure frequency from 31.7 % to 5.6 % exceeds
the PANTER trial results, where this indicator de-
creased from 40 % to 12% [16, 21]. This improve-
ment may be explained by the universal approach’s
failure to account for population heterogeneity,
whereas pattern-specific tactics enable optimisation
of intervention timing for each clinical variant.

It is important to note that this study does not
position the pattern-oriented approach in opposition
to the classic step-up method, but rather integrates
personalisation into the existing paradigm [7, 22].
For the late respiratory pattern, the standard step-
up protocol was effectively applied, yielding the most
favourable outcomes for this variant. These findings
indicate that the limitation lies not in the step-up ap-
proach itself, but in its universal application without
consideration of individual course features.

The restructuring of surgical activity reflects
a fundamental shift from surgery as the main treat-
ment method to its use as a reserve option when
conservative and minimally invasive therapies fail.
A 62 % reduction in staged open operations, along-
side stable emergency intervention rates, suggests
an optimisation of surgical indications rather than
mere avoidance of surgery. Additionally, a five-fold
increase in the 25th quartile time to first operation,
from 5 to 26 days, demonstrates abandonment of
the early surgical debridement concept in favour of
maximum delay.

The identification of OF in the late phase of AP
(after day 14) as the most powerful predictor of
multiple surgical interventions with TRR=4.70
(p=0.001) has important practical implications.
Patients who develop OF after day 14 have an al-
most five-fold higher risk of requiring repeated
operations. Paradoxically, classic severity predic-
tors at admission (BISAP, age, BMI) did not enter
the model, underscoring the advantage of dynamic
monitoring over static risk stratification.

Paradigm shift in intensive care

The increase in ICU admission frequency from
19.5% to 41.7 %, accompanied by a simultaneous
reduction in median length of stay, reflects a shift
in intensive care philosophy regarding the manage-
ment of severe pancreatitis. Rather than relying on
a reactive model in which patients are admitted to
the ICU with established complications for extend-
ed periods, a proactive strategy of involving early,
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short-term monitoring of high-risk patients has
been adopted. Although this approach temporarily
increases ICU burden in the short term, the overall
reduction in intensive care bed-days and prevention
of severe complications justify this approach.

Clinical and economic implications
From a practical viewpoint, implementing the pat-
tern-oriented approach requires reorganisation of
the treatment process. Staff must be trained in the
stratification algorithm within the first 24 hours to
ensure round-the-clock readiness for emergency in-
terventions in cases of the multisystem pattern and
to optimise patient routing between departments.
However, the potential savings of 589 bed-days per
77 patients and the reduction in the need for surgi-
cal interventions justify these organisational efforts.
The economic effectiveness of this approach,
demonstrated by an NNT of 3 for the prevention of
OF, makes it particularly attractive for healthcare
systems with limited resources. Considering that
the treatment cost for a patient with persistent mul-
tiorgan failure can exceed $100,000, preventing one
such case for every three patients treated results in
substantial cost savings. Additionally, the reduction
in the frequency of staged open operations allows
operating resources to be allocated to other patients.

Future perspectives and directions
for development

The results justify the need for a multicentre ran-
domised controlled trial to definitively validate the
pattern-oriented approach. It is essential to modify
protocols for early respiratory-renal patterns to in-
corporate less aggressive tactics. The integration
of machine learning can enhance the accuracy of
early stratification, particularly for cases that are
borderline between patterns [12, 24]. Additionally,
developing biomarker panels represents a promis-
ing direction for determining objective patterns and
monitoring therapeutic responses.

Conclusions

A differentiated approach to SAP treatment, guid-
ed by early determination of OF patterns, signifi-
cantly reduces hospitalisation duration by 22.9 %
and prevents OF development in one out of three
high-risk patients.

The effectiveness of pattern-oriented therapy
is heterogeneous: the greatest reduction in hos-
pitalisation duration is observed in late respira-
tory (44 %) and early multisystem (47 %) patterns,
whereas the early respiratory-renal pattern requires
protocol modification.
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Implementing a differentiated approach restruc-
tures surgical activity, resulting in a 62 % reduction
in staged operations while maintaining a stable fre-
quency of emergency interventions, which suggests
more optimised surgical treatment indications.

A proactive monitoring strategy in intensive care
units increases ICU admission frequency but reduces
the overall duration of intensive care and helps pre-
vent the development of persistent multiorgan failure.
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HuepeHIiioBaHUH IAXi 70 JiKyBaHHS
TAYKKOT'O T'OCTPOTO ITAHKPEATUTY 3AJIEKHO
BiJI [IATEPHY OPraHHOI HEJOCTATHOCT]

I. O. JIeBuupkmii, B. /1. llleiiko

[TonTaBchknil MepskaBHUIT MeAWMIHITH yHiBEPCUTET

Tspxkuit roctpudt maHkpeatuT (TTTI) 3 OpraHHoIo HeJOCTAaTHICTIO (OH) aCOLIIOETHCS 3 IETAIBHICTIO 15—-40 %.
Xoua mifxiz step-up A0BiB IlepeBary Ha/i IEPBUHHOIO HEKPEKTOMIEIO, HOI'o YHIiBEPCAIbHE 3ACTOCYBAHHS HE BPA-
XOBY€ IeTEPOT€HHOCT] KIiHIYHOTro nepebiry. Pannsa crpatudikaitis narieHTis Ha OCHOBI BapianTis nepediry OH
MOZKE 326€3IEYUTHU IEPCOHATIZ0OBAHI TPOTOKO/IN JIKYBAHHSL.

MeTa — OLiHUTH €(PEKTUBHICTD AU(PEPEHIIHOBAHOTO MXOAY A0 JIKYBAHHS TSKKOTO FOCTPOIO MAHKPEATUTY
Ha OCHOBI BapiaHTiB Nlepebiry OpraHHoi HEAOCTATHOCTI TOPIiBHAHO 3i CTAHIAPTHOIO TAKTHKOIO.

Marepiann Ta MeTomH. [IpOBEICHO KBA3iEKCIIEPUMEHTAIBHE JTOCI/KEHHS 3 iCTOPUYHHUM KOHTPOJIEM
32 y4acTio 77 manieHTiB i3 TTTI a00 BUCOKUM PU3UKOM MOTO pO3BUTKY. I'pyna nopisHaHHA (n=41, 2014-2019)
OTPUMYBAJIA CTAHLAPTHE JIKYBAHHA 3 PETPOCHEKTHUBHO IIATBEPHKEHUM pO3BUTKOM OH. OcHOBHA rpymna
(n=36, 2022-2024) mifysaraiaa IPOCICKTUBHII cTpaTudiKariii 32 MPOrHOCTUYHOIO MO/ICIUTIO IIPOTITOM 24 roft
MiC/Ig roCHiTalisanil 3 BU3HAYEHHAM TPbOX narepHiB OH: paHHiN pecHipaTOpHO-PEHAIbHNM, Mi3HINA pecrIi-
PaTOPHUI T4 PAHHIA MYJIBTUCUCTEMHHUI. 34CTOCOBYBAIN MATEPH-CIENUMIYHI IPOTOKOIN: ATPECUBHE PAHHE
JPEHYBAHHA /I PAHHBOI'O PECHiPATOPHO-PEHATIBHOIO NATEPHY, MAKCUMAIbHO KOHCEPBATUBHUN ITiIXiJ| 111
Mi3HBOI'O PECHIPATOPHOIO IATEPHY, IHTEHCUBHUI MOHITOPHHI' 3 TOTOBHICTIO JO EKCTPEHHX BTPYYaHb /I PAH-
HBbOI'O MYJIBTUCUCTEMHOTI'O ITaTepHy. IlepBrHHA KiHIIEBA TOYKA — TPUBAICTb FOCHITANIi3a11il, BTOPUHHI — PO3BU-
TOK OH, nnepeseeHHA y BilAUIEHHA iHTEHCUBHOI peaHiMallil, Xipypriyti BTpy4YaHH, JIETAJIbHICTb.

PesyapraTy. Meiana rocoitamizarii 3Hu3mwIach 3 35 [23—65] 1o 27 [15,00—33,25] guis (p=0,015), To6TO Ha
22,9 %. PozsruTok OH nonepe/ikeHo v 33,3 % nanieHTiB i3 rpynu BUCOKOro pusuky (NNT=3). Hacrora OH, 1o
EPCUCTYE, 3MEHIIWIACH 3 90,2 1o 50,0 % (BigHOmEHHA maHciB — 0,11, 95 % posipunii intepsan — 0,03-0,37;
P <0,0001), MynsTHOPraHHOI HEAOCTATHOCTI — 3 31,7 10 5,6 % (p=0,004). Edexr IiKyBaHHS 3HAYVIIC 3AICIKAB
BiJ nmatepHy (p <0,0001): mi3Hii pecripaTOpHUI NATEPH — 3MEHUICHHS TPUBAJIOCTI rociitanizanii Ha 44,4 % (3
(61,1£27,2) no (34,0£23,6) nus, p=0,005), paHHilT MyJIBTUCUCTEMHUI TaTepH — Ha 47,2% (3 (50,2+32,8) 10
(26,5£19,3) aust, p=0,042), paHHii pecHipaTOPHO-PEHATBHUI MATEPH — HE3HA4yIe 36inbieHHs (+31,3 %,
p=0,870). HacToTa IPOBEAEHHS €TAITHUX BiJKPUTHX OIEPaLiiif 3MeHIIWIACA 3 58,5 10 22,2% (p=0,001) 6e3
BIUIMBY HA Y4CTOTY EKCTPEHUX BTPYYAHb. JIETAIbHICTh 3HU3WIACH 3 12,2 10 8,3 % (p=0,579).

BucHOBKH. [TaTepH-OpieHTOBaHE JiKyBaHHs TTTI BipOriIHO 3MEHIITYE TPUBAIICTD FOCHiTai3allii Ta 3a1106irae
po3BuTKy OH y TPETUHU TALIEHTIB i3 I'PYIM BUCOKOTO PU3UKY. EEKTUBHICTD TEPATIIil BiIPi3HAECTBCA 3AIEKHO
BiJ] ATEPHY 3 MAKCUMAJIbHOIO KOPHCTIO JIIA Ii3HBOI'O PECIiPATOPHOIO Td PAHHBOI'O MYJIBIMCUCTEMHOI'O Bapi-
AHTiB. 3aIIPONOHOBAHUH MiJIXi/l TPAHC(POPMYE XipypriuHy Hapagurmy 3 peakKTUBHOL HA IIPOAKTUBHY, OITUMI3Y-
IOYM TEPMiHU BTPY4dHb HA OCHOBi IIPOTHO30BAHOI KJIiHiYHOI TPpaeKTOPii. HEO6XiHO NPOBECTH 6AraTOLIEHTPO-
BY BJIIALIIIO JIUIA MiITBEP/PKEHHS PE3Y/IBTATIB.

K/I¥0490Bi CJI0Ba: TAaHKPEATUT, MyJIBTHOPIaHHA HEJOCTATHICTh, TOCTPHUH HEKPOTU3YBAILHUI MAHKPEATUT, TPH-
BJIiCTb OCHITAII3a11i1, PE3Y/IBIaT JIKYBAHHS, OLIiHKA PU3HKY, 3AI1aJICHHSI.
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OBJECTIVE — to compare the effectiveness and safety of bipolar vaporization (BPV) of hemorrhoidal nodes with
laser hemorrhoidoplasty (LHP), transanal dearterialization (THD), and stapled hemorrhoidopexy (Longo sut-
gery) in patients diagnosed with stage III chronic hemorrhoids.

MATERIALS AND METHODS. A single-centre, prospective, comparative study was conducted involving 63 patients
(35 women and 28 men) with symptomatic stage III chronic hemorrhoids treated between 2021 and 2024. The
mean age was 45.3+ 11.1 years, the mean body mass index was 26.8 kg/m?, and the mean disease duration was
10.3£6.7 years. Patients were allocated to four groups based on the treatment method: BPV (n=18, 28.6 %), LHP
(n=15, 23.8%), THD (n=16, 254 %), and Longo surgery (n= 14, 22.2%). Bipolar vaporization was performed
according to the author’s method using the biowelding generator EK-300M (Svarmed, Ukraine) with multi-cycle
vaporization of the node. Outcomes assessed included symptoms, complications, recurrences, patient satisfac-
tion, duration of surgery, and length of hospital stay.

ResuLts. The mean duration of surgery was 45.2+6.3 minutes in the BPV group, 44.5+7.5 minutes in the LHP
group, 43.4+6.2 minutes in the THD group, and 41.1£4.9 minutes in the Longo surgery group (p > 0.05). Blood loss
ranged from 10.4 to 164 ml across all groups (p>0.05). The incidence of submucosal hematomas did not exceed
35% in any group. All techniques resulted in a significant reduction in hemorrhoid symptoms postoperatively
(p <0.05 within groups). At one year post-surgery, recurrence rates were 5.6 % for BPV, 6.7 % for LHP, 18.8 % for THD,
and 214 % for Longo surgery (p=0422). Patient satisfaction scores at 12 months ranged from 7.7 to 8.1 points.

Concrusions. Bipolar vaporization demonstrates effectiveness comparable to other minimally invasive tech-
niques for the treatment of grade III chronic hemorrhoids, with minimal trauma and a short postoperative
recovery period. The method is cost-effective due to the use of reusable electrodes. Bipolar vaporization is rec-
ommended for broader adoption in proctological practice, particularly in resource-limited settings.

KEYWORDS
stage III hemorrhoids, bipolar vaporization, laser hemorrhoidoplasty, THD, Longo surgery, minimally invasive
proctology.
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Stage I1I chronic hemorrhoids (CH) are among the
most frequent reasons for referral to a coloproctolo-
gist, accounting for approximately 40 % of all proc-
tological pathologies [20, 25].

For most patients with stage III disease, conser-
vative therapy is ineffective, while traditional hem-
orrhoidectomy is associated with significant trauma

20

[26, 27]. Consequently, minimally invasive technol-
ogies have been developed to eliminate pathologi-
cally altered hemorrhoidal nodes with minimal tis-
sue damage and to facilitate rapid patient recovery.

Current treatment modalities include laser hem-
orrhoidoplasty (LHP) [14, 18], transanal dearteri-
alization (THD/HAL-RAR) [11, 16, 19], stapled
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hemorrhoidopexy (Longo surgery) [23, 26], and
other energy-based methods such as ultrasonic or
radiofrequency coagulation [9]. However, the ma-
jority of these techniques require costly equipment
or disposable instruments, limiting their accessibil-
ity in middle-income countries.

Currently, there are no well-substantiated rec-
ommendations for selecting optimal treatment
strategies for patients with stage III hemorrhoids.
The international Delphi consensus highlights the
necessity for a unified outcome assessment system
but does not specify the superiority of any particu-
lar technique [30].

Systematic reviews further indicate that none
of the existing procedures, including transanal de-
arterialization, stapled hemorrhoidopexy, or laser
coagulation, demonstrate a definitive advantage
regarding effectiveness, safety, or recurrence rates
for stage I1T hemorrhoids [7, 13]. As a result, the se-
lection of treatment methods in clinical practice is
often influenced not only by clinical indications but
also by the clinic’s technical resources, equipment
costs, and surgeon experience.

Bipolar vaporization of hemorrhoidal nodes
(BPV), developed by a Ukrainian research group,
represents a novel approach that offers ease of imple-
mentation, low cost, and consistent morphological
outcomes [1, 2]. In contrast to laser technology, BPV
utilizes reusable electrodes and a tissue biowelding
generator, EK-300M (Svarmed, Ukraine), which
produces a controlled zone of coagulation necrosis
without carbonization [2]. Morphometric analyses
have demonstrated that the necrosis zone following
a single vaporization cycle is ellipsoidal, measuring
approximately 3.9 mm in length, ensuring predict-
able depth and uniformity of thermal exposure [1].

OBJECTIVE — to compare the effectiveness and
safety of bipolar vaporization (BPV) of hemor-
rhoidal nodes with laser hemorrhoidoplasty (LHP),
transanal dearterialization (THD), and stapled
hemorrhoidopexy (Longo surgery) in patients diag-
nosed with stage III chronic hemorrhoids.

Materials and methods

The study cohort comprised 63 patients diagnosed
with stage III chronic hemorrhoids, including 35
women (55.6 %) and 28 men (44.4 %), aged 28 to
71 years (mean age 45.3 + 11.1 years), who received
treatment between 2021 and 2024. The mean body
mass index (BMI) was 26.8 kg/m? (range: 19.8 to
37.0 kg/m?). The mean duration of the disease was
10.3 £6.7 years (range: 2 to 40 years).

The primary indications for surgical inter-
vention, in addition to hemorrhoidal prolapse,
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were persistent bleeding from the nodes of vary-
ing intensity in 59 patients (93.7 %), perineal
pain in 51 (81.0%), hemorrhoidal thrombosis in
30 (47.6 %), anal canal itching in 33 (52.4 %), and
soiling in the perianal area in 27 (42.9 %).

Patients were allocated to four treatment groups
based on the intervention received: bipolar vaporiza-
tion (BPV) using the original method (18 patients,
28.6 %), laser hemorrhoidoplasty (LHP; 15 patients,
23.8%), transanal hemorrhoidal dearterialization
(THD; 16 patients, 25.4%), and stapled hemor-
rhoidopexy (Longo surgery; 14 patients, 22.2 %).

Bipolar vaporization was performed using the
biowelding generator EK-300M. The technique
for introducing a bipolar electrode into the hemor-
rhoidal node is described in detail for the treatment
of stage I-1I hemorrhoids [2]. Our previous studies
have demonstrated that the necrosis zone after a sin-
gle intratissue BPV is consistently ellipsoidal, with
a characteristic thickening in the middle and an av-
erage length of approximately 3.93 mm [1]. Because
stage III hemorrhoidal nodes exceed the length of
a single vaporization zone, a sequential multi-cycle
technique was employed. The electrode was intro-
duced 2 mm below the proximal apex of the node for
the initial vaporization cycle. It was then withdrawn
4 mm distally, and the procedure was repeated until
the node was completely destroyed.

Laser hemorrhoidoplasty was performed accord-
ing to a standard protocol [31] using a diode laser with
a wavelength of 980—1470 nm. A laser fibre probe was
introduced into the lumen of the hemorrhoidal node
to achieve sequential coagulation of the cavernous tis-
sue. This technique results in reduced node size and
decreased blood supply due to thermal exposure.

Transanal hemorrhoidal dearterialization (THD/
HAL-RAR) was performed using a proctoscope
equipped with a Doppler sensor to identify branches
of the superior rectal artery, which were then stitched
and ligated. In cases of severe prolapse, mucopexy was
also performed. The procedure followed the widely ac-
cepted technique described by P. Dal Monte et al. [5].

Stapled hemorrhoidopexy (Longo surgery, PPH
machine) was performed using a standard circular sta-
pler. A purse-string suture was applied 2—4 cm above
the dentate line, followed by resection of a circular
strip of mucosa and simultaneous suturing, in accor-
dance with the classic Longo description [17, 23].

Inclusion criteria comprised symptomatic stage
IIT chronic hemorrhoids according to the Hol-
linger classification [4, 8], age > 18 years, absence
of severe concomitant pathology (ASA 4), and
provision of written informed consent for surgical
treatment and outpatient monitoring during the
postoperative period.
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Exclusion criteria included a history of infectious
or undifferentiated colitis within six months prior to
screening, malignant neoplasms of the rectum and
anal canal, inflammatory diseases of the rectum, exac-
erbation of chronic gastroenterological diseases (such
as pancreatitis, cholecystitis, hepatitis, gastritis, or
colitis), logistical issues such as failure to appear for
examination within established deadlines, and non-
compliance with the diagnostic and treatment plan.

Treatment effectiveness was evaluated using the
indicators recommended for hemorrhoidal disease
in the international Delphi study [30] (Table 1).

Statistical analysis was conducted using IBM
SPSS Statistics v. 22.0.

Comparisons between two independent samples
were performed using the Student t-test for normally
distributed data or the Mann—Whitney U-test for
non-normally distributed data. For two dependent
samples, either the paired t-test or the Wilcoxon
signed-rank test was applied. Quantitative indica-
tors across more than two groups were analysed using
analysis of variance (ANOVA) with a post hoc Bonfer-
roni correction. Qualitative indicators were compared
using the y>-test or Fisher’s exact test. Mean values
are presented as M £ SD, and relative values as n (%).

The null hypothesis was rejected at p<0.05.

The study was conducted in accordance with the
principles of the Declaration of Helsinki (2013) and
was approved by the local ethics committee (No.
21-E/2021, dated 12/15/2021).

Results

Baseline patient characteristics across the study
groups were comparable. No statistically significant
differences were observed between the groups re-
garding age, sex, BMI, disease duration, frequency

of thrombosis in the anamnesis, or severity of hem-
orrhoid symptoms (all p>0.05). These findings
indicate that the samples were homogeneous with
respect to initial parameters (Table 2).

Analysis of the primary intraoperative and post-
operative indicators revealed specific characteris-
tics associated with each method (Table 3).

A comparison of the primary intraoperative and
postoperative indicators revealed no statistically
significant differences across any of the parameters
studied.

The average surgical intervention duration
ranged from 41 to 45 minutes, with no significant
differences between the groups. This finding sug-
gests comparable technical complexity and pro-
cedure duration for all techniques performed by
a standardized surgical team. Intraoperative blood
loss was minimal (10—16 ml) and did not differ sig-
nificantly between the groups, further supporting
the low-traumatic nature of all interventions.

The incidence of submucosal hematomas ranged
from 22.2 % to 35.7 % across the groups. However, this
difference was not statistically significant (p=0.852).
This result may be attributed to the small sample size
and the limited clinical significance of these complica-
tions. Postoperative pain, as measured by the average
ketorolac doses administered during the first three
days, also did not differ between groups (all p>0.05),
indicating comparable postoperative comfort regard-
less of the technique used.

The hospital stay (2.8—3.3 days) and temporary
disability (5.4—5.9 days) were similar across all
groups, reflecting a rapid recovery after minimally
invasive interventions.

All techniques (BPV, LHP, THD, and Longo
surgery) produced comparable outcomes regarding
key intraoperative and postoperative parameters,

Table 1. Criteria for evaluating the effectiveness of treatment

Endpoints Indicators Assessment method Time frame
Primary Pain, prolapse, itching, Scale 0—9 points; Basic level, 7 days,
Symptoms of hemorrhoids ~ soiling, bleeding frequency (%) 6 months, 1 year

Incontinence Wexner scale [19] 1 year

Abscess, anal stenosis Physical examination 7 days (abscess), 1 year (stenosis)
Secondary
Complications Urinary retention Ultrasound 7 days

Fistula MRIin case of questionable e

clinical data
Patient satisfaction Subjective patient assessment  Scale 0—9 points Basic level, 7 days,
6 months, 1 year

Recurrence Recurrence of symptoms Patient complaints 6 months, one year
22 General Surgery 3azansuaxipypein * 2025 ¢ Ne3 (14)
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Table 2. Baseline characteristics of patients with stage I-1I chronic hemorrhoids

Parameter BPV LHP THD Longo surgery Total
(n=18) (n=15) (n=16) (n=14) (n=63)
Age, years 46.5£12.5 51.0=£11.9 429+9.1 40.5£8.0 453+11.1
Males 19 (59.4%) 11(544%)  23(548%)  14(609%) 28 (44.4%)
Females 13 (40.6 %) 10(47.6%)  19(452%)  9(39.1%)  35(556%)
BMI, kg/m? 275+38 275+33 28.1£4.1 245+43 27.0x41
Disease duration, years 9.5+89 12.7+6.2 92+48 10.1+6.0 10.3+6.7
Deep venous thrombosis in the anamnesis 8 (44.4 %) 8(53.3%) 7 (43.8%) 7 (50.0%) 30 (47.6 %)
Hemorrhoid Symptoms
Pain 15(83.3%) 12 (80.0 %) 13 (81.3%) 11 (78.6%) 51 (81.0%)
points 35%12 3.3+£1.0 3718 38+1.7 35+14
Prolapse 18 (100 %) 15 (100 %) 16 (100 %) 14 (100 %) 63 (100 %)
Itching 9.(50.0%) 8(53.3%) 9(56.3%) 7(304%)  33(524%)
points 62+1.5 50+1.0 6.1£1.8 58+32 58+17
Soiling 8 (44.4%) 7 (46.7%) 6 (37.5%) 6(429%)  27(429%)
points 41+1.0 37x11 46%1.6 40%0.8 41%+1.2
Bleeding 18 (100 %) 14(933%)  14(875%)  13(929%)  59(93.7%)
points 52%0.3 51£04 54%0.7 54%04 53%0.6

Note. Categorical variables are presented as the number of cases and percentage, while quantitative indicators are presented as M£SD.
The average scores were determined based on the number of patients exhibiting the corresponding symptoms. Across all baseline
parameters, there were no statistically significant differences between the study groups (all p>0.05).

Table 3. Comparison of the main intraoperative and postoperative outcomes in patients
with stage III chronic hemorrhoids by surgical technique

Parameter ( 1113 51\;) ( r{d 1-111’5) ( ;f EBS) Lon(gflo:;lz%ery p
Duration of surgery, min 45.2%6.3 44.5%7.5 43.4%6.2 41.1£49 >0.05
Intraoperative blood loss, ml 10.4+4.2 10.9+4.2 16.4+4.5 139+5.3 >0.05
Frequency of submucosal hematomas 4(22.2%) 4(264%) 5(31.3%) 5(35.7%) 0.852
Average doses of ketorolac

Day 1 29+0.7 27+0.7 28%0.8 3.0£0.7 >0.05

Day 2 20£0.5 20£0.4 24+05 2001 >0.05

Day 3 09+0.3 0.7£0.6 09+0.6 0.8+£0.8 >0.05
Average length of hospital stay, day 2.8%0.7 29+0.7 32£07 33£09 >0.05
Average duration of disability, days 54%0.8 57%0.7 59%0.9 58+1.6 >0.05

Note. Categorical variables are presented as the number of cases and percentage, while quantitative indicators are presented as M+SD.
p-value is based on ANOVA results, or y2-test.
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supporting their safety and effectiveness for treat-
ing stage I1I chronic hemorrhoids.

A comparative analysis of the dynamics within
the «Hemorrhoid symptoms» cluster identified dis-
tinct characteristics among the groups (Table 4).

A comparative analysis of the progression of pri-
mary clinical symptoms (pain, prolapse, itching,
soiling, and bleeding) in patients with stage III
chronic hemorrhoids revealed no statistically sig-
nificant differences between treatment groups at
any observation point (p>0.05 according to y? or
Fisher’s exact test).

Pain syndrome. Prior to surgery, 78—83% of
patients reported pain across all treatment groups.
One week post-intervention, the incidence of
pain decreased by more than twice in all groups
(44-63%), and the mean visual analogue scale
score ranged from 1.25 to 1.80, with no significant
differences between methods. At 6 and 12 months
postoperatively, pain frequency remained low, not
exceeding 15—20 %, indicating a sustained long-
term effect irrespective of the surgical technique.

Prolapse of nodes. Complete resolution of
prolapse occurred in all patients within the first

Table 4. Postoperative dynamics within the <Hemorrhoid symptoms» cluster

Parameter (1?51"8) (r];:IiPS) ( : ER;) Lotlglo:silgery p
Pain
Before surgery 83.3% 80.0 % 81.3% 78.6% 0,988
7 days 8 (44.4 %) 7 (46.7 %) 10 (62.5 %) 8 (57.1%) 0,697
6 months 1(5.6%) 2(13.3%) 2(12.5%) 2 (14.3%) 0.847
12 months 1(5.6%) 2(13.3%) 3(18.8%) 3(214%) 0.578
Prolapse
Before surgery 100 % 100 % 100 % 100 % 1
7 days 0 0 0 0 1
6 months 0 0 6.3% 71% 0.736
12 months 11.1% 13.3% 18.8 % 21.4% 0.849
Itching
Before surgery 9 (50,0 %) 8(53.3%) 9 (56.3%) 7 (30.4 %) 0.964
7 days 27.8% 33.3% 25.0% 286% 0.965
6 months 111% 20.0 18.8% 21.4% 0.863
12 months 16.7% 20.0% 18.8% 214% 0.988
Soiling
Before surgery 8 (44,4 %) 7 (46.7 %) 6 (37.5%) 6 (429 %) 0.985
7 days 50,0 % 60.0 % 56.3% 42.9% 0.802
6 months 16.7 % 20.0% 18.8% 214% 0.988
12 months 16.7 % 20.0% 18.8% 21.4% 0.988
Bleeding
Before surgery 18 (100 %) 14 (93.3 %) 14(87.5%) 13 (92.9 %) 0.094
7 days 0 6.7% 12.5% 71% 0.521
6 months 5.6% 13.3% 6.3 % 71% 0.847
12 months 111% 13.3% 12.5% 14.3% 0.994
Note. p between the groups — according to the results of x? or Fisher’s exact test.
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postoperative week. Isolated recurrences (6—21 %)
were observed at 12 months, primarily following
THD and Longo surgery, but these differences were
not statistically significant. These findings support
the comparable effectiveness of all four methods in
correcting prolapse.

Itching and soiling. The incidence of anal itching
and soiling declined progressively over the year in
all groups, with no significant differences between
groups (p>0.8). In most patients, these symptoms
either resolved or were minimal, indicating im-
proved quality of life following minimally invasive
interventions.

Rectal bleeding. Prior to surgery, bleeding was
the predominant symptom in 88—100 % of patients.
One week postoperatively, bleeding either resolved
completely or persisted only in isolated cases (up to
12%). At 6—12 months, the incidence of bleeding
remained low (6—14 %) and did not differ signifi-
cantly between methods, demonstrating reliable he-
mostasis across all intervention types.

In summary, all evaluated methods (BPV, LHP,
THD, and Longo surgery) demonstrated compa-
rable clinical effectiveness in resolving the primary
symptoms of chronic hemorrhoids during both early
and late postoperative periods. Therefore, selection
of a specific technique may be guided primarily by
the clinic’s technical resources, cost considerations,
and patient-specific factors.

The mean values of the «Satisfaction» clus-
ter score also did not differ significantly between
groups at any time point during the study (Table 5).

A comparison of the mean «Satisfaction» clus-
ter scores over time shows that all four surgical
methods for treating stage 111 chronic hemorrhoids
achieve high levels of postoperative comfort and pa-
tient satisfaction.

Seven days following the intervention, the mean
satisfaction scores ranged from 6.3 to 7.1, with no
statistically significant differences between groups
(p>0.05). The highest scores were observed in the
BPV and LHP groups, potentially attributable to
reduced postoperative pain and more rapid resump-
tion of daily activities.

L.S. Bilianskyi, I. V. Voloshyn

At six months postoperatively, all groups showed
a further increase in satisfaction scores (7.3-8.1),
reflecting sustained positive functional outcomes
and reduced recurrent symptoms. Nevertheless, no
statistically significant differences were observed
between the surgical methods (p>0.05), indicating
comparable long-term effectiveness.

At twelve months, the mean satisfaction scores
decreased slightly (to 6.7—7.7), possibly reflecting
partial recurrence of minor symptoms or individual
variation in outcome perception. Despite this, sat-
isfaction levels remained high in all groups, consis-
tently exceeding 6 points.

In summary, irrespective of the surgical method
employed, most patients rated their treatment out-
comes as good or very good. The lack of statistically
significant differences between groups suggests that
all four methods are comparable in terms of clinical
and subjective effectiveness in managing stage 111
chronic hemorrhoids.

Analysis of hemorrhoid recurrence rates in the
long-term postoperative period revealed that, at
six months post-treatment, symptom recurrence
occurred only in isolated cases (6.3—7.1 %) follow-
ing LHP, THD, and Longo surgery, with no recur-
rences observed after BPV. No statistically signifi-
cant differences were identified between groups
(p=0.736), indicating comparable effectiveness
among the methods during the early follow-up pe-
riod (Table 6).

One year following the intervention, all groups
exhibited a modest increase in recurrence rates.
The lowest recurrence rates were observed in the
BPV (5.6%) and LHP (6.7%) groups, whereas
higher rates were reported in the THD (18.8 %)
and Longo surgery (21.4%) groups. However,
these differences did not reach statistical signifi-
cance (p=0.422).

All studied methods demonstrated sustained ef-
fectiveness over one year. However, vaporization
technologies, including bipolar and laser methods,
were associated with a trend toward lower recur-
rence frequency. This outcome may result from more
uniform coagulation of the hemorrhoidal plexus

Table 5. Average values for the «Satisfaction» cluster by group across assessment dates

_— (1]13 o 1‘2;) (r% . 1%) (: - R;) Lon(iojilgery P

7 days 71+08(5-8) 69+0.9 (5-8) 6.3+ 1.6 (4-9) 6.4+ 1.4 (4-9) >0.05
6 months 8.1+1.0(6-9) 80+18(4-10)  73+15(4-10)  7.6+14(4-10) >0.05
12 months 77414(5-10)  75+16(4-10)  67+21(3-10)  7.0+09(3-10) >0.05

Note. Indicators are presented as M £ SD (min—max).
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Table 6. Distribution of patients within the «Recurrence» cluster during the long-term postoperative

period across the study groups

. BPV LHP THD Longo surgery
Period (Il= 18) (Il= 15) (n=16) (Il= 14) P
6 months 0 1(6.7%) 1(6.3%) 1(71%) 0.736
1 year 1(5.6%) 1(6.7%) 3 (18.8%) 3(214%) 0.422

vessels, which avoids the development of ischemic
areas or excessive scarring.

Bipolar and laser vaporization offer effectiveness
comparable to other methods, with a tendency to-
ward improved long-term outcomes. These tech-
niques also maintain minimal invasiveness and fa-
cilitate a short recovery period.

No complications anticipated within the relevant
clinical domain were recorded in any group dur-
ing the study. However, one patient (7.1 %) expe-
rienced urinary retention on the first postoperative
day following the Longo procedure.

Discussion

Minimally invasive technologies for the treatment
of stage III chronic hemorrhoids represent an opti-
mal balance between therapeutic effectiveness and
patient safety [6, 10, 12].

Transanal dearterialization (THD/HAL-RAR),
stapled hemorrhoidopexy (Longo surgery), and la-
ser hemorrhoidoplasty (LHP) are among the most
widely recognized methods globally. However, de-
spite their technical advancements, these proce-
dures are costly and require disposable instruments,
which restricts their widespread adoption in public
healthcare settings [6, 7, 29].

THD reduces arterial inflow to the corpora cav-
ernosa but does not remove existing hemorrhoidal
nodes. The recurrence rate after one year is reported
tobe 10-20 % [7, 11].

The Longo procedure provides a good initial ef-
fect; however, safety remains the key argument of
critics of the technique. A systematic review of 78
studies (14,232 patients) showed a wide range of
complications, 3.3—-81%, including bleeding, sepsis,
stenosis, severe pelvic pain, and 5 fatal cases [22].
According to Ravo B, in 1,107 patients the com-
plication rate was 15 %, including bleeding (4.2 %)
[24], which occurs suddenly and requires immedi-
ate surgical revision [21].

Laser hemorrhoidoplasty results in minimal tis-
sue trauma but is associated with high procedural
costs. Additionally, precise control over the depth of
coagulation remains challenging [18, 28].

Bipolarvaporization of hemorrhoidsistechnically
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simpler and more cost-effective, enabling localized
intratissue necrosis and subsequent reduction of
cavernous tissue [1, 2].

Utilization of the EK-300M generator enables
the formation of a stable coagulation zone without
increasing the risk of mucosal perforation or exces-
sive thermal injury [2].

Morphometric studies have demonstrated that
the depth of coagulation can be effectively con-
trolled, thereby preserving intact mucosal areas [1].

The recurrence rate one year after BPV was
5.6 %, which was lower than that observed after
THD (18.8 %) and the Longo procedure (21.4 %).
However, this difference did not reach statistical
significance, likely due to the limited sample size.

Patient satisfaction following BPV was the high-
est across all follow-up periods. Additionally, the
durations of hospital stay and disability were the
shortest, at 2.8 and 5.4 days, respectively.

BPV enables targeted treatment of each node,
avoids mucosal resection, and is associated with
alow risk of bleeding and hematoma formation. The
use of reusable electrodes further reduces the over-
all cost of the intervention.

In contrast to laser coagulation, bipolar energy
produces uniform tissue heating and permits multi-
cycle treatment of large nodes in stage 111 chronic
hemorrhoids [1, 2].

The present findings align with previous studies
that highlight the effectiveness of intratissue thermo-
coagulation methods, including radiofrequency, infra-
red, and bipolar techniques, in reducing complication
rates and preserving anal canal anatomy [3, 9, 15].

Despite its positive results, this study has several
limitations, including its single-centre design, small
sample size, and absence of randomization, which
may introduce selection bias. Nevertheless, group
homogeneity and the use of a standardized method-
ology help mitigate these limitations.

Although various minimally invasive approaches
are available, there is a lack of conclusive evidence-
based recommendations for selecting the optimal
treatment for stage III chronic hemorrhoids. The
present results support the feasibility of conducting
comparative research on BPV and other methods to
establish unified clinical protocols.
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Conclusions

Bipolar vaporization demonstrates effectiveness
comparable to other minimally invasive treatments
for stage IIT chronic hemorrhoids, while offering
minimal trauma, a brief postoperative recovery,
and reduced costs through the use of reusable elec-
trodes. This technique is suitable for broad adop-
tion in proctological practice, particularly in set-
tings with limited resources.
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binossipHa Banopu3sanisa reMopoifa/IbHUX BY3J1iB

IpU XpoHiYHOMY remopoi I1I craaii: ofHOLIEHTPOBE
HOPiBHAJIBHE JOCTIZKEHHS 3 JIA3E€EPHOIO BAIIOPU3ALII€IO,
TPAHCAHAJIBHOIO JIeaAPTEPIANiI3ALi€I0 TA OIepaIi€ro JIOHro

JI. C. Bingucwkwuii, 1. B. Boaommu
Hamionanpnuit meguanamii yaiBepcuret iMeti O. O. Boromobirst, Kuis

MerTa — NOpPiBHATH €(PEKTUBHICTD TA OE3NEYHICTh 6inoApHOL Bannopusariii (BI1B) reMopoifanbHUX BY3JIiB i3
JIA3E€PHOIO Bariopusauicio (JIB), TpaHcaHaibHOO geaprepianizanieto (THD) Ta CTerepHO0 reMOPOIJOIIEKCIiEI0
(onepattiero JIOHro) y XBOpUx Ha XpOHiuHMM reMopoi IIT cramii.

Marepianu Ta MeTogH. [IPOBEICHO OHOICHTPOBE MIPOCIIEKTUBHO-TTOPIBHSIBHE JOCT/DKEHHs 63 MAIi€HTIB
(35 KiHOK Ta 28 YOJIOBIKiB) i3 CUMITOMHHMM XPOHIiYHUM remopoem III crazii, nposikoBanux y 2021—2024
pp. Cepenniit BiK marieHTiB cTaHOBUB (45,3+11,1) pOKYy, iHAEKC Macu Tima — 26,8 Kr/M?, TPUBAIICTh 3aXBO-
proBanHsa — (10,3£6,7) poky. ITaiieHTiB PO3NOAUTIUIN HA YOTUPU TPYIH 3ICKHO BiJj METOAY JHKyBAHH:
BIIB — 18 (28,6%),JIB — 15 (23,8%), THD — 16 (25,4 %), onepauist Jlouro — 14 (22,2 %). BinossipHy sanopu-
3410 BUKOHYBAJIM 3d daBTOPCHKOIO METOJUKOIO 3 BUKOPUCTAHHAM 6i03BAPIOBAILHOIO reHeparopa «EK-300M»
(«CBapmeft», VKpaiHa) i3 6araTOLMKIOBOIO BAIOPH3ALII€IO By3/1a. OILiHIOBAIM CUMIITOMH, YCKIAJHEHHS, PEIU-
JVBH, 33JOBOJIEHHA PE3Y/IBIATOM, TPUBAIICTD OIlePallii T4 TOCIiTAIi3allil.

Pesynprarn. Cepeits TPUBATICTb OIepartii craHoBwia (45,2+6,3) xB 'y rpymi BIIB, (44,5+7,5) xB y rpymi JIB,
(43,4+6,2) xB y rpyni THD, (41,1£4,9) xB y rpymi onepariii Jlorro (p>0,05). KpoBosrpara — 10,4—16,4 mn
y BCix rpymax (p>0,05). Yacrora miacin3oBUX 'eMaTOM HE MEPEBULLYBAIA 35 %. YCi METOOUKU CIIPUSAIA 3HAY-
HOMY 3HIDKEHHIO CUMITTOMIB I'eMOpPOIO micig onepanii (p <0,05 ycepenusi rpym). Yepes pik Iicasa onepaii
PELIIBY 3APEECTPOBAHO B 5,6 % martienTis micist BIIB, y 6,7 % — micyst JIB, y 18,8 % — micist THD, y 21,4% —
nicss onepartii JJonro (p=0,422). OLiHKa 33JOBOJIEHICTIO PE3YIBTaTOM Yepes 12 mic cranoswina 7,7—8,1 6aina.

BucHoBKH. BinonsapHa Banopusailis 3abe3nedye e(peKTUBHICTb, TOPIBHAHHY 3 TAKOIO IPHU BHUKOPHCTAHHI
IHIIMX MaJIOiHBA3MBHUX METOAMK JIKYBAHHA XPOHIYHOIO reMopoIo III CT., MiHIMaJIbHY TPABMATUYHICTb, KOPOT-
KW CIA0NEPALiiHNAN ntepiof,. Lleit MeTos Mae HU3bKY BAPTICTh YEPE3 MOMJIMBICTb 3ACTOCYBAHHA 6araTopa-
30BHUX €JIEKTPOIB. BiltosipHa Banopusariisg MOXe OyTH PEKOMEHOBAHA I HIUPOKOTO BIIPOBA/HKEHHS B ITPOK-
TOJIOT{YHY HPAKTUKY, OCOOIMBO B yMOBAX OOMEKEHUX PECYPCIB.

Kirogosi cixosa: remopotii 111 cragii, 6inosipHa Bariopuaaltis, J1a3€pHa BAIIOPU3ALLisl, TPAHCAHAJIbHA ICAPTEPIi-
ajtizariis, oneparnisa JIOHro, MaJI0iHBa3MBHA IIPOKTOJIOTA.
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OBJECTIVE — to determine the association between the SNP rs571312 MC4R and SNP rs3810291 TMEM160
genes and the results of metabolic surgery.

MATERIALS AND METHODS. A prospective, observational, monocentric cohort study was conducted at the Depart-
ment of General Surgery No2 of Bogomolets National Medical University. A total of 112 patients with surgical
indications were offered bariatric surgery. Patients who agreed to undergo bariatric surgery (n=53) comprised
the main group. Those who refused surgical treatment (n=59) formed the control group. The main group
underwent bariatric interventions, including laparoscopic gastric bypass and laparoscopic sleeve gastrectomy,
whereas patients with BMI >50 kg/m? had a two-stage surgical treatment involving intragastric balloon place-
ment for a period of 6 months, followed by gastric bypass within 14 days after balloon removal. The results for
both groups were evaluated one year after the start of treatment. In the control group, 59 patients suffering from
obesity received conservative treatment. Before the start of treatment, all patients underwent anthropometric
examinations and analysis of buccal epithelial scrapings. Genetic studies included DNA collection and isolation,
as well as genotyping to determine polymorphisms of the 15571312 MC4R and rs3810291 TMEM 160 genes.
REsuLTs. A strong correlation was found between bariatric surgery outcomes and the presence of rs571312
MC4R and rs3810291 TMEM 160 gene polymorphisms in the study group (r=0.622; p >0.001). There was no
significant association between the degree of gene dominance and bariatric surgery outcomes (r=0.112, p 20.5).
Concrusions. In the studied cohort, a relationship was found between the effectiveness of bariatric procedures
and the presence of the 15571312 MC4R (r=0.465) and rs3810291 TMEM 160 (r=0.55) polymorphisms, as well
as the concurrent presence of both polymorphisms (r=0.622). The detection of these polymorphisms is associ-
ated with bariatric surgery outcomes, regardless of the degree of their genetic dominance (r=0.467).
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treatment, excess weight loss, gene, polymorphisms.
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Nowadays, metabolic surgery is the safest and most
effective method of obesity treatment in most coun-
tries throughout the world. According to the IFSO
8th Global Registry Report, 480,970 bariatric sur-
geries were performed worldwide in 2023.

The study of polymorphisms of certain genes has
considerably improved disease prediction in many
cases. To date, a significant number of studies have
proven that genetic factors play a key role in the
development of obesity. However, it remains insuf-
ficiently studied whether certain genetic factors af-
fect the process of obesity treatment and its results.
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According to the literature data, there is a rela-
tionship between obesity and the detection of poly-
morphisms of certain genes.

Lu Liu et al. carried out a meta-analysis involving
11,569 patients with stage III obesity and identi-
fied polymorphisms of the FTO, TMEM18, NRXN3,
MCA4R, SEC16B, GNPDA2, TNNI3K, QPCTL, and
BDNEF genes in 7,334 (63.4 %) patients, indicating
an association between polymorphisms of these
genes and obesity [9].

M. C. Y. Ng et al. studied the association between
single-nucleotide polymorphisms of the MC4R gene
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and obesity in a multicentric study involving 8,860
patients. It was determined that the MC4R gene is
a codon for melanocortin receptor proteins, which
are agonists of leptin, a hormone that acts as a regula-
tor in the circuit of humoral regulation of hunger and
satiety. As a result, 59.1 % (5,236) of obese patients
demonstrated an association between the detection
of MC4R gene polymorphisms and obesity [12].

M. Bandstein et al. identified 7 single-nucleotide
polymorphisms: PTBP2, NUDT3, TFAP2B, ZNF608,
MAP2K5, GNPDA2, and MTCH?2 associated with
obesity in 238 obese patients who underwent lapa-
roscopic gastric bypass and found an 11 % higher
percentage of excess body weight loss (%EWL) in
patients who had at least one of the seven single-nu-
cleotide polymorphisms compared to patients who
did not have SNPs in the indicated genes in their ge-
nome [3].

S.Z. Lutz et al. identified a correlation between
the presence in the genome of obese patients of sin-
gle nucleotide polymorphisms (SNPs) 752235543,
112565406, and 54844880 of the HSD11B1 gene
gene, which is a regulator of fat metabolism in liver
cells) and non-alcoholic fatty liver disease in obese
patients (r=0.64) [11].

Thus, there is a certain relationship between
the detection of gene polymorphisms, namely SNP
rs571312 of the MC4R gene and SNP rs3810291
of the TMEM160 gene, and the occurrence of obe-
sity, regardless of gender and race. However, the
relationship between these polymorphisms and
obesity treatment outcomes has not yet been in-
vestigated and is extremely relevant. Therefore,
this study aimed to determine the association be-
tween the rs571372 MC4R and SNP rs3810291
TMEM160 gene polymorphisms and obesity treat-
ment outcomes.

OBjecTIVE — to determine the association be-
tween the MC4R SNP rs571312 and SNP rs3810291
TMEM160 genes and the results of metabolic surgery.

Table 1. Clinical charasteristics of the patients

Materials and methods

The study method is a prospective, observational,
monocentric cohort study conducted at the De-
partment of General Surgery No2 of Bogomolets
National Medical University.

A total of 112 patients were included in the
study (clinical characteristics of the patients are
presented in Table 1). All patients had indications
for surgical treatment determined by International
Federation for the Surgery and Other Therapies for
Obesity (IFSO), namely body mass index (BMTI)
> 35 kg/m? regardless of the presence and severity
of comorbidities or BMI 30.0-34.99 kg/m? and the
presence of concomitant comorbidities. Patients
included in the study were offered metabolic sur-
gery. 53 patients who agreed to undergo the bar-
iatric procedure were included in the main group.
59 patients who refused surgical treatment and
underwent conservative treatment formed the con-
trol group. The study result was evaluated one year
after the start of treatment. The main group under-
went bariatric interventions, including laparoscop-
ic gastric bypass (n=20; 37.7 %) and laparoscopic
sleeve gastrectomy (n=17; 32.2 %). Patients with
BMI >50 kg/m? (n=16; 30.1 %) had a two-stage
surgical treatment. The first stage involved placing
an intragastric balloon for 6 months, followed by
gastric bypass within 14 days after balloon remov-
al. The final result was assessed 12 months later.
The control group consisted of 59 obese patients
treated conservatively, namely with diet therapy,
psychological support sessions, lifestyle correction,
and dosed physical activity.

Before treatment, both groups underwent an-
thropometric measurements, routine general clini-
cal observations, and analysis of buccal epithelium
scrapings. Genetic research included DNA col-
lection, isolation, and genotyping. DNA isolation
was performed using reagents from the DNA kit
(NeoPrep DNA, Ukraine). The manipulations were

Parameter All the patients (n=112)

Main group (n=53) Control group (n=>59)

Age, years 48+9 (27-68)

48+9 (23-68) 49410 (29-67)*

Body mass, kg 144.8+15.7 (110.1-210.2)

148.0+18.4 (110.1-210.2)

141.8+12.2 (117.2-172.2)*

Height, cm 166 = 13 (150—188)

165+ 12 (152—188) 166 = 13 (150—185)

Initial BMT, kg/m? 45.1%6.1(35.2-75.3)

48.6+7.4(352-75.3) 41.6+3.1 (35.5-50.5)*

Ideal body mass, kg 62.2+7.2 (51.5-74.5)

62.6+7.1(52.8-73.3) 61.2+ 6.8 (51.1-74.5)*

Excess weight, kg 100.2 +19.0 (65.9—144.6)

101.5+22.3 (70.5-144.6)

99.8£18.5 (62.3—-132.7)*

Note. The difference between the main and the control groups for all parameters is statistically insignificant (p>0.05).
*In one or both groups, the data distribution differed from normal; the analysis was performed using the Wilcoxon T-test.
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carried out in accordance with the protocol and
step-by-step instructions provided with the kit.

All DNA samples were genotyped using allelic dis-
crimination analysis on a Fast Real-Time PCR device
(System 7500, USA) using TagMan probes. For the
isolation of SNP 5571312 MC4R and SNP rs3810291
TMEM160, pre-assembled TagMan® genotype assays
(Applied Biosystems, USA) were used.

To assess treatment outcomes, BMI parameters
and the percentage of excess weight loss (%EWL)
were used.

Results

Before treatment, the main group had an average
BMI of 48.6 +20.1 kg/m?, while the control group
had an average BMI of 41.6+16.0 kg/m?. After
treatment, the average BMI in the main group re-
duced to 29.5 + 5.4 kg/m?, but in the control group
it decreased insignificantly to 40.2+13.8 kg/m?
(Table 2).

After 12 months of observation, the main group’s
average %EWL was 59.21 % =23 %. The highest
%EWL was 77.2 %, while the lowest XEWL was
49.9 %. The control group had a significantly lower
average %EWL — 9.92+7.25%. The interval be-
tween the highest and lowest %EWL was 19.45 %
and 2.2 %, respectively. The average %EWL in
obese patients varied depending on the surgical
treatment method used. Patients who underwent
Roux-en-Y gastric bypass had the highest average
%EWL — 69.71 £20.0 %, while those who under-
went sleeve gastrectomy had an average %EWL of
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51.57£5.9%. After two-stage surgical treatment,
patients had an average %EWL of 51.7 +7.92 %.

During genotyping analysis, we revealed the
distribution of single-nucleotide polymorphisms
rs571312 of the MC4R gene and 753810291 of the
TMEM160 gene in the main and control groups.

The distribution of results by the presence of
polymorphisms of the genes studied had the follow-
ing characteristics. Among all patients included in
the study (n=112), the studied single-nucleotide
polymorphisms were detected in 23.2% (n=26),
and the remaining 76.8% (n=286) of patients did
not have SNP rs571312 MC4R and SNP rs3810291
TMEM160 in the studied samples. The distribu-
tion of single-nucleotide polymorphism detec-
tion by patient groups is presented as follows. The
rs571312 MC4R polymorphism was detected more
often in the main group — 19.5% (n=10, where
n is the number of patients) than in the control
group — 14.6 % (n=38) (p=0.007). The 753870291
TMEM160 polymorphism was detected more often
in the main group — 9.75 % (n=>5) than in the con-
trol group — 5% (n=3), (p<0.01). The presence
of both polymorphisms was found only in the main
group — 7.3 % (n=23) (Table 3).

The distribution of genotype dominance was
significant (Fig. 1). The G/G genotype of the SNP
rs571312 polymorphism of the MC4R gene was de-
tected in 15 (83.4 %) patients with detected poly-
morphisms (p <0.01). The T/G genotype of the
SNP rs571312 polymorphism of the MC4R gene
was detected in 3 (16.6 %) individuals out of all
patients in whom this polymorphism was observed

Table 2. BMI dynamics in both groups depending on the treatment method, kg/m?

Treatment method Before treatment After treatment p
Roux-en-Y Gastric bypass 47.8+10.1(35.2-75.3) 28.5+6.2 (26.2-30.1) <0.001
Sleeve gastrectomy 42.2+7.4 (35.4—48.6) 30.1+£5.5(29.2-31.0) <0.001
Intragastric balloon + RYGB 52.2+6.4 (50.1-54.4) 28.3£6.0 (26.1-30.5) <0.001
BMI in the main grop 48.6+20.1 (35.2-75.3) 29.5+5.4(26.1-31.0) <0.001
Conservative treatment 43.6£16.2 (35.5-50.5) 40.2+13.8 (33.4—-47.0) 0.06
Table 3. Distribution of single nucleotide polymorphism detection by patient groups
G SNII)v[r(s:547é312 Sltﬁ;;i?i&%&)i Dual polymorphism  Polymorphism 3
presence absence
Main (n=53) 10 (19.5%) 5(9.75%) 3(7.3%)* 38 (70.75 %) 0.007
Control (n=59) 8 (14.6%) 3(5.0%) 0 48 (82.97%) <0.01

Note. * n= 3 among patients in whom both polymorphisms were detected (n=26).
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Figure 1. Distribution into study groups depending
on the available gene polymorphism

(p=0.0087), and has no statistical significance.
The T/T genotype was not detected in any of the
patients. The G/G genotype of the SNP rs3810291
polymorphism of the TMEM 160 gene was detected
in 2 patients (25 %) out of all identified carriers of
this polymorphism, and has no statistical signifi-
cance (p=0.0077). The T/G genotype of the SNP
polymorphism SNP rs3810291 of the TMEM160
gene was detected in 6 carriers of this polymor-
phism (75 %) (p<0.01). The T/T genotype was not
detected in any of the patients (Fig. 2).

During the statistical processing of the obtained
data by the rank correlation method, no relation-
ship was found between the degree of gene domi-
nance and the effectiveness of bariatric proce-
dures (r=0.112). Detection of the polymorphism
rs571312 of the MC4R gene and 53870291 of the
TMEM160 gene is strongly correlated (r=0.467,
p<0.05) with the effectiveness of surgical treat-
ment of obesity, regardless of the degree of their ge-
netic dominance.

Figure 2. Distribution of the genetic dominance

In the main group, patients with single-nucleotide
polymorphisms in their genome that were the subject
of this research had an average % EW L of 60.47 £ 3.4 %
and a decrease in BMI by 40.4 +15.4 % compared to
the initial one 12 months after surgery. In the control
group, such patients demonstrated a significantly
lower average %EWL — 11.5% 1.5 % — and a decrease
in BMI by 7.8 £ 2.1 % after 12 months of conservative
therapy, which was not statistically significant.

Treatment outcomes were distributed by patient
group as follows: average %EWL, BMI decrease,
and the presence of single- nucleotide polymor-
phisms of the genes 75577312 MC4R and 53810291
TMEM160. In the main group, patients with none of
the studied SNPs (n=38) had an average treatment
efficacy index for % EWL of 52.9 £2.7 % and a BMI
decrease of 33.3+9.8% 12 months after treatment.
However, patients in the control group (n=48)
achieved a %EWL of 10.2+1.1% and a BMI de-
crease of 7.5+ 1.1 % after conservative therapy. In
the main group, patients with the SNP rs571312

Table 4. Treatment outcomes by average percentage of excess weight loss, BMI reduction,

depending on gene polymorphisms

Main group Control group

Gene polymorphism

%EWL, % BMI decrease, % %EWL, % BMI decrease, %
No SNP 529+27 33.3+98 10.2+1.1 75+1.1
SNP rs571312 MC4R 55.4%08 475+12.2 996+1.25 8114
SNP rs3810291 TMEM 160 557+1.4 455%8.5 10.5+1.3 91+15
Dual SNP presence 68.4+4.2 50.1+10.2 0 0
p <0.05* <0.01*

Note. * In one or both groups, the data distribution differs from normal; a comparison was performed using the Wilcoxon T-test.
Comparison was performed between patients of the main and control groups.
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MC4R (n=10) had an average treatment efficacy
index for X)EWL of 55.4 + 0.8 % and a BMI decrease
of 47.5£12.2 % after treatment. In the main group,
patients with SNP 753810291 TMEM160 (n=>5)
demonstrated an average %EWL of 55.74+1.4
and a BMI decrease of 45.5+8.5%. Patients with
both studied gene polymorphisms had the high-
est average treatment efficacy index for %EWL of
68.4 £ 4.2 % and a BMI decrease of 50.1 +10.2 %. In
the control group, all obese patients with the studied
gene polymorphisms had a low average treatment
efficacy for % EWL of 11.5+1.5% and an insignifi-
cant BMI decrease of 7.5+1.05%. Patients with
SNP rs571312 MC4R (n=8) had %EWL indicators
of 9.96 +1.25 % and a BMI decrease of 8.1+ 1.4 %.
Patients with SNP 753810291 TMEM160 (n=23)
demonstrated an average %EWL of 10.5+1.3%
and a BMI decrease of 9.1 + 1.5 % after treatment.
In the control group, no patients had both studied
gene polymorphisms (Table 4).

Statistical analysis using the method of linear cor-
relation revealed a positive correlation (r=0.467;
p <0.05) between the detection of polymorphisms
75571312 of the MC4R gene and 753870291 of the
TMEM160 gene and treatment efficacy for %EWL,
and a weak correlation (r=0.191) between the ab-
sence of the studied polymorphisms in the sample and
treatment efficacy for %EWL. A correlation was also
found between the detection of SNP rs571312 of the
MCH4R gene in the study group and the effectiveness
of the treatment by % EWL (r=0.443). A correlation
was found between the presence of SNP 753810291 of
the TMEM160 gene in the main group and treatment
efficacy for % EWL (r=0.5). A strong correlation was
noted between the presence of both studied polymor-
phisms in the main group and treatment efficacy for
%EWL (r=0.608). The presence of the studied poly-
morphisms in the control group does not affect treat-
ment efficacy for % EWL (r=0.097).

During the statistical processing of the obtained
data using the rank correlation method, no relation-
ship was found between the degree of gene domi-
nance and the effectiveness of bariatric procedures
(r=0.112; p £00.5), which indicates that the detec-
tion of polymorphisms 75577312 of the MC4R gene
and 753870291 of the TMEM160 gene is strongly
correlated (r=0.467; p <0.05) with the effective-
ness of surgical treatment of obesity, regardless of
the degree of their genetic dominance.

Discussion

During the course of the study, some patterns were
identified. The polymorphisms that were the sub-
ject of this research, including SNP rs577312 of the
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MCA4R gene and SNP rs3810291 of the TMEM160
gene, were investigated to assess their association
with metabolic surgery outcomes.

P.K. Thanos et al. in their study analyzed the ge-
netic risk score in patients who underwent bariat-
ric surgery, with the aim of using it as a predictive
factor for weight loss parameters one year after sur-
gery. Thirty patients were assessed using the Genet-
ic Obesity Severity Scale (GARS), which analyzes
neurogenetic polymorphisms associated with food
addiction. Genetic and psychosocial data collected
before surgery were compared with weight loss data,
including weight change, BMI, and %EWL [16].

I. Ntalla et al. found that several genetic loci were
associated with BMI and obesity. The aim of the
study was to examine the impact of known loci as-
sociated with BMI in adults. For this purpose, 34
variants were selected for study among 7,787 ado-
lescents of Greek origin. The cumulative impact of
the variants was assessed by calculating a genetic
risk score (GRS-34) for each participant. Variants
at the FTO, TMEM160, FAIM2, RBJ, ZNF608,
and QPCTL loci demonstrated nominal evidence
of association with BMI and/or risk of overweight
(p<0.05) [15].

The results showed correlations between the
«risk» alleles of individual genes, weight data after
1 year, and psychosocial indicators. Spearman cor-
relation showed that the OPRM1 gene polymor-
phism (rs1799971) had a significant negative corre-
lation with weight at 1 year (r,=—-0.4477, p<0.01)
and BMI (r,=-0.4477, p<0.05). In addition, the
risk allele of the DRD2 gene (rs1800497) had a neg-
ative correlation with BMI at 1 year (r,=-0.4927,
p<0.05), indicating that the presence of one copy
of the «risk» allele was associated with lower BMI.
However, this allele had a positive correlation with
weight change (r,=0.4077, p<0.05) and %EWL
(r,=0.5521, p<0.05) at 1 year after surgery. This
suggests that people with a higher genetic risk of
obesity are more likely to have better outcomes
in obesity treatment, especially in the case of the
DRD2 polymorphism.

Therefore, research on the association between
genetic factors and surgical treatment efficacy for
obesity is extremely relevant.

Conclusions

An association was found in the studied group of pa-
tients between the metabolic surgery outcomes and
the presence of polymorphism of the genes 75577372
MC4R (r=0.465);rs3810291 TMEM160 (r=0.55;);
and the presence of both polymorphisms (r=0.622;
p<0.05).
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The degree of gene dominance has no relation-
ship with bariatric surgery outcomes (r=0.112).

The detection of polymorphisms 75577312 of the
MCAR gene and 1538710291 of the TMEM160 gene is
associated (r=0.467; p <0.05) with the metabolic
surgery outcomes, regardless of the degree of their
genetic dominance.
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Acociariist OTHOHYKJICOTHJHUX MMOJAiMOPPi3MiB
redis rs571312 MC4R ta rs3810291 TMEM 160
3 PE3yAbTATAMH METAOO0IIYHOI Xipyprii

I1. A. Ko63ap

Hamionanpuuit meguanmii yaiBepcuret iMeni O. O. boromoubirst, Kuis

MeTa — BHU3HAYUTH 3B’5130K I'eHiB SNP 15571312 MC4R 1a SNP 153810291 TMEM 160 3 pe3y/israraMu MeTa6o-
JIIYHOI Xipypril.

Marepiagau Ta MeTOgH. IIpOCNEKTUBHE OOCEpBAlliffHE KOTOPTHE MOHOIIECHTPHUYHE JOCTPKEHHS IIPOBE-
Jene Ha Kadeapi 3arajbHOI Xipyprii Ne 2 HarjioHansHOro meauyHoro yHisepcurery imeni O. O. Boromosbig
3a ygacTio 112 manieHTis i3 IOKa3aHHAMU [0 XipypridHOro JIIKYBAHHS, AKAX PO3AIeHO Ha ABi rpynii. OCHOBHY
IPyIy CTAaHOBWIH 53 MALIEHTH, AKi IOTOAWINCA Ha 6apiaTpUYHy NPOLIEAYPY, KOHTPOIbHY — 59 Malli€HTiB, AKi
BIIMOBWJIMCSL Bifi XipypridHOIO JIKYBAHHS T4 OTPHUMA/IM KOHCEPBATHBHE JIIKYBAHHA. Pe3y/brarv OLiHIOBAIN
yepes piK Micasg NOYATKy JIKyBaHHA. B OCHOBHIN rpyni Oy/Io IPOBEAECHO TaKi OapiaTpHUyHi BTPY4YaHHS: JIAIa-
POCKOITYHE ITYHTYBAHHS LITYHKA, JIAIIAPOCKOIIYHY PYKABHY PE3EKIIIIO IIYHKA, HALIEHTAM 3 iHJICKCOM MACHU
Tina > 50 Kr/mM? — JIBOXETAIIHE XipypriuHe JHKyBaHHS (YCTAHOBJICHHS BHYTPIIIHBONIUIYHKOBOTO GaJIOHA HA
6 MiC i NIYHTYBAHHS IIUTYHKA IIPOTATOM 14 IHIB MIC/IS BUAAIEHHS 6A7I0HA). IO MOYATKY JIKYBAHHS IIPOBO/IMIIN
AHTPOIOMETPUYHI OOCTEKEHHS Ta JOCTPKEHHS 3iIIKPIOKIB OYKAJIBHOIO €niTeiio. [EHeTHYHi JOCiKEHHS
nepen6agany suaiieHHA JJTHK, a Takok FeHOTUITYBAHH I BU3HAYEHHA NTOMiMOPdi3MiB reHis 15571312 MC4R
irs3810291 TMEM160.

Pe3yabTaTH. BUABICHO KOPEALIIO MK TO3UTUBHUMU PE3YIBTATAMU OAPiaTPHUUYHUX HNPOLIEAYD i HAABHICTIO
nonniMopdiamiB reniB rs571312 MCAR ta rs3810291 TMEMI160 (r = 0,622, p = 0,001). Crymiab JOMIiHYBAHHS
TE€HiB HE M4B 3B’3KY 3 PE3Y/IBTATAMU 6apiaTPHUYIHO]L Xipyprii.

BucHOBKMH. V JOCTKYBAHIN I'PYIIi NALIEHTIB BUABICHO 3B130K MK €(DEKTHUBHICTIO IPOBEACHUX O6apiaTpHUd-
HUX [IPOIEAYP T2 HASIBHICTIO MOMMOPDI3MiB reHiB 15571312 MCAR (r=0,465); rs3810291 TMEM160 (r=0,55);
HASIBHICTIO 060X momiMopdizmiB (r=0,622). BusiBieHHs JOCTIKYBAHHX TOIIMOPDI3MIB ITOB'I3aHE 3 PE3Y/IBIa-
TaMH GapiaTPUYHOI Xipyprii, HE3IEKHO Bij] CTYIICHSI X ITeHETUYHOL JOMIHAHTHOCTI (r=0,467).

Ki1r09o0Bi ci10Ba: JIiKyBaHHSI, BTPAYC€HA HA/UIMIIKOBA MACA Ti14, I'€H, ITOIiMOPQi3Mu.
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OBJECTIVE — to assess the safety and efficacy of palliative laparoscopic hepaticojejunostomy in the management
of distal bile duct obstruction.

MATERIALS AND METHODS. This single-centre prospective cohort study included 22 patients with inoperable tumour-
related distal bile duct obstruction. Most participants were men (n=17 (77.3 %)) with a mean age of 66.7 +9.6 years.
Bile duct obstruction was caused by pancreatic head adenocarcinoma (n=18), Vater’s papilla adenocarcinoma
(n=2), cholangiocarcinoma (n=1), and duodenal melanoma (n=1). A total of 13 (59%) patients had a history
of percutaneous transhepatic cholangiostomy, and 3 (13.6%) had unsuccessful endobiliary stenting attempts. All
patients underwent palliative laparoscopic procedures, including Roux-en-Y hepaticojejunostomy (side-to-side or
end-to-side) and entero-enteric anastomosis. The primary endpoint was biliodigestive anastomosis patency with-
out reintervention until death or end of observation. Secondary endpoints included 30-day mortality, complications
classified according to the Clavien—Dindo system, bile leakage defined by the International Study Group of Liver
Surgery (ISGLS), length of hospitalization, time to resumption of enteral nutrition, and overall survival.

ResuLrs. The average duration of the operation was 354.5+110.1 minutes with an average blood loss of
58.3%43.1 ml. Complications occurred in 8 (37.5 %) patients, including bile leakage in 7 cases (ISGLS B — in 6,
ISGLS C —in 1 with biliary peritonitis), and one Clavien—Dindo IIIb event (torsion of the small intestine around
the entero-enteric anastomosis). No cases of wound infection or postoperative bleeding were recorded. The
average length of hospitalization was 10.3+5.3 days (range, 4—24 days). Most patients (n=19 (86.3 %)) were
mobilized on the 1st postoperative day, and oral nutrition was initiated on the 2nd day. During the follow-up
period (median — 8.5 months, IQR 6.8—12.0), no recurrences of bile duct obstruction or need for repeated drain-
age were observed. Two episodes of acute cholangitis were managed conservatively. No deaths occurred within
30 days postoperatively.

ConcLusions. Laparoscopic hepaticojejunostomy appears to be a feasible and effective palliative procedure for
distal biliary obstruction in selected patients. This approach maintains anastomotic patency without the need for
reintervention, is associated with low blood loss, and enables rapid resumption of enteral nutrition. The compli-
cation profile is primarily characterized by manageable bile leakage, with rare Clavien—Dindo grade IIIb adverse
events. This method may be considered as an alternative to stenting when stenting is not possible or has failed,
or in patients with a life expectancy > 6 months who are scheduled for chemotherapy.

KEYWORDS

laparoscopic hepaticojejunostomy, palliative surgery, malignant bile duct obstruction, pancreatic head can-
cer, biliodigestive anastomosis, bile leakage, Clavien—Dindo classification, ISGLS, endobiliary stenting, inter-
nal biliary drainage.
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Pancreatic head cancer is among the most aggres-
sive gastrointestinal malignancies and is frequently
diagnosed at an inoperable stage due to local inva-
sion or distant metastasis. In these cases, the primary
objective is palliation of mechanical jaundice, which
substantially reduces quality of life and causes such
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symptoms as pruritus, cholangitis, coagulopathy,
and liver failure [1, 24].

Endoscopic stenting via endoscopic retrograde
cholangiopancreatography (ERCP), endoscopic
ultrasound-guided biliary drainage (EUS-BD), and
percutaneous transhepatic biliary drainage (PTBD)
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are the primary palliative approaches for managing
biliary obstruction. These interventions rapidly re-
duce bilirubin levels and shorten hospitalization,
but are limited by risks such as reobstruction, chol-
angitis, and the need for repeated procedures [3, 13,
20]. The European Society of Gastrointestinal En-
doscopy (ESGE) and American Society for Gastro-
intestinal Endoscopy (ASGE) recommend that the
choice between endoscopic and surgical drainage
should be guided by the patient’s expected survival
and functional status [2, 6].

For patients with preserved general health and
functional reserves, surgical biliodigestive anastomo-
sis remains a viable alternative, offering longer-term
internal biliary drainage and a lower rate of reinter-
vention compared to stenting [15, 24]. Recent stud-
ies demonstrate that palliative surgical interventions
can be effective even in resource-limited settings. For
example, in the study by FL Mutombo et al. (2025)
involving 53 patients with inoperable pancreatic can-
cer, the failure rate of palliative operations following
biliodigestive bypass was 22.6 %, and most patients
were able to resume oral nutrition [15].

Advancements in minimally invasive technolo-
gies have expanded the possibilities for palliative
interventions. Laparoscopic hepaticojejunostomy
(LH]J) provides physiological drainage with re-
duced trauma, decreased blood loss, and shorter
hospital stays. Recent analyses by R. Wu et al.
(2025) and M. Masood et al. (2025) indicate that
laparoscopic techniques are associated with accept-
able complication rates and sustained long-term
patency of the anastomosis in cases with palliative
indications [14, 24].

The selection of an optimal drainage strategy,
whether endoscopic or surgical, remains a topic of
debate. Consequently, evaluating the safety, effica-
cy, and durability of laparoscopic interventions for
palliative management of inoperable pancreatico-
biliary cancer with distal bile duct obstruction is of
ongoing importance.

OBJECTIVE — to assess the safety and efficacy of
palliative laparoscopic hepaticojejunostomy in the
management of distal bile duct obstruction.

Materials and methods
This single-centre prospective cohort study includ-
ed 22 patients with inoperable tumour-related distal

bile duct obstruction. Most participants were men
(n=17 (77.3 %)) with a mean age of 66.7 = 9.6 years.

Inclusion criteria

Patients presenting with malignant obstructive
jaundice characterized by a distal biliary obstruction;
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Absence of carcinomatosis or significant ascites;

Satisfactory overall health status permitting lap-
aroscopic intervention;

For patients with prior percutaneous cholangi-
ostomy, the presence of asthenia resulting from bile
loss and a sustained preference to avoid external
drainage;

Provision of written informed consent for surgi-
cal intervention.

Exclusion criteria:

Presence of severe hypoalbuminemia or decom-
pensated systemic conditions;

Anatomical unsuitability, such as tumour masses
or metastatic lymph nodes in the hepatoduodenal
ligament region;

Marked venous collateralization in the hepato-
duodenal ligament secondary to tumour invasion of
the portal vein.

Bile duct obstruction was caused by pancreatic
head adenocarcinoma (n=18), Vater’s papilla ad-
enocarcinoma (n=2), cholangiocarcinoma (n=1),
and duodenal melanoma (n=1).

A total of 13 (59 %) patients had a history of
percutaneous transhepatic cholangiostomy, and
3 (13.6 %) had unsuccessful endobiliary stenting at-
tempts.

All patients underwent palliative laparoscopic
procedures, including Roux-en-Y hepaticojejunos-
tomy (RYH]J) (side-to-side or end-to-side) and
entero-enteric anastomosis (EEA).

The laparoscopic surgical technique involved
the use of combined anesthesia, specifically endotra-
cheal anesthesia in conjunction with epidural block-
ade. The patient was positioned supine with legs
apart on the operating table. For procedures in the
upper abdominal cavity, such as cholecystectomy
and hepaticojejunostomy, the table was adjusted to
the Fowler position. During interventions below the
mesocolon, including excision of the Roux loop and
creation of a jejuno-jejunal anastomosis, the table
was placed in a moderate Trendelenburg position.

A total of six trocars were used (see figure): two
10-mm trocars for the camera positioned at the um-
bilicus and as an auxiliary port 5—6 cm cranial and
4—5 cm to the right of the umbilicus; one 12-mm
trocar placed along the lateral edge of the left rec-
tus abdominis muscle at the umbilical level; and one
5-mm trocar in the epigastrium, 1-2 cm to the left
of the midline at the level of the round ligament of
the liver, approximately 5—6 cm below the xiphoid
process, designated for the needle holder. A 30°
laparoscope was employed. The liver was elevated
using a Nathanson retractor positioned in the right
costoxiphoid angle.
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The Roux-en-Y loop was created by transecting
the small intestine 35—40 c¢m distal to the ligament
of Treitz using a 45 mm stapler, followed by divi-
sion of the mesentery to its root. In cases of a short
mesentery, when additional length was required,
the second or third jejunal artery was divided at the
mesenteric root while preserving collateral blood
flow. The Roux-en-Y loop was positioned retro-
colically, to the right of the midcolonic vessels and
duodenum, or, when technically necessary due to
tumour size, through the lesser omentum.

In 18 of 22 cases, the hepaticojejunostomy was
formed side-to-side with a diameter of 7—10 mm,
without circular mobilization or transection of the
common bile duct. A 15-20 mm segment of the an-
terior wall of the common bile duct was used. The
anastomosis was completed using either knotted or
continuous sutures with 5/0 or 4/0 monofilament
absorbable material; in three patients, a V-lock su-
ture (Opusmed, 15¢m, 4,/0 cutting, 17 mm, 1/2 cir-
cle round) was employed.

The jejuno-jejunal anastomosis was created in an
isoperistaltic fashion using a 45 mm x 3.5 mm sta-
pler. The mesenteric defect, including the Petersen
space, was left unclosed.

When feasible, a biopsy was obtained from the
liver (8 cases). If this was not possible, a laparo-
scopic trephine biopsy of the pancreatic head was
performed (6 cases), although 3 of these were un-
informative. Selection of the optimal access for the
latter procedure required a detailed analysis of pre-
operative computed tomography data.

After completion of RYH], a stapled EEA was
initiated. The enterotomy was closed with a dou-
ble-row continuous suture, primarily using V-lock
3/0 suture material.

Percutaneous cholangiostomy, previously placed
in 13 patients (59 %) for severe mechanical jaundice,
was closed on postoperative day 3 and removed on
days 4 or 5 following laparoscopic surgery.

A video of the procedure is available at: https://
youtu.be/S0C93hF6t2A?si = pd-FfbkDdoYG6ij9

The study endpoints included a primary end-
point of anastomotic patency without reinterven-
tions and secondary endpoints of 30-day mortality,
complications classified according to the Clavien—
Dindo system [4], bile leakage defined by the In-
ternational Study Group of Liver Surgery (ISGLS)
[22], length of hospital stay, time to resumption of
enteral nutrition, and overall survival.

Statistical analysis was conducted using IBM
SPSS Statistics (version 22.0). Quantitative vari-
ables were described using the arithmetic mean (M),
standard deviation (SD), and range (minimum to
maximum). For variables not normally distributed,
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Figure. Diagram of trocar placement

data were presented as median (Me) and interquar-
tile range (IQR, 25th—75th percentiles).

Normality of data distribution was assessed us-
ing the Shapiro—Wilk test. Comparisons of pre- and
postoperative indicators were performed using the
paired Student’s t-test for normally distributed
data or the Wilcoxon test for non-parametric data.
Categorical variables were reported as absolute
numbers and percentages.

A p-value of <0.05 was considered statistically
significant.

Results

Intraoperative indicators. All surgical procedures
were performed laparoscopically, and no cases re-
quired conversion to open surgery. In 12 patients
(54.5 %), the anastomosis was created using a con-
tinuous suture, while in 10 patients (45.5%),
a knotted suture was utilized. The mean operative
time was 354.5+ 110.1 minutes (range: 140 to 670
minutes), and the mean intraoperative blood loss
was 58 £43 ml (range: 30—120 ml). In three cases
of subcompensated duodenal stenosis, a Roux-en-
Y gastroenterostomy was additionally performed
anterior to the colon, without the formation of
a Brownian fistula.

Following surgery, most patients (n=19; 86.3 %)
were transferred to the surgical ward and mobilized
the day after surgery. Oral nutrition with liquid food
was commenced 24 hours postoperatively. In three
patients, oral nutrition was initiated one day later.

Postoperative bilirubin levels demonstrated
a significant decrease. Prior to surgery, the mean
total bilirubin concentration was 79.3 £71.1 umol/1
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(range: 10.0 to 260.0 umol/1), which declined
to 34.1£35.3 umol/l before hospital discharge
(p=0.011). Additionally, patients with prior percu-
taneous transhepatic cholangiostomy experienced
a reduction in bilirubin levels from 54.8 £43.4 to
25.0£13.4 pmol/l (p=0.026), suggesting that HJ
provides more favourable conditions for bile out-
flow compared to percutaneous transhepatic chol-
angiostomy. Overall, the mean total bilirubin level
decreased by 46.1 % £ 5.1 % (range: 90.6 % t0 0.0 %).

Postoperative complications were observed in
8 patients (37.5 %), including bile leakage in 7 pa-
tients (31.8 %) and torsion of the small intestine
around the EEA in 1 patient (4.5 %).

Among patients with bile leakage, 6 cases were
classified as ISGLS B and were managed with drain-
age or observation without further intervention.
One case was classified as ISGLS C (Clavien—Dindo
ITTb) and presented with biliary peritonitis due to
partial HJ insufficiency, necessitating laparotomy
and debridement without intervention at the anasto-
mosis (Table). Following abdominal cavity debride-
ment and placement of drains to the anastomosis, the
patient’s condition stabilized, enteral nutrition was
resumed, and bile leakage through the drains gradu-
ally decreased over the subsequent 12 days.

The mean duration of bile leakage was 14.6 £ 1.7
days, ranging from 8 to 20 days.

A torsion of the small intestine involving the
EEA (Clavien—Dindo ITIb) was managed surgically
by untwisting the EEA during laparotomy.

No cases of wound infection or bleeding were ob-
served. Patients with percutaneous transhepatic
cholangiostomy underwent preoperative bile cultures
with an antibioticogram. Standard antibiotic prophy-
laxis was administered (cefazolin 2 g or an alterna-
tive antibiotic based on sensitivity, 40 minutes before
surgery and again 3 hours later), and antibiotics were
discontinued postoperatively. Antibiotic therapy was
required only in the case of peritonitis (one patient).

The mean duration of hospitalization was
10.4 £ 5.5 days, with a range of 4 to 22 days. In the
absence of bile leakage, patients were discharged be-
tween days 4 and 9, with a mean of 7.1 1.3 days,
considering the complexity of home transfer. When
bile leakage through drains was present, most pa-
tients in satisfactory condition were discharged
home for observation, with an average duration of
16.0 £4.9 days. Drains were removed on an outpa-
tient basis after cessation of bile leakage.

During the observation period (median 8.5 months
[TQR 6.8—12.0]), no recurrence of bile duct obstruc-
tion or need for repeated drainage was observed.
Two episodes of acute cholangitis were recorded
(after 50 days, one associated with chemotherapy),
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Table. Patient characteristics, operative course
and follow-up outcomes

Parameter Value
Number of patients 22
Male/female 17/5
Age, years (M = SD; range) 6%‘(3)%;((}).5
Main disease (nosological structure)

Adenocarcinoma of the head of the pancreas 18

Adenocarcinoma of the Vater’s papilla 2

Cholangiocarcinoma 1

Duodenal melanoma 1
Reasons for inoperability

Distant metastases 15

Locally advanced forms with substantial 7

vascular involvement or invasion

Prior decompression of the biliary tract
(percutaneous cholangiostomy)

13 (59.1%)

Interventions performed

Laparoscopic hepaticojejunostomy 19
Hepaticojejunostomy + gastrojejunostomy 3
Liver biopsy (laparoscopic) 8

Percutaneous biopsy of the pancreatic head

(of which uninformative) 63

Lymph node biopsy 1
Intraoperative indicators
Duration of surgery, min 354.5+110.1
(M +SD; range) 140-670
Blood loss volume, ml 58+43
(M £SD; range) 30-120
Postoperative complications (overall) 8 (37.5%)
Clavien—Dindo IIIb 3(13.6%)
Cholestasis, SGLS B/SGLS C 6/1
Bile leakage, days (M = SD; range) 148(i§(} 7

1 (laparotomy,

Torsion of the jejuno-jejunal anastomosis repeat EEA)

1 (laparotomy,

Biliary peritonitis debridement,
drainage)
Wound infection/intra-abdominal collections 0
Postoperative hospital stay, days 10.3+5.3
(M + SD; range) 4-24

Recurrence of biliary obstruction or repeated Not reported

percutaneous transhepatic cholangiostomy 8.5
during follow-up (months [IQR]) [6.8—12.0])
30-day mortality, % 0
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both managed conservatively without intervention
on the anastomosis. No deaths occurred within 30
days (see Table). Prolonged hospitalization and ex-
tended bile leakage were primarily observed in el-
derly patients, during the initial phase of technique
development, and in one patient with liver failure
due to prior chemotherapy and prolonged jaundice.
These factors may be partially preventable.

Discussion

Hepaticojejunostomy is commonly used as an effec-
tive method for internal drainage of the biliary tract
in cases of malignant obstruction of the distal com-
mon bile duct. This procedure is indicated following
unsuccessful endoscopic retrograde cholangiopan-
creatography, biliary obturation, stent migration, in-
traoperative identification of an inoperable tumour,
or after prior external drainage, with the primary aim
of improving patient quality of life [5, 17, 18, 21].

In the past two decades, reports documenting the
successful use of laparoscopic HJ in patients with in-
operable distal biliary obstruction have increased [8,
10, 23]. This technique represents a minimally inva-
sive alternative to open HJ or endoscopic stenting.

The findings indicate that laparoscopic hepati-
cojejunostomy is a safe and highly effective ap-
proach for palliative restoration of biliary outflow
in patients with inoperable distal biliary obstruc-
tion of malignant origin. The lack of conversions,
mortality, and recurrent obstruction aligns with
contemporary studies that report a high success
rate for laparoscopic HJ and a low incidence of se-
vere complications [5, 10].

In this series, bile leakage (31.8 %) did not re-
sult in significant clinical manifestations and was
primarily managed conservatively. These findings
align with those of FL. Mutombo et al. (2025), who
reported an overall complication rate of 38 % and
a mortality rate of 0% in 37 patients undergoing
laparoscopic or open palliative bypass [15].

Compared with endoscopic stenting, LHJ pro-
vides a longer period of patency and a reduced need
for reinterventions [11, 17, 21]. Cohort studies re-
port that jaundice recurrence after self-expanding
metal stents (SEMS) occurs in approximately
17-37 % of patients within 3—6 months [16]. Plas-
tic stents demonstrate a median patency of 3—6
months, which is associated with frequent reinter-
ventions and recurrence of jaundice during this pe-
riod [9]. In the present study, no recurrence of bile
duct obstruction or requirement for re-drainage was
observed during the follow-up period (median 8.5
months [IQR 6.8—12.0]). Furthermore, the laparo-
scopic approach reduces surgical trauma and lowers
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the incidence of infections and bleeding compared
with open surgery [8, 17].

The present findings are consistent with those of
M. Masood et al. (2025), who reported in their re-
view that laparoscopic palliative interventions for
inoperable pancreatic cancer are safe and associated
with lower complication rates and shorter hospital
stays compared with open surgery [14].

GEM Rizzo et al. (2023) emphasize that when
selecting between endoscopic and surgical pallia-
tive methods, consideration should be given to life
expectancy, patient condition, and resource avail-
ability. The authors note that surgical biliodigestive
anastomoses offer prolonged drainage, whereas en-
doscopic approaches are preferable for patients with
limited survival prognosis [19].

From a technical perspective, side-to-side anas-
tomosis has several advantages over end-to-side,
including shorter operating time, reduced risk of
bleeding and injury to the hepatoduodenal liga-
ment, and a lower likelihood of ischemic stricture.
Concerns regarding the development of blind sac
syndrome (Sump syndrome) in Roux-en-Y LH]J
are not supported by recent evidence. Contempo-
rary publications report only isolated cases occur-
ring 10 to 20 years after open procedures, which
lack clinical significance in patients with malignant
pathology [7, 12].

LH]J offers the combined benefits of minimal in-
vasiveness and physiological internal drainage. The
present study confirms its feasibility as a preferred
method for patients with inoperable pancreatic
head cancer who have an expected life expectancy
exceeding 3 to 6 months.

Several limitations of our study should be con-
sidered when interpreting the results. First, the
single-centre prospective design and relatively small
sample size (n=22) reduce statistical power and
limit the generalizability of our findings. Second, the
absence of a control group, such as patients who un-
derwent endoscopic or open palliative intervention,
precludes direct comparison of the effectiveness of
different methods. Third, the heterogeneity of the
nosological composition (adenocarcinoma of the
pancreatic head, adenocarcinoma of the Vater’s pa-
pilla, cholangiocarcinoma, and duodenal melanoma)
may influence outcomes, particularly survival and
complication rates. Fourth, the median follow-up
duration of 8.5 months is insufficient to assess long-
term anastomotic patency and the occurrence of late
complications, such as strictures or blind sac syn-
drome. Additionally, bile leakage and postoperative
events were evaluated clinically, based on drain out-
put, without routine use of control cholangiography
or magnetic resonance cholangiopancreatography
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(MRCP), which may have resulted in underestima-
tion of minor leakage frequency.

To validate these findings, multicentre prospec-
tive studies with larger sample sizes, standardized
patient selection criteria, and a unified protocol for
assessing complications according to the Clavien—
Dindo and ISGLS classifications are necessary.
Future research should compare LHJ with endo-
scopic stenting and open palliative interventions
in terms of quality of life, duration of anastomotic
patency, reintervention rates, and overall survival.
Additionally, the influence of technical variants of
the anastomosis (side-by-side versus end-by-side)
on the incidence of bile leakage and stricture for-
mation warrants investigation. The combination of
LHJ with laparoscopic gastroenterostomy should
be examined separately, considering the potential
for duodenal stenosis over time and evaluating the
role of LHJ in comprehensive palliative treatment,
including the early initiation of chemotherapy.

Expanding the sample size, standardizing the
methodology, and extending the observation peri-
od will facilitate a more objective evaluation of the
long-term efficacy and safety of LH]J.

Conclusions

Laparoscopic hepaticojejunostomy represents a safe
and effective approach for internal biliary drainage
in patients with inoperable pancreatic head cancer
following unsuccessful endobiliary stenting or ex-
ternal drainage.

In this study, the procedure was completed with-
out conversions or fatalities. The incidence of serious
complications (Clavien—Dindo i ITIb) was 13.6 %.

The anastomosis maintained complete patency of
the biliary tract throughout the observation period,
with no recurrence.

Laparoscopic hepaticojejunostomy enables the
collection of histological material during a single
intervention, thereby facilitating subsequent onco-
logical management.

In selected patients without carcinomatosis or
ascites and with adequate functional reserves, lapa-
roscopic hepaticojejunostomy may be considered as
an alternative to endoscopic stenting.
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ITasriaTBHA JIATAPOCKOITIYHA I'€IIATUKOECIOHOCTOMIS:
OJHOIIEHTPOBA IIPOCIIEKTUBHA CEPis

O.B. Isanbko !, B.B. Cku6a !, A. B. Toman 2

! Hanjonanbunit Meguunuii yuisepeuter imeni O. O. Boromosbis, Kuis

2[IBH3 «KuiBchbKuii MeAMYHMIA yHIBEPCUTET>

MeTa — OLiHUTH 6€3IIEYHICTD T4 €(PEKTUBHICTb NAiaTUBHO]I JIAIIAPOCKOIIYHOI I'eITATHKOEIOHOCTOMII IIPH JTUC-
TAIBHOMY GJIOKOBI JKOBYHHX ITPOTOK.

MarepiaaH Ta METOAH. B OTHOLIEHTPOBE IPOCIEKTUBHE KOTOPTHE AOCIIIKEHHS OY/I0 3ATy4EHO 22 XBOPUX
i3 HeonepabeNnbHUM JUCTAIBHUM OJIOKOM >KOBYHHX MPOTOK IMYXJIHMHHOIO T'eHe3y. Cepesi HUX MEPEBAKAIN
yonosiku (17 (77,3 %)). Cepenniit Bik — (66,7 £9,6) poky. [IprarHAMH OGCTPYKIIii )KOBYHUX [IPOTOK 6y/IH
4JIEHOKAPIIMHOMA I'OJIOBKH MiIIUTYHKOBOI 3471031 (n=18), aTepoBOro cocoyka (n=2), XOJIaHIi0OKapIHMHOMA
(n=1), MesTaHOMA JBAHAJUATUANAIO! KUIIKK (n=1). B anaMHe3si yepesnkipHy yepe3nedinKOBY XOIAHTiOCTO-
MironposefieHo 13 (59 %) XBOpUM, HEB/IAI CIPOGH eHAOGUIIapHOTO cTeHTyBaHHsS — 3 (13,6 %). Ycim marii-
€HTAM BUKOHAHO INAJiaTUBHI omepariii 3 JarnapoOCKOIYHOIO JOCTYIlY: IeHATUKOEIOHOAHACTOMO3 334 TUIIOM
6ik-y-6ik uu KiHelp y 6ik Ha Py-TieT1i Ta EHTEPO-EHTEPOAHACTOMO3. ITepBUHHA KiHIIEBA TOYKA — MATECHTHICTh
(IpOXiAHICTh) OUTIOJUIECTUBHOIO aHACTOMO3Y 0O€3 PEeiHTEPBEHIIIN 10 CMEPTI/KiHI CIIOCTEPEKEHHS, BTO-
puHHI — 30-A€HHA CMEPTHICTD, YCKIAJHEHHA 32 Kwiacudikanieto Kinas’ena — [IiHgo, )koBuHi BUTOKHU 32 ISGLS
(MixxHapojHa JOCIIAHUIIBKA I'PYyNA 3 Xipypril IIeYiHKY), TPUBAJIICTh I'OCHiTA/Ii3a11il, TepMiH Bi/IHOB/JICHHS €HTE-
PaJILHOTO XaPYyBAHHA, 3aI'AJIbHA BUJKUBAHICTD.

Pe3yabratu. CepefHs TPUBAIICTh onepariii — (354,5+110,1) xB, 06’eM KpOBOBTpaTH — (58,3%43,1) ML
VCK/IaJHEHHSI 3aPEECTPOBAHO v 8 (37,5 %) martieHTis: skoB4yHi BuTOKH — v 7 (ISGLS B — y 6, ISGLSC — B 1 i3
JKOBYHUM IIepUTOHITOM, Knas’ena — [Iingo IIIb — B 1 (I€peKPyT TOHKOI KUIIKK HABKOJIO EHTEPO-CHTEPOa-
HACTOMO3Y). IH(exKIii paH/KpoBoTedi Nic/sa oneparttii He 3a¢ikcoBaHo. CepeiHsa TPUBAIICTb TOCIITAMi3alii —
(10,3+5,3) nobu (4—24 no6u). Butbimicts maitieHTiB (19 (86,3 %)) akTuBi3oBaHi B 1-1my 106y, IEpOpaIbHE
Xap4yBaHHsI PO3IIOYATO 3 2-1 1061, 32 nepion criocrepexeHus (meaiana — 8,5 mic (IQR 6,8—12,0) peruausis
OOCTPYKILii JKOBYHUX MPOTOK 260 HEOOXIJHOCTI HOBTOPHOTO JAPEHYBAHHS HE CIOCTEpiranu. JIBa emizonu
TOCTPOTO XOJAHTITYy IPOJTIKOBAHO KOHCEPBATHUBHO. Bunajkis cmepTi ynnposos:x 30 JHIB He 6yJ10.

BHCHOBKH. JIa11apOCKONiYHA IT€NATUKOEIOHOCTOMIS € 3[[IICHEHHOIO T4 €(DEKTHBHOIO MA/TiATHBHOIO OIIEPAITIi€I0
MPH JUCTAIBHOMY GJIOKOBi Y BifliOpaHUX MAIi€HTIB: 30€peKeHa NPOXiHICTb AHACTOMO3Y 6€3 PEIHTEPBEHIIIH,
HHU3bK4 KPOBOBTPATA T4 MIBU/IKE BiIHOBJIEHHA EHTEPAIBHOIO Xap4yBaHHs. [IpOdiib yCKIaJHEHDb 3yMOBICHUI
MEPEBAKHO KEPOBAHUMH XKOBYHUMU BUTOKAMU, HEOAKAHI NTOAIT ITIb piBHA TPAIUIAIOTECA PiAKO. METO MOXKHA
POSIVIATH SIK AJIBTEPHATUBY CTEHTYBAHHIO Y BUIIA/IKAX OO HEMOMJIMBOCTI/HEB/A4i 460 32 O4iKyBaHOI TPHUBA-
JIOCTi JKUTTS > 6 MiC i3 TUTAHOBOIO XiMiOTEpAaTTi€ro.

KIro4oBi ¢J10Ba: JIATAPOCKOINIYHA I'E€MTATUKOCIOHOCTOMIA, MATIIATUBHA Xipypris, 37I0AKiCHA OOCTPYKILif XKOBY-
HHUX IIPOTOK, PAK 'OJIOBKH IiIMUTYHKOBO{ 3a7103H, OiIOUT€CTUBHUIT AHACTOMO3, ’KOBYHI BUTOKHU, KITACU(DIKaIlig
Knas’ena — lingo, ISGLS, enpo6iniapHe CTEHTYBAHHSA, BHYTPIIIIHE APEHYBAHHA )KOBYHHX [UIAXIB.
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OBJECTIVE — to improve staging accuracy and optimize therapeutic strategies in patients with colorectal cancer
by performing minimally invasive diagnostic procedures, specifically diagnostic laparoscopy with peritoneal
lavage and cytological examination, and mediastinoscopy with targeted lymph node biopsy, in cases where con-
ventional imaging methods (computed tomography [CT], magnetic resonance imaging [MRI], positron emission
tomography combined with computed tomography [PET-CT]) yield equivocal or inconclusive results.

MATERIALS AND METHODS. This ambispective (retrospective—prospective) study was conducted from 2023 to
2025 and included 37 patients with colorectal cancer who had inconclusive standard imaging results regarding
distant metastases or peritoneal carcinomatosis. Patients were allocated into two groups: 22 patients with sus-
pected peritoneal carcinomatosis underwent diagnostic laparoscopy with peritoneal lavage, peritoneal biopsy,
and cytological analysis, while 15 patients with suspected mediastinal lymph node involvement underwent
cervical mediastinoscopy with targeted lymph node biopsy. Diagnostic accuracy, the impact of findings on sub-
sequent therapeutic management, and procedural safety were evaluated.

REsuLTs. Peritoneal carcinomatosis was morphologically confirmed in 19 of 22 patients (86.4 %), and metastatic
involvement of mediastinal lymph nodes was confirmed in 11 of 15 patients (73.3 %). Verification of the patho-
logical process resulted in a change in therapeutic strategy for 29 of 37 patients (784 %). Specifically, 27 patients
(73.0 %) received systemic chemotherapy, 7 patients (18.9 %) underwent radical surgical procedures, 2 patients
(5.4 %) underwent palliative resection, and 1 patient (2.7 %) declined further treatment. No serious intraopera-
tive complications were observed. Minor postoperative events, including pain at the puncture site, subcutaneous
emphysema, and transient fever, occurred in 8 patients (21.6 %) and did not require additional treatment.
Concrusions. Incorporating diagnostic laparoscopy and mediastinoscopy into the colorectal cancer staging
algorithm yields high diagnostic accuracy, supporting personalized treatment planning. The application of mini-
mally invasive methods reduces unnecessary surgical interventions, shortens the time to initiation of systemic
therapy, and may improve prognosis in patients with advanced disease.
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Colorectal cancer (CRC) is one of the most prevalent
malignant neoplasms and a leading cause of cancer-
related mortality worldwide [10]. Prognosis is closely
linked to the stage at diagnosis. Early-stage detection
is associated with improved survival rates and the po-
tential for radical treatment, whereas distant metas-
tases significantly reduce the likelihood of favourable
outcomes [10]. The National Comprehensive Cancer
Network (NCCN) guidelines for Colon and Rectal
Cancer (version 2.2024) underscore the importance
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of accurate staging in selecting optimal therapeutic
strategies [1]. Digital imaging modalities, including
computed tomography (CT), magnetic resonance
imaging (MRI), and positron emission tomography
combined with computed tomography (PET-CT), are
routinely used to assess primary tumour size, regional
lymph node involvement and the presence of distant
metastases. Despite their widespread use, these im-
aging techniques have limited sensitivity for detect-
ing microscopic lesions, such as occult peritoneal
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carcinomatosis, and for evaluating non-regional lymph
nodes, including mediastinal lymph node involvement
[5, 10]. CT scanning, in particular, has low sensitivity
for identifying peritoneal metastases<5 mm in di-
ameter [11]. Furthermore, hypermetabolically active
mediastinal lymph nodes observed on PET-CT may
be reactive, resulting in false-positive findings [4]. Tu-
mours have traditionally been considered the primary
consumers of glucose in the body, a concept that un-
derpins PET-CT tumour visualization using a radio-
active glucose tracer to identify regions of elevated
glucose metabolism. However, recent studies indicate
that tumours are highly heterogeneous and consist of
various cell types. Research conducted by a team of
American investigators has shown that immune cells,
specifically macrophages and T cells, are the primary
consumers of glucose within tumours, rather than
malignant cells. In contrast, tumour cells utilize gluta-
mine and fatty acids as their principal energy sources.
This finding represents a significant advancement and
may substantially influence future approaches to can-
cer diagnosis and treatment [6].

The primary disadvantage of PET-CT includes
undetected (false negative) peritoneal carcinoma-
tosis in patients with CRC, potentially resulting in
exploratory or palliative surgery. Conversely, a false
positive PET-CT result may prevent patients from
receiving potentially beneficial radical bowel resec-
tion. In these controversial cases, morphological
verification of suspicious changes is required [5].

The NCCN guidelines recommend the use of mini-
mally invasive diagnostic techniques when imaging
data are inconclusive [1]. Specifically, diagnostic lapa-
roscopy with peritoneal lavage for cytology is advised
for suspected peritoneal carcinomatosis, while medi-
astinoscopy is recommended for patients with CRC
who present with enlarged mediastinal lymph nodes
[1]. These procedures provide direct morphological

Figure 1. Enlarged paratracheal lymph nodes
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verification. Laparoscopy enables assessment of the
macroscopic condition of the peritoneum and collec-
tion of peritoneal lavage samples for cytology and bi-
opsy. Mediastinoscopy facilitates the acquisition of his-
tological samples from a suspicious lymph node. Previ-
ous studies have shown that in localized CRC, positive
peritoneal lavage cytology serves as an independent
negative prognostic marker associated with a high risk
of peritoneal recurrence [3]. Incidental confirmation of
mediastinal metastases by imaging alone has been re-
ported only in isolated clinical cases [2], underscoring
the necessity for histological confirmation.

This study examined the impact of diagnostic
laparoscopy with cytological analysis and mediasti-
noscopy with targeted lymph node biopsy on initial
treatment planning and the consistency between
clinical and morphological data.

OBJECTIVE — to improve staging accuracy and
optimize therapeutic strategies in patients with
colorectal cancer by performing minimally inva-
sive diagnostic procedures, specifically diagnostic
laparoscopy with peritoneal lavage and cytological
examination, and mediastinoscopy with targeted
lymph node biopsy, in cases where conventional im-
aging methods (computed tomography [CT], mag-
netic resonance imaging [MRI], positron emission
tomography combined with computed tomography
[PET-CT]) yield equivocal or inconclusive results.

Materials and methods

Study design. This retrospective-prospective clini-
cal study was conducted from 2023 to 2025 and in-
cluded 37 patients with colorectal cancer (CRC).

The inclusion criteria for patients in this study
required the presence of suspicious radiological
signs indicating potential metastasis to the peri-
toneum or mediastinal lymph nodes. Specifically,
these signs included ascites, peritoneal thickening,
or enlarged (> 11 mm) mediastinal lymph nodes of
undetermined origin (Fig. 1).

Methods. All patients underwent standard imag-
ing, which included CT of the chest, abdomen, and
pelvis. Intravenous contrast was administered when
indicated. If imaging results suggested possible peri-
toneal carcinomatosis or mediastinal lymph node in-
volvement, a minimally invasive procedure was per-
formed (diagnostic laparoscopy or mediastinoscopy,
respectively). Patients were then preliminarily divid-
ed into two groups: those with suspected peritoneal
carcinomatosis (n=22) and those with suspected
mediastinal lymph node involvement (n=15).

All procedures were conducted under general an-
aesthesia. For suspected peritoneal carcinomatosis, di-
agnostic laparoscopy with peritoneal lavage or ascites
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aspiration was performed. When ascites volume ex-
ceeded 500 ml (Fig. 2), aspiration was followed by cy-
tological examination of the fluid. In the absence of as-
cites, 400 ml of saline was injected and then aspirated,
as recommended by cytologists. The collected wash-
ings were analyzed using standard cytological tech-
niques to detect tumour cells in the peritoneal fluid.

Patients with suspected mediastinal lymph node
involvement underwent standard mediastinoscopy
by the technique of Carlens.

Following mediastinal examination, targeted bi-
opsies were obtained from all enlarged lymph nodes
(> 11 mm) or those deemed suspicious. The biopsy
specimens were submitted for histological analysis.

Outcomes Evaluation. The main endpoints includ-
ed: (1) changes in treatment strategy after obtaining
cytology/histology data (e.g., transition from pos-
sible (according to non-invasive diagnostic methods)
radical surgery to palliative therapy or vice versa);
(2) correlation between cytology/histology results
and primary imaging data (confirmation or refutation
of initial clinical suspicion); (3) safety of procedures
(frequency and severity of complications).

Statistical analysis was performed using descriptive
statistical methods, including the number and per-
centage for categorical variables and the arithmetic
mean with standard deviation for continuous values.

The study was conducted in accordance with the
principles outlined in the Declaration of Helsinki.
Informed consent was obtained from all participants.

Results

Histological and/or cytological analysis confirmed
metastatic peritoneal involvement in 19 of 22 pa-
tients (86.4 %) who were diagnosed with peritoneal
carcinomatosis using non-invasive diagnostic tech-
niques (Fig. 3). Morphological confirmation of me-
tastasis to mediastinal lymph nodes was achieved in
11 (73.3 %) of 15 (86.4 %) patients with mediastinal
lymphadenopathy identified by CT or PET-CT.

The findings allowed for personalized adjust-
ment of further treatment strategies. Specifically,
27 (72.9 %) patients who underwent diagnostic lapa-
roscopy or mediastinoscopy and were confirmed to
have stage IV disease received chemotherapy, since
surgical intervention was inappropriate. The remain-
ing patients, who didn’t present with metastases in
the mediastinal lymph nodes and peritoneal carcino-
matosis, underwent radical surgery. In two (5.4 %)
cases, palliative intestinal resection was performed
for urgent indications (acute intestinal obstruction).
One (2.7 %) patient declined further treatment.

No intraoperative complications occurred dur-
ing laparoscopy or mediastinoscopy. The duration of
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hospital observation ranged from 24 to 48 hours. Mild
postoperative pain, isolated seromas at the surgical
wound site, and a transient increase in body tempera-
ture to 37.8 °C were observed in 8 (21.6 %) patients.
A summary of the study results s presented in Table.

Discussion

The study demonstrates that minimally invasive
techniques, including diagnostic laparoscopy with
peritoneal biopsy and cytological analysis of fluids
and mediastinoscopy with biopsy, provide high diag-
nostic efficiency and clinical value in patients with
suspected peritoneal carcinomatosis or metastatic
involvement of mediastinal lymph nodes in CRC.
Among patients with suspected peritoneal carci-
nomatosis (n=22), cytology and histology did not
confirm the lesion in 3 patients (13.6 %), allowing for
safe radical surgery and avoiding unnecessary pallia-
tive interventions and PCT. In contrast, 19 patients
(86.4 %) with confirmed peritoneal carcinomatosis
required systemic therapy. For patients with suspect-
ed mediastinal lymph node involvement (n=15), 4

Figure 3. Confirmed peritoneal carcinomatosis
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Table. Clinical results of the study

Group n Procedure

Result

Laparoscopy + histological
examination + peritoneal
(86.4%) lavage/ascites aspiration
(fluid cytology)

Suspected peritoneal 19
carcinomatosis
(Group A)

Confirmed carcinomatosis. Scheduled or palliative
polychemotherapy (PCT) (n=17) and palliative surgery
(n=2) were prescribed.

Laparoscopy + histological
examination + peritoneal
(13.6 %) lavage/ascites aspiration
(fluid cytology)

Suspected peritoneal 3
carcinomatosis
(Group B)

Carcinomatosis was not confirmed. Planned radical surgery
was performed (left or right hemicolectomy depending on
the location of the tumour).

Suspected metastatic

involvement of 1 L .
mediastinal lymph ~ (73.39%) Mediastinoscopy + biopsy
nodes (Group C)

Metastatic involvement of mediastinal lymph nodes was
confirmed. Systemic chemotherapy was prescribed (n= 10).
One patient declined treatment.

Suspected metastatic
involvement of 4 . .
mediastinal lymph (26.7 %) BMEdiasERDSCODYEERIORSy
nodes (Group D)

Metastatic involvement of mediastinal lymph nodes was
not confirmed. Planned radical surgery (left or right
hemicolectomy depending on tumour location) was
performed

patients (26.7 %) showed no metastatic cells in their
histological samples, allowing for radical surgical
treatment. In the remaining patients (73.3 %), histo-
logical confirmation of metastases resulted in upstag-
ing to stage IV and necessitated PCT.

The present findings are consistent with previous
research, which supports both financial and clini-
cal feasibility of laparoscopy and mediastinoscopy
for staging colorectal cancer. Notably, multicenter
studies have shown that positive cytology of peri-
toneal washings serves as an independent negative
prognostic marker, correlating with a higher risk of
peritoneal recurrence and reduced survival [3]. The
reported 20—30 % frequency of false-positive PET-
CT results in the mediastinum (20-30 %) high-
lights the need for histological verification in cases
of mediastinal lymphadenopathy [11].

The safety of these procedures was confirmed by
the absence of serious complications: patients un-
derwent laparoscopy and mediastinoscopy without
significant adverse events, which is consistent with
the literature data on the low risk of postoperative
complications in minimally invasive interventions
[7]. Furthermore, these methods offer the advan-
tage of direct visualization and assessment of le-
sions, a benefit not achievable through digital imag-
ing techniques alone.

The primary limitations of this study include a rela-
tively small sample size and a mixed retrospective-pro-
spective design, which may limit the generalizability
of the results. Nevertheless, the findings confirm the
practical diagnostic value of minimally invasive tech-
niques for cancer staging and establish a foundation for
further multicenter studies to evaluate their impact on
long-term survival and patient quality of life.
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Conclusions

Diagnostic laparoscopy with histological examina-
tion, peritoneal lavage followed by cytological anal-
ysis, and mediastinoscopy with biopsy provide valu-
able and informative adjuncts to standard imaging
modalities in the diagnosis of colorectal cancer.

The application of these techniques enhances the
accuracy of clinical cancer staging, particularly in
cases with suspected metastatic tumour spread.

Negative findings from these studies support the
feasibility of safe radical surgery, whereas positive
findings facilitate timely referral to systemic thera-
py for stage IV disease.

The implementation of an integrated approach
reduces the risk of unnecessary surgical interven-
tions and addresses potential limitations in existing
treatment strategies. This approach is consistent
with current recommendations from the National
Comprehensive Cancer Network (NCCN) and the
European Society for Medical Oncology (ESMO)
for optimizing CRC treatment.

The findings support wider adoption of minimal-
ly invasive procedures within CRC detection pro-
tocols and promote the development of improved
recommendations grounded in multidisciplinary
diagnostic strategies.
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Posib Ma/10iHBA3UBHHUX JIIaTHOCTUYHHUX METOJHUK B OIITHMi3a1lii
JIHKYBAJIBHOI TAKTUKHU Y XBOPHUX HA KOJIOPEKTAIbHUM PAK

0. A. Jlanunenko, O.0. Ilickopcbkuii

Hartionanpauii memranmii yaisepeuret imeni O. O. boromosnbirs, Kuis

Mera — MOiIBUINMTH TOYHICTb CTAJIIOBAHHA Td ONTHUMIi3yBATH JIKYBAJIbHY TAKTHKY y ITAI[IEHTIB 3 KOJIOPEKTAJIb-
HUM PAKOM IIIAXOM 3aCTOCYBAHHA MAJOiHBA3UBHHUX [ialrHOCTUYHUX BTPYyYaHb — JiATHOCTHYHOI JIAIIAPOCKOITIT
3 IEPUTOHECAIBbHUM JIABKEM | IIMTOJOTIYHUM JTOCTI/DKEHHSM, 4 TAKOXK MEIIACTUHOCKOTI] 3 IPUIIUIBHOIO HGiOIICi€I0
JIiM(PATUYHUX BY3J1iB IIPU CYMHIBHHUX 400 HEMEPEKOHIMBUX PE3Y/IBIATaX BidyaslizaliiHuX MeToiB oocTexeHHs KT
(komrr'torepHa Tomorpadis), MPT (MaruitHO-pe3oHaHcHa Tomorpadis), ITET-KT (mo3uTpoHHO-eMicifiHa ToMOTrpa-
ist, MoeIHAHA 3 KOMITIOTEPHOIO TOMOIpadi€ro).

Marepianu Ta MeToaH. Lle peTpOCIEKTUBHO-TIPOCIIEKTUBHE AOCTpKEHHA 2023 —2025 pOKiB, 3a/Iy4eHO 37 NMALi€HTIB
i3 KOJIOPEKTAIbHUM PAKOM, Y AKX CTAHJAPTHI METOU Bi3yalizallil HE T 3MOT'U OJJHO3HAYHO BU3HAYNTU HASABHICTb
BiJJAJIEHUX METACTA3{B 460 NEPUTOHEAILHOIO KaHIIepOoMaTOo3y. [TallieHTiB po3/iiyieHo Ha /1Bi IpyIu: 22 XBOPHX i3 Mifj03-
POIO Ha KAHLIEPOMATO3 OYEPEBUHH, AKMM BUKOHAHO JiarHOCTUYHY JIAITAPOCKOIIIO 3 JIABAKEM YEPEBHOI ITOPOKHHHH,
OiOTICier0 OYEPEBUHU T4 UTOJIIOTTYHUM aHATI30M; 15 XBOPHX i3 IMiIO3pOI0 HA YPAKEHHS MEiaCTUHAIBHUX JiM(a-
TUYHUX BY3J1iB, AKMM IIPOBEAECHO LIEPBIKAIbHY MEIIACTUHOCKOIIIIO 3 MPULIUIBHOIO OiONCielo. OLiHIOBAIN AiaTrTHOCTUYHY
TOYHICTb, BIVIUB OTPUMAHUX PE3Y/BIATIB HA ITOAAIBIIY JIKYBAIbHY TAKTUKY Ta OE3IIEYHICTh BAUKOHAHHX NPOLIETYD.
Pe3ynpraTH. [IepUTOHEATBHUI KAHIIEPOMATO3 MOPQOJIOT{YHO IT/ITBEP/RKEHO y 19 i3 22 (86,4 %) mariieHTiB, MeTa-
CTATUYHE YPAKEHHA MENIACTUHAIBHUX JIIM(PATUYHUX BY3/1iB —y 1113 15 (73,3 %) marienTis. 3a pe3yaBraTaMy BEpH-
ixanii NaToJOri9HOrO NPOLECY JiKYyBAIbHA TAKTUKA Oysia 3MiHeHa y 29 (78,4 %) nauieHTis: 27 (72,9 %) orpuManu
CUCTEMHY XiMioTepartito, 7 (18,9 %) — paJiuKaabHi OriepaTHUBHI BIPydaHHd, y 2 (5,4 %) BUKOHAHO IAJiaTUBHY PE3CK-
1ito, 1 (2,7 %) BigIMOBHBCA BiJ] IOAAILIIONO JiKyBaHHA. CEpUO3HMX iHTPAONEPALIMHUX YCKIAHEHD HE 3a(DiKCOBAHO;
HE3HA4Hi Hicsonepauiiyi ssuma (6u1b y JUIHIL NPOKOTY, migmKipHa eMdizeMa, KOPOTKOYACHA JIMXOMAHKA) CIIO-
crepiranucsy 8 (21,6 %) mariieHTiB i He TOTPeOGYBAIH JIOAATKOBOI'O JIIKYBAHHSL

BHCHOBKH. BK/IIOUYEHHA [iarHOCTUYHOI JIATIAPOCKOIIi1l Ta MEAIACTUHOCKOIIII 10 AJITOPUTMY BUSHAYEHHS CTail KOJIO-
PEKTAILHOI'O PAKY 326€3I1eUy€e BUCOKY JiarHOCTUYHY iH(POPMATHUBHICTD i CIIPUAE EPCOHANI3ALLII JTiKyBaHHs. 34CTO-
CYBAHHA MAJIOIHBA3UBHUX METO/IB JO3BOJIAE YHUKHYTH HEOOI'PDYHTOBAHUX XiPYPridHHX BTPY4dHb, CKOPDOTHUTH 4aC
JIO IIOYATKY CUCTEMHOI Teparii Ta OKPALUTU IIPOrHO3 Y MALIEHTIB i3 NOMUPEHUMU (POPMAMU XBOPOOH.
KiIro4oBi ¢;10Ba: KOJIOPEKTAIBHUN PaK, iarHOCTUYHA JIAIIAPOCKOITisA, KAHIIEPOMATO3, MEiaCTUHOCKOIIIf, CTa/lifd,
meracrasysanssa, NCCN.
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Global data indicate that complications after laparoscopic gastric bypass occur in 5.8 to 12.4 % of patients. Recent
studies identify prior abdominal surgeries, chronic liver diseases, arterial hypertension, chronic lung diseases, and
repeated bariatric procedures as primary risk factors for postoperative complications.

OBJECTIVE — to determine the primary risk factors associated with complications in obese patients after laparo-
scopic gastric bypass.

MATERIALS AND METHODS. A retrospective analysis was conducted on data from 556 obese patients, as defined
by IFSO criteria, who underwent laparoscopic gastric bypass surgery between 2011 and 2025 at the Department
of General Surgery No 2, Bogomolets National Medical University. Of these patients, 261 (46.3 %) were men and
295 (53.7 %) were women. The mean body weight was 151.88 (95% CI: 135.5-168.1) kg, and the mean body
mass index was 46.73 (95 % CI: 43.93—49.52) kg/m?. The surgical and anesthetic risk, assessed using the ASA scale,
was 342 (95% CI: 3.31-3.53). Two groups of patients were established: a control group (2011-2019) and an
experimental group (2019-2024), to evaluate the impact of the new strategy on the incidence of complications.

REesuLts. Univariate logistic regression analysis identified seven factors with a significance level of <O0.1:
duration of surgery, postoperative pain level, early mobilization, chronic obstructive pulmonary disease, gas-
troesophageal reflux disease, sleep apnea, and diabetes mellitus. To determine the minimum set of factorial
features associated with the occurrence of complications in obese patients after laparoscopic gastric bypass,
a multivariate logistic regression analysis was employed. This analysis identified five factorial features associ-
ated with complication risk: «duration of surgery», «postoperative pain level», «delayed mobilization», «sleep
apnea syndrome», and «diabetes mellitus».

Concrusions. The factors influencing the development of postoperative complications in obese patients after
laparoscopic gastric bypass surgery included the duration of surgery, postoperative pain level, delayed mobiliza-
tion, sleep apnea syndrome, and diabetes mellitus.
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complications, gastric bypass, marginal ulcer, gastro-gastro fistula, Petersen’s hernia, bleeding.
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Selecting appropriate surgical strategies for obese
patients requires a multidisciplinary approach and
individualized adaptation of established clinical pro-
tocols and recommendations. A key element in this
process is the assessment of risk factors that may
contribute to adverse outcomes or complications, as
well as their timely diagnosis and management.

In 2007, E.J. DeMaria et al. developed a scale
to assess the risk of negative outcomes after bar-
iatric surgery, incorporating five main criteria:
body mass index > 50 kg/m?, male gender, arterial
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hypertension, risk factors for pulmonary throm-
boembolism, and age >45 years [2]. Subsequent
revisions expanded the scale to include additional
risk factors and re-evaluated the original criteria.
D.R. Flum et al. found that only a body mass in-
dex > 50 kg/m? was associated with increased rates
of complications and mortality after bariatric sur-
gery, with higher indices correlating directly with
greater severity. The remaining four factors did not
influence complication and mortality rates in this
study [4].
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U.K. Coblijn et al. (2016) applied this scale to
obese patients undergoing laparoscopic gastric by-
pass. The criteria referenced above had no effect on
the risk of death or complications. Repeated bariat-
ric surgery was the only factor associated with an
increased risk of complications or mortality [1].

Laparoscopic gastric bypass is considered among
the most effective treatments for morbid obesity. Ac-
cording to the International Federation for the Sur-
gery of Obesity and Metabolic Disorders (IFSO)
(8th Global Registry Report, 2023), 480,970 bariat-
ric surgeries were performed in 2022, with laparo-
scopic gastric bypass accounting for 28.8 % of initial
procedures [13].

Global data indicate that complications after
laparoscopic gastric bypass occur in 5.8 to 12.4 %
of patients [1].

Recent studies identify prior abdominal surger-
ies, chronic liver diseases, arterial hypertension,
chronic lung diseases, and repeated bariatric pro-
cedures as primary risk factors for postoperative
complications [7].

OBJECTIVE — to determine the primary risk fac-
tors associated with complications in obese patients
after laparoscopic gastric bypass.

Materials and methods

A retrospective analysis was conducted to iden-
tify risk factors associated with complications after
laparoscopic gastric bypass. The study included 556
patients who underwent laparoscopic gastric by-
pass at the clinical base of the Department of Gen-
eral Surgery No2, Bogomolets National Medical
University between 2011 and 2025 (Table 1).

The observation period ranged from 6 to 65
months. The analysis focused exclusively on com-
plications related to laparoscopic gastric bypass,
including bleeding, marginal ulcers, suture failure,
intestinal obstruction, and ineffective weight loss.
All complications were classified using the Clavien-
Dindo scale (Table 2).

Beginning in 2019, the management of obese
patients before, during, and after laparoscopic gas-
tric bypass was modified based on findings from
our previous studies and the Enhanced Recovery
After Surgery (ERAS) protocol. Consequently,
two groups of patients were established: a control
group (2011-2019) and an experimental group
(2019-2024), to evaluate the impact of the new
strategy on the incidence of complications.

According to the new strategy, preoperative
preparation included catheterization of the epi-
dural space and establishment of central venous
access under ultrasound guidance. Additionally,
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saline laxatives and a carbohydrate mixture (5%
glucose, 200 ml) were administered 12 hours and 4
hours before surgery, respectively. Dexamethasone
(8 mg) was administered intravenously 10 minutes
before the incision, and antibiotic prophylaxis was
provided 30 minutes before surgery. Intraopera-
tively, local infiltration anesthesia was given at the
trocar insertion sites, and pneumatic compression
of the lower extremities was used instead of elastic
compression to prevent thrombosis. Cassettes for
gastroenteroanastomosis and entero-enteric anas-
tomosis were replaced, using the TriStaple tech-
nique. Paracetamol was administered intravenously
at the beginning of the skin suturing procedure. At
the conclusion of surgery, 5 ml of tranexamic acid
was administered 12 and 24 hours after surgery.
Postoperatively, the urinary catheter was removed
immediately, the nasogastric tube was withdrawn
within one day, and drains were removed 2—3 days
after surgery. Early patient mobilization was im-
plemented during the postoperative period. Oral
fluid intake commenced 6 hours after surgery, with
a stepwise increase in volume and a corresponding
decrease in infusion therapy. On postoperative day
4, all patients without complications underwent
contrast gastrography to assess the capacity of the
gastroenteroanastomosis.

The study adhered to modern bioethical stan-
dards. Statistical analysis was performed using IBM
SPSS Statistics Base software (version 26). Uni-
variate and multivariate logistic regression models
were applied. Results with p <0.05 were considered
statistically significant.

The results of univariate logistic regression mod-
els (Table 3) identified seven factors with a signifi-
cance level <0.1: duration of surgery, postoperative
pain level, early mobilization, chronic obstructive
pulmonary disease (COPD), gastroesophageal re-
flux disease (GERD), sleep apnea, and diabetes
mellitus. To determine the minimum set of factorial
features associated with the occurrence of compli-
cations in obese patients after laparoscopic gastric
bypass, a multivariate logistic regression analysis
was conducted. Five factorial features were found
to be significantly associated with the probability of
complications: «duration of surgery», «postopera-
tive pain level», «delayed mobilizations, «sleep ap-
nea syndrome», and «diabetes mellitus» (Table 4).

A logistic regression model analysis identi-
fied the risk factors for bleeding, marginal ulcers,
and intestinal obstruction in obese patients after
laparoscopic gastric bypass. Arterial hyperten-
sion (OR=1.78, CI. 1.03-3.04; p=0.05), COPD
(OR=2.35, CI: 1.06—5.2; p=0.034), and diabetes
mellitus (OR=17.26, CI. 3.72-80.1; p<0.001)
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Table 1. Complications observed in obese patients
after laparoscopic gastric bypass

Complication Number
Bleeding 14 (2.51 %)
Intraluminal 13(2.33%)
Intraperitoneal 1(0.17 %)
Marginal ulcer complicated by 12 (1.07 %)
Perforation 1(0.17 %)
Penetration 1(0.17 %)
Bleeding with iron deficiency anemia 4(0.71%)
Uncomplicated 6 (1.07 %)
Ineffective weight loss 1(0.17%)
Strangulated hernia of Petersen’s space 1(0.17 %)
Gastro-gastro fistula 1(0.17 %)
Splenic vein thrombosis with splenic infarction 1 (0.17 %)
Postoperative strangulated umbilical hernia 1(0.17 %)
Acute adhesive small intestinal obstruction 1(0.17 %)
Total 32(5.75%)

Table 2. Classification of complications according
to the Clavien-Dindo scale

Degree Number
I 0

II 12 (37.5%)
IT1a 1(31%)
I1Ib 19 (59.4 %)
IVa 0

IVb 0

were associated with an increased risk of postop-
erative bleeding. The use of NSAIDs (OR=3.89,
CI. 1.23-12.68; p<0.001), diabetes mellitus
(OR=4.45,CI:1.39-14.19;p < 0.001), and elevated
postoperative pain levels (OR=1.6, CI: 1.01-2.52;
p<0.001) were linked to a higher incidence of
marginal ulcers. Additionally, duration of surgery
(OR=1.04, CIL: 1.23-12.68; p<0.001), diabetes
mellitus (OR=8.77, CI: 1.57-48.79; p<0.001),
delayed mobilization (OR=1.9, CI. 1.01-2.6;
p=0.012), and sleep apnea syndrome (OR=10.2,
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CI: 1.83-57.07; p=0.008) were significant predic-
tors of intestinal obstruction. Duration of surgery
(OR=1.03, CI: 1.00—1.07; p=0.013), the presence
of comorbid conditions (OR=1.2, CI: 1.02—-1.43;
p=0.028), arterial hypertension (OR=1.56, CI:
1.03-2.35; p=0.03), diabetes mellitus (OR =4.03,
CI: 1.5-10.81; p=0.006), delayed mobilization
(OR=1.97,CI: 1.01-2.91; p<0.001), and sleep ap-
nea syndrome (OR=2.8, CI: 1.00-7.86; p=0.05)
were all associated with an increased risk of early
complications within 30 days after surgery.

The control group consisted of 178 patients treat-
ed between 2011 and 2019, including 86 (48.3 %)
men and 92 (51.7 %) women. The mean body weight
was 144.8 (95% CI. 142.7-146.8) kg, and the
mean body mass index (BMI) was 45.44 (95 % CI:
44.67-46.22) kg/m?. The surgical and anesthetic
risk, as measured by the ASA scale, was 3.36 (95 %
CI: 3.25-3.47). The study group comprised 378 pa-
tients treated between 2019 and 2024. Both groups
were comparable in terms of age, sex, height, body
weight, BMI, and total number of participants. The
overall incidence of postoperative complications
was 23 cases (12.9%) in the control group and 9
cases (2.38 %) in the experimental group. This re-
duction in complications was statistically signifi-
cant (p<0.05).

Discussion

Laparoscopic gastric bypass is one of the most effec-
tive methods for treating obesity and comorbid con-
ditions associated with it. Timely identification of
the principal risk factors minimizes the likelihood of
complications after laparoscopic gastric bypass and
provides a faster effect from the operation.

Since 2007, numerous risk assessment scales have
been proposed to assess the risk of complications af-
ter laparoscopic gastric bypass. They are updated
and improved annually with data from various bar-
iatric centres.

The study identified several factors influencing
the incidence of complications after laparoscopic
gastric bypass: duration of surgery (OR=1.06,
CI: 1.02-1.1; p<0.001), postoperative pain level
(OR=2.139, CI: 1.52-3.76; p<0.001), delayed mo-
bilization (OR=1.99, CI: 1.02-2.95; p<0.001),
sleep apnea syndrome (OR=4.23, CI: 1.45-12.34;
p=0.008), and diabetes mellitus (OR=6.98, CI:
2.36-20.6; p<0.001).

Prolonged duration of surgery is associated
with an increased risk of complications. P. Major
et al. (2016) confirmed this relationship, report-
ing a higher incidence of complications with longer
procedures (OR=1.01; CI: 1.00-1.02; p=0.003)
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Table 3. Analysis of univariate logistic regression models for predicting bleeding in patients with
morbid obesity during the postoperative period after laparoscopic gastric bypass

Value of the  Significance Odds ratio indicator Significance

. coefficient difference of difference

e e of the model, the coefficient AUC (5% CD  of tlzg;n(;)dcei,)OR of the OR
b+mb from 0, p ° from 0, p

Age, years 0.03+0.02 0067  059(045-073)  1.03(099-1.07) 0067
Sex (1 — male, 2  female) 0.35+0.37 0.34 0.54 (044-0.64)  1.42 (0.68-2.93) 0.34
Weight, kg 0.008+0.01 0.44 0.53(0.44-0.62)  1.01(0.98-1.03) 0.44
Height, cm 494+2.03 0.015 0.5(04-061) 1404 (261-7542.65)  0.015
BMI, kg /m? 0.01+0.04 0.7 0.48(0.39-057)  1.01(0.94-1.09) 0.7
Time of operation, min 0.05+0.01 0.001 0.74 (0.67-0.81) 1.05 (1.02-1.08) 0.001
ASA, class 0.34+0.24 0.16 0.57 (047-0.66)  1.41 (0.87-2.29) 0.16
Number of comorbidities 0.15+0.06 0.01 0.54(0.43-0.65)  1.16 (1.02-132) 0.01
Chronic obstructive lung disease )3 1 ¢ 14 0.1 057 (047-0.67)  1.26 (0.91-1.76) 0.1
(1 -yes, 0 —no)
Cliwenite lver dhsgase 0.06+0.18 0.74 046 (0.35-58)  094(0.65-136) 074
(1 —yes, 0 —no)
Arterial hypertension 0.07+0.16 0.66 049 (0.38-0.6)  1.07 (0.77—1.49) 0.66
(1 -yes, 0 —no)
i i 1542037 <0001  065(055-0.766) 469(0225-977)  <0.001
(1 —yes, 0 —no)
Aleohol consumption 0.01+0.55 0.97 0.5 (0.39-0.6) 1.01 (0.34-3.02) 0.97
(1 -yes, 0 —no)
GERD (1 — yes, 0 — o) 07704 0.05 0.57 (0.46-0.67)  2.16 (0.98-4.77) 0.05
Delayed mobilization 3.28+0.49 <0001 031(02-042)  197(191-206)  <0.001
(1 —yes, 0 —no)
Myocardial infarction in anamnesis _ 59 75 0.66 0.46 (0.38-0.59)  0.72(0.16-3.15) 0.66
(1 —yes, 0 —no)
Deep vein thrombosis 149+ 1.02 0.14 0.45(035-0.55)  0.22(0.03-1.68)  0.14
(1 -yes, 0 —no)
S ITeT i ey 0.21+0.36 056 052(0.42-0.62)  1.23(0.6-2.51) 0.56
(1 —yes, 0 —no)
Sleep apnea (1 — yes, 0 — no) 114+0.38 0.003 0.6(049-71)  3.14(1.46-673)  0.003
Cholecystectomy during surgery 4 291 46 0.25 0.41(0.32-0.5)  0.4(0.16-1.01) 0.25
(1 —yes, 0 —no)
Non-steroid anti-inflammatory drug g4, 74 0.27 0.62(053-0.71) 226 (0.52-9.8) 0.27
(1 -yes, 0 —no)
;givlftlsd discomfort after operation, 55 44 <0001 069(06-078)  174(13-232)  <0.001
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Table 4. Multivariate logistic regression analysis of the development of postoperative complications in

obese patients after laparoscopic gastric bypass

Value of the coefficient Significance Odds ratio indicator

Factor sign of the model, difference of the of the model,

b+ mb coefficient from 0, p OR (95 % CI)
Time of operation, min 0.06+0.02 <0.001 1.06 (1.02-1.1)
Level of discomfort after operation, points 0.87+0.23 <0.001 2.39 (1.52-3.76)
Delayed mobilization (1 — yes, 0 — no) 4.42+0.8 <0.001 1.99 (1.02-2.95)
Chronic obstructive lung disease (1 — yes, 0 — no) 0.43+0.24 0.046 1.54 (0.95-2.48)
GERD (1 —yes, 0 — no) 1.29+0.55 0.19 3.66 (1.23-10.85)
Sleep apnea (1 — yes, 0 — no) 1.44%0.54 0.008 4.23 (1.45-12.34)
Diabetes mellitus (1 —yes, 0 — no) 1.94+0.55 <0.001 6.98 (2.36—20.6)

[5]. According to E. Stenberg (2014), the influence
of operative time was significant when surgeons
had performed fewer than 100 bariatric operations
(OR=1383; CI: 1.47-2.07; p<0.001). However,
this effect was not observed when surgeons had
completed more than 300 operations, and the opera-
tive time was less than 99.2 +45.63 [12].

Diabetes mellitus not only increases the overall
complication rate but also elevates the risk of spe-
cific postoperative events, including postoperative
bleeding (OR=17.26, CI. 3.72-80.1; p<0.001),
marginal ulcers (OR=4.45, CI. 1.39-14.19;
p<0.001), intestinal obstruction (OR=8.77, CI:
1.57-48.79; p<0.001), and early postoperative
complications (OR =4.03,CI: 1.5—-10.81; p = 0.006).
E. Stenberg (2014) reported that diabetes mel-
litus affects the occurrence of all complications
(OR=1.47, CI: 1.31-1.64; p<0.001), but does not
significantly influence the rate of serious complica-
tions (grade I1IB according to the Clavien-Dindo
scale) — OR=1.22, CI: 1.00-1.5; p=0.053 [12].
The same results were observed in patients with and
without diabetes mellitus, suggesting that diabetes
mellitus may not independently affect the occur-
rence of complications [5, 11, 13].

Previous studies indicate that sleep apnea syn-
drome does not affect the rate of complications [3,
5]. However, further investigation of this issue is
warranted.

Postoperative bleeding represents the most com-
mon complication after laparoscopic gastric by-
pass, prompting a separate analysis of risk factors
in this population. The present data identify three
factors associated with an increased risk of postop-
erative bleeding: arterial hypertension (OR=1.78,
CL: 1.03-3.04; p=0.05), COPD (OR=2.35,
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CI: 1.06-5.2; p=0.034), and diabetes mellitus
(OR=17.26, CI: 3.72-80.1; p<0.001). A meta-
analysis by H. Santos-Sousa et al. (2024) involving
232,488 patients confirmed the association between
arterial hypertension and postoperative bleeding
(OR=1.33,CI:1.02-1.73; p<0.01) [10]. Addition-
al studies [7-9, 14] also demonstrated the influence
of diabetes mellitus on postoperative bleeding. Cur-
rently, there is no evidence regarding the negative
impact of chronic obstructive pulmonary disease on
the occurrence of postoperative bleeding.

The adoption of a new patient management strat-
egy contributed to a decrease in the number of com-
plications from 23 (12.9%) to 9 (2.3%). The imple-
mentation of the ERAS protocol has been shown to
reduce complication rates, length of hospital stay, and
postoperative pain levels [6, 9]. In the study group,
reduced postoperative pain and early mobilization
likely contributed to the lower complication rate,
consistent with the provisions of the ERAS protocol.

Conclusions

The factors influencing the development of postop-
erative complications in obese patients after laparo-
scopic gastric bypass surgery were identified. They
include duration of surgery, postoperative pain lev-
el, delayed mobilization, sleep apnea syndrome, and
diabetes mellitus.

The factors associated with postoperative bleed-
ing in obese patients after laparoscopic gastric by-
pass surgery were identified. They include arterial
hypertension, chronic obstructive pulmonary dis-
ease, and diabetes mellitus.

The factors influencing the development of post-
operative complications in obese patients during the

General Surgery 3azansnaxipypein * 2025 ¢ Ne3 (14)



early postoperative period after laparoscopic gastric
bypass surgery were identified. These factors com-
prise duration of surgery, presence of several comor-
bid conditions, arterial hypertension, diabetes melli-
tus, delayed mobilization, and sleep apnea syndrome.
A new management strategy for obese patients af-
ter laparoscopic gastric bypass was developed, inte-
grating the ERAS protocol and new elements identi-
fied by us based on previous studies. The application
of the new strategy reduced the rate of postoperative
complications from 12.9 % to 2.3 % (p <0.05).
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AHaJ1i3 YUHHUKIB PU3HUKY YCKJIAJHEHbD ITiCIIA
JIAIIAPOCKOMIYHOI'O IIYHTYBAHHA IUTYHKA
B IIAIIEHTIB 3 OKUPIHHAM

B. O. Hesmep:xunpkuii, 10. I1. Iiopa
Hamionanpuuit mepuunmii ynisepcureT imeri O. O. Boromoubirs, Kuis

3a CBITOBMMU JAHHUMH, YCKIQJHEHHS ITiCJIS JIAITAPOCKOIIIYHOI'O NIYHTYBAHHS IJTYHKA BUHUKAIOTh Y 5,8—12.4 %
MNAL€HTIB. 3riIHO 3 OCTAHHIMU AOCIDPKEHHAMY, 3aI'JIbBHUMU YMHHUKAMH PU3UKY HICISONEPALIHHUX YCKIA/-
HEHb BBAKAIOTb HASIBHICTb 46/ITOMiHAJIBHUX OIEPAllili B AHAMHE3i, XpOHIUHi 3aXBOPIOBAHHS [IEYiHKH, APTEPiaib-
HY TiIEPTEH3iI0, XpOHIUHI 3aXBOPIOBAHHS JIET€Hb i TIOBTOPHI 6apiaTpuyHi onepartii.

Mera — BU3HAYWUTH OCHOBHI YMHHUKU PU3UKY YCKIQJHEHD Y IALEHTIB 3 OKUPIHHAM, SKMM IIPOBEICHO Jiana-
POCKOIIIYHE HIYHTYBAHHA NUTYHKA.

Martepianau Ta MeTogH. [IPOBE/ICHO PETPOCIIEKTUBHUH aHATI3 JAHUX 556 MAIIEHTIB 3 OXKUPIHHIM BiZITIOBITHO
210 kputepiiB IFSO, AKMM BUKOHAHO JIAITAPOCKOIIYHE IIYHTYBAHHs HIUIyHKA B riepion 3 2011 go 2025 p. na 6a3si
Kadeapy 3araibHOI Xipyprii Ne 2 HartionaibHOro meingHoro yHisepceurety iMeHi O.O. boromonbiiga. Cepes HUX
6yB 261 (46,3 %) 4onosik i 295 (53,7 %) xiHok. CepeHs Maca Tina craHoswia 151,88 (95 % nosipuuii iHTepBat
(D — 135,5—168,1) Kr, cepeaHiit iHAeKC Macu Tima — 46,73 (95% M1 43,93—49,52) kr/m2 XipypriyHuit Ta
AHECTE310JIOTTUHNI PU3UK 32 IIKAIO ASA — 3,42 (95 % 1 3,31—3,53).

Pe3yasTaTH. 32 PE3YIBraTaMu OJHOMAKTOPHUX MOJEIEHN JIOTICTUYIHOI perpecii 6y/10 BifibpaHo 7 YMHHUKIB
i3 piBHEM 3HAuymMOCTi<0,1: TPUBAIICTE Omnepallil, piBeHb 60JIi MiCIA Onepallil, paHHA AKTHUBi3allis, XPOHIYHE
OOCTPYKTHUBHE 3aXBOPIOBAHHS JIET€HDb, TACTPOE30(MareaibHa peIioKCHA XBOPO64, HiYHE AITHOE, IIYKPOBH
aiaber. 11 Bindbopy MiHIMaIbHOTO HA60PY (DAKTOPHUX O3HAK, IIOB'I3aHHUX i3 BAHUKHEHHAM YCKIAHEHD Y ITalli-
€HTIB 3 OXKMPIHHAM TC/IA JTAIAPOCKOIIYHOIO IMYHTYBAHHA IIJTYHKA, BUKOPUCTAHO METOJ 6araTo(pakTOpHOL
JIoTiCTHYHOI perpecii. BusiineHo 5 (pakKTOPHUX O3HAK: «TPHUBAJCTh ONEpallil», «PiBEHb OO0 MiC/A Onepallii»,
«BiZICYTHICTb PAHHBOI AKTUBi3allii», «CUHAPOM HiYHOT'O AITHOE» TA «IIYKPOBUI JiabeT>.

BHCHOBKH. BM3HAYE€HO YMHHUKU BIUIMBY HA PO3BUTOK IIIC/AONEPALIMHUX YCKIAAHEHD Y ITALIEHTIB 3 OXU-

PIHHAM MiCJIT BUKOHAHHS JIAITAPOCKOIIIYHOI'O IIYHTYBAHHA [UTYHKA: TPUBAJIICTb OINEPAllil, piBEHb OOJIO TTC/IA
onepatiii, BiICYTHICTb paHHBOI AKTUBI3al1il, CHHAPOM HiYHOT'O AITHOE T4 [IYKPOBH /1ia0€T.

Ki1r090Bi cj10Ba: yCKIaJHEHHS, ITYHTYBAHHS IIUTYHKA, MaPTiHAIBHA BUPA3Ka, TACTPO-I'ACTPO HOPUIIS, TPIDKA
ITeTepcena, KpOBOTEYA.
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Undifferentiated pleomorphic liver sarcoma (UPS), formerly known as malignant fibrous histiocytoma (MFH),
represents a very rare primary hepatic tumour. It was first described by O’Brien and Stout in 1964. This type of
tumour is the most prevalent malignant soft tissue tumour, which usually occurs in adulthood and affects the
extremities, less commonly the retroperitoneum and abdominal organs.

OBJECTIVE — to present the treatment outcomes of a rare case of UPS of the liver. The article describes a clinical
case of surgical treatment of a patient with UPS of the liver. Patient N., 36 years old, complained of pain in the
right hypochondrium, fever, and general weakness. According to the results of instrumental examinations, the
clinical diagnosis was made: primary liver tumour, tumour rupture, and intra-abdominal bleeding. After preop-
erative preparation, a right-sided hemihepatectomy, D2 lymphadenectomy, cholecystectomy, and abdominal
drainage were performed. The histopathological and immunohistochemical features of the tumour cells were
most consistent with undifferentiated pleomorphic liver sarcoma. According to the Federation Nationale des
Centres de Lutte Contre le Cancer (FNCLCC) sarcoma grading system, a total score of 7 (G3) was assigned. The
diagnosis was undifferentiated pleomorphic liver sarcoma, pT,,N M, G3 stage III, grade 2. Six months later, a CT
scan of the abdominal cavity revealed a tumour focus in the right subdiaphragmatic space with invasion of the
right diaphragm dome, liver segment IV, and right kidney.

Surgical intervention was performed in volume: viscerolysis, atypical resection of the SgIV liver with right-sided
nephrectomy and resection of the right dome of the diaphragm, aortocaval lymphadissection. Postoperative
diagnosis: undifferentiated pleomorphic liver sarcoma rpT,N,, , M, G3, RO, stage I, grade 2. Currently, the
period of recurrence-free observation is 12 months after the second surgery.
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Undifferentiated pleomorphic liver sarcoma (UPS),
formerly known as malignant fibrous histiocytoma
(MFH), represents a very rare primary hepatic tu-
mour. It was first described by O’Brien and Stout in
1964 [6]. This type of tumour is the most prevalent
among soft tissue malignancies, typically occurring
in adulthood and affecting the extremities, less com-
monly the retroperitoneum and abdominal organs
[8]. The first case of UPS of the liver was described in
1985, but the disease remains poorly understood [1].

General Surgery 3azansuaxipypein * 2025 ¢ Ne3 (14)

The main clinical sign observed in 78.4 % of cases was
pain or discomfort in the right hypochondrium, fol-
lowed by weakness, weight loss, jaundice, and fever.
In 15 % of cases, no clinical manifestations were not-
ed [5]. Overall, UPS ranks 4th among the most com-
mon soft tissue sarcomas. The incidence is 0.8—1.0
per 100,000 among the European race. In UPS of
the liver, a solitary lesion with a size of 3.6—-17.8 cm
(average 9.7 cm) is observed [4, 7]. Abdominal ul-
trasound and contrast-enhanced CT combined with
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trepan biopsy are the main diagnostic methods for
verifying UPS of the liver [3, 9, 10]. A significant
proportion of cases involving this pathology are mis-
diagnosed; specifically, 15% of patients with UPS
are treated as having benign focal liver disease. The
local recurrence rate is 19—31 %, the metastasis rate
is 31-35%, and the 5-year survival rate is 65—-70 %
[2]. In China, a total of 76 cases were reported, with
50 cases involving men, resulting in a male-to-female
ratio of 1.9: 1. The average age of the patients was 51
years, with more than 85 % being over 40 years old.
Only 45 clinical cases of UPS of the liver have been
described in the English-language literature.

In this paper, we present a clinical case of sur-
gical treatment of a patient with UPS of the liver.
Patient N., 36 years old, complained of pain in the

right hypochondrium, fever, and general weakness.
Ultrasound examination revealed no free fluid in
the pleural and abdominal cavities. In the right lobe
of the liver, a solid mass with an indistinct contour,
measuring 180 x 150 mm, occupied the entire right
lobe of the liver.

The patient underwent a CT scan with IV
enhancement: a tumour-like mass measuring
188 x 117 mm with areas of haemorrhage was detect-
ed in the parenchyma of the right liver lobe (Fig. 1).

This mass invaded the right hepatic vein and the
right Glissonean pedicle, passing along the right
contour of the middle hepatic vein. There were no
signs of contrast extravasation at the time of the
study. The patient underwent 3D modelling of the
liver (CT volumetry and segmentation) (Fig. 2).

Figure 1. CT scan of the abdominal cavity

Figure 2. CT volumetry and liver segmentation
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After the examination, the clinical diagnosis was
made: primary liver tumour, tumour rupture, and in-
tra-abdominal bleeding. After preoperative prepara-
tion, the patient underwent surgery, including right-
sided hemihepatectomy, D2 lymphadenectomy, cho-
lecystectomy, and abdominal drainage. The extent of
D2 lymph node dissection included the removal of
lymph node groups 12, 8, 13a, and 9 (Fig. 3).

Pathological diagnosis: Solid cystic liver mass
morphologically similar to malignant neoplasia of
mesenchymal origin (Fig. 4).

Immunohistochemical examination was performed.
The tumour cells were diffusely positive for histone H3
with a K27M mutation, INI-1, and focally positive for
desmin. A focal spot reaction to total cytokeratin and
cytokeratin SAM 5.2 was observed. The tumour cells
were positive for CD10 and partially positive for CD13,
SALLA. The tumour cells were negative for NMV-45,

[

Figure 3. Intraoperative photo
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TFE3, inhibin alpha, GFAP, MDM2, MyoD1, myo-
genin, CD68, CD45, CD34, RAX-8, caldesmon,
STATS6, S-100, SOX-10, CDK4, ERG, DOG-1, CD43,
EMA, PLAP, synaptophysin, OST3/4, epithelial an-
tigen Ber-EP4. Thus, this morphological picture and
immunophenotype of the tumour cells are most consis-
tent with undifferentiated pleomorphic liver sarcoma.

According to the Federation Nationale des Cen-
tres de Lutte Contre le Cancer (FNCLCC) sarcoma
grading system, the tumour scored 3 points for dif-
ferentiation, 3 points for mitotic activity (22 per
10 high-power fields at magnification x400), and
1 point for necrosis (10 %), resulting in a total score
of 7 (G3). No signs of lymphatic, vascular and peri-
neural invasion were found within the studied spec-
imens. Macroscopically, the tumour was limited to
the liver tissue, but had two growth loci (visceral
surface and diaphragmatic surface) — multifocal
growth and corresponded to an undifferentiated
pT4aNoMo G3 pleomorphic liver sarcoma.

The patient was discharged on the 25th postop-
erative day in satisfactory condition to continue
combined therapy under the supervision of a clini-
cal oncologist at his place of residence.

Three months after surgery, oncological screen-
ing and a contrast-enhanced CT scan of three ana-
tomical regions were performed. No CT signs of dis-
ease progression were detected.

Six months following the prior examination, sub-
sequent oncological screening identified a recur-
rence of the disease. A CT scan of the abdominal
cavity revealed a tumour focus in the right subdia-
phragmatic space, with invasion into the right dome
of the diaphragm, segment IV of the liver, and the
right kidney (Fig. 5).

Figure 4. Macropreparation
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Figure 6. Intraoperative photo
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Figure 7. Macroscopic specimen of the tumour:
recurrent tumour with SgIV in the liver and right
kidney

After preoperative preparation, the patient un-
derwent surgery, which included viscerolysis, atypi-
cal SgIV liver resection with right-sided nephrec-
tomy and resection of the right dome of the dia-
phragm, and aortocaval lymphadissection (Fig. 6,
Fig. 7). The extent of lymph node dissection includ-
ed the removal of lymph node groups 16a2, 16b1.

The patient was discharged on the 11th postop-
erative day in satisfactory condition to continue
combined therapy under the supervision of a clini-
cal oncologist.

Pathological examination revealed the following
findings:

1. The liver tissue contained a solid cystic mass
composed of stellate, spindle-shaped, epithelioid and
extremely pleomorphic multinucleated cells, form-
ing solid layers around single duct-like structures
lined with cylindrical epithelium. The tumour cells
exhibited pronounced polymorphism. The morpho-
logical picture was most consistent with recurrent
undifferentiated pleomorphic sarcoma. According to
the FNCLCC sarcoma grading system, the tumour
scored 3 points for differentiation, 3 points for mi-
totic activity (24 per 10 high-power fields at mag-
nification x400), and 2 points for necrosis (60 %),
resulting in a total score of 8 (G3). There were no
signs of lymphatic, vascular or perineural invasion
within the studied specimens. The largest tumour
size measured 15.2 cm. Tumour invasion into the
kidney tissue and the adjacent diaphragmatic flap
was observed, corresponding to rpT3. The adrenal
gland was not involved in the tumour process.

The resected margins of the ureter, renal ves-
sels, paranephric adipose tissue, diaphragm, and
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liver parenchyma showed no evidence of tumour
involvement (RO).

2. Of the two examined lymph nodes, one demon-
strated tumour metastasis with histological features
similar to the primary liver tumour (1/2).

Postoperative diagnosis: undifferentiated pleo-
morphic liver sarcoma (G3) rpT,rpNy, ») RO.

Currently, the recurrence-free follow-up period is
12 months after the second surgery.

Conclusions

Although UPS of the liver is a rare malignant mes-
enchymal tumour, it should be considered in the
diagnosis of large liver lesions. The clinical mani-
festations and diagnostic features are variable,
which makes preoperative identification challeng-
ing. Predictive factors include patient age, tumour
size, histological grade, histological subtype, and
anatomical location. Surgery remains the primary
treatment strategy for undifferentiated pleomor-
phic liver sarcoma.
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KiniHiuyHUM BUITAIOK XipyprigYHOIO JIIKYBAHHHA
Heau(pepeHiMIOBaHOI INIEOMOP@PHOI CAPKOMH ITEUiHKHU

I0.11. Bakyneup, II. II. Bakyneus, M. C. 3arpiituyk, I. A. Bpunnak,
P. A. Camoxkimyk, @. O. IIputkos, M. I. KopuryHoBa

Incrutyt cepust MO3 Ykpainn, Kuis

Hemudepeniriosana mieoMmopgHa capkoma (HIIC) nedinku, paHille Bijoma sIK 37108KicHa (pibpo3Ha ricrionu-
ToMa (MFH), iy’Ke PifIKO JIOKQT3YEThCs B TICUiHIT] SIK TIEPBUHHA ITyXIMHA. Briepine omvicana B 1964 p. O’Brien
i Stout. Lle THI NyX/IMHU € HAUMOMMPEHIINM CEPE, 3/IOAKICHUX IYXJIMH M'KUX TKAHUH, 3a3BUYAl BUHUKAE
B JOPOCJIOMY Billi T4 BPAXXA€ KiHLIiBKY, PIIIE — 3d09€PEBUHHUI IIPOCTIP ¥ OPI'dHU YEPEBHOL IIOPOKHUHH.
MeTa — IIPECTABUTH PE3YIBTaT JTIKYBAHHA PiAKICHOTO BUNA/IKY HEAN(DEPEHIIIHOBAHOI INIEOMOP(MHOI CAPKOMU
[EYiHKU.

OnucaHo KIHIYHUN BUIAZOK Xipypriuaoro ikysanust naiienrta 3 HIIC neuinkw. [Narient H., 36 poxkis, 38ep-
HYBCS 3i CKapramMu Ha Oulb y NPABOMY MiApe6ep’, MiBUINEHHA TEMIIEPATYPH Til4, 3aTAJIbHY CIA0KiCTb. 3a
PE3YNBraTaMy iHCTPYMEHTAIBHUX OOCTEKEHD YCTAHOBJICHO KJIIHIYHUI AiarHO3: IEPBHUHHA IIyXJIMHA IEYiHKU,
PO3pUB MyXJIMHH, BHYTPIIIHbOYEPEBHA KpoBOTEYA. [Tic/I1 MPOBEAEHHA JOOIIEPALIIMHOI IIIAIOTOBKHM BUKOHAHO
NPaBOOIYHY IEMIr€maTEKTOMIIO, JIIM(PATEHEKTOMIIO D2, XONIEITUCTEKTOMIIO, APEHYBAHHSA Y€PEBHOI IOPOXHUHU.
Mopdororiuna KapTuHa 1 iMyHO(PEHOTHI KIITUH NyXJIUHU Habinbe Bignosiganu HITC nevinku. 3a cucre-
MoIO rpazartii capkom Federation Nationale des Centres de Lutte Contrele Cancer (FNCLCC) 3arajibHa KiJIbKiCTb
6anis — 7 (G3). Bcranosneno siaraos: HIIC neuinku pT,,NoM, G3 III ct,, 2 kiinigna rpyna. Yepes 6 mic 3a ganu-
MU KOMITIOTEPHOI TOMOTrpadii OpraHis 4epEBHOI MOPOKHUHH BUABIEHO MYXJIMHHE BOTHUIIE B [IPABOMY IIijifia-
(PparMaIbLHOMY IIPOCTOPI 3 IHBA3I€I0 B MPABUI KyIOJI Jiapparmu, IV CErMEHT MEeYiHKY, ITPABY HUPKY. BUKOHAaHO
ONEPATUBHE BTPYYAHHA B OOCA3i: BiCLIEPOIIi3, AaTUIIOBA pe3eKIliA SgIV MeUiHKu 3 TPaBO6iYHOI0 HE(PPEKTOMIEIO
Ta PE3EKIIEIO PABOIo KYIOJa AiapparMu, a0PpTOKaBAIbHA JiMpoanucekiid. [Ticimonepanirinmii giarnos: HITC
neqinku rpT N, , M, G3, RO, Il ct,, 2 KiiHigHa rpyma. TprsamicTs 6€3pEnn/MBHOIO CIIOCTEPEKECHHS CTAHOBUTH
12 mic mic/11 TOBTOPHOI'O ONEPATUBHOI'O BTPYYAHHL.

Ki1ro4oBi c1oBa: HenepeHITiFOBAHA IIEOMOP(HA CAPKOMA TTEUiHKH, CAPKOMA, HEOTIA3is.
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This article is dedicated to modern methods of reconstructive and plastic breast surgery in women with post-
operative deformities. Reconstruction of the mammary glands in cases of postoperative deformities relies on
a variety of surgical techniques. The selection of an appropriate method depends on the morphological charac-
teristics of the defect, tissue condition, prior surgical history, and the patient’s overall somatic status. The article
highlights the anatomical and aesthetic parameters of the mammary glands, the classification of postoperative
deformities, and modern approaches to secondary reconstruction (implants, autologous tissues, lipofilling), the
importance of preserving or restoring the nippleareolar complex, as well as methods for objective measure-
ment of breast shape and volume, including 3D scanning, magnetic resonance imaging (MRI), and mathemati-
cal models. The main approaches to reconstruction are discussed: implants, tissue expanders, autologous flaps
(DIEP, TRAM, TDAP, SGAP, LICAP), and lipofilling as an additional or independent option for minor defects. Their
advantages, disadvantages, and indications are analyzed. Special attention is given to breast symmetry, the influ-
ence of individual anatomical features of the patient, and the staging of surgical interventions. It is emphasized
that early reconstruction after mastectomy contributes to better psychological rehabilitation, and the restoration
of the breast’s aesthetic units improves patients’ quality of life. MRI is identified as the most accurate method for
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for restoring breast shape, volume, and symmetry. The importance of an individualized approach is emphasized
to achieve optimal aesthetic and functional outcomes.
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According to official data from the American Soci-
ety of Plastic and Reconstructive Surgeons, in 2019,
575,292 plastic surgeries were performed on the
mammary glands (National Plastic Surgery Statis-
tics 2022). The number of patients who underwent
surgical intervention in the United States increased
by 15 % between 2014 and 2019. Consequently, the
number of postoperative complications, including
pathological deformations of the mammary gland
shape and volume, also increased.

Surgical interventions on the mammary gland
alter not only its proportions but also affect the
overall body balance, which is related to symme-
try and aesthetics. The consequences of surgical

General Surgery 3azansuaxipypein * 2025 ¢ Ne3 (14)

intervention must consider all potential postopera-
tive effects, including scars and distortion defects in
the form of asymmetry due to tissue removal.

Research conducted by silicone implant manu-
facturers indicates that within a decade, 22 % to
36 % of patients may require secondary surgical
correction for shape and volume deformations, with
this rate expected to increase to 35 %-47 % over
time. Pathological deformation of the mammary
glands following surgery was most often attributed
to capsular contracture, ptosis, and mammary gland
asymmetry [36].

The pursuit of effective, minimally invasive,
and standardized methods motivated this study.
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Specific parameters may change naturally or
through external intervention over a woman’s life,
such as weight changes, hormonal fluctuations dur-
ing and after lactation, and the aging process. These
physiological changes are generally symmetrical.
However, surgical interventions for medical or aes-
thetic reasons can modify any of the three primary
parameters that determine breast shape, either in-
dividually or in combination.

To restore symmetry, beauty, and harmony, it is
essential to adhere to the proportionality principle
during both surgical planning and the interven-
tion itself. Proportionality restoring of anatomical
structures requires considering blood supply, skin
innervation, and glandular tissue quality while also
paying attention to supporting structures, biome-
chanical characteristics, glandular tissue dynamics,
and connections with axillary structures and the
vasculature of the pectoralis major and latissimus
dorsi muscles [25].

Three main parameters that influence the shape
of the mammary gland are the contact area with
the chest wall (base), the skin surface area, and
the breast parenchyma volume. Additional factors
include the base shape, the ratio of structural ele-
ments in the composition of the breast parenchyma
(ratio of glandular, adipose tissue, and connective
tissue), and skin elasticity. The base size and shape
of the mammary gland are often referred to as the
‘breast footprint’ in literature. The breast shape can
be altered by modifying one or more of these param-
eters through surgical intervention.

According to surveys, breast asymmetry occurs
in 5%-50% of women. From a surgical perspec-
tive, the most challenging situations arise when the
nipple-areolar complex is located above the highest
projection point of the breast.

Studies indicate that lateral displacement is of
more concern to women than height differences.
High nipple placement is typically regarded as ab-
normal. A volume difference exceeding 100—150
grams between breasts is noticeable when unclothed
and may raise concerns for patients when wearing
undergarments. The position of the inframammary
folds is imperceptible in the horizontal plane if the
difference is less than 1 cm. However, a discrepancy
exceeding 2 cm may cause concern in women and is
often a reason for aesthetic surgical interventions.

Standards of mammary gland shape,

size, and volume

The desire to describe an aesthetically acceptable
mammary gland is not new. Defining aesthetic
beauty becomes more feasible with measurable pa-
rameters and consideration of body proportions.
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The female mammary gland is perceived as a spatial
geometric shape resembling a hemisphere or a cone.
Breast surgeries modify, reduce, or increase the breast
volume, may reduce the skin surface area, and change
the shape of the base. If the changes involve only one
side, breast symmetry is disrupted, and the spatial re-
lationships between the breasts change. A dispropor-
tionate increase or decrease in any measurable param-
eter leads to the loss of the aesthetic breast shape.

Aesthetic units and subunits of the breast are stat-
ic. Functional anatomical landmarks, which border
or overlap one another, are individually defined by
the plastic surgeon. The shape and size of an aesthetic
unit influence the surgical intervention goal, whether
it is partial or complete breast removal, reconstruc-
tive or aesthetic surgery, including breast shaping,
volume augmentation or reduction, or symmetry
correction. Various interventions involve specific
aesthetic units and subunits of the breast. Restor-
ing an aesthetic unit is particularly relevant when
it is located in an anatomically significant area. It is
crucial to preserve or reconstruct the nipple-areolar
complex, the lower pole profile, or the upper-inner
quadrant of the breast. The complexity of a particu-
lar aesthetic unit is characterized by its blood supply,
tissue structure, innervation, unit or subunit volume,
surface profile, skin quality, and the proportion of in-
cisions at unit borders to natural folds.

The aesthetic appearance of the breast is primar-
ily determined by its proportion to the entire body.
In human body proportions, the entire breast is an
aesthetic unit from the anthropometric perspective.
The aesthetic subunit of the breast is defined by the
proportion of various anatomical landmarks. Aes-
thetic units can be divided into additional subunits:
the nipple, areola and its immediate surroundings,
the central chest area, and the upper, lower, in-
ner, and outer poles of the breast. The upper-inner
quadrant is a distinct aesthetic unit. This area, the
décolleté, defines the visible attractiveness of the
breast. Its preservation or restoration is one of the
key challenges for surgeons practicing reconstruc-
tive plastic procedures. Significant discrepancies
between body and breast size appear aesthetically
unbalanced, such as an extremely large breast size
in a slender woman or a small breast size in a woman
with an endomorph body type. Breasts with propor-
tions that differ from the norm, size mismatches, or
asymmetry can affect a person’s behavior, emotional
well-being, and self-esteem.

An objective determination of individual breast
beauty can be achieved by comparing the mea-
surable parameters of its ideal shape and size.
Plastic surgeons have attempted to define breast
beauty, i.e., its ideal dimensions, based on clinical
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experience, artistic canons, geometric and mathe-
matical measurements. The proportions of an ideal
breast and its measurable parameters include the
ratio of the upper and lower breast poles, the nipple
position on the breast meridian, the inframammary
fold (IMF) and its distance from the nipple, the
horizontal and vertical diameter of the breast base,
and the angle of nipple deviation in the area of the
greatest projection.

Proportions of the ideal breast

Arithmetic measurements and geometric rules deter-
mine the individual proportions of the breast, ana-
tomical landmarks, and lines necessary for definition.

Parameters of a medium-sized breast

Distance between the suprasternal notch and the
nipple is 18—21 cm.

Horizontal diameter of the breast base is 11—14 cm.
Vertical diameter of the breast is 11—14 cm.
Nipple-areolar complex diameter is 2.8—5 cm.
Distance between the inner pole and the nipple
is8—11cm.

Distance between the outer pole and the nipple
is9—11cm.

Distance between the upper pole and the nipple
is 6-7 cm.

Distance between the lower pole and the nipple
is 7-9 cm.

The breast meridian is the vertical midline (from
the inner third of the clavicle to the nipple, inframa-
mmary fold, descending toward the abdomen).

Horizontal breast lines are parallel circles be-
tween its base and the nipple.

The ideal ratio of the upper to lower breast poles
is 45:55, and the optimal lower pole size from the
nipple to the inframammary fold is 5.5-7.0 cm, av-
eraging 6.8 cm according to Persichetti’s studies.

Batik and Uzun have researched that the length
of the lower pole is 5-7 cm from the lower edge of
the areola to the inframammary fold when it is mea-
sured without skin tension. The distance between
the inframammary fold and the nipple differs from
the distance from the lower edge of the areola to the
inframammary fold. The distance from the nipple to
the inframammary fold is a more accurate measure-
ment of the lower pole [22].

The significance of the nipple-areolar complex

in aesthetic and reconstructive breast surgery

In the aesthetic evaluation of the breast, the position,
shape, and size of the nipple are of great importance. It
is located at the highest curvature point, on the breast
meridian, between the upper and lower poles (45:55),
slightly above the midline. The nipple is tilted upward
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by 20 degrees. The areola’s diameter is proportional to
the breast size, ranging from 2.8 to 5.0 cm.

On average, the areola is round, with a diameter
of 3.8 cm, while the nipple diameter ranges from 0.8
to 1.5 cm. These parameters can vary depending on
breast volume.

The presence or absence of the nipple or areola sig-
nificantly affects the overall aesthetic appearance of
the breast. The absence of a nipple reduces the aes-
thetic appeal of the breast and is perceived by patients
as an imperfection in reconstructive procedures. Psy-
chological studies indicate that reconstructive breast
surgery can be considered complete only after the res-
toration of the nipple-areolar complex.

Differences in the diameter and shape of the
nipple-areolar complex must be taken into account
in nearly every case involving reconstruction with
an expander, breast hypertrophy, or gigantomastia.
Typically, nipples are positioned at different levels
in the horizontal or vertical plane.

Methods for measuring the mammary

gland shape and volume

The measurement of breast volume has been a chal-
lenge for plastic surgeons for decades. Several meth-
ods have been developed to determine breast volume.

Direct mechanical measurements are based on Ar-
chimedes’ principle. The simplest method involves
submerging the breast in a container filled with liquid
and measuring the volume of displaced fluid. Howev-
er, this approach is inconvenient for the patient, and it
is difficult to implement. Based on the same principle,
an imprint of the breast is created using a thermoplas-
tic material. Once it hardens, the mold is filled with
liquid, which is then measured. A study published by
Turkish authors described the use of a ready-made
device based on the fluid displacement principle,
which allowed measuring the difference in breast vol-
ume. However, these measurement methods did not
gain popularity due to their inaccuracy and complex-
ity in routine practice [34].

A group of Chinese authors attempted to develop
a practical formula for calculating breast volume:

(n-MP?-(MR + LR + IR — MP))/3,
where: MR — medial radius (distance from the nip-
ple to the medial border); LR — lateral radius (dis-
tance from the nipple to the lateral border); IR —
nipple-inframammary fold length (distance from
the nipple to the inframammary fold); MP — mam-
mary projection.

The accuracy of such volume measurements is
limited because the breast cannot be described us-
ing a simple geometric formula. Therefore, anthro-
pometric measurement methods have not become
widely adopted in daily practice.
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Breast volume and ptosis can be accurately cal-
culated using models described by B. Longo et al.
The authors aimed to develop a unified predictive
formula for assessing volume in both small and large
breasts. Their study was based on anthropomorphic
measurements and direct volume measurements of
108 mastectomy specimens received from 88 wom-
en. The authors performed multivariate regression
analysis to develop a predictive volume assessment
formula, which was then internally validated.

The mean breast weight was 527.9+£227.6 g
(range: from 150 to 1250 g). The most significant
predictive parameters were:

Distance from the sternal notch to the nipple;

Distance from the inframammary fold to the nipple;

Distance between the folds’ projections.

The resulting BREAST-V formula showed a cor-
rected r-value of 0.73. The expected deviation in
volume estimation was 89.7 g (95 % CI: 62.4—119.1
g), and the expected relative deviation was 18.4 %
(95% CI: 12.9 %—24.3 %). The authors stated that
BREAST-V is a reliable tool for objectively assess-
ing small and large breast volumes and can be used
as an additional tool in surgical planning.

An app called BREAST-V is now available for
iOS and Android devices for free download on the
App Store and Google Play Store [4].

Other measurement methods

Similar anthropometric data can be obtained from
breast and chest wall photographs or direct mea-
surements.

The biostereometric measurement method is
based on the same principle. Breast volume data can
be obtained using computer calculations performed
when studying images in standard projections.

Mammographic images have been used to deter-
mine breast volume, but due to inaccuracies, par-
ticularly related to compression, this method was
deemed ineffective.

A more precise measurement of breast volume can
be performed using a laser scanner. A laser beam scans
the breast surface, and through computer processing,
amodel is created, followed by volume calculations.

Advantages of the laser scanning method:
It allows scanning in a standing position, un-
der physiological conditions.

Disadvantages:
High device cost;
It requires specialized laboratory and trained
personnel;
Inaccuracy in measuring ptotic breasts, as
breast parenchyma casts a shadow, concealing part
of the volume from the laser beam.
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German and Japanese specialists have published
several studies describing the practical application
of this method.

MRI- and CT-based volume measurement

The idea of determining breast volume using
MRI and CT scans originated from neurosurgical
diagnostics. In neurosurgery, it is crucial to deter-
mine the precise spatial localization of a brain tu-
mor, its size, and its relationship with surrounding
structures. Advances in diagnostic imaging and vir-
tual modeling have enabled the use of these meth-
ods in other medical fields.

Software used for volume determination:

FreeForm Concept

ANSYS

Geomagic Studio

Amira

Mimics

Osiris

AMIDE

Sundera Vie Personal

OsiriX

ConQuest

Ginkgo CADx

XMedCOn

Mango

UniPACS DICOM viewer

ImageVis3D

DicomWorks

Slicer

MRI and CT volume measurements are typical-
ly conducted using specialized software programs
commonly utilized in industrial settings. Segmen-
tation is performed manually, generally requiring
40-60 slices, depending on the scanner’s resolution.

While the segmentation process can be partially
automated, the similar density of subcutaneous fat
in the breast and chest wall often results in poor con-
trast at the boundaries, complicating accurate delin-
eation of breast tissue from adjacent structures.

During segmentation, breast boundaries are
manually marked using fixed points, reducing mea-
surement errors due to subjectivity [24].

The authors of this section propose defining the
sternal midpoint as the medial boundary. The lat-
eral boundary is defined as a plane along the lateral
edge of the pectoralis major muscle, built perpen-
dicularly to the chest wall. The distal boundary is
the inframammary fold, and the upper boundary is
the beginning of the breast projection.

Computer programs generate voxels (volume
units) from selected pixels on slices, and the total
volume is quantitatively assessed. A spatial model
can then be obtained from the voxel distribution.

General Surgery 3azansnaxipypein * 2025 ¢ Ne3 (14)



MRI as the most accurate measurement method

A variety of programs are available for MRI-
based volumetric analysis. While some options are
expensive, free online versions can be accessed at
www.idoimaging.com.

MRI volume measurement is labor-intensive and
expensive, making it less practical compared to oth-
er methods. However, it remains the most accurate
measurement method according to the literature.

In 2015, H. Kim et al. published a study on MRI
for breast reconstruction planning, including both
autologous flap and implant-based reconstruction.

The study included 40 patients preparing for
autologous reconstruction with DIEP flap and 30
patients preparing for implant reconstruction be-
tween 2011 and 2012.

In DIEP flap patients, the average weight of ex-
cised breast tissue after mastectomy had a stronger
association with the MRI-estimated breast volume
than with CT-estimated volume (Pearson’s correla-
tion: 0.928 vs. 0.782; p=0.001). MRI had a stronger
correlation with final flap weight than CT (Pear-
son’s correlation: 0.959; p=0.001).

For implant-based reconstruction patients, MRI-
estimated volume closely correlated with the actual
mean weight of removed breast specimens (0.937;
p=0.001).

The average implant volume used for reconstruc-
tion was more closely related to the MRI-estimated
breast volume than to the actual mastectomy tissue
weight (0.893 vs. 0.880; p = 0.001),

The authors concluded that MRI provides reli-
able information for determining implant volume
and autologous tissue flap volume, ensuring optimal
symmetry in breast reconstruction [20].

Three-dimensional modeling
based on surface scanning
In recent years, three-dimensional (3D) visualiza-
tion based on surface scanning has gained popular-
ity due to its advantages, such as:

Fast and simple analysis;

Minimally invasive procedure;

Ability to examine the patient in an upright po-

sition;

No ionizing radiation;

Safety.

3D scanning systems are relatively new and were
first described by SJJ Daly and Hartmann in 1995.
The authors used Moire topography to obtain sur-
face scans. However, this method was limited in its
ability to capture images and assess volume only in
women with well-defined breast shapes and sizes.

J.M. Yip et al. used the Cyberware WBX (Cy-
berware, USA) system, which captures images
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through scanning with four laser heads. The scan-
ning process took an average of 15 seconds.

A. Losken et al. and B. Mailey et al. implemented
scanning technologies using camera-based systems.
These systems measure distortion of a light beam
projected from an integrated light source (3DMD
system, GA, USA, Losken) or analyze reflected
light patterns (Portrait 3D, Axis Three, FL, USA,
Mailey) [6].

These systems usually have a very short capture
time (for example, 3DMD captures in ~50 ms),
which minimizes the effect of breathing and heart-
beat movements during scanning.

Validation of 3D imaging techniques

In 2005, A. Losken et al. published a study evalu-
ating the reliability of three-dimensional breast vi-
sualization methods. The authors emphasized that
the potential for extrapolating precise data from 3D
images to clinical practice is significant and that this
method could greatly improve the accuracy of as-
sessing shape, size, and volume in surgical planning.

Study Details:

19 three-dimensional images of breasts were
obtained pre-mastectomy (14 patients).

Breast tissue volume was determined intraop-
eratively using the water displacement method.

Two independent studies calculated breast
volume using 3D imaging and specialized software
and compared the results with intraoperative vol-
ume measurements.

The next step was to compare nipple-to-ster-
nal notch distance measurements (20 breasts, 10
patients) in reality vs. on the 3D model.

Key Findings:

Average breast volume is 500 ml.

Measured volumes are 489 ml (first measure-
ment) and 490 ml (second measurement).

The relative difference between actual and cal-
culated volume is ~2 %.

Standard deviation is = 13 to 16 %.

Study agreement coefficients are 0.80 (first
study) and 0.92 (second study).

The measurement correlation coefficient is 0.975.

Average nipple-to-sternal notch distance is
26.1 c¢cm (actual), 25.1 cm (first calculation), and
26.1 ecm (second calculation).

Relative difference in distance measurements
is 6 % (standard deviation: 67 %).

The authors concluded that objective breast vol-
ume assessment using 3D surface scanning is feasi-
ble and highly reproducible. Although subjectivity
is always present in breast volume evaluation, 3D
technology provides valuable information and is an
extremely useful and convenient tool [23].
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Postoperative monitoring and virtual planning

3D scanning is also applicable for postoperative
monitoring. Another significant advantage is that
it allows segmentation of breast volume in virtual
surgical planning.

However, surface scanning does not capture the
full thickness of the breast down to the chest wall.
Additionally, for large breast sizes, measurements
may be inaccurate.

Limitations of 3D Scanning:
High cost of the technology;
Limited availability due to expensive equipment;
Challenges in measuring large or ptotic breasts
accurately.

Systematic review of breast volume

measurement accuracy

In 2016, S. B. Choppin published a systematic re-
view to evaluate the accuracy of various methods for
measuring breast volume and their clinical utility.

The review included 15 studies, each with more
than 10 participants, where the accuracy of volume
measurement was compared against breast volume
and weight after mastectomy [7].

Evaluated methods:
Anthropometric analysis;
Water displacement (Archimedes’ principle);
Breast molds;
The Grossman-Rudnev cone method;
CT- and MRI-based modeling;
Mammography-based volume estimation.
Key Findings:
All methods showed significant measurement
errors (> 200 ml).
Measurement errors were likely due to method
execution rather than inherent flaws in the methods
themselves.

Reducing measurement errors
To minimize errors, researchers emphasized the
importance of:
Consistent patient positioning;
Standardized examination conditions;
Uniform segmentation techniques to separate
breast volume from the chest wall.

Clinicians must define an acceptable margin of
error in breast volume measurement, as inaccura-
cies can lead to incorrect clinical decisions.

A. Losken et al. suggested an acceptable mea-
surement error of + 10 %.

H. Probst et al. established a precision thresh-
old of £5 % and a volume tolerance of 25 ml.

A 5-10% measurement error is considered
clinically acceptable.
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Most accurate methods

Among all imaging techniques, MRI scanning
consistently demonstrated the highest accuracy.

Errors were less than 10 % for different breast
volumes:

Small breasts (~250 ml);

Medium breasts (=500 ml);

Large breasts (~1000 ml).

Conclusions

3D surface scanning is an accurate, reproduc-
ible, and useful tool for breast volume assessment.

MRI remains the most accurate method, but
high costs and time-consuming analysis limit its
widespread use.

Acceptable measurement error for clinical de-
cisions ranges from 5—10 %.

Standardized protocols for patient positioning
and segmentation are necessary to improve accu-
racy [30].

Incision lines on the breast

Conscious preoperative planning of incisions on the
breast skin surface is essential. Periareolar, vertical,
L-shaped, or T-shaped incisions are necessary for
reducing or increasing breast volume or creating
symmetry.

For tumor removal, classical mastectomy, or re-
constructive breast surgeries, the following inci-
sions should be used:

Incisions around the nipple-areolar complex;

Parallel incisions along the breast meridians;

Vertical incisions on the lower pole.

Making an incision in the décolleté area should
be avoided. Whenever possible, the incision should
be placed along the natural curvature of the breast,
at the border between the inframammary fold and
the nipple-areolar complex.

Radiation therapy’s ef fect on scars
Post-reconstruction radiation therapy does not
worsen scar quality, regardless of skin incision di-
rection. However, tissue fibrosis may lead to struc-
tural displacement.

Preferred incision techniques
Incisions along relaxed skin tension lines;
Parallel incisions outside breast aesthetic units;
Incisions around the areola;
Central horizontal breast incision with semi-
circular extensions above or below the areola;
Periareolar and vertical incisions on the lower
pole of the breast.

From the areola, oblique and vertical incision
lines are acceptable. Among these, the most favor-
able incision follows the central breast line.
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Optimal incision direction

The optimal incision direction is determined by:

Relaxed skin tension line;

Anatomical structure boundaries;

Natural breast contours.

The goal of reconstructive or aesthetic breast sur-
gery is not only to preserve the natural shape but
also to achieve the best possible aesthetic result [28].

Incision placement impact on healing

Incision lines corresponding to the boundaries of
aesthetic units promote:

Ideal wound healing;

Normotrophic, minimally visible scars.

Reconstructing the aesthetic units of the breast
helps restore the shape, volume, and symmetry of
the entire body’s external appearance.

Reconstructive and plastic surgery methods
The goal of breast reconstruction is to correct the
balance of three key measurable parameters:

Partial or complete replacement of missing
breast volume, achieved either by restoring volume
on the affected side or reducing the volume of the
contralateral breast.

The missing volume can be restored using au-
tologous tissue or implants.

One of the challenges in analyzing unsatisfacto-
ry surgical outcomes is the high variability among
clinical cases, making it difficult to establish a uni-
versal treatment strategy for breast shape and vol-
ume deformities.

Modern oncoplastic approaches

In contemporary breast surgery, the primary on-
coplastic approach involves surgical planning based
on breast aesthetic units and subunits, which deter-
mines incision lines for tumor removal.

Surgical plans should be individualized, allow-
ing for method adjustments during the procedure.

Autologous tissue reconstruction provides
anatural breast structure, making it biologically su-
perior to foreign-body implants; however, the sur-
gery is more complex and time-consuming.

In both early and delayed breast reconstruction,
breast implants can yield excellent aesthetic results,
reduce patient stress, and shorten treatment duration.

However, achieving full reconstruction of all
breast aesthetic units generally requires at least
three surgical procedures.

Skin surface replacement
Missing skin can be restored using flaps, which
may be local or transferred from other anatomical areas.
The most common and noticeable cause of
asymmetry is a volume mismatch between the two
breasts.
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Recognizing and measuring this asymmetry is
a key aspect of reconstructive plastic surgery [18].

Chest wall deformities or abnormal breast po-
sitioning can cause asymmetry without altering
breast volume. Accurate volume discrepancy assess-
ment is crucial for successful reconstruction.

Challenges in volume assessment

During reconstructive or aesthetic surgery,
breast volume differences are typically assessed sub-
jectively by the surgeon.

Accuracy depends on the surgeon’s individual
experience.

Plastic surgeon Aufricht (Hungarian by ori-
gin) stated in 1949:

«Most surgeons rely solely on their eyes and hands
during breast plastic surgeries.» Unfortunately, this
statement remains relevant today. Using objective
volume measurement methods in reconstructive
breast surgery provides significant advantages.

Runquist’s formula for breast enlargement

Implants of the same base width but different
heights will maintain the same inframammary fold
position.

High-profile implants may misposition the
nipples, placing them below the highest point of an-
terior projection.

The optimal nipple-to-IMF (inframammary
fold) distance depends on implant width and skin
elasticity.

Calculation example:

Implant width 11 cm — Nipple-to-IMF distance:

- 8 cm (firm skin)

- 7 c¢m (elastic skin)

Implant width 12 ¢em — Nipple-to-IMF dis-
tance: 8—9 cm

Implant width 13 ¢cm — Nipple-to-IMF dis-
tance: 9—10 cm

If the nipple-to-IMF distance exceeds 10 cm, it
may indicate:
Nipple position is too high.
The lower pole curve is excessively long.
Unfavorable lower-to-upper pole ratio.

To correct the proportions, options include:
Redistributing glandular tissue;
Removing excess skin via L- or T-shaped inci-
sions [34].

Projection and proportion enhancements
Preserving glandular tissue in the central
breast increases upper pole projection.
Reducing breast footprint diameter while in-
creasing projection improves upper-to-lower pole
proportions.
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Upper pole volume can be enhanced through
lipofilling.

Structural Considerations for Breast Reconstruction
All aesthetic units of the breast may undergo
reconstructive and aesthetic surgery.
The foundation of breast aesthetics includes:
- Breast base (footprint);
- Glandular tissue (parenchyma);
- Skin envelope.

The juvenile mammary gland spot is a perfect
circle, while the ratio of glandular to fatty tissue de-
fines breast size and consistency.

Skin quality, thickness, and elasticity influence
breast shape and firmness.

Surgical planning focuses on modifying the
breast footprint by increasing or decreasing its di-
ameter.

Breast reshaping and lifting can be achieved with:
Parenchymal modeling (increasing or reduc-
ing volume);
Skin removal or tightening;
Carefully planned incision and excision tech-
niques.

With age, the vertical breast footprint diameter
shortens, and the upper pole shifts closer to the in-
framammary fold. Horizontal diameter decreases
after reductive surgery [12].

Techniques for breast volume and shape correction

Parenchymal volume can be reduced (breast
reduction) or increased (implants).

Mastopexy procedures modify breast shape
and roundness without changing upper pole volume.

Common incision types for breast correction:

- Periareolar incision;

- Round-block vertical incision;

- Inverted-T incision

Oncoplastic considerations
During oncoplastic surgery, excised breast
tissue volume is measured, and the defect is recon-
structed.
Volume deficits between the two breasts are
calculated to guide augmentation or asymmetry
correction.

The role of reconstruction
in post-mastectomy recovery
Comprehensive surgical expertise is required
for selecting the optimal reconstructive approach.
Breast reconstruction after mastectomy is
now a standard practice, but it was controversial for
a long time.

Early critics believed that «sick women should be
left alone» and opposed integrating post-mastectomy
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breast reconstruction into routine plastic surgery,
citing concerns about oncological safety.

However, medical practice has shown that de-
layed breast reconstruction significantly improves
psychological recovery in women post-mastectomy.

Breast restoration provides:
A chance for complete rehabilitation;
Restoration of a normal appearance;
Optimism and improved post-mastectomy
quality of life.
This approach enhances both cancer treatment
and psychological well-being [13].

Breast reconstruction evolution since the 1980s
Since the 1980s, breast reconstruction has been
an integral part of breast cancer treatment.
Proven oncological safety and continuous ad-
vancements in surgical techniques have enabled:
Successful restoration of breast shape and size;
Improved clinical outcomes.

Advancements in breast reconstruction techniques:
Submuscular placement of silicone implants;
Innovations in textured and silicone gel implants;
Borosilicate microspheres in implant design;
Introduction of myocutaneous and myofascial

flaps;
Refinement of microsurgical free tissue trans-
fer techniques.

These methods apply to both primary and sec-

ondary breast reconstruction.

The timing of breast reconstruction
Early reconstruction after mastectomy is pre-
ferred, as it helps avoid psychological trauma asso-
ciated with breast loss.
If early surgery is not possible, secondary re-
construction is performed after 6—12 months to al-
low tissue recovery [23].

Challenges in post-radiation reconstruction
Fibrosis is common in post-radiation patients,
complicating simple implant placement.
Alternative reconstruction techniques (e.g.,
muscle or tissue flaps) may be required.
The optimal time for post-radiation recon-
struction is typically one year after therapy.

Achieving symmetry with contralateral

breast adjustments

Reconstructive surgical choice depends on post-
mastectomy local tissue conditions.

Reconstruction techniques:

1. Silicone implant placement
Simple procedure
It requires sufficient soft tissue coverage
It is best for small breasts with firm tissue
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2. Tissue expander technique
Gradual skin expansion to match contralateral
breast size
Final implant selection based on preoperative
markings
Ideal for large-breasted patients [38].

Breast tissue expander

The technique involving tissue expansion and im-
plant placement was primarily introduced into plas-
tic and reconstructive surgery practice by Radovan
in the 1980s, and it was further developed under
the influence of Argenta’s work. Today, this method
is widely used in reconstructive breast plastic sur-
gery. Earlier techniques required the mandatory
use of skin (or musculocutaneous) flaps to replace
the breast skin. Tissue expansion using expanders
has significantly enhanced the capabilities of breast
reconstructive surgery, particularly in early recon-
struction procedures.

The tissue expanders used in the 1980s had
a poor-quality surface. As a result, their displace-
ment and even the formation of contractures that
hindered proper tissue expansion were not uncom-
mon. In the 1990s, Maxwell developed a new gen-
eration of textured expanders, which gave a sig-
nificant boost to the development of reconstructive
breast plastic surgery. The porous textured surface
allows fibroblasts from the surrounding tissues to
grow into the implant, providing the expander fixa-
tion in the desired position [25].

In general, tissue expansion with expanders is in-
dicated for all women who have undergone mastec-
tomy, where soft tissue quality is sufficiently good
but its quantity is insufficient. From a technical
standpoint, tissue expansion with expander usage
is a less complex procedure than the alignment of
a skin or muscle flap and is also not associated with
scarring or deformational changes, which is an ad-
ditional advantage for many women.

The use of expander tissue expansion tactics neces-
sitates the need for secondary intervention aimed at
the restoration of breast shape and size. Before the
second stage of surgical correction can be performed,
several preliminary check-ups are required, during
which the expander must be gradually filled. This
characteristic feature (the multi-stage nature of the
correction) is inconvenient and even unacceptable for
some women. Despite the advantages of reconstruc-
tion using autologous tissue, tissue expansion with
expanders remains a standard method included in the
set of breast reconstructive surgery procedures [18].

The size of the tissue defect after mastectomy is
determined by measuring the horizontal and vertical
dimensions of the healthy breast and projecting these
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measurements onto the mastectomy area. When re-
constructing the breast, it is important to take into
account any interventions to eliminate damage and
scar formation on the healthy side. This method al-
lows for an accurate assessment of the amount of
skin and tissue required for reconstructive surgery.

It is generally recommended to carry out the pro-
cedure in two stages. During the first stage, a tissue
expander is implanted. In the second stage, after the
soft tissue layer has been expanded, the expander is
replaced with a standard implant. In some cases, re-
constructive plastic surgery of small breasts is possi-
ble in one stage; after stretching the soft tissue layer,
the expander is replaced with a standard implant.

In cases where the skin is too thin, it is advisable
to attempt to increase the thickness of the cover-
ing layer over the expander using connective tissue
from the chest wall or sections of surrounding mus-
cles (such as the serratus anterior, rectus abdominis,
or external oblique abdominal muscle).

The choice of expander depends on the size of
the contralateral breast and must correspond to the
dimensions of the chest wall. The volume of the ex-
pander should exceed the volume of the contralateral
breast by approximately 100—200 ml. Expanders that
are most commonly used are 12—16 cm in size with
a volume of about 600 ml. Both single-chamber and
dual-chamber expanders are available, with either in-
tegrated or external ports. The main advantages of an
integrated port are that there is no need to form an
additional pocket for the port, as well as it eliminates
the risk of rotation after the expander is installed. The
drawbacks include the risk of expander perforation
due to improper needle insertion. Undoubtedly, a key
aspect is that the textured surface of the expander en-
sures secure fixation to the surrounding tissues, pre-
venting displacement once filled [19].

Before implantation, the expander is deflated and
placed into the area of prior dissection (beneath
the muscle layer). After restoring the integrity of
the muscle layer by applying several interrupted
sutures (using absorbable suture material), the ex-
pander is initially filled with 100—200 ml of sodium
chloride physiological solution.

Application of flaps in various modifications
for breast shaping and volume restoration
(gluteal flap, thoracodorsal flap,

and LICAP flap)

Reconstruction with autologous tissue usage of-
fers numerous advantages over implant-based re-
construction, including better aesthetic outcomes,
a more natural breast shape, improved appearance
over time, and fewer overall complications. Most
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autologous breast reconstructions are based on the
use of abdominal tissue as a donor site for flaps,
which has proven to be reliable and is associated
with good results and high patient satisfaction [16].

There are several alternative donor sites for au-
tologous breast reconstruction in patients whose
abdominal tissue is not suitable, often due to a thin
abdominal wall or previous abdominal surgeries.
These alternatives include the back, thighs, and
buttocks [33].

Breast reconstruction using autologous tissue
allows for the creation of a naturally shaped breast
that is elastic, exhibits natural ptosis, and maintains
normal skin temperature, which is rarely possible
when using synthetic materials [5].

When there is sufficient area suitable for recon-
struction and the required quality of soft tissues,
a fairly good cosmetic outcome can be achieved.
The use of a transposed abdominal skin flap pro-
vides enough skin surface for performing plastic
procedures; however, upward displacement of the
flap usually results in the formation of folds in the
lateral areas (such defects are quite difficult to cor-
rect). Generally, the use of tissue expanders is nec-
essary to achieve good cosmetic results [39].

Autologous breast reconstruction with anterior ab-
dominal wall tissue usage is one of the surgical meth-
ods that began its history quite some time ago. Over
the past 50 years, techniques for breast reconstruc-
tion with anterior abdominal wall tissue usage have
reached a significant level of advancement. Histori-
cally, pedicled TRAM (Transverse Rectus Abdominis
Myocutaneous) flap breast reconstruction was first
described in the 1980s. The evolution from pedicled
TRAM to free TRAM and then to DIEP (Deep Infe-
rior Epigastric Artery Perforator) flap reconstruction
reflects a transition from musculocutaneous flaps to
perforator flaps that preserve the muscle.

Surgeons typically choose between pedicled
TRAM and DIEP flap procedures based on their
personal experience, comfort level with each tech-
nique, and the capabilities of their surgical equip-
ment. It is important to note that the DIEP flap
requires additional technical expertise [21].

The TRAM is a flap of the anterior abdominal
wall that includes skin, subcutaneous fat, fascia, and
the rectus abdominis muscle.

There are two types: pedicled TRAM (p-TRAM)
and free TRAM (f-TRAM) flap.

DIEP is a flap based on the perforating branches
of the deep inferior epigastric artery that includes
skin and subcutaneous fat [10].

In recent years, the study of microsurgical tech-
niques and the peculiarities of the blood supply to the
subcutaneous fat tissue has led to the understanding
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that the use of the rectus abdominis muscle is not
a necessary component of the abdominal flap; the pri-
mary goal is to preserve the perforating vessels within
the flap. The development of the deep inferior epigas-
tric perforator (DIEP) flap technique has changed
the approach to the use of anterior abdominal wall
flaps in autologous breast reconstruction [14].

However, a major issue with these flaps is the
risk of fat necrosis in the tissues due to the pecu-
liarities of the blood supply to different areas of the
transplant. Fat necrosis is caused by ischemia of the
subcutaneous fat that leads to necrosis of adipose
cells and subsequent scarring, which may clinically
and radiographically mimic disease recurrence. On
mammography, such damage may appear as het-
erogeneous tissue density and microcalcifications.
According to the literature, the risk of fat necrosis
using tissue complexes from the lower abdominal
wall ranges from 3.0 % (with TRAM flap transplan-
tation) to 42.9 % (DIEP flap) [12].

A meta-analysis of 13 studies conducted by X.-
L. Wang and colleagues in 2014, involving data re-
ceived from 1,843 patients, did not find a statistical-
ly significant difference in the overall complication
rates between MS-TRAM and DIEP flaps.

The ideal candidate for a DIEP flap is a young,
non-smoking woman with a normosthenic body
type and excess tissue in the lower third of the ab-
domen, as well as a contralateral breast of small to
medium volume [40].

In summary, breast reconstruction using DIEP
and MS-TRAM flaps is a reliable and safe proce-
dure. With a careful, differentiated approach, both
methods can provide high-quality breast recon-
struction results.

Over time, breast volume replacement proce-
dures have evolved from using the entire latissimus
dorsi (LD) muscle to pedicled perforator flaps that
are available in the thoracic region, such as the tho-
racodorsal artery perforator (TDAP) flap, intercos-
tal artery perforator flap, lateral flap, thoracic artery
perforator flap, and serratus anterior artery perforator
flap. The muscle-sparing LD flap (MS-LD) consists
of a TDAP flap including a portion of the LD muscle
to protect the perforators while preserving the nerves
that innervate the rest of the LD muscle [28].

The TDAP flap is an effective and versatile tool that
expands the arsenal of oncoplastic surgeons, combin-
ing the advantages of a perforator flap (minimal donor
site pain) with the benefits of a pedicled flap (safety)
and delivering satisfactory cosmetic results.

Among alternative options, the use of the superi-
or gluteal artery perforator (SGAP) flap in autolo-
gous breast reconstruction is becoming increasingly
popular among plastic and reconstructive surgeons.
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First introduced by Allen and Tucker in 1995, the
SGAP flap has since been used by several teams as
a first-line alternative when the abdominal area is
unsuitable as a donor site [1].

The superior gluteal artery and vein supply blood
to the skin and fat of the upper buttock, while the
inferior gluteal artery and vein supply the lower
buttock. These vessels can be used to create the
SGAP flap from the upper buttock and the inferior
gluteal artery perforator (IGAP) flap from the low-
er buttock tissue. Scars from SGAP and IGAP flap
harvesting are typically well concealed by clothing.
However, since harvesting these flaps may result
in undesirable contour changes in the buttock, we
rarely perform these procedures and instead prefer
alternative methods, such as the lumbar artery per-
forator (LAP) flap [8].

A retrospective comparative study comparing
SGAP, LAP, and DIEP flaps in autologous breast
reconstruction using the BREAST-Q scale, con-
ducted by Opsomer et al., showed that patients who
underwent breast reconstruction with the SGAP
flap had similar satisfaction with the appearance of
their breasts and similar overall satisfaction with
the result compared to those who underwent DIEP
flap reconstruction. However, satisfaction with the
appearance of the donor site in the SGAP group
tended to be lower, although not statistically sig-
nificant (p=0.061), compared to the DIEP group.
Commonly cited drawbacks of the SGAP flap in-
clude its technical complexity, due to prolonged
intramuscular dissection of the pedicle and flap
harvest, the need to change intraoperative position,
and longer operation time [32].

In the context of autologous flap transplantation,
it is also worth describing the LICAP (Lateral In-
tercostal Artery Perforator) flap. The lateral inter-
costal artery perforator (LICAP) flap is a versatile
second-tier option in breast reconstruction. The flap
is rotated from the redundant lateral thoracic fold
on a pedicle that is easily dissected through a skin
bridge without microsurgical intervention, often in
an outpatient setting. It illustrates the safety and ef-
fectiveness of the LICAP flap for implant coverage
when a muscle flap is unavailable or undesirable. In
some cases, it is even possible to obtain sufficient
soft tissue to reconstruct the breast mound without
an implant [15].

A study by S. Hakakian and A. Ryan demon-
strates the advantages of the LICAP flap in ad-
dressing various breast reconstruction challenges,
including outpatient procedures, the absence of
muscle damage, flap reliability, and a low risk of
pathological changes at the donor site. These stud-
ies confirm that the LICAP flap reliably forms
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a large skin-fat flap from the redundant tissue of the
lateral chest fold with minimal complications, even
after radiation therapy. The LICAP flap deserves
close attention in breast reconstruction [29].

Using implants for breast shaping

and volume restoration

All women undergoing mastectomy should re-
ceive counseling regarding breast reconstruction
options [9].

Subcutaneous mastectomy is becoming a stan-
dard procedure in many major centers, favoring
surgical interventions that minimize additional
skin incisions. Oncological indications for nipple re-
moval include nipple involvement detected through
clinical or radiological examination. From a plastic
surgery perspective, nipple preservation is consid-
ered viable if the nipple can be positioned correctly
anatomically after surgery. Previous breast incisions
are not a contraindication to nipple-sparing mastec-
tomy. The most common incisions include the infer-
olateral inframammary fold incision for better cos-
metic outcomes. Full-thickness periareolar incisions
are largely avoided to minimize nipple ischemia. Pa-
tients with grade I breast ptosis are universal can-
didates for subcutaneous mastectomy. Most patients
with grade II breast ptosis are also excellent candi-
dates; however, if they desire smaller, more elevated
breasts, skin or areola adjustments may be preferred.
In cases of severe grade II and III ptosis, several op-
tions for nipple preservation exist, depending on the
surgical indications — whether for tumor removal
with volume restoration or aesthetic procedures
aimed at correcting breast volume and shape [35].

Implant-based reconstruction can be performed
in one or two stages. In single-stage reconstruc-
tion, the final implant is placed during mastectomy,
whereas in the two-stage approach, a tissue expand-
er is initially placed and later replaced with the final
implant during a second surgical procedure (tissue
expander/implant).

According to the experience of M. Scheflan and A.
Colwell, there is no difference in complication rates
or revision frequencies between direct-to-implant
and tissue expander/implant reconstructions [35].

Reconstruction directly with implants is consid-
ered for patients who wish to obtain an unchanged
size of the mammary glands after the primary sur-
gical intervention. Generally, these patients are
healthy, with relatively symmetrical breasts and
a volume of less than 900 c¢m3. The most critical
component of successful single-stage silicone im-
plant placement is the patient’s health status and
the vascularization of the skin flap post-mastec-
tomy. Authors S. Colwell and M. Taylor note that
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physical examination alone is sufficient to assess the
flap; however, devices measuring tissue perfusion
can also be used. To safely increase size in direct-to-
implant reconstruction, the mastectomy technique
must be precise in its ability to remove all breast tis-
sue while leaving a well-perfused flap [35].

When using silicone implants for breast recon-
struction, attention must be paid to options for soft
tissue support and implant coverage. A meta-analysis
of additional soft tissue coverage methods indicates
that the ideal material should be flexible and soft yet
durable for long-term soft tissue support. Moreover,
the use of the material should not increase the risk of
capsular contracture. Acellular dermal matrix is the
most commonly used for breast implant coverage and
meets the aforementioned requirements.

For successful implant interventions, a number
of conditions must be met. Specifically, the contra-
lateral breast should not be too large (maximum
300-400 g), the chest wall skin should be undam-
aged and capable of mobilization, and the pectoralis
major muscle should be preserved. The maximum
target breast sizes for which implant reconstruction
can still be used are an average of 400—500 ml [26].

Lipofilling in breast reconstruction surgery

The application of lipofilling in reconstructive plas-
tic surgery for the rehabilitation of patients after the
surgical stage of breast cancer treatment has been
studied by the Institute of Pediatrics, Obstetrics, and
Gynecology named after Academician O. M. Lukya-
nov of the National Academy of Medical Sciences
of Ukraine and the Verum Medical Center. This
meta-analysis did not demonstrate an increased re-
currence rate in patients who underwent lipofilling
after the surgical stage of breast cancer treatment
compared to the group of patients without lipofill-
ing, among more than 6,121 unique patients within
10 studies. The results confirm that this procedure
can be performed safely on patients after the surgical
stage of breast cancer treatment [29].

Lipofilling is an effective method for correcting
aesthetic defects and improving the quality of life
for patients who have undergone the surgical stage
of breast cancer treatment. This method is also ef-
fective for correcting aesthetic defects and enhanc-
ing the quality of life of patients who have under-
gone subcutaneous mastectomies with simultane-
ous endoprosthesis placement [2].

According to scientific publications, lipofilling
can be performed on elderly patients [3]. This meth-
od does not increase the risk of breast cancer devel-
opment in patients undergoing surgery for aesthetic
correction, regardless of the presence or absence of
benign mammary gland pathology [11].
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Conclusions

The recent literature analysis underscores the un-
resolved challenges in the surgical restoration of
breast shape and volume.

Essential components of secondary breast recon-
struction surgery encompass skin repositioning,
volume restoration at the breast defect site, infra-
mammary fold restoration, reconstruction of the
nipple-areolar complex, and simultaneous symme-
try correction.

The application of flaps in the restoration of
breast shape and volume provides an acceptable
aesthetic outcome without the reliance on artifi-
cial substitute materials. However, these methods
prolong surgical time and leave scarring at the do-
nor site. These methods are widely used in routine
reconstructive plastic surgery practice and require
clear indications.

The issue of surgical restoration of breast shape
and volume remains relevant and necessitates ef-
fective solutions. Potential avenues for research
include the post-primary surgery analysis of breast
deformation and the development of an updated al-
gorithm for selecting a minimally invasive method
during secondary surgery planning, aimed at op-
timizing outcomes related to aesthetic restoration
and the psychological well-being of patients.
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Hamionampanit meguanamii yaiBepceuret iMeHi O. O. boromousira, Kuis

O/l IPUCBAYEHO CYYdCHUM METOJAM PEKOHCTPYKTHUBHOI T4 IUIACTUYHOL Xipyprii MOJOYHUX 34103 Y XKiHOK
3 MiCAAONEPALIMHUME JePOPpMALIAMU. PEKOHCTPYKIIiA MOJIOYHHX 34J103 IPH HiC/IAONEPALiTHUX AedopMariiax
I'DYHTYETbCA HA BUKOPUCTAHHI Pi3HOMAHITHHUX XipypriYyHMX TEXHOJIOTIN, BUOIp AKUX [AETEPMIHYETbCS
MOP@ONIOTIYUHUMU XAPAKTEPHUCTUKAMHU AC(MEKTY, CTAHOM TKAHUH, iCTOPI€IO ITOMIEPEAHIX BTPYYaHb T4 3aI'dJIbHUM
COMATHUYHUM CTAHOM IIALIEHTKU. Y CTATTi BUCBITJICHO dHATOMIYHO-E€CTECTUYHI MAPAMETPH MOJIOYHHX 347103,
KIacudikaliio IMicagonepaiiiux gedopmartiid, CydacHi Mixoau IO BTOPUHHOI PEKOHCTPYKILl (BUKOPUC-
TAaHHA iMIUIAHTATiB, ABTOJIOTIYHUX TKAHWH, JINOMUIIHTY), BAKIMBICTb 30€PEKEHHS 400 BiJTHOBICHHSA COCKOBO-
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IHIUBIAYAIBHOT'O IiAXOAY I JOCATHEHHSA ONITUMAIbHUX €CTETUYHUX T4 (PYHKIIOHAJIBHUX PE3YJ/IBIATiB.
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