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Yosyp Hryhorovych Turovets —
a life devoted to surgery

This article reviews the life and professional achievements of Yosyp Hryhorovych Turovets (1899-1987), an
outstanding surgeon, scientist, and educator. It traces his path from a childhood in a peasant family in Volhynia
to his professorship at the Kyiv Medical Institute. It highlights his academic training, clinical residency, and early
medical practice, where his organisational skills became apparent. The article examines his wartime service in
evacuation hospitals, participation in military campaigns, and research on gunshot wounds to blood vessels and
joints. It notes his contributions to military field surgery, traumatology, reconstructive techniques, and the inven-
tion of a unique traumatological device. The article also discusses his post-war scientific and teaching activities,
departmental leadership, training of scientific personnel, implementation of innovative surgical methods, and
production of educational films. It emphasises his role in introducing the term «herniology» and advancing her-
nia surgery. The article concludes by recognising Turovets’ significant impact on Ukrainian and global medicine,

clinical science, and medical education.

Yosyp Hryhorovych Turovets was born on 1 April
1899 in the village of Nemylnia, Gulsk (Rogachiv)
volost, Novograd-Volynskyi district, Volyn prov-
ince (now Zhytomyr region) into a peasant fam-
ily. He spent his childhood and youth in poverty,
working hard on his native land. He attended a ru-
ral school and finished the Zhytomyr Educational
Seminary in 1920. The challenging living condi-
tions and the hard labour of peasants fostered in
him a sense of prudence, kindness, and empathy,
inspiring him to pursue a career in medicine and
devote his life to improving public health in his
homeland and throughout the world. In 1921, Yo-
syp Hryhorovych enrolled in the medical faculty
of the Kyiv Medical Institute, graduating in 1926,

General Surgery 3azansnaxipypein * 2026 ¢ Nel (16)

and completed medical training at the Kyiv Clinical
Military Hospital by 1928.

In 1928, Y. H. Turovets began a clinical residen-
cy in the Department of Propaedeutic Surgery at
the Kyiv Medical Institute, which he completed in
1931. He then served as chief physician and sur-
geon at the district hospital in Velykyi Tokmak,
Dnipropetrovsk Oblast until 1934. During this
period, Yosyp Hryhorovych demonstrated strong
organisational skills and talent by establishing and
equipping an X-ray room, operating theatre, surgi-
cal department, and other hospital departments,
significantly raising the hospital’s surgical stan-
dards and making it the best district hospital and
surgical facility in the region.

In September 1934, Yosyp Hryhorovych was ap-
pointed assistant professor of the Department of
Propaedeutic Surgery at the Kyiv Medical Insti-
tute. In 1937, he defended his thesis on «Surgery
for colon cancer».

From 1939, Y. H. Turovets was a senior resident
at the surgical clinic of the Kyiv Military Hospi-
tal. He was a student of S.T. Novitsky, who later
headed the Department of Operative Surgery at
the Kyiv Medical Institute.

From September 1939 to August 1940, Yosyp
HryHorovych took part in the Polish and Finnish
wars. In June 1940, a conference on military field
surgery was held in Kyiv, during which a wide range
of issues was discussed. Kyiv surgeon Y. H. Turovets
shared his experience of working in an evacuation
hospital during recent military conflicts, outlining
requirements for the treatment of gunshot wounds.

As a result of the conference discussions, an offi-
cial ban was instituted on the immediate application
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of primary sutures after the initial surgical treatment
of gunshot wounds.

In June 1941, Yosyp Hryhorovych was drafted
into the army once again, serving until January
1946. According to personal records from the com-
mand and management staff of the Kyiv Military
Hospital dated July 1941, Y. H. Turovets held the
position of resident physician and was classified as
a military doctor of the 2nd rank at that time.

From June 1941 to May 1943, Yosyp Hryhoro-
vych served as head of the surgical department at
the Kyiv Military Hospital. After the hospital’s
evacuation to Tomsk, he supervised the training
of military surgeons. In addition to serving as the
head of the hospital department, he held the posi-
tion of associate professor in the Department of Sur-
gery at the Tomsk Medical Institute. In May 1942,
Y. H. Turovets was sent to the front, where he served
as the chief surgeon of the triage hospital and as an
inspector-surgeon on the Southwestern, Stalingrad,
Southern, and 4th Ukrainian fronts. During World
War II, Major Turovets, as head of the trauma de-
partment at the Kyiv Military Hospital, collected
extensive material on hip joint injuries and the sur-
gical treatment of gunshot wounds to blood vessels.
He noted that unfavourable outcomes in cases of
gunshot wounds to blood vessels were associated
with delays in receiving qualified medical assistance.
In 1942, Yosyp Hryhorovych published an article in
the journal «Surgery» entitled «Gunshot wounds to
blood vessels». This work was later cited by the fa-
mous American surgeon Michael E. DeBakey in his
1946 article, «Battle injuries of the arteries in World
War IT», in Annals of Surgery.

According to the characteristics and review of
the commander of military unit N 11956 dated
06.03.1951, Y.H. Turovets demonstrated excep-
tional qualifications as a surgeon, teacher, and sci-
entist on the fronts of World War I1. While serving
on the front lines, he developed new techniques and
addressed challenges in treating gunshot wounds to
blood vessels and other injuries. He also designed an
original, universal trauma traction device that was
widely used in hospitals.

By integrating practical surgical and organisa-
tional responsibilities with extensive teaching, Yo-
syp Hryhorovych mentored many young doctors,
who subsequently became leading surgeons.

In the post-war period, Y. H. Turovets worked as
a senior researcher at the Institute of Blood Transfu-
sion and Emergency Surgery in Kyiv. From 1950, he
was an associate professor in the Department of Fac-
ulty Surgery at the Kyiv Medical Institute, headed
by Prof. A. P. Krymov. In 1951, Yosyp Hryhorovych
defended his doctoral dissertation entitled «Acute

purulent complications of gunshot wounds to the
hip joint». In 1953, he became a professor of the
Department of Faculty Surgery at the Kyiv Medi-
cal Institute, serving as its head from 1954 to 1955.
From 1956 to 1976, Prof. Turovets headed the De-
partment of Surgery of the Sanitary and Hygienic
Faculty at the Kyiv Medical Institute.

Yosyp Hryhorovych established a creative and
friendly atmosphere within the department and
clinic, characterised by professionalism, work dis-
cipline, ethical standards, unity, mutual support,
and assistance among staff. He consistently demon-
strated respect and care toward colleagues, students,
and patients, generously sharing his knowledge and
dedicating significant time to mentoring the next
generation of medical professionals, particularly in
surgery. Y. H. Turovets devoted special attention to
clinical residents and young doctors, who regularly
accompanied him during patient rounds, examina-
tions, consultations, and surgical procedures. He of-
ten assisted them by performing some stages of sur-
gical interventions, reflecting his excellence as a sur-
geon, teacher, and scientist. He was distinguished by
his high erudition and exceptional technical profi-
ciency in surgeries involving the abdominal cavity,
chest, skull, thyroid gland, major blood vessels, and
hematopoietic organs.

Yosyp Hryhorovych introduced novel approaches
to the surgical treatment of stomach and duodenal
ulcers, varicose veins of the lower extremities, gall-
bladder and intestinal diseases, and hernias. He also
played a significant role in establishing modern an-
aesthesiology and advancing thyroid surgery.

Prof. Y. H. Turovets delivered lectures that incor-
porated the latest scientific achievements. In 1963,
he released a full-length educational film titled
«Alloplasty of Abdominal Hernias».

Between 1964 and 1966, several more educa-
tional films were produced, including «Necrosis»,
«Sclerotherapy of Varicose Veins of the Lower Ex-
tremities», and «Surgical Treatment of Goitre».
These films were shown during lectures on corre-
sponding surgical topics.

Yosyp Hryhorovych assembled a productive
scientific team. Their planned research addressed
important areas: potential anaesthesia in surgery,
treatment of portal hypertension, surgical treatment
of goitre, thrombophlebitis and its treatment, and
prevention and treatment of paraproctitis. Over the
years, the staff authored about 200 scientific papers.

Regular methodological meetings were conduct-
ed to discuss and approve methodological develop-
ments for each topic. Methodological guidelines for
patient care and clinical training were established,
and a comprehensive list of required clinical studies
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for students was defined. Extensive teaching materi-
als, including tables, slides, and diafilms, were pro-
duced for demonstrations in lectures and practical
classes, which also featured patient demonstrations.
Additional sources such as visual aids, a museum of
macro preparations, and a biochemical laboratory
were also created.

The international community of herniologists
recognises Y. H. Turovets for introducing the term
<herniology». He was the first to use this term in
his 1965 article «Problems of Modern Herniol-
ogy» in the journal «Clinical Surgery», where he
described the current state of anterior abdominal
wall hernia treatment. Under his supervision, five
candidate dissertations and one doctoral disserta-
tion were defended.

Biographies

From 1976 to 1982, Yosyp Hryhorovych served
as a professor-consultant. By that time, his wife had
died, and they had no children. He spent his last
years living modestly, alone, practically in oblivion.

Y. H. Turovets died in 1987 and was buried in
Berkovtsy Cemetery.
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OBJECTIVE — to evaluate the outcomes of extended pancreatic resections in the treatment of patients with bor-
derline resectable and locally advanced pancreatic cancer and to identify strategies for improving the effective-
ness of these procedures.

MATERIALS AND METHODS. Between 2010 and 2023, a total of 874 pancreatic resections were performed for
patients with pancreatic adenocarcinoma: 142 distal pancreatosplenectomies (16.2 %), 706 pancreaticoduode-
nectomies (80.8 %), and 26 total pancreatectomies (3.0 %). The cohort included 388 females (44.4 %) and 486
males (55.6 %), with a mean age of 57.7£10.5 years (range: 22—81). Extended pancreatic resections were con-
ducted in 202 (23.1%) patients, comprising 130 extended pancreaticoduodenectomies (64.4 %), 58 extended
distal pancreatosplenectomies (28.7 %), and 14 extended total pancreatectomies (6.9 %). A total of 144 (71.3 %)
patients underwent pancreatic resections with venous resections, 13 (6.4 %) with arterial resections, 3 (1.5 %)
with combined vascular resections, and 42 (20.8 %) with resections of adjacent organs.

REsuLts. Postoperative complications were observed in 248 patients (36.9 %) in the standard resection group
and in 84 patients (41.6%) in the extended resection group (2= 1.4; p=0.22), with no statistically significant
difference. The mortality rate was 2.6%, with 23 deaths: 16 (2.4 %) after standard pancreatic resections and
7 (3.5 %) after extended pancreatic resections, indicating no statistically significant difference (x?=0.71; p=0.39).
Implementation of a personalized treatment algorithm increased the median survival of patients with border-
line resectable and locally advanced pancreatic head cancer from 19 to 28 months (3>=1.7; p=0.18) and the
five-year survival from 22 % to 28.5 %. For patients with pancreatic cancer of the body and tail, median survival
increased from 22 to 36 months (3?=1.78; p=0.18) and five-year survival from 24 % to 34 % (3*>=1.78; p=0.18).

Concrusions. The results suggest that morbidity and mortality after extended pancreatic resections are compa-
rable to those observed after standard pancreatic resections. Extended resections are feasible and can increase the
number of patients eligible for radical surgery. Implementation of the developed treatment algorithm was associ-
ated with improved median survival in patients with borderline resectable and locally advanced pancreatic cancer.

KEYWORDS
extended pancreatic resections, pancreatic cancer, borderline resectable pancreatic cancer, locally advanced
pancreatic cancer, venous resections, arterial resections.
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Despite advancements in diagnostic and surgi- with a persistently low five-year survival rate [12,
cal techniques, pancreatic ductal adenocarcinoma 18]. Expert projections suggest that pancreatic can-
(PDAC) remains the fourth leading cause of cancer-  cer may become the second leading cause of cancer-
related mortality in Europe and the United States, related death worldwide within the next decade [20].
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The incidence of pancreatic cancer in Ukraine is
rising. At the time of diagnosis, only 10—25 % of pa-
tients with pancreatic adenocarcinoma have resect-
able tumours. Approximately 60 % of patients glob-
ally present with tumour extension to adjacent or-
gans and vessels. Locoregional progression and ear-
ly systemic dissemination of malignant pancreatic
tumours frequently result in local invasion of major
vessels and adjacent organs, thereby limiting resect-
ability [13, 17, 19]. Advances in surgical techniques
and systemic chemotherapy have broadened the in-
dications for pancreatic resection to include border-
line resectable and locally advanced tumours. Con-
sequently, extended pancreatic resections involving
adjacent organs and vessels often represent the only
radical treatment option to improve survival in this
patient population [2, 9, 11, 22, 23].

Postoperative complication rates after pancreatic
resections are among the highest in abdominal sur-
gery, ranging from 30 % to 60 % [20]. The risk asso-
ciated with extended pancreatic resections, particu-
larly those involving arterial resection, remains sub-
stantial. Nevertheless, recent evidence suggests that
survival outcomes after extended resections with
venous and arterial reconstruction surpass those
achieved with palliative surgery and chemotherapy
[4, 5, 10, 16]. Therefore, ongoing refinement of surgi-
cal techniques and the development of strategies to
reduce complications are essential to improve long-
term outcomes in patients undergoing extended
pancreatic resections for malignant tumours.

Materials and methods

Between 2010 and 2023, a total of 874 pancreatic re-
sections were performed for patients with malignant
pancreatic tumours: 142 distal pancreatosplenec-
tomies (16.2%), 706 pancreaticoduodenectomies
(80.8 %), and 26 total pancreatectomies (3.0 %). The
cohort included 486 males (55.6 %) and 388 females
(44.4 %), with a mean age of 57.7 £ 10.5 years (range:
22-81). Extended pancreatic resections were con-
ducted in 202 (23.1 %) patients, comprising 130 ex-
tended pancreaticoduodenectomies (64.4 %), 58 ex-
tended distal pancreatosplenectomies (28.7 %), and
14 extended total pancreatectomies (6.9 %).

All patients underwent a planned preoperative
examination, which included computed tomogra-
phy of the chest and abdominal organs with intra-
venous contrast no later than 4 weeks before deter-
mining the treatment tactics and MRI with DW1
mode in patients with suspected metastatic liver
damage and distant metastases. A blood test for the
oncological marker CA 19-9 was mandatory. Us-
ing preoperative examination data, the anatomical
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resectability of the tumour was assessed. The diag-
nosis was confirmed by morphological examination
of the specimens.

Among patients undergoing extended pancre-
atic resections, 144 (71.3 %) had venous resections,
13 (6.4 %) arterial resections, 3 (1.5%) combined
vascular resections, and 42 (20.8%) resections of
adjacent organs.

Venous resection types were defined based on the
International Study Group of Pancreatic Surgery
(ISGPS) classification. Tangential venous resec-
tion with venorrhaphy (type A) was performed in
64 patients. Tangential venous resection with patch
venoplasty (type B) was conducted in 3 patients.
Segmental resection with end-to-end venous anas-
tomosis (type C) was performed in 74 patients. Seg-
mental resection, including venoplasty with either
an autologous vein or a prosthetic graft (type D)
was conducted in 3 patients, with autologous vein
grafts used in 2 cases and a prosthetic graft in 1 case.

Arterial resections were performed in 16 patients
with borderline resectable or locally advanced pan-
creatic tumours that exhibited arterial vessel inva-
sion. Among these, 4 patients underwent extended
pancreaticoduodenectomy with arterial resection:
1 patient had pancreaticoduodenectomy with seg-
mental resection of the left hepatic artery, 2 patients
had pancreaticoduodenectomy with resection of the
right hepatic artery, and 1 patient had pancreatico-
duodenectomy with resection of the common hepat-
ic artery. In all cases, end-to-end arterial anastomosis
was performed. Extended distal pancreatosplenec-
tomy with arterial vessel resection was performed in
11 patients. Of these, 9 patients underwent a modi-
fied Appleby operation, with one patient also requir-
ing resection of the portosplenomesenteric conflu-
ence (Fig. 1). In 2 patients, combined resections
(arterial resections with additional resection of the
affected organs) were performed: 1 patient under-
went distal pancreatic resection (posterior radical
antegrade modular pancreatosplenectomy [RAMPS
posterior]) with resection of the left gastric artery
and left crus of the diaphragm, while another patient
underwent distal subtotal pancreatosplenectomy
with resection of the portosplenomesenteric conflu-
ence, colonic mesentery, and common hepatic artery.

Extended total pancreatectomies were performed
in 14 patients (6.9 %). Among these, one case in-
volved combined arterial-venous resection, specifi-
cally the portosplenomesenteric confluence, with
resection and reconstruction of the right hepatic
artery, which originated from the superior mesen-
teric artery as a separate trunk. 13 cases involved
extended total pancreatectomy with only venous
resections. Of these, one included resection of the
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Figure 1. Intraoperative photo. Modified

Appleby operation with additional resection

of the portosplenomesenteric confluence: 1 — stump
of the celiac trunk, 2 — stump of the common hepatic
artery, 3 — gastroduodenal artery, 4 — end-to-end venous
anastomaosis

m k s *_-r'. |.¢ /
Figure 2. Intraoperative photo.
Pancreaticoduodenal resection with resection of
the portosplenomesenteric confluence and end-to-
end venous anastomosis, with wedge-shaped
resection of the portal vein, and the extension of
the incision to the splenic vein confluence

portosplenomesenteric confluence and the inferior
vena cava, and another involved total pancreatec-
tomy with nephrectomy.

Postoperative complications were assessed ac-
cording to the International Study Group of Pancre-
atic Surgery (ISGPS) guidelines. Mortality was de-
fined as death occurring in the hospital after surgery.

Specific surgical complications included pancre-
atic fistula, as defined by the revised criteria of the
International Study Group of Pancreatic Fistula
[1], as well as postpancreatectomy bleeding and
delayed gastric emptying.
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Risk factors for postoperative complications
were identified, and targeted preventive measures
were developed to reduce their incidence.

To minimize intraoperative blood loss during both
standard and extended pancreaticoduodenectomy,
the inferior pancreaticoduodenal artery was ligated
at the initial stage of mobilization of the pancreati-
coduodenal complex, when technically feasible. This
approach reduced intraoperative blood loss.

In cases of venous invasion, the surgical team
employed venous reconstruction techniques. These
techniques enabled the reconstruction of venous
vessels and the safe formation of venous anastomo-
ses without the use of prosthetic venous grafts. For
pancreatic head tumours invading the portal vein,
a specific pancreatic head resection method (patent
No095976) was used. This technique involves wedge-
shaped resection of the portal vein, extending the in-
cision beyond the splenic vein confluence, and form-
ing a venous anastomosis between the proximal and
distal segments of the splenic vein (Fig. 2).

The criteria used to compare standard and ex-
tended surgical interventions included complica-
tion rate, operative time, blood loss, length of hospi-
tal stay, and mortality.

The collected data were digitized and compiled
into a unified database. Mathematical methods
were used to identify risk factors for postoperative
complications. Relationships between factors and
complication frequency were analysed using con-
tingency tables and the chi-square test. The Spear-
man rank correlation coefficient (p) was calculated
to determine associations between two variables.
Differences in mean values were evaluated using the
Mann—Whitney test. Long-term treatment out-
comes were assessed by calculating actuarial five-
year survival rates with the Kaplan—Meier method.
All statistical analyses were conducted using MS
Excel and Statistica 5.0 software.

Since 2018, new tactical approaches and peri-
operative management strategies have been imple-
mented to prevent postoperative pancreatic fistula
and other complications.

Sarcopenia was detected in patients by computed
tomography during preoperative planning. Patients
diagnosed with sarcopenia received specialized nu-
trition to improve their sarcopenic profile. A pre-
rehabilitation programme was implemented. Nutri-
tional status was evaluated with active nutritional
support before surgery. Postoperative pancreatic
fistula was identified as a primary source of severe
postoperative complications. During pancreatico-
duodenectomy, the risk of postoperative pancre-
atic fistula was assessed intraoperatively in all pa-
tients using the modified Callery—Kopchak scale
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Table 1. Modified Pancreatic Fistula Risk Scale
(M.Callery — V.Kopchak)

Risk factor Points
Pathology
Pancreatic adenocarcinoma or pancreatitis 0

Adenocarcinoma of the major duodenal papilla,
distal part of the common bile duct, duodenum, 1
cystic tumours, neuroendocrine tumours

Pancreatic duct diameter, mm

>5 0
4 1
3 2
2 3
<1 4
Intraoperative blood loss, ml
<400 0
401-700 1
701—-1000 2
>1000 3
Pancreatic fibrosis, %
<15 2
15-30 1
>30 0

(Table 1). Appropriate surgical techniques were
used to prevent postoperative pancreatic fistula, in-
cluding various pancreaticojejunostomy methods.
For high-risk patients (7—10 points) at the re-
constructive stage after pancreaticoduodenec-
tomy, pancreaticojejunal anastomosis with exter-
nal drainage of the main pancreatic duct was per-
formed. In moderate-risk patients (4—6 points),
pancreaticojejunal anastomosis with invagination
was conducted. Preliminary data indicate that this

V.M. Kopchak et al.

approach was associated with the lowest incidence
of postoperative pancreatic fistulas. In low-risk pa-
tients (0—3 points), the choice of anastomosis was
determined by the surgeon. To minimize postop-
erative blood loss, ligation of the inferior pancre-
aticoduodenal artery was implemented during the
initial stage of pancreaticoduodenectomy, resulting
in a significant reduction in intraoperative blood
loss from 450.7+184.3 ml to 356.25+197.4 ml
(p=0.003).

All patients diagnosed with malignant tumours
in the left anatomical segment of the pancreas un-
derwent radical antegrade modular pancreatosple-
nectomy.

The results of extended pancreatic resections,
median survival, and five-year survival rates were
compared between two periods: 2010-2017 and
2018-2023, the latter reflecting the implementa-
tion of newly developed methods and algorithms.
The patient groups were comparable with respect
to comorbidities, disease stage, and the number of
extended pancreatic resection variants performed.

Results

Table 2 presents data on postoperative complications
after standard and extended pancreatic resections.

Postoperative complications were observed in
248 patients (36.9%) in the standard resection
group and in 84 patients (41.6 %) in the extended
pancreatic resection group; this difference was not
statistically significant (x*=1.4; p=0.22). A total
of 23 patients (2.6 %) died: 7 (3.5 %) after extended
pancreatic resections and 16 (2.4 %) after standard
pancreatic resections. Patients who underwent ex-
tended pancreatic resections had higher mortality,
though the difference was not statistically signifi-
cant (x>=0.71; p=0.39).

Table 2. Comparative characteristics of standard and extended pancreatic resections

Parameter Pancreatoduodenectomy Distal pancreatosplenectomy Total pancreatectomy
Resection Standard Extended Standard Extended Standard Extended
(n=2576) (n=130) (n=84) (n=358) (n=12) (n=14)
Operative time, min 36678 387+72 253+ 60 305+71 361+78 396 + 56
p 0.03 (U=6515) 0.0006 (U =343.0) 0.56 (U=19)
Blood loss, ml 420+229 627 £ 556 513+333 610+330 649 £ 460 950 + 459
P 0.10 (U - 6462) 0.32 (U=1617) 0.26 (U=15)
Complication rate 164 (28.4%) 38(29.2%) 18 (21.4%)  17(29.3%) 45(41.7%)  6(42.8%)
P 0.10 (2= 0.26) 0.30 (x2=1.1) 0.50 (x2=0.3)
Length of hospital stay, days  18.7+13.7  204+11.7 13.6+6.9 20.5+14.4 16.0+5.3 12.0+£7.4
P 0.87 (U = 8660) 0.25 (U=755.0) 0.19 (U=165)
General Surgery 3azansnaxipypein * 2026 « Ne1 (16) 11
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Complications were reported in 64 patients
(44.4 %) after venous resections, a rate higher than
that observed after standard resections (248 pa-
tients, 36.9 %). However, this difference was not
statistically significant (y?=2.8; p=0.09). In the
venous resection group, 5 patients (3.5 %) died.
This group had higher mortality, though not statis-
tically significant (y?=0.56; p=0.45), compared to
the standard resection group (16 patients, 2.4 %).
Thus, no statistically significant difference in the
incidence of complications or mortality was identi-
fied between extended pancreatic resections with
venous resections and standard resections.

A total of 11 patients (68.7 %) who underwent ar-
terial resections had a higher complication rate than
that observed after standard pancreatic resections;
this difference was statistically significant (y?=6.3;
p=0.01). The arterial resection group had higher (1
patient, 6.2 %), though not statistically significant
(x*>=1.68; p=0.2), mortality compared to the stan-
dard resection group (2.4 %, 16 patients).

No statistically significant difference in the inci-
dence of complications or mortality was observed
between extended pancreatic resections involving
resection of adjacent organs and standard resections.

The most clinically significant complications are
pancreatic fistula, post-pancreatectomy haemor-
rhage, and delayed gastric emptying.

Pancreatic fistula occurred in 27 patients
(13.4 %) after extended resections and in 87 patients
(12.9 %) after standard resections; this difference
was not statistically significant (x>=0.02; p=0.8).
Post-pancreatectomy haemorrhage was observed in
17 patients (8.4 %) and 39 patients (5.8 %), respec-
tively; this difference was not statistically signifi-
cant (x%>=1.76; p=0.2). Gastrostasis developed in 9
patients (4.5 %) and 23 patients (3.4 %), respective-
ly; this difference was not statistically significant
(x>=0.4; p=0.5). Therefore, no statistically signifi-
cant difference was found in the overall or specific
rates of postoperative complications, including pan-
creatic fistula, post-pancreatectomy haemorrhage,
and delayed gastric emptying, between standard
and extended resections. Extended resections are
feasible when performed in specialized centres with
substantial experience in these surgical procedures.

A comparison was conducted regarding the inci-
dence of clinically significant postoperative pancre-
atic fistula (grades B and C), total complications,
and mortality after pancreaticoduodenectomy in
280 patients treated between 2018 and 2023 and
426 patients treated between 2010 and 2017. The
patient groups were comparable with respect to co-
morbidities, the number of extended pancreatico-
duodenectomies performed, and disease stage.
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Implementation of the newly developed method
for preventing postoperative pancreatic fistula re-
sulted in a significant reduction in its incidence in
the main group (31 cases, 11.1 %), which is nearly
half the rate observed in the comparison group (91
cases, 21.8 %; y2=12.5; p=0.0004).

A statistically significant reduction in the total
complication rate was observed, decreasing from
43.7% to 271 % (x*=19.7, p=0.0001). However,
a reduction in the mortality rate from 2.1 % (9 of
426 patients in the comparison group) to 1.4 % (4 of
280 patients in the main group) was not statistically
significant (3?>=0.4; p=0.5).

Comparison of extended pancreatic resections
across the two periods demonstrated a statisti-
cally significant reduction in postoperative com-
plications in the main group from 46.1 % to 28.6 %
(x?=6.64; p=0.009), whereas a decrease in mortal-
ity from 4.8 % to 2.0 % was not statistically signifi-
cant (y2=1.15;p=0.28).

The implementation of a personalized diagnostic
and treatment algorithm, which incorporated a com-
prehensive approach, differentiated treatment strat-
egies based on risk factors for postoperative compli-
cations, and targeted preventive measures, resulted
in an increase in median survival for patients with
locally advanced pancreatic head tumours from 19
to 28 months (x*=1.7; p=0.18) and five-year sur-
vival from 22 % to 28.5%. For patients with malig-
nant tumours of the body and tail of the pancreas,
median survival increased from 22 to 36 months
(x?=1.78; p=0.18), and the five-year survival rate
improved from 24 % to 34 % (3?=1.78; p=0.18).

Discussion

Recent advances in polychemotherapy and the de-
velopment of new surgical techniques, including
extended pancreatic resections with venous and ar-
terial resections and reconstructions, have enabled
patients with initially unresectable pancreatic tu-
mours to become candidates for surgical interven-
tion at high-volume pancreatic surgery centres [1,
4,5,10,15, 16, 22, 24].

Retrospective analyses by international authors
indicate that extended pancreatic resections are as-
sociated with significantly longer operative times
and increased blood loss [8, 24]. However, the rates
of postoperative complications and mortality are
comparable to those observed with standard tech-
niques [8, 20, 24].

The present study indicates longer operative
time, though not statistically significant, for extend-
ed pancreaticoduodenectomy and extended dis-
tal pancreaticosplenectomy compared to standard
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resections. No statistically significant differences
were observed in blood loss, length of hospital stay,
complication rates, or mortality.

Multiple studies have demonstrated no signifi-
cant difference in long-term survival, postoperative
complications, or mortality between patients with
and without venous resection [1, 7, 15, 20]. The
present findings are consistent with these results.
The venous resection group had higher mortality,
though not statistically significant, compared to the
standard resection group. Resection of affected ma-
jor venous vessels did not have a statistically signifi-
cant impact on postoperative complication rates or
mortality compared to standard resections.

An increased incidence of complications and
mortality after arterial resections and reconstruc-
tions has been observed both in high-volume pan-
creatic surgery centres and in the present study.

Historically, arterial resections in pancreatic
cancer surgery were considered inappropriate due
to the high risk of postoperative complications and
mortality associated with extended pancreatic re-
sections involving arterial vessels. However, recent
studies have demonstrated significant survival ben-
efits for patients undergoing these procedures com-
pared with those receiving palliative operations,
with a median survival of 6-8 months [4, 9, 10,
13, 16]. In the present study, the arterial resection
group (6.2 %) had higher mortality, though not sta-
tistically significant (x%>=1.68; p=0.2), compared
to the standard resection group (2.4 %).

Following two pancreaticoduodenal resections
with right hepatic artery resection, patients sur-
vived for 18 and 31 months, respectively. In the
present study, a patient who underwent distal re-
section (RAMPS posterior with resection of the
left gastric artery and left crus of the diaphragm)
survived for 12 months without recurrence. An-
other patient who underwent a modified Appleby
operation (distal subtotal pancreatic resection with
resection of the celiac trunk) with portosplenomes-
enteric confluence resection and end-to-end anas-
tomosis survived for 14 months without recurrence.

Postoperative pancreatic fistulaisamong the most
serious complications of pancreatic surgery and can
precipitate other life-threatening conditions [1].
Risk assessment for postoperative pancreatic fistula
is a critical initial step in pancreatic surgery to pre-
vent its occurrence and mitigate adverse outcomes.
An ideal method of pancreaticojejunal anastomo-
sis that completely prevents fistula formation has
not yet been established. One preventive approach
involves pancreaticojejunal anastomosis with ex-
ternal drainage of the main pancreatic duct. How-
ever, studies have not consistently demonstrated

General Surgery 3azansnaxipypein * 2026 ¢ Nel (16)

V.M. Kopchak et al.

the benefits of main pancreatic duct stenting [14].
B. L. Ecker and M. T. McMillan reported that stent
use reduces the incidence of clinically significant
postoperative pancreatic fistulas [6]. Y. Dai et al.
found that stent implantation may benefit patients
with a non-dilated pancreatic duct or those with
a main pancreatic duct stent and external drainage
[3]. Ying Sun et al, in an analysis of 20 random-
ized controlled trials (1117 patients after pancre-
aticoduodenectomy with pancreaticojejunostomy),
found that only external, not internal, stents were
significantly associated with reduced incidence of
clinically significant grade B and C pancreatic fis-
tulas compared to no stents. Additionally, stenting
in patients with a main pancreatic duct diameter <3
mm, but not in those with a diameter >3 mm, was
associated with a significantly reduced incidence of
clinically significant grade B and C pancreatic fis-
tula compared to no stent [21]. In the present study,
pancreaticojejunostomy with main pancreatic duct
stenting and external drainage significantly reduced
the incidence of postoperative pancreatic fistulas of
grade B and C, as well as overall postoperative com-
plications and mortality. Surgical tactics to reduce
postoperative pancreatic fistulas and other compli-
cations should be continually refined for both stan-
dard and extended pancreatic resections.

In the context of modern multidisciplinary man-
agement of malignant pancreatic tumours, radical
extended pancreatic resection with venous and ar-
terial resections is justified and should be performed
in specialized expert centres.

Conclusions

The rates of total postoperative complications,
postoperative pancreatic fistula, gastrostasis, post-
pancreatectomy haemorrhage, and mortality after
extended pancreatic resections are comparable to
those observed after standard resections. Extended
pancreatic resections are feasible and oncologi-
cally justified. Their implementation increases the
number of radical surgical interventions, without
a statistically significant increase in complication or
mortality rates.

By implementing surgical tactics to prevent
postoperative pancreatic fistulas and other compli-
cations, the incidence of postoperative complica-
tions in patients undergoing extended pancreatic
resections was reduced from 46.1 % to 28.6 %, and
mortality decreased from 4.8 % to 2.0 %.

The implementation of a personalized diagnos-
tic and treatment algorithm, which incorporated
a comprehensive approach, differentiated treatment
strategies based on risk factors for postoperative
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complications, and targeted preventive measures, re-
sulted in an increase in median survival for patients
with locally advanced pancreatic head tumours from
19 to 28 months (3?=1.7; p=0.18) and five-year sur-
vival from 22 % to 28.5 %. For patients with malignant
tumours of the body and tail of the pancreas, median
survival increased from 22 to 36 months (%*>=1.78;
p=0.18), and the five-year survival rate improved
from 24 % to 34 % (y*>=1.78; p=0.18).
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Hamra Takruka JiKyBaHHSA XBOPUX
3 ITPAHUYHO-PE3EKTA0ETbHUMH T4 MiCIIEBO
IIOIHUPEHUMHU IYXJIMHAMU HiJIIUTYHKOBOI 321031

B. M. Konyak !, JI. O. Ilepepsa !, O. B. /lysasko !, B. B. Xanenko !,
B.I. Tpauyk !, B. 0. Bouzap !, 3. 10. Tono60p 2

! HartiomambHuit HayKOBHI eHTp Xipypril Ta TpancmmanTosorii imeni O. O. Ilaximosa HAMH Ykpainn, Kuis

2 Hauionanpnuil meauunuii yaisepeurer ivmeni O. O. Boromoubis, Kuis

Mera — OLIHUTH PE3YJIBIATH BUKOHAHHA PO3NIMPEHNX PE3EKILIN ITiIIUTYHKOBOI 301031 Y XBOPUX i3 I'PAHUYHO-
PE3EKTAOETIBHUMH T4 MiCIEBO IOMMPEHUMU ITYXJIMHAMHU IiAIILTYHKOBOI 327I03H.

Marepianu Ta Mmerogu. V 2010—2023 pp. BUKOHAHO 874 paJUKAIBHUX PE3CKIIi Mi/IIMTYHKOBOI 3471031
B MAITIEHTIB 3 4/ICHOKAPITHHOMOIO MiIMUTYHKOBOI 3271031, Cepe/ XBOPUX YOJOBIKIB 6y710 486 (55,6 %), 5KiHOK —
388 (44,4 %). Cepennin Bik cTaHOBUB — (57,7 +10,5) poKy (Biz 22 10 81 pOKY). JUCTANIbHI TAHKPEATOCIITIEHEK-
ToMmii BUKOHAHI B 142 (16,2 %) xBOpUX, MAaHKpeaToayoacHekromii — y 706 (80,8 %), TOTAIBHI MAHKPEATEKTO-
Mil — y 26 (3,0 %) xBopuX. Po3mupeHi pe3eKIil miiIyHKOBO 3271031 npoBezeHi 202 (23,1 %) XBOPUM: PO3IIH-
pewi mankpearoayoaeHekromii — 130 (64,4 %), pO3IUINPEHi AUCTAIbHI TAHKPEATOCITICHEKTOMIT — 58 (28,7 %),
po3IMpeHi TOTAIbHI TaHKpeaTeKToMil — 14 (6,9 %), posmupeHi Pe3eKIiii MiIUIyHKOBOI 321031 3 PE3EKILEI0
BCHO3HUX CyuH — 144 (71,3 %), 3 pe3ekiiieio apTepiaibHux cyauH — 13 (6,4 %), 3 KOMGIHOBAHOIO apTepiose-
HO3HOIO pe3eKIicio — 3 (1,5 %), 3 pe3eKIi€lo CyMiKHUX Opranis — 42 (20,8 %).

Pesynsraru. ITicsonepaniiiii yCKIaJHEHH BUHUKIN B 248 (36,9 %) XBOPHUX ICIIs CTAHJAPTHUX PE3EKITii
HiIIITYHKOBOI 32103 T2 V 84 (41,6 %) XBOPUX IC/s pO3MHUPEHUX pesekiiiit (x?=1,4; p=0,22). ITomepnn
23 (2,6 %) marjienTu: Mic/Is PO3MIMPEHUX PE3EKIN — 7 (3,5 %), MC/IsT CTAHAAPTHUX PE3EKII MTiIITYHKOBOT
3a503u — 16 (2,4 %), BiporiiHoi pi3HHI 32 piBHEM JIETAIBHOCTI He BUsIBIEHO (32=0,71; p=0,39). Po3pobe-
H4 HAMU [IEPCOHI(DIKOBAHA JiKYBaJIbHA TAKTUKA /1414 3MOTY 30UIBIIUTH MEiaHy BIDKHMBAHOCTI MAlli€HTIB i3
I'PAHUYHO-PE3EKTAOEIbHUMHA T4 MiCIIEBO ITOMUPEHUMH ITyXJIMHAMM T'OJIiBKM HiINUTYHKOBOL 34JI034 3 19 110
28 mic (x*=1,7 p=0,18) Ta 5-piuHy BIKHUBAHICTb — 3 22,0 10 28,5 %, ME/IiaHy BIDKUBAHOCTI Y XBOPHX 3i 3710-
SIKICHUMM TIYXJTMHAMM Ti1a ¥ XBOCTA MIITYHKOBOI 3a7103u — 3 22 710 36 mic (x?=1,78 p=0,18) Ta 5-piuny
BIDKUBAHICTb — 3 24 10 34 % (x*=1,78 p=0,18).

BHCHOBKH. PiBEeHb IiC/II0NEPALIMHUX YCKIAJHEHD i JICTAIbHICTD ITiC/IA PO3MHUPEHNUX PE3CKLiN TiAIUIYHKOBOL
3471031 MOPIBHIAHHI 3 TAKUMU TTC/Isl CTAHAAPTHUX PE3EKIIiil. PO3IMIUPEHi Pe3eKIlii € MOXIMBUMU. [XHE BUKOHAH-
HSI MOKE 30UIBIIUTH KUIBKICTh PAAUKAIBHO MPOONEPOBAHUX XBOPUX. 3AB/SKH 3ACTOCYBAHHIO PO3POHICHOL
HAMH JIKYBAJIbHOI TAKTUKU IIiABUIIIACA MEAiaHd BIXKMBAHOCTI XBOPHUX i3 I'DAHUYHO-PE3EKTAOCIbHUMU T4
MiCIIEBO TTOIMHMPEHUMH 3JIOAKICHUMU ITYXJIMHAMM IiIIUTYHKOBOT 3aJI03H.

KiIro4uoBi ¢;10Ba: pO3MIUPEH] PE3EKIIT MiANITYHKOBOI 3a/I03H, 3IOAKICHI MyXJIMHU MiJIUTYHKOBOI 3AJI03H1, MiC-
LIEBO IIOIIMPEHI ITyX/IMHU, BEHO3HI PE3EKLii, apTepiabHi PE3EKLIL
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OBJECTIVE — to evaluate perioperative changes in ultrasound-derived parameters of peripheral muscle mass,
using the cross-sectional area of the rectus femoris muscle as a representative measure, in patients undergoing
surgery for severe acute pancreatitis complicated by infected necrosis. Additionally, changes in handgrip strength
were assessed, and the association between ultrasound findings and computed tomography—derived muscle
mass indices was analyzed.

MATERIALS AND METHODS. This prospective observational study was conducted at two clinical centers and
included 28 patients aged 19-59 years who underwent surgery for infected necrotizing pancreatitis. The
median length of hospital stay was 49 (39-59) days. Serial measurements of the cross-sectional area (CSA) of
the rectus femoris muscle were obtained using a portable ultrasound device equipped with a wireless high-fre-
quency linear transducer, and handgrip strength was assessed with a dynamometer at three clinically defined
time points (T1-T3). Serial measurements were obtained at clinically defined time points reflecting the peri-
operative course of severe acute pancreatitis: the first examination was performed on day 8 (6—10) of hospi-
talization, and the second on day 29 (26—31). In a subgroup of 17 patients with available paired computed
tomography (CT) scans, skeletal muscle area (SMA) at the L3 vertebral level was assessed, and the association
between changes in ultrasound parameters and CT-derived measurements was analyzed using Spearman’s
rank correlation coefficient. Linear mixed-effects models were applied to evaluate the longitudinal dynamics
of skeletal muscle parameters.

REsuLTS. A statistically significant progressive decrease in CSA of the rectus femoris muscle (p <0.001) was
observed during hospitalization. The total relative reduction in CSA between T1 and T3 was 20.5 %. Model-
ing the length of hospital stay as a continuous variable confirmed an independent association between CSA
decline and time (B=-0.025 cm?/day; p<0.001). The reduction in handgrip strength was even more pro-
nounced (p<0.001), with a total relative decrease of 36.7 % between T1 and T3. In the subgroup of patients
with paired CT scans, ultrasound-derived changes in CSA demonstrated a moderate positive correlation with
changes in skeletal muscle area (SMA) at the L3 vertebral level (p=0.65; p=0.005), supporting the concor-
dance between the two assessment methods.

Concrusions. Patients who underwent surgery for infected necrotizing pancreatitis demonstrated progressive
deterioration in both morphological and functional skeletal muscle parameters during hospitalization. A more
pronounced decline in muscle strength compared with ultrasound-derived measures of muscle mass may reflect
asynchronous functional and morphological changes in skeletal muscle in the context of severe acute pancreati-
tis complicated by infected necrosis. These findings support the clinical utility of a combined morphological and
functional assessment of muscle status for the timely identification of acute secondary sarcopenia and optimiz-
ing nutritional and rehabilitation interventions in this patient population.

KEYWORDS
skeletal muscle wasting, acute sarcopenia, muscle ultrasound, severe acute pancreatitis, infected pancreatic
necrosis, critical illness, catabolism.
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Acute pancreatitis is a common condition with
a variable clinical course; in some patients, it is
complicated by persistent organ failure and in-
fected pancreatic or peripancreatic necrosis [4],
necessitating intensive care and prolonged hospi-
talization. Severe disease is associated with a pro-
nounced systemic inflammatory response, hyperca-
tabolism, immobilization, and impaired nutritional
status, creating conditions for rapid skeletal muscle
loss. In critically ill patients, acute muscle wasting
may develop as early as the first week of illness and
can reach substantial levels [8, 19].

Sarcopenia, as confirmed by computed tomogra-
phy (CT), is increasingly recognized as a predictor
of adverse clinical outcomes in patients with acute
pancreatitis [3, 7]. Despite growing interest in as-
sessing skeletal muscle parameters in critically ill
patients, data on muscle mass dynamics during the
clinical course of infected necrotizing pancreati-
tis remain limited, particularly prospective studies
evaluating muscle parameters serially in patients
undergoing surgery for this condition.

Ultrasound (US) is considered an accessible, re-
liable, and effective tool for the serial assessment of
skeletal muscle morphology in critically ill patients
[16, 17]; however, its clinical application and the
correlation of ultrasound-derived findings with
functional muscle parameters in this surgical co-
hort have not been sufficiently investigated. Con-
sequently, there is increasing interest in combining
imaging and functional approaches to assess skel-
etal muscle status, allowing for more comprehen-
sive characterization of sarcopenia and longitudinal
monitoring of structural and functional changes
without additional radiation exposure or substan-
tial increases in resource utilization.

OBJECTIVE — to evaluate perioperative changes in
ultrasound-derived parameters of peripheral muscle
mass, using the cross-sectional area of the rectus
femoris muscle as a representative measure, in pa-
tients undergoing surgery for severe acute pancre-
atitis complicated by infected necrosis. Addition-
ally, changes in handgrip strength were assessed,
and the association between ultrasound findings
and computed tomography—derived muscle mass
indices was analyzed.

Materials and methods

Study Design

The study employed a prospective observational
design. Patients were consecutively recruited from
the surgical departments of two hospitals serving
as clinical teaching sites of Bogomolets Nation-
al Medical University between November 2024
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and December 2025. All patients were screened
throughout the study period; however, only those
fulfilling the predefined criteria for the present
observational analysis were included. The present
analysis was restricted to patients managed under
standard care; individuals receiving protocolized
nutritional interventions during the same recruit-
ment period were not included.

The primary endpoint was the change in rec-
tus femoris cross-sectional area across time points
T1-T3, including assessment of the overall effect
of time and pairwise comparisons between observa-
tion points. Secondary endpoints included changes
in handgrip strength and the association between
ultrasound-derived rectus femoris cross-sectional
area and computed tomography—derived skeletal
muscle area at the L3 vertebral level.

The study included 28 patients aged 19—59 years
diagnosed with severe acute pancreatitis according
to the Revised Atlanta Classification, defined by
the presence of persistent organ failure lasting more
than 48 hours, often accompanied by local compli-
cations [1]. Additional inclusion criteria comprised
the presence of pancreatic or peripancreatic necro-
sis with subsequent infection, surgical intervention
during hospitalization as part of a step-up approach
[23], and the availability of serial ultrasound mea-
surements of rectus femoris cross-sectional area at
predefined clinically relevant time points.

The age range of 19-59 years was selected to
minimize the influence of age-related sarcopenia
and to reduce sample heterogeneity when assessing
secondary muscle mass loss associated with severe
acute pancreatitis.

The study excluded patients aged <18 or
> 60 years, those with acute pancreatitis not meet-
ing the criteria for severe disease according to the
Revised Atlanta Classification, patients without
confirmed infected necrosis or managed non-opera-
tively, and those with missing or technically unfea-
sible serial ultrasound measurements of the rectus
femoris muscle.

The sample size was determined by the number
of eligible patients identified during the enrollment
period, taking into account the relative rarity of
severe acute pancreatitis complicated by infected
necrosis requiring surgical treatment, as well as
the feasibility of performing serial measurements.
Eligibility criteria were defined in accordance with
the objectives of the present observational analysis.

Clinical management

Management followed a step-up approach in accor-
dance with contemporary principles for the treat-
ment of infected necrotizing pancreatitis. Initial
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Table 1. Baseline characteristics of the study
population (n=28)

Variable Total group (n=28)

Demographic characteristics

Age, years 44.5[36-52]
Male 18 (64.3 %)
Female 10 (35.7%)

Body mass index at admission, kg/m? 30.5[23.1-32.2]

Clinical characteristics

Etiology of pancreatitis

Alcoholic 17 (60.7 %)

Alimentary 9 (321 %)

Biliary 2(71%)
Admission to intensive care unit 28 (100 %)

Disease severity

APACHE II score at admission 14.5 [13—-17.5]

Respiratory failure 22 (78.6 %)
Renal failure 8 (28.6%)
Cardiovascular failure 12 (42.9%)
Multiple organ failure (> 2) 13 (46.4 %)

Laboratory markers

C-reactive protein at admission, mg/L. ~ 172.5 [156.5—194]

Hospital course
Length of hospital stay, days 49 [39-59]
In-hospital mortality 9(32.1%)

Nutritional parameters

Body weight at admission, kg 86.2 [66.2—-103.1]

Change in body weight, kg —13.0[-19.0 ... -8.4]

Nutritional support

Enteral nutrition 20 (71.4%)
Parenteral nutrition 8(28.6%)
Availability of data

Complete CSA measurements (T1-T3) 26 (92.9%)
Compete andgy < 25029%
Paired CT scans for validation 17 (60.7 %)
Timing of ultrasound examinations

Days from admission to US T1 8[6—-10]
Days from admission to US T2 29 [26-31]

Note. Categorical variables are presented as the number of cases
and percentage, while quantitative indicators are presented as
median [IQR].

18

treatment consisted of conservative management,
including intensive supportive care and close clini-
cal and radiological monitoring. Patients received
organ support when required, infection control
with appropriate antimicrobial therapy, and source
control of infected necrosis.

Nutritional support was provided according to
clinical tolerance, with a preference for enteral nu-
trition when feasible. Management followed a step-
up approach. Initial treatment consisted of conser-
vative management, including intensive supportive
care and close clinical and radiological monitoring.
The decision to proceed with surgical intervention
was made during the disease course in the presence
of infected pancreatic or peripancreatic necrosis.
Whenever feasible, surgical intervention was de-
ferred until the development of walled-off necrosis,
typically 3—4 weeks after disease onset. The timing
of surgery was determined based on the patient’s
clinical condition and computed tomography (CT)
findings [11]. Minimally invasive interventions, in-
cluding percutaneous drainage, were applied when
clinically indicated as part of the step-up strategy;
however, all patients ultimately required open sur-
gical necrosectomy due to disease progression or in-
sufficient response to initial interventions. Baseline
patient characteristics, indicators of disease sever-
ity and progression, and details of nutritional sup-
port are summarized in Table 1.

Ultrasound muscle assessment

All ultrasound measurements were performed by
a single investigator using a standardized protocol,
with subsequent random spot-checks conducted by
a senior specialist blinded to the results of other in-
strumental examinations. Ultrasound examinations
were carried out using a Sonostar Uprobe-L6C wire-
less linear transducer. A dedicated musculoskeletal
preset with an operating frequency of 7.5-10 MHz
was used for skeletal muscle assessment, depending
on image quality. Scan depth was adjusted to the
minimum level required for complete visualization
of the rectus femoris cross-sectional area (typically
100 mm). Additional imaging parameters included
an overall gain of 60 dB, a dynamic range of 50 dB,
and spatial compounding enabled. The mechanical
index (MI) and thermal index for soft tissue (TIS)
were 0.9 and 0.2, respectively. Ultrasound acquisi-
tion settings were kept constant across serial mea-
surements for each patient.

Participants were examined in the supine posi-
tion with lower limb muscles relaxed. To maintain
methodological consistency and enable reliable
comparison of serial measurements, all assessments
were performed on the right thigh. A transverse
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image of the rectus femoris muscle was acquired at
a standardized anatomical landmark located in the
mid-thigh region, defined as the midpoint between
the anterior superior iliac spine and the superior
border of the patella.

Ultrasound assessment was performed in B-
mode using a transverse scanning plane with mini-
mal transducer pressure applied to the skin. At each
time point, three consecutive measurements of rec-
tus femoris cross-sectional area were obtained, and
the mean value was used for statistical analysis. The
validity and reproducibility of ultrasound-based as-
sessment of rectus femoris cross-sectional area have
been demonstrated in previous studies [6, 21]. The
primary ultrasound outcome measure was rectus
femoris cross-sectional area (cm?).

Handgrip strength assessment

Handgrip strength was measured using a calibrated
digital dynamometer (CAMRY EH-101; CAMRY
Electronic Co., Ltd., China) with a maximum ca-
pacity of 90 kg. Measurements were recorded in
kilograms from the dominant hand. Device settings
were standardized and remained unchanged across
serial assessments for each patient. Grip strength
testing was performed with the patient seated, the
shoulder in a neutral position, the elbow flexed at
approximately 90°, and the forearm and wrist in
a neutral position [20]. At each time point, three
consecutive trials were conducted with brief rest
intervals, and the highest value was used for statis-
tical analysis.

Computed tomography

In a subgroup of 17 patients with available paired
contrast-enhanced CT examinations, obtained for
clinical indications related to the management of nec-
rotizing pancreatitis and performed at corresponding
time points (T1 and T2), skeletal muscle mass was
assessed on a single axial image at the mid-vertebral
level of the third lumbar vertebra (LL3) [17].

Image analysis was conducted using the web-based
version of CoreSlicer software (version 1.0), apply-
ing semi-automated tissue segmentation followed
by manual correction. Skeletal muscle area (SMA)
was quantified in cm? using a predefined attenuation
range of —29 to +150 Hounsfield units (HU) [18].
Segmentation was performed by a single investiga-
tor and subsequently reviewed by a senior specialist
who conducted an independent assessment and was
blinded to the ultrasound measurement results.

For body composition analysis, images from the
native (non-contrast) CT phase were used to en-
sure standardized tissue attenuation assessment.
CT examinations and corresponding ultrasound
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measurements obtained at time points T1 and T2
were treated as paired observations, provided that
the interval between the two procedures did not ex-
ceed 48 hours.

Measurement time points

The first measurement time point (T1) included
an ultrasound examination performed after clinical
stabilization of the patient’s condition during the
early course of hospitalization. A corresponding CT
examination was obtained within the same clinical
period. The median time from hospital admission to
T1 was 8 days (IQR 6-10).

The second measurement time point (T2) corre-
sponded to the later stage of hospitalization, when
repeat ultrasound and follow-up CT examinations
were performed as part of ongoing clinical assess-
ment and surgical decision-making. The median
time from hospital admission to T2 was 29 days
(IQR 26-31).

The third measurement time point (T3) con-
sisted of an ultrasound examination performed af-
ter surgical intervention during the late stage of
hospitalization. In patients who were discharged,
T3 corresponded to the period of clinical stabiliza-
tion prior to discharge; in patients who died during
hospitalization, it represented the late phase of the
disease course. Thus, T3 reflected the final observa-
tion time point during the hospital stay. Computed
tomography was not performed at this time point.

Analysis of the association between ultrasound
and CT-derived parameters was therefore restrict-
ed to time points T1 and T2, for which paired mea-
surements were available.

Statistical analysis
Continuous variables were summarized as mean and
standard deviation or median (interquartile range),
depending on data distribution, while categorical
variables were presented as absolute and relative
frequencies. All statistical tests were two-sided, and
p-values<0.05 were considered statistically sig-
nificant. Statistical analyses were performed using
IBM SPSS Statistics software (version 31.0).
Longitudinal changes in rectus femoris cross-
sectional area were analyzed using linear mixed-
effects models. Model parameters were estimated
by restricted maximum likelihood (REML). Time
was included as a categorical fixed effect with pre-
defined measurement points (T1-T3), while a ran-
dom intercept for each patient was incorporated
to account for interindividual variability. The cor-
relation between repeated measurements was mod-
eled using a Toeplitz covariance structure, selected
based on information criteria (Akaike information
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criterion (AIC) and Bayesian information criterion
(BIC)) and model convergence stability.

The overall effect of time was evaluated using
a Type III fixed-effects test. When a significant
overall time effect was detected, pairwise compari-
sons between measurement points were performed
with Bonferroni adjustment. Estimated marginal
means with corresponding 95 % confidence inter-
vals were reported to facilitate the interpretation of
longitudinal effects. To assess the robustness of the
results, time was additionally modeled as a continu-
ous variable, defined as the number of days from the
start of hospitalization to the corresponding mea-
surement. The linear effect of time was evaluated by
estimating the coefficient B, which represents the
change in CSA per unit time, along with its 95 %
confidence interval and p-value.

Longitudinal changes in handgrip strength were
analyzed using linear mixed-effects models with time
included as a categorical fixed effect (T1-T3). A ran-
dom intercept for each patient was incorporated to ac-
count for interindividual variability, and the correla-
tion between repeated measurements was modeled us-
ing a Toeplitz covariance structure. The overall effect
of time was evaluated using a Type III fixed-effects
test. When a statistically significant time effect was
observed, pairwise comparisons between measure-
ment points were performed with Bonferroni adjust-
ment. Results were reported as estimated marginal
means with corresponding 95 % confidence intervals.

In the subgroup of patients with available paired
CT and ultrasound measurements, the association
between ultrasound-derived changes in rectus fem-
oris cross-sectional area and CT-derived changes in
skeletal muscle area at the L3 vertebral level was
evaluated using correlation analysis. Spearman’s
rank correlation coefficient (p) was used to quan-
tify the strength of the association.

Model convergence was evaluated based on the
presence or absence of algorithm warnings and the
stability of parameter estimates. Model assumptions
were assessed through residual diagnostics, including
inspection of histograms, Q—Q plots, and residuals
plotted against model-predicted values. Potentially
influential observations were examined by reviewing
individual longitudinal trajectories and residual dis-
tributions, as well as by identifying values that exerted
disproportionate influence on fixed-effect estimates.

Results

Sample characteristics

The study cohort comprised 28 patients aged
19-59 years with severe acute pancreatitis compli-
cated by infected necrosis who underwent surgical
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intervention during hospitalization. Surgical treat-
ment was performed during the interval between
the second and third ultrasound assessment time
points. The median time from hospital admission to
the first ultrasound examination was 8 days (IQR
6—10), and to the second examination was 29 days
(IQR 26-31).

Preliminary results

Astatistically significant progressive decrease in rec-
tus femoris cross-sectional area was observed over
time (Type I11 fixed-effects test: F(2,31.06) =87.90;
p<0.001). The estimated marginal means (EMMs)
of CSA were 4.825 cm? (95% CI 4.399-5.251) at
T1, 4.196 cm? (95% CI 3.770-4.623) at T2, and
3.836 cm? (95 % CI 3.409-4.263) at T3.

The absolute difference was —0.629 cm? (95 %
CI-0.732 to —0.526; p<0.001) between T1 and T2,
~0.360 cm? (95% CI-0.467 to —0.253; p<0.001)
between T2 and T3, and —0.989 cm? (95 % CI-1.150
to —0.828; p<0.001) between T1 and T3. The rela-
tive reduction in CSA was 13.0 % between T1 and
T2 and 8.6 % between T2 and T3, resulting in a to-
tal reduction of 20.5 % between T1 and T3.

Sensitivity analysis of results

Additional modeling of time from hospital admission
as a continuous variable confirmed an independent
association between duration of hospitalization and
a decrease in rectus femoris CSA (=-0.025 cm?/
day; 95 % CI-0.030 to —0.020; p<0.001).

Secondary outcomes

A statistically significant effect of time on handgrip
strength was observed (Type III fixed-effects test:
F(2, 29.96)=445.01; p<0.001). Estimated mar-
ginal means were 24.5 kg (95% CI 21.1-27.8) at
T1, 20.0 kg (95 % CI 16.6—23.4) at T2, and 15.5 kg
(95% CI1 12.1-18.9) at T3.

The absolute difference in handgrip strength was
—4.5 kg between T1 and T2, —4.5 kg between T2 and
T3, and —9.0 kg between T1 and T3 (all p<0.001).
The relative reduction was 18.4 % between T1 and
T2 and 22.5 % between T2 and T3, resulting in a to-
tal reduction of 36.7 % between T1 and T3.

Association between ultrasound and CT parameters
In the subgroup of patients with paired CT exami-
nations (n = 17), ultrasound-derived changes in rec-
tus femoris CSA showed a moderate positive corre-
lation with CT-derived changes in skeletal muscle
area at the L3 vertebral level (p=0.65; p=0.005).
The median relative reduction in CSA was 14.8 %
(IQR 8.9-17.4 %), whereas the median relative re-
duction in SMA was 18.7 % (IQR 14.1-20.8 %).
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Discussion

This study demonstrated a significant reduction in
rectus femoris cross-sectional area, assessed by ul-
trasound, in patients who underwent surgical treat-
ment for severe acute pancreatitis complicated by
infected necrosis. During hospitalization, rectus
femoris CSA decreased by 20.5% from baseline,
whereas handgrip strength showed a more pro-
nounced decline of 36.7 %.

Considering the magnitude of these changes,
the findings should be interpreted in the context
of established mechanisms of muscle catabolism in
critically ill patients. The results suggest the persis-
tence of a hypercatabolic state despite individual-
ized nutritional support based on patient tolerance
throughout the perioperative period, with no evi-
dence of stabilization by the time of hospital dis-
charge. Such progressive reductions in muscle mass
and strength may reflect the sustained impact of
systemic inflammation, prolonged immobilization,
and postoperative metabolic stress.

Comparable patterns have been reported in pa-
tients with sepsis and multiple organ dysfunction,
in whom rapid declines in muscle thickness or cross-
sectional area occur from the early days of intensive
care unit admission [19, 22]. However, most avail-
able studies involve heterogeneous critically ill pop-
ulations and do not specifically address the contri-
bution of surgical intervention. In contrast, periop-
erative changes in skeletal muscle status among pa-
tients with severe acute pancreatitis complicated by
infected necrosis remain insufficiently investigated.

The discrepancy between the magnitude of struc-
tural and functional changes warrants particular at-
tention. These findings suggest that functional im-
pairment is not solely attributable to reductions in
muscle mass but may also reflect additional patho-
physiological mechanisms. A similar dissociation
between morphological and functional parameters
has been described in critically ill patients and has
been linked to the development of intensive care
unit—acquired myopathy and polyneuropathy [9].

In this context, declines in muscle strength may
also reflect alterations in muscle quality, impaired
neuromuscular transmission, and reduced contrac-
tile function of muscle fibers. In the present cohort,
further deterioration in handgrip strength was ob-
served at later stages of follow-up, despite less pro-
nounced changes in morphological parameters. This
pattern may indicate a dynamic interplay between
catabolic processes, neuromuscular dysfunction,
and immobilization across different clinical phases
of severe acute pancreatitis.

It is important to emphasize that the observed
structural and functional changes developed over
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a relatively short period of hospitalization (median
49 [39-59] days), which is consistent with current
understanding of the potential for rapid-onset acute
secondary sarcopenia in the context of severe acute
illness. Notably, there is currently no consensus in
the literature regarding the time frame within which
sarcopenia can be attributed to an acute event; re-
ported intervals range from 28 days to 6 months
from the onset of the acute pathological process [5].

A distinctive finding in the present cohort of
patients with infected necrotizing pancreatitis
was that substantial muscle mass loss had already
occurred prior to surgical intervention, indicat-
ing that surgery was performed in the setting of
an established muscle deficit. Subsequent assess-
ments demonstrated further deterioration of these
parameters during the postoperative period. Thus,
the perioperative course in patients with infected
necrotizing pancreatitis appears to be characterized
by the combined impact of surgical stress and a per-
sistent hypercatabolic state, which may adversely
affect recovery of functional capacity and prolong
the rehabilitation process.

In cohorts of patients with acute pancreatitis,
most studies have focused on assessing nutritional
status and CT-derived indicators of sarcopenia as
predictors of disease severity and clinical outcomes
[10, 12, 14]. In contrast, the present study employed
serial ultrasound assessment of rectus femoris cross-
sectional area during hospitalization in the peri-
operative period among patients with severe acute
pancreatitis complicated by infected necrosis.

Unlike previous investigations, this study was
designed prospectively, with measurements per-
formed at clinically defined time points. It com-
bined morphological evaluation of skeletal muscle
mass using ultrasound with analysis of its associa-
tion with CT-derived skeletal muscle parameters at
the L3 vertebral level and with functional strength
measures. This comprehensive approach enhances
the robustness of the findings and allows a more de-
tailed characterization of muscle deficit severity in
this clinical population.

These observations also highlight the importance
of opportunistic screening for reduced muscle mass
using existing computed tomography examinations
performed for the primary disease [10], which may
facilitate early identification of patients at increased
risk of developing sarcopenia.

The present findings highlight the importance
of early assessment of muscle status as soon as the
patient’s clinical condition allows. Ultrasound ex-
amination enables effective serial bedside moni-
toring without additional radiation exposure or
substantial resource utilization. At the same time,
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although several studies have proposed cutoff val-
ues for ultrasound-derived muscle mass parameters
in specific patient populations [2, 13, 24], their va-
lidity and reproducibility in surgical cohorts remain
insufficiently established. This limitation compli-
cates the diagnosis of acute secondary sarcopenia,
its early detection during hospitalization, and the
estimation of its prevalence among critically ill pa-
tients with acute pancreatitis.

Despite being conducted at two centers, this
study has several limitations, including a relative-
ly small sample size and a clinically homogeneous
cohort. The absence of post-discharge functional
status assessment precludes evaluation of the long-
term clinical impact of the observed muscle deficit,
particularly regarding functional recovery, rehabili-
tation needs, and quality of life.

A formal assessment of intra- and inter-observer
reproducibility of ultrasound measurements, in-
cluding calculation of concordance coefficients,
was not performed. In addition, the influence of the
volume and composition of nutritional support on
muscle mass dynamics was not analyzed, which lim-
its the interpretation of the potential therapeutic
effect. These limitations highlight important direc-
tions for future research in this clinical population.

Future research should include larger multi-
center cohorts to confirm the reproducibility of
these findings and improve their external validity.
An important direction for further investigation is
to evaluate the association between the rate of mus-
cle mass loss and clinically relevant outcomes, such
as length of hospital stay, complication rates, need
for repeat interventions, and recovery of functional
capacity.

Particular attention should be given to determin-
ing whether serial ultrasound monitoring of skeletal
muscles can be incorporated into risk stratification
strategies, individualized nutritional support, and
postoperative rehabilitation within existing clinical
care pathways. In addition, long-term functional
and metabolic consequences of the observed muscle
deficits should be investigated, including their im-
pact on quality of life and the risk of recurrent acute
pancreatitis.

Conclusions

In this prospective cohort of patients who under-
went surgical treatment for severe acute pancre-
atitis complicated by infected necrosis, serial ul-
trasound measurements demonstrated a progres-
sive decrease in rectus femoris cross-sectional area
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during hospitalization. Overall, CSA declined by
approximately 20 % from baseline, whereas hand-
grip strength decreased by nearly 37 %.

The more pronounced reduction in muscle
strength may reflect the progression of skeletal
muscle dysfunction alongside structural muscle loss
or may precede detectable morphological changes.
Adverse trends in both functional and morphologi-
cal parameters were evident prior to surgical in-
tervention and persisted during the postoperative
period, suggesting sustained systemic hypercatabo-
lism throughout the clinical course of severe acute
pancreatitis.

The findings demonstrated a statistically signifi-
cant correlation between ultrasound-derived mea-
sures of muscle mass and computed tomography—
derived skeletal muscle area parameters, supporting
the potential feasibility, accessibility, and clinical
utility of ultrasound for longitudinal monitoring of
muscle status in this clinical population.

Overall, the observed combination of skeletal
muscle atrophy and reduced functional capacity
may be consistent with the development of acute
secondary sarcopenia in the context of severe sys-
temic illness; however, the absence of validated
diagnostic cut-off values for this surgical cohort
necessitates cautious interpretation of the results.
Further investigation of this approach may enable
a more precise evaluation of the clinical relevance
of serial muscle mass assessment and its potential
to optimize nutritional support and rehabilitation
strategies.
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Tocrpa BTrpara CKeJIeTHOI M’130B0O1 MACH

B IIAIIi€HTIB, IIPOOIIEPOBAHUX i3 IPUBOAY TAKKOI'O
iH(PIKOBAHOTO HEKPOTUYHOI'O ITAHKPEATUTY:
IIO3/IOBKHE YJIBTPA3BYKOBE JOC/IIKEHHA

B. Tetepina
Hamionanpiuit meguunmii ynisepcuret imeni O. O. Boromoubirst, Kuis

Mera — OLiHUTU NEPIONEPALTiHHY JUHAMIKY YIBTPA3BYKOBUX MTOKA3HUKIB MI30BOI MACH HA NPHUKIAJ| IUIONT]
MOIIEPEYHOIO IEPEPi3y m. rectus femoris y malieHTiB, SIKUM BUKOHAHO XipypriyHe JIIKYBaHHS 3 IIPUBOJY TSLKKO-
I'O TOCTPOI'O MAHKPEATUTY, YCKIIAJHEHOT'O iH(PIKOBAHMM HEKPO30OM, 4 TAKOXK JTOCIJUTH CYITyTHI (DYHKIIIOHAJIbHI
3MiHHU T4 B3AEMO3B 130K Y/IBIDA3BYKOBHX ITOKA3HMKIB i3 ITapaMeTpamMu M’I30BOi MACH 34 JJAHUMU KOMIT IOTEPHOT
TOMOrpadii.

Marepiajgu Ta METOAH. Y MPOCIIEKTUBHE OOCEPBALliiHE JOCIPKEHHS B JBOX KIHIYHUX IIEHTPaX OY/I0
3Iy4eHO 28 MaIi€HTiB BIKOM 19—59 pOKiB, IIPOONEPOBAHUX 3 NPHUBOAY iH(PIKOBAHOIO HEKPOTUYHOI'O ITAH-
Kpearuty. Mezaiana TpuBanocti rocuiranizanii cranosuia 49 (39—59) nHiB. BUKOHAHO CEPiiHY OLIIHKY IUIONI]
IoIIepeYHoro nepepisy (CSA) m. rectus femoris i3 BAKOPUCTAHHAM [IOPTATUBHOI'O YJIBIPA3ByKOBOI'O IIPUCTPOIO
3 0€3APOTOBHM BHCOKOYACTOTHUM JIIHIMHHUM JATYHUKOM, 4 TAKOXK OL{HKY CWIM CTUCKAHHS KUCTi METOJIOM
JUHAMOMETPIT B TPhOX KJIIHIYHO BU3HAYECHUX 4acoBUX TouKax (T1, T2, T3). CepiitHi BUMipIOBAHHS IPOBOIU-
JIA B KJIIHIYHO BM3HAYEHi YACOBi TOYKH, IO BiIOOPAKYBAIN JUHAMIKY IIE€PIONEPALIMHOIO Nepediry TaHKKOTO
TOCTPOTO MAHKPEATUTY: TIEPIIe OOCTEKEHHS BUKOHYBAM Ha 8-11 (6— 10-11) AeHb rocmiTamisariii, 1pyre — Ha
29-11 (26—31-11) penb. V mirpymi 3 17 marieHTis i3 HAsBHUMH TAPHUMU KOMITTIOTEPHIMH TOMOI'DAMAMH OITi-
HIOBIM IUIONY CKEJIETHUX M’13iB (SMA) Ha piBHI L3 Ta MpoaHaizyBain aCOLialliio 3MiH y/IBIPA3ByKOBUX I1apa-
METPIB i pe3y/BrariB KOMII'IOTEPHOL TOMOIpadii 3a JOOMOror KoedirieHra kopesranii Criipmena. i OL[iHKHU
JUHAMIKU [TIOKA3HUKIB CKEJIETHUX M’131B BUKOPUCTOBYBAJIM JIIHIMHI MOZEI 3MIlIaHUX €(DEKTIB.

Pe3yabraTy. YCTAHOBJICHO CTATUCTHUYHO 3Hauylle (p<0,001) mporpecusHe 3menmeHHs CSA m. rectus
femoris mpotAarom nepiony criocrepexeHHs. CyMapHe BifHOCHE 3HKEHHA CSA Mk T'1 i T3 cranosuiio 20,5 %.
MOJIEIIOBAHHS TPUBAJIOCTI TOCHiTANMi3allii K 6€3MepEePBHOI 3MiHHOI MiTBEPAWIO HE3WICKHY ACOLHAIIIIO
a3menrieHHs CSA 3 yacom (B=-0,025 cm?/no6y, p<0,001). BHIKEHHS CUIA CTUCKAHHS KUCTI 6Y/I0 BUPA3Hi-
muM (p <0,001), i3 cyMapHHUM BiTHOCHUM 3MEHIICHHAM 36,7 % Mk T1 i T3. V miarpyni namienTis i3 mapHu-
MU KOMITIOTEPHUMH TOMOTI'PaMaMu 3MiHU CSA 32 JAHUMHU YJIBTPA3BYKOBOI'O JOCIPKEHHSA JEMOHCTPYBAIN
MOMIpHY ITO3UTHUBHY KOPEJIALIIO 31 3MinamMu SMA Ha piBHi L3 (p=0,65; p=0,005), 10 MiTBEPPKYE Y3rO/PKE-
HICTB PE3y/IBTraTiB 000X METO/IiB.

BucHOBKHM. Y NALi€HTIB, IPOONEPOBAHUX 3 IPUBOJY iH(PIKOBAHOIO HEKPOTUYHOT'O TAHKPEATUTY, CIIOCTEPIra-
JIOCS IPOIPECUBHE MOTIPIIEHHS MOPMOIOTIYHUX i (PYHKIIIOHATBHUX MOKA3HHUKIB CKEJIETHUX M’SI3iB IPOTATOM
Hepiofy rocuiranizaii. BupasHime 3HIKEHHs [IOKA3HUKIB M'130BO1 CWJIN IHIOPIBHAHO 31 3MiHAMU Y/IBIPA3BYKO-
BUX MAPAMETPIB MI30BOI MACU MOXKE BiIOOPAKYBATU ACHHXPOHHY JAUHAMIKY (DYHKIIOHAIBHUX i MOP(HOIIO-
IUHUX 3MiH CKEJIETHUX M3iB IPH THKKOMY TOCTPOMY HAHKPEATUTI, YCKIQJHEHOMY iH(PIKOBAHUM HEKPO3OM.
OTpHMaHi Pe3yaBraTh OO6I PYHTOBYIOTh KIHIYHY JOLUIBHICTb HOEAHAHOI MOP(OJIOTiYHOI Ta (PYHKITIOHATBHOL
OLI{HKU M’I30BOI'O CTATYCY JJI1 CBOEYACHOI'O BUABJICHHA I'OCTPOI BIOPHUHHOI CAPKOIICHII Ta OIITUMI3aLlil HyTpU-
THUBHHX i peaOUTITAIIHUX BTPYYaHb Y LIl MOMYJIALIL

KiIro4oBi c;10Ba: BUCHAKEHHS CKEJIETHUX M'S13iB, TOCTPA CAPKOIIEHIA, YIBTPA3BYKOBE JOCIKEHH M A31B, TSDK-
KHI1 TOCTPHUN MAHKPEATUT, iH(PIKOBAHUI MAHKPEOHEKPO3, KPUTUUHUN CTAH, KATA0OII3M.
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Chronic diabetic foot wounds represent a persistent surgical challenge due to delayed healing, frequent compli-
cations, and high socioeconomic burden. Chronic hyperglycemia is known to impair epidermal barrier integrity,
in part by altering the expression of tight junction proteins, including zonula occludens-1 (ZO-1).

OBJECTIVE — to evaluate changes in ZO-1 expression in chronic diabetic foot wounds following combined local
therapy and to assess the potential role of ZO-1 as an early molecular marker of epithelial barrier restoration.

MATERIALS AND METHODS. A prospective randomized study included 28 patients with chronic diabetic foot
wounds. Patients were divided into an intervention group (n=14) treated with a combined spray—and—gel regi-
men containing collagen, hyaluronate, amino acids, trace elements (Zn, Cu), and antiseptic components, and
a control group (n=14), receiving standard chlorhexidine dressings. Epidermal biopsy samples were obtained at
baseline (Day 0) and after 10 days of treatment. ZO-1 expression was assessed using Western blot analysis, fol-
lowed by densitometric quantification.

REesurts. Patients receiving combined local therapy demonstrated a marked increase in ZO-1 expression by
Day 10 compared with baseline values, indicating restoration of intercellular junction integrity. No comparable
changes were observed in the control group.

Concrusions. Combined local therapy promotes molecular recovery of the epidermal barrier in chronic diabetic
foot wounds, as evidenced by increased ZO-1 expression. These findings support the clinical relevance of ZO-1

as an objective biomarker for treatment response in the surgical management of chronic diabetic wounds.
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Scope and impact of chronic wounds

Chronic wounds are defined as defects of the skin
and underlying tissues that fail to progress through
the normal stages of healing within 3—4 weeks
and may persist for months or longer [2, 9]. Un-
like acute wounds, chronic wounds are character-
ized by prolonged inflammation, impaired tissue
regeneration, and frequent recurrence. Clinically,
chronic wounds represent a multifactorial surgical
problem resulting from the interaction of local tis-
sue damage and systemic disorders [1, 6].

Among chronic wounds, diabetic foot ulcers
are associated with particularly high morbid-
ity and mortality and lead to a substantial reduc-
tion in patient quality of life [10, 11]. In addition
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to clinical consequences, the economic impact of
chronic wound care is considerable, placing a sus-
tained burden on healthcare systems worldwide,
with treatment costs reaching tens of billions of dol-
lars annually [10]. The most prevalent categories of
hard-to-heal wounds include diabetic foot ulcers,
venous leg ulcers, and pressure ulcers [10, 11].
Effective management of chronic wounds re-
quires a structured and systematic approach [4, 9].
Adequate wound bed preparation is fundamental
in contemporary surgical practice. This process in-
cludes the removal of non-viable tissue, infection
control, maintenance of optimal moisture balance,
and stimulation of wound edge activity [2, 6, 9].
Proper wound bed preparation is widely regarded
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as a prerequisite for successful surgical and conser-
vative treatment of chronic wounds [2, 3, 9].

Principles of modern wound management

Current surgical strategies emphasize that suc-
cessful healing of chronic wounds, particularly in
patients with diabetes mellitus, cannot rely solely
on correction of systemic metabolic or vascular ab-
normalities [1, 11]. Increasing attention is directed
toward local therapeutic interventions aimed at
modifying the wound microenvironment [1].

Clinical evidence indicates that hydrogel-based
dressings improve healing outcomes by supporting epi-
thelialization, maintaining adequate hydration, and fa-
cilitating the controlled release of bioactive substances
[4]. Advanced hydrogel systems integrate biocom-
patibility with antimicrobial and anti-inflammatory
properties, attributes that are especially important for
treating diabetic wounds with impaired local defense
mechanisms [4]. Adjunctive modalities, such as hyper-
baric oxygen therapy, have demonstrated benefit in se-
lected patient populations by reducing wound size and
lowering the risk of major amputations [11].

Molecular pathology of diabetic wounds:
the role of ZO-1

Diabetic foot ulcers develop in the setting of chron-
ic hyperglycemia-induced metabolic disturbances
affecting multiple organ systems [7, 11]. One of the
key pathological mechanisms underlying delayed
healing is dysfunction of the epidermal and micro-
vascular barriers [5, 7].

Tight junctions play a critical role in maintaining
epidermal integrity. Zonula occludens-1 (ZO-1) is
a cytoskeleton-associated protein essential for tight
junction assembly and regulation of paracellular
permeability [10]. Experimental and clinical stud-
ies have shown that hyperglycemia reduces ZO-1
expression and alters subcellular localization in
keratinocytes and endothelial cells [5, 7, 8]. These
changes result in compromised barrier function, in-
creased transepidermal water loss, and impaired re-
epithelialization [5, 7].

During physiological wound healing, ZO-1 ex-
pression increases as epithelial continuity is re-
stored, highlighting its role in intercellular junction
repair [8]. Therefore, assessment of ZO-1 dynamics
in chronic diabetic wounds may provide valuable
insight into the molecular effectiveness of local
therapeutic interventions [8, 11].

Rationale and objective

Restoration of epidermal barrier integrity is a fun-
damental goal in the surgical treatment of chronic
wounds. Combining standard wound care with
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regenerative local agents may enhance epithelial
repair by simultaneously improving the wound en-
vironment and supporting molecular mechanisms
responsible for tight junction restoration [4, 8].

OBJECTIVE — to evaluate changes in ZO-1 expres-
sion in chronic diabetic foot wounds following com-
bined local therapy and to assess the potential role
of ZO-1 as an early molecular marker of epithelial
barrier restoration.

Materials and methods

Study population and design

This study employed a prospective, randomized
design and enrolled 28 patients with chronic foot
wounds secondary to diabetes mellitus. Inclusion
required a wound duration of at least 3 months.
Patients were assigned to two cohorts using sys-
tematic random sampling: the intervention group
(n=14) received combined local therapy, while the
control group (n=14) received standard dressings.

Intervention Protocols

Experimental group treatment
Patients in the experimental group received a two-
step combined local therapeutic regimen:

Spray application. The wounds were initially
treated with a spray formulation containing deca-
methoxin (an antiseptic), low-molecular-weight hy-
drolyzed collagen, and the amino acids glycine, argi-
nine, and aspartic acid, suspended in purified water.

Gel application. Subsequently, a wound care
gel was applied over the treated area. The gel con-
tained low-molecular-weight hydrolyzed collagen,
high-molecular-weight sodium hyaluronate, silver
sulfadiazine (an antimicrobial agent), decamethox-
in, colloidal anhydrous silicon dioxide (Aerosil,
a structural agent), poloxamer, hypromellose (hy-
drogel matrix agents), and purified water.

This formulation was designed to address multiple
facets of chronic wound pathology, providing struc-
tural support (collagen), maintaining hydration (hy-
aluronate, poloxamer), controlling infection (deca-
methoxin, silver sulfadiazine), and supplying cellular
precursors and regulators (amino acids and trace ele-
ments, specifically Zn and Cu as discussed later).

Control group treatment

The control group received standard care, consist-
ing solely of wound treatment with a chlorhexidine
solution, followed by the application of an atrau-
matic sterile dressing soaked in the same solution.
It is important to note that iodine-based prepara-
tions were explicitly excluded from the treatment
protocols for both groups.
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Sample collection and timing
To evaluate the molecular dynamics of skin inter-
cellular contacts, ZO-1 protein expression was ana-
lyzed.1 Paired epidermis tissue samples were surgi-
cally collected from patients in both the interven-
tion and control groups at two crucial time points:
Day 0. Collected prior to the initiation of any
local therapeutic intervention.
Day 10. Collected immediately following the
10-day course of prescribed treatment.

Molecular expression analysis
The level of ZO-1 expression was determined using
western blot analysis. The standard procedure in-
volved separating tissue proteins by electrophoresis,
transferring them onto a membrane, incubating the
membrane with specific primary and secondary anti-
bodies targeting ZO-1, and finally visualizing the re-
sulting complexes using the chemiluminescent meth-
od. The ZO-1 protein band was successfully identi-
fied at an approximate molecular weight of 220 kDa.
Quantitative assessment of protein content was
performed by densitometry, an accurate technique
for determining relative protein amounts based
on signal intensity on the blot. The widely avail-
able software Image] was used for this quantifica-
tion, providing a precise means to measure the area
and intensity of the signal bands. Densitometric
measurements were reported as relative intensity
units (i.u.), normalized to the background signal,
allowing for comparative analysis between base-
line (Day 0) and post-treatment (Day 10) samples
within each patient.

Results
Initial qualitative findings (western blot)

Analysis of ZO-1 protein expression commenced with
qualitative assessment via western blotting. At the
initial baseline stage (Day 0), significant variability

Patient 1 2 3
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in ZO-1 band intensity was observed across patient
samples, a finding characteristic of the diverse pathol-
ogy of chronic wounds. After 10 days of combined
local treatment, the analysis revealed a marked and
consistent increase in ZO-1 signal intensity. Specifi-
cally, a pronounced intensification of the signal was
observed in 13 of the 14 participants in the interven-
tion group, indicating molecular activation of pro-
cesses aimed at restoring tight intercellular contacts.

Following systematic organization and process-
ing, the generalized blotograms (Fig. 1, as described
below) confirmed this trend. There was a visible
increase in ZO-1 expression (the protein band at
220 kDa) in the Day 10 (even) lanes compared to
the corresponding baseline (odd) lanes. Notably,
samples from Patient 4 showed particularly high
enhancement, which correlated positively with ob-
served clinical progress in wound healing dynamics.

Quantitative densitometric analysis

For objective quantification, the intensity of the
Z0-1 bands was measured by densitometry in Im-
age]. The data for the intervention group are sum-
marized in Table 1.

The data in Table 1 reveal a substantial and consis-
tent positive dynamic in ZO-1 expression across the
majority of patients following 10 days of the combined
local therapy. Several cases demonstrated exponential
increases. For instance, Patient 4 exhibited an approx-
imately 742 % increase (from 0.8683 to 6.4538 i.u.).
This magnitude of molecular change suggests that
the therapeutic complex initiates a powerful, targeted
stimulus for cellular repair and tight junction protein
synthesis, demonstrating a highly effective pro-repar-
ative signal rapidly induced by the treatment.

Treatment response dynamics

The quantitative data were visually represented us-
ing bar charts to clearly illustrate the treatment ef-
fects in both cohorts (Fig. 2, 3).

Day 0 10 0 10 0 10

0 10 0 10 0 10 0 10

Figure 1. Western blot expression of ZO-1 in patients with chronic foot wounds on days 0 and 10 of
treatment. The arrow indicates the ZO-1 protein band at 220 kDa
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Table 1. Densitometric values of ZO-1 band
intensity in intervention group patients
on days 0 and 10 of treatment, i.u.

Patient Day 0 Day 10
1 0.0622 0.0669
2 0.1285 2.5019
3 0.4640 2.1926
4 0.8683 6.4538
5 0.3272 1.7172
6 2.0024 3.5765
7 0.1757 1.2642
8 0.7149 3.8429
9 1.3824 4.7561
10 0.2593 0.4678
11 0.9475 1.3982
12 0.0368 5.2279
13 1.7249 3.1425
14 0.5031 2.9041

Fig. 2 shows the densitometry results for the in-
tervention group, demonstrating a marked increase
in ZO-1 band intensity after treatment. This visible
upregulation confirms the therapeutic complex’s abil-
ity to enhance ZO-1 expression. The sole exception
was Patient 1, whose baseline expression was minimal
(0.0622 i.u.) and whose subsequent post-treatment
growth was marginal. This low response may indicate
a subgroup of wounds with an exceptionally profound
or non-responsive underlying barrier dysfunction.

W Day (0 [ Day 10
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In contrast, Fig. 3, representing the control group
that received standard chlorhexidine dressings,
showed no substantial increase in ZO-1 band inten-
sity over the 10-day period. This clear differentiation
underscores that the observed molecular restoration
of the epithelial barrier is a specific therapeutic ef-
fect of the combined spray-and-gel regimen, rather
than a non-specific response to basic antiseptic care.

Discussion

The role of combined therapy
in tight junction restoration

Chronic diabetic wounds are characterized by de-
creased ZO-1 protein levels, a condition directly as-
sociated with impaired epithelial barrier function and
delayed wound healing. The primary finding of this
study—a significant increase in ZO-1 expression in the
intervention group by Day 10—confirms that the com-
bined local therapeutic approach successfully coun-
ters and reverses this fundamental molecular deficit.
The increased intensity observed on the western
blot indicates successful molecular restoration of
tight intercellular junctions, resulting in a demon-
strable improvement in epithelial structural integrity.
The specificity of this therapeutic response, entirely
absent in the control group treated with chlorhexi-
dine, highlights the unique biological activity of
the bioactive components within the spray and gel.
These components include collagen and hyaluronate,
which provide a scaffold and maintain moisture, as
well as crucial trace elements such as Zn and Cu.
Zinc is indispensable for critical processes such as ke-
ratinocyte proliferation and immune system modula-
tion, while copper is vital for promoting angiogenesis
and stabilizing the extracellular matrix constituents,

B Day 0 [ Day 10

=
o
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0.8

Intensity, a. u.

0.6
0.4
0.2

1 23 45 6 7 8 9 10111213 14

Patient

Figure 2. Column chart of ZO-1 protein
densitometry in 14 patients of the intervention
group on day 0 and day 10 of treatment
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Figure 3. Column chart of ZO-1 protein
densitometry in 14 patients of the control group
on day 0 and day 10 of treatment
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including collagen and elastin. The collective action
of these components likely initiates and accelerates
the cellular signaling cascades required for the rapid
synthesis and accurate localization of ZO-1, thereby
rapidly pushing the chronic wound environment to-
ward an acute, pro-reparative state.

Correlation with clinical improvements

Molecular evidence of barrier recovery, as manifest-
ed by ZO-1 upregulation, aligns with favorable clini-
cal observations in the experimental group. Patients
receiving combined local therapy demonstrated
faster wound cleansing, a marked reduction in local
inflammation, and more robust granulation tissue
formation compared to the control group. The rapid
biochemical shift, captured by the Day 10 biopsies,
signifies that the molecular foundation for successful
healing — the restoration of the epithelial barrier — is
established early in the treatment phase. This rapid
commencement of molecular repair mechanisms
precedes and predicts subsequent macroscopic clini-
cal improvement, indicating that the complex for-
mulation is designed to drive biological regeneration
beyond simple wound coverage or antisepsis.

Z0-1 as a validated early biomarker

The findings provide strong evidence that ZO-1 ex-
pression dynamics represent a reliable, objective, and
early tool for assessing therapeutic success in chronic
wounds. The exclusive increase in ZO-1 observed in
the cohort treated with the specialized spray and gel
indicates that this protein is a sensitive indicator of
molecular response to regenerative local therapy.

This objective molecular assessment provides sig-
nificant advantages over traditional subjective clini-
cal evaluations. By quantifying the protein level via
densitometry within a short 10-day period, clinicians
can obtain definitive evidence of whether the wound's
underlying cellular machinery is responding to the re-
generative agents. This objective validation capability
allows for a faster assessment of treatment efficacy, en-
abling prompt clinical decisions regarding the continu-
ation of a successful treatment path or the necessary
modification of care for patients who show minimal
molecular response, such as Patient 1. This advance-
ment contributes to a more personalized and evidence-
based approach to chronic wound management.

Perspectives

While the current study successfully confirms the
molecular efficacy of the combined therapy in re-
storing ZO-1 expression, future research should
focus on establishing a direct, long-term correla-
tion between the magnitude of the Day 10 ZO-1 in-
crease and definitive clinical endpoints, such as rates
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of complete healing and risk of wound recurrence.
Further investigations are also required to fully elu-
cidate the specific synergistic contributions of indi-
vidual complex components (e.g., zinc versus colla-
gen or hyaluronate) to optimize future wound care
product development. Additionally, the case of the
patient who exhibited minimal response highlights
the need for dedicated research into the mechanisms
of treatment resistance, potentially involving genet-
ic factors or localized pathologies that may override
the pro-reparative effects of the topical agents.

Clinical significance

The findings of this research establish several points
of clinical importance derived from the molecular
evidence:

Restoration of barrier integrity. The signifi-
cant increase in ZO-1 expression following treat-
ment confirms the therapeutic regimen’s ability
to actively restore intercellular contacts and rein-
force epithelial barrier function, a crucial step often
stalled in diabetic pathology.

Regenerative efficacy. The wound care spray
and gel formulated with trace elements (Zn, Cu)
should be considered effective therapeutic agents
for actively stimulating molecular regeneration in
chronic diabetic wounds.

Novel monitoring strategy. ZO-1 expression
analysis offers a quantifiable and valuable early labo-
ratory marker for evaluating patient response to mod-
ern regenerative local therapies, providing objective
data for guiding clinical management decisions.

Conclusions

The study conclusively demonstrated that the imple-
mentation of a comprehensive local therapy, incorpo-
rating standard antiseptic treatment with a mineral
wound spray and gel containing trace elements (Zn,
Cu), significantly restores impaired epithelial barrier
properties in chronic diabetic foot wounds.
Densitometric quantification of ZO-1 protein
showed a substantial increase in expression by the 10th
day of treatment compared with baseline. This positive
molecular dynamic was recorded across the majority of
the treated patient cohort, clearly indicating improved
intercellular contacts and accelerated tissue repair.
The totality of the data supports the conclusion
that the application of trace element-based wound
agents plays an important role in restoring the struc-
tural integrity of the epithelial barrier and normaliz-
ing tight junction function, specifically by increasing
the level of ZO-1. This targeted molecular approach is
recommended as an effective supplement to standard
treatment protocols for chronic diabetic wounds.
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3miHu ekcrapecii ZO-1 Ak paHHiI TOKA3HUK €(PEKTUBHOCTI
JIHKYBAHHS y IAII€HTIB 3 XPOHIYHUMU PAHAMH CTOITHU

IIPU I[yKPOBOMY JiiabeTi

. Axumis, M. IIpucrymok

Hamnionasnpauit meguunuii yHiBepcuret imeni O. O. Boromossis, Kuis

XPpOHiYHi paHU CTONH MHPH LYKPOBOMY JiabETi CTAHOBIATH 3HAYHY MPOOIEMY I Xipypril 4epes MOBiIbHE
3arO€HHS, YACTi YCKIAJHEHHA T4 BEJIMKE COLAIBHO-EKOHOMIYHE HABAHTAKEHHA. BiJOMO, IO XpOHiYHA Tinep-
IIKEMis MOPYIIYE LUTICHICTD EMiZIEPMAILHOTO 6ap’epa, 30KpeMa Yepe3 3MiHy EKCITPECii OUIKIB MIUIBHUX MIKKITi-
TUHHHUX KOHTAKTIB, CEPE]] SIKUX BLKIMBE Miclie nocifae zonula occludens-1 (ZO-1).

MeTa — OLIiHUTH 3MiHU eKkcrpecii ZO-1 y XpOHIYHUX paHax AiabeTUYHOL CTOIH TTiC/IA 3ACTOCYBAHHA KOMOiHO-
BAHOI MiCIIEBOI TEPAIii Td BUBHAUUTH MOTEHIIAHY POJIb ZO-1 K PAaHHBOI'O MOJIEKYJIAPHOT'O MaPKEPA BiJHOB-
JICHHS EIIiTEiaIbHOIO 6ap’epa.

Marepiaay Ta METOOH. Y IIPOCIEKTUBHE PAaH/IOMi30BAHE JOCIPKEHHS OYJIO 3AIy4EeHO 28 MAllieHTiB i3 Xpo-
HIYHUMH PaHAMU J1iaOeTUYHOI CTONH. ITarieHTiB po3noAIIg Ha I'PyIy JOCTPKEHH (n= 14), SIKii IpU3HAYIN
KOMOIHOBAHY MICLIEBY TEPAIIIIO Y BUIVIi CIIPEIO TA I'EJIIO, O MiCTWIN KOJIAT'CH, IaIypOHAT, AMiHOKUCIOTH, MIKPO-
enemMeHTH (Zn, Cu) 11 aHTUCENTHUYHI KOMITIOHEHTH, Ta KOHTPOJIBHY Ipymy (n= 14), B AKi¥1 3aCTOCOBYBATM CTAH/IAPTHI
ITOB’I3KH 3 XJIOPIEKCU/IMHOM. BiOINTaTy eriziepMicy OTPHUMYBAIN HA ITOYATKY JOCpKeHH (0-11 IcHb) Ta yepes 10
JIHiB JIiKyBaHHs1. Ekcripecito ZO-1 Bu3Havanum metoioM Western blot i3 HOfaIbImM JEHCUTOMETPHYHHM aHAII30M.
PesynapraTH. VY NALiEHTIB, IKi OTPUMYBAIM KOMOIHOBAHY MiCLIEBY TepaIlito, Ha 10-I1 IeHb CIIOCTEPIra/In BipO-
rigHe mifBummeHHs excrpecii ZO-1 MOpIiBHAHO 3 BUXITHUMH MOKA3HHUKAMH, IO CBiTYMIO MPO BiTHOBICHHS
LUTICHOCTI MDKKIIITUHHUX KOHTAKTIB. ¥ KOHTPOJIBbHIM I'PYII TaKi 3MiHU HE BUABJICHO.

BHCHOBKH. 32CTOCYBAHHA KOMOIHOBAHOI MICLIEBOI TEpaIlil CIIPUsAE MOJIEKY/IPHOMY BiITHOBJICHHIO CIIiiep-
MaJIBHOTO 6ap’epa MPH XPOHIYHUX PAHAX JiaOCTHUYHOI CTOMH, IO MiATBEP/KYETHCSA Mi/IBUITICHHAM €KCIIPECil
Z0O-1. OrpyuMaHi pe3ynsraTv CBiq4aTb Npo KIiHIYHY 3HAYYIICTh ZO-1 K 06’€KTHBHOIO 6ioMapKepa BiAoBi/i
Ha TEPAIIiio IpU XipypriyHomy JiKyBaHHi XPOHIYHUX Jid6eTUIYHUX PAH.

KIr0490Bi ¢J10Ba: XPOHIYHI paHy, JiabeTUYHA CTOIA, PAHOBA PENapallis, MiIbHI MDKKIITHHHI KOHTaKTH, ZO-1
(zonula occludens-1), ieHCUTOMETPIA, MiCIIEBA TEPATTisL.
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Hernias of the anterior abdominal wall, particularly postoperative ones, remain an ever-present problem in
modern abdominal surgery. The introduction of alloplasty using mesh implants has significantly improved the
results of surgical treatment of abdominal hernias, reducing the recurrence rate to 8—20 % and with hybrid-
laparoscopic techniques to 2.7 %. However, the use of mesh implants is accompanied by specific complications.
Unsatisfactory results of the mesh integration process after alloplasty are explained by the distorted course of the
local inflammatory reaction, namely, the transformation of aseptic inflammation into bacterial inflammation.

OBJECTIVE — to systematize and generalize modern ideas and own experience in the surgical treatment of infec-
tious complications of abdominal hernia alloplasty, analyze the causes of their occurrence, and identify promis-
ing areas for improving treatment outcomes.

MATERIALS AND METHODS. We studied 28 patients who had previously undergone abdominal hernia repair and
subsequently developed inflammatory complications at the site of implantation. The diagnosis of mesh implant
rejection was based on a comprehensive assessment of clinical, laboratory, instrumental, and morphological
data. The presence of persistent clinical symptoms for a prolonged period after alloplasty was considered an
indication for an in-depth examination to exclude or confirm implant rejection and to determine the optimal
treatment strategy for a particular patient. Laboratory tests, ultrasound, CT, or MRI were used for this purpose.

REesurts. The leading cause of implant rejection in the general group was chronic infection of the implantation
site, detected in 46.4 % of cases, which was combined with fistula formation in 28.6 % of patients. In all 7 patients
with inflammatory complications after alloplasty of inguinal hernias, complete explantation of the mesh
implant, careful restoration of the normal anatomy of the inguinal canal, tissue sanitation, and excision of fistula
passages with autoplasty in the presence of concomitant hernia recurrence were performed. Among patients
with ventral hernias, complete explantation of the mesh was performed in 15 of 21 cases (71.4 %), while partial
explantation was performed in 6 cases (28.6 %), prioritizing preservation of integrated areas.

Concrusions. Complications after alloplasty of ventral hernias, especially when the onlay method and heavy
polypropylene meshes are used, account for 75.0% of cases of mesh implant rejection. The leading cause of
implant rejection is chronic infection of the alloplasty area, whereas the formation of branched multiple fistulas
is one of the most common clinical manifestations. Complete explantation of the infected implant, combined
with autoplasty and vacuum drainage, is the method of choice for the surgical treatment of such complications.
Partial explantation with staged reconstruction is possible in carefully selected patients with ventral hernias, but
it is accompanied by longer treatment and increases the risk of recurrence.
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implant rejection reaction, alloplasty, ventral hernias, inguinal hernias, implant explantation.
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Hernias of the anterior abdominal wall, particularly  to various data, reaches 10—20 %, and the propor-
postoperative ones, remain an ever-present prob- tion of surgical interventions for abdominal her-
lem in modern abdominal surgery. The frequency nias remains consistently high in both planned and
of their occurrence after laparotomies, according urgent surgery [8]. The introduction of alloplastic
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reconstruction with mesh implants has significantly
improved the results of surgical treatment of ab-
dominal hernias, particularly by reducing the re-
currence rate to 8—20 % compared with autoplastic
reconstruction and, when using hybrid laparoscopic
techniques, to 2.7 % [5, 10]. Autoplasty of ventral
hernias is associated with a high recurrence rate.
According to various authors, it ranges from 15 % to
45 % [9]. However, the use of surgical mesh implants
is accompanied by specific complications that were
not typical for autoplastic techniques. Among them,
a special place is occupied by inflammatory tissue
reactions, which are often assessed by surgeons as
a process of disruption of the integration of the im-
plant into the body — that is, «mesh rejection» [7,
11]. The lack of a clear definition of this concept and
the confusion between immunological rejection,
foreign body reaction, and infection complicate the
interpretation of treatment results. The process of
integration of a mesh implant into the recipient’s
body has been studied in detail at the pathophysi-
ological level. In response to mesh implantation,
cellular and humoral factors are activated, leading
to the absorption of blood plasma proteins and mac-
rophage accumulation on its surface, the activation
of pro-inflammatory cytokines, and the formation
of acute aseptic inflammation in the implant area
[3]. Subsequently, it enters a chronic phase char-
acterized by changes in the cellular composition
around the implant: the appearance of foreign body
granuloma cells, a decrease in macrophages, and an
increase in fibroblasts, which form a fibrous capsule
around the mesh [4, 6]. Since polypropylene and
other synthetic materials used in the construction
of hernioplasty meshes lack antigenic properties, re-
jection reactions to these implants are rare [8]. Ac-
cording to most authors, the unsatisfactory results
of the mesh integration process after alloplasty of
abdominal hernias are explained by the distorted
course of the local inflammatory reaction, namely,
the transformation of aseptic inflammation into
bacterial inflammation [1, 7, 10, 11]. Among the
causes and risk factors for infectious complications
after alloplasty, the patient’s comorbid conditions,
the surgical procedure, and the type of implant are
the most prominent [8]. Among the comorbid con-
ditions that significantly increase the risk of local
infection in the area of alloplasty are type 2 diabetes
mellitus, obesity (BMI >30-35 kg/m?), smoking,
systemic administration of steroid hormones for im-
munosuppressive therapy [2,8].

However, many controversial and underexplored
issues remain in understanding the infectious com-
plications of abdominal hernia repair. Increased in-
tra-abdominal pressure syndrome after alloplasty of
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abdominal hernias requires further study as a pos-
sible predisposing factor for the development of
implant infection [1]. In particular, there is much
debate about whether the mesh should be retained
if complications arise. There are no meta-analyses
in the available literature comparing surgical out-
comes in patients with mesh retention versus those
after early mesh removal. An interesting and not yet
fully understood question remains the role of bac-
terial films on the surface of an infected implant in
maintaining the chronicity of the infectious process.
The potential for solving this problem with modern
antibiotic therapy has also not been studied.

OBJECTIVE — to systematize and generalize mod-
ern ideas and own experience in the surgical treat-
ment of infectious complications of abdominal
hernia alloplasty, analyze the causes of their occur-
rence, and identify promising areas for improving
treatment outcomes.

Materials and methods

During 2014—2025, on the basis of Surgery Depart-
ment No 2 of Bogomolets National Medical Uni-
versity, we operated on 28 patients, 11 men and 17
women, who had previously undergone abdominal
hernia repair, which was subsequently complicated
by inflammatory processes in the area of implant
localization. The study group ranged in age from 28
to 79 years, with an average age of 52.7 = 5.8 years.
Inguinal hernias accounted for 25.0 % (n =7), while
the majority of cases were ventral hernias — 75.0 %
(n=21), with 53.6 % (n=21) of them being post-
operative recurrent hernia defects. Most patients
with clinical signs of impaired implant engraftment
had certain risk factors, among which obesity of
3—4 degrees and type 2 diabetes mellitus prevailed
(Table 1).

Table 1. Distribution of patients with clinical signs
of implant failure after abdominal hernia
alloplasty according to the presence of risk factors

Inguinal Ventral Total

Risk factor hernias  hernias (n=28)
(n=7) (n=21)

Type 2 diabetes mellitus 3 10 13 (46.4 %)
Body mass index o
> 30 kg m? 2 15 17 (60.7 %)
Smoking 2 10 12 (42.9%)
Recurrent hernia 4 3 7(25.0%)
History of hormone o
therapy/chemotherapy B 7 7(250%)
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Table 2. Clinical manifestations of implant
rejection after abdominal hernia repair

Clinical manifestation Number of patients
Chronic pain at the implant site 21(75.0%)
Fistula formation 18 (64.3 %)
Purulent exudate from the wound 15 (53.6 %)
Hyperemia and infiltration 8 (28.6%)
Abdominal wall deformity 10 (35.7%)

Recurrence of local inflammation after

o,
improvement following antibiotic therapy OEHLYE)

Figure 1. A foreign body granuloma was found

in the projection of the right inguinal canal,

a fistula was found lateral to the performed access,
the spermatic cord and the edge of a heavy
polypropylene implant were isolated

Figure 2. Anterior abdominal wall with external
openings of fistulas on the postoperative scar
after ventral hernia alloplasty
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The main clinical manifestations characterizing
the local inflammatory reaction in cases of impaired
implant engraftment (Table 2) included varying
degrees of pain in the projection of the implanted
mesh, reported by 21 (75 %) patients. In 18 (64.3 %)
patients, the formation of fistulas on the skin with
constant mucous or mucopurulent exudation was
observed. We noted the presence of fistulas in the
mesh projection in 4 patients with inguinal herni-
as (Fig. 1) and in 14 with ventral hernias (Fig. 2).
Moreover, inflammatory processes in inguinal her-
nias were manifested by the formation of a single
fistula, while the complicated course of alloplasty of
ventral hernias was manifested by the formation of
multiple fistulas. The duration of existence of such
fistulas in our observations varied from 3 months to
5 years, while the total daily output was from 50 to
500 ml of inflammatory exudate. In 6 (21.4 %) pa-
tients, fistula recurrence in the implant projection
was noted after conservative treatment at other
medical institutions.

The diagnosis of mesh implant rejection was based
on a comprehensive assessment of clinical, laborato-
ry, instrumental, and morphological data. The final
diagnosis was established based on the combination
of the above criteria, taking into account the dura-
tion of the postoperative period and the dynamics
of the clinical course of the complications identi-
fied in the patient. The presence of persistent clini-
cal symptoms (see Table 2) for a prolonged period
after alloplasty was considered an indication for an
in-depth examination to exclude or confirm implant
rejection and to determine the optimal treatment
tactics for a particular patient. The assessment of
laboratory indicators focused on the dynamics of
acute inflammatory changes in the blood formula.
Specifically, it revealed leukocytosis with a left shift
and an elevated erythrocyte sedimentation rate. An
increase in blood C-reactive protein concentration
was observed, which persisted or recurred shortly
after the end of antibiotic therapy. Based on these
instrumental methods, indications were given, and
the course of surgical interventions was planned.
For the diagnosis of inflammatory complications af-
ter inguinal hernia alloplasty, most patients needed
only ultrasound, which allowed visualization of the
implant itself, the presence of hydrophilic accumu-
lations — seromas, abscesses, and perifocal soft-tis-
sue induration. CT or MRI of the abdominal organs
was considered the method of choice for diagnosing
inflammatory complications of ventral hernia al-
loplasty. This allowed us to assess the localization
of the implant, the presence of fistulas, follow their
course in the soft tissues, identify the connection
with hydrophilic accumulations in the projection of

33



A.I Moiseienko, K. O. Korolova

the implant, assess the depth and prevalence of the
inflammatory process, and, in some cases, identify
the involvement of the abdominal organs, in par-
ticular, intestinal loops.

Statistical analysis was performed using Statis-
tica 10 (Serial Number: STA999K347150-W) and
MedStat.

Results and discussion

Surgical treatment of patients with mesh implant
rejection was determined by the clinical course of
the complication, hernia location, extent of the in-
flammatory response, presence of concomitant risk
factors, and findings from instrumental examina-
tions. The main goal of surgery was to eliminate the
source of chronic inflammation, remove affected
tissues, and restore the anatomical integrity of the
abdominal wall while minimizing the risk of recur-
rence and infectious complications. Comparisons
between additional preoperative imaging methods
and intraoperative data were used to categorize pa-
tients into groups based on the type of prior allo-
plasty and the synthetic implants used.

All inguinal hernia alloplasties complicated by
implant rejection were performed by open methods,
as evidenced by the presence of a typical postop-
erative scar in the projection of the inguinal canal.
During the operation, the implant, its dimensions,
and the fixation method, which is typical for the
Lichtenstein operation, were identified in only
4 (57.1 %) patients. In another 3 (42.9 %) patients,
technical deviations from the Lichtenstein alloplas-
ty standard were detected during surgery: fixation
of the implant on the surface of the aponeurosis of
the external oblique muscle of the abdomen; a small
implant was found in the projection of the medial
inguinal fossa and the exit of the spermatic cord
into the layer of subcutaneous fat with fixation of
the implant underneath it on the aponeurosis of the
external oblique muscle of the abdomen (these pa-
tients are shown in Table 3 in the column other allo-
plasty). In all these patients, recurrences of inguinal
hernia and fistula were detected against the back-
ground of an inflammatory process in the implant
projection (see Fig. 1).

Among patients with a history of ventral hernias
complicated by implant rejection, patients after on-
lay plastic surgery predominated, their number was
42.9 %. The leading cause of implant rejection in the
general group was chronic infection of the implanta-
tion site, detected in 46.4 % of cases, which was com-
bined with fistula formation in 28.6 % of patients.

During surgical treatment, the same surgical tac-
tics were used in all 7 patients with inflammatory
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complications after alloplasty of inguinal hernias:
complete explantation of the mesh implant and
careful, high-quality restoration of the normal
anatomy of the inguinal canal. After removal of the
implant, thorough tissue sanitation and excision of
the fistula passages were performed. It should be
noted that in the presence of a chronic, long-stand-
ing inflammatory process within the inguinal canal,
which is maintained by an infected implant, we ob-
served the formation of significant cicatricial-infil-
trative changes in the soft tissues of the walls of the
inguinal canal. This feature allows simultaneous
autoplasty in the presence of concomitant hernia
recurrence. In all cases, the surgical intervention is
completed by suturing the superficial tissues after
vacuum drainage of the inguinal canal. Postopera-
tive antibiotic therapy was prescribed empirically
in accordance with established clinical protocols.
Notably, after mesh explantation in patients who
underwent inguinal hernia alloplasty, long-term
antibiotic therapy was not required in any postop-
erative case.

Surgical tactics for ventral hernias were more dif-
ferentiated and depended on the prevalence of the
process and the degree of implant damage. In 15 of
21 patients (71.4 %), complete explantation of the
mesh implant was performed, which was due to the
total involvement of the mesh in the inflammatory
process and the presence of multiple branched fistu-
la tracts (Fig. 3). In some cases, signs of fragmentary
complete degradation of the implant structure were
encountered with the formation of defects, which
were the basis for the formation of hernia recurrence.
During the expansion process, the edges of the im-
plant should be carefully excised, since the implant
perimeter is mostly involved in the perifocal scar-
ring process (Fig. 4). It is in these areas that, when

Table 3. Distribution of patients who underwent
surgery for infectious complications after
alloplastic surgery by type of surgical
intervention and location of implants

i o I}rllguipal Vent.ral Total

alloplasty I e @=28)
Lichtenstein 4(571%) - 4(571%)
Other alloplasty 3 (42.9 %) - 3(42.9%)
Onlay - 9(429%) 9 (429%)
Inlay - 4(19.0%)  4(19.0%)
Sublay - 6(286%) 6(286%)
;ﬁf§g§£§°“e31 - 2(95%)  2(95%)
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Figure 3. The beginning of the surgical intervention.
The foreign body granuloma is opened, and the
internal openings of the fistulous passages shown in
Figure 2 are visualized, which communicate with
the cavity around the deformed, corrugated mesh
implant in 2 topographic and anatomical planes

Figure 4. Intermediate stage of surgery. One third of
the implant perimeter has been mobilized

removing an infected implant, there is a high risk of
damage to internal organs that are involved in the
inflammatory process. Partial implant explantation
was performed in 6 patients (28.6 %), involving re-
moval of only the affected mesh fragments while pre-
serving integrated areas. This tactic was adequate
in the case of a localized process and a satisfactory
condition of the surrounding tissues. After implant
explantation (Fig. 5), the abdominal wall defect was
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Figure 6. The surgical field after completion of
implant explantation before performing
autoplasty

most often temporarily closed by autoplasty and
drainage of the implant site with several vacuum
drains (Fig. 6). Analysis of implant types showed
that in more than half of the cases (53.6 %), heavy
polypropylene meshes were used, which were most
often associated with the development of chronic in-
fection and the formation of branched, multiple fis-
tulous tracts. Lightweight polypropylene and com-
posite implants were used less frequently (28.6 %
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Table 4. Early results of surgical treatment

Inguinal Ventral
Indicator hernias hernias

(n=7)  (n=21)
Duration of hospitalization, days ~ 7.1£1.3 14.8+3.2
Postoperative complications 1(14.3%) 6(28.6%)
Early relapses - 2(9.5%)
Lethality - -

and 14.3 %, respectively). Implants with antibacte-
rial coating were used in only one case.

Early results of surgical treatment are shown in
Table 4. The average length of hospital stay for pa-
tients with ventral hernias was almost twice that
for patients with inguinal hernias (14.8 + 3.2 versus
7.1+1.3 days). In the early postoperative period,
14.3% of patients after explantations for ingui-
nal hernias and 28.6 % of patients who underwent
mainly partial explantations after alloplasty of ven-
tral hernias exhibited inflammatory and infiltrative
changes of varying severity in the soft tissues of
the postoperative wound area. Treatment of these
complications in the early postoperative period in-
cluded antibiotic therapy based on sensitivity and
local treatment combined with vacuum drainage.
Drains were removed after the inflammatory exu-
dation had stopped, usually on the 5th—7th day of
the postoperative period. In 60 % of cases, the mi-
crobial landscape is dominated by pyogenic staphy-
lococcal and streptococcal flora. Preliminary results
from microbiological and histological studies of
mesh explants suggest a potential etiological role of
fungal flora in the chronicity of the infectious pro-
cess. Further research in this area may contribute
to improved management strategies for the post-
operative period in patients with chronic implant
infection, particularly by assessing the feasibility of
conservative treatment without explantation.

The course of the wound-healing process was
monitored visually and by serial ultrasound assess-
ments of soft tissues. Concomitant pathologies, par-
ticularly diabetes mellitus, were also managed. All
patients underwent follow-up examinations 24 to
36 months after surgery, with repeated alloplasty
required in only 17.9 % of cases.

Conclusions

The implant rejection reaction associated with its
primary infection after alloplasty of abdominal her-
nias is a pressing problem in modern herniology. The
main proportion of cases of mesh implant rejection
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(75.0 %) are complications after alloplasty of ven-
tral hernias when performing the operation using
the onlay method and when using heavy polypro-
pylene meshes. The leading cause of implant rejec-
tion is chronic infection of the alloplasty area, and
the formation of branched multiple fistulas is one of
the most frequent clinical manifestations. Complete
explantation of the infected implant, combined with
autoplasty and vacuum drainage, is the method of
choice for the surgical treatment of such complica-
tions. Partial explantation with staged reconstruc-
tion is possible in carefully selected patients with
ventral hernias, but it is accompanied by longer
treatment and increases the risk of recurrence.
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Peaxiiig BiZTOPrHEHH IMIUIAHTATY IIPU AJIOIUIACTHUIL YEPEBHUX
IPYDK: AHAJII3 IIPUYHH i CIIOCOO6IB iX XipypridyHO1 KOPEKITii

A. 1. Moiiceenko, X. O. KoposboBa
Hamionanpuuit meguunmii yuisepcuret imeni O. O. Boromoubirs, Kuis

I'proxi nepeHbOI YEPEBHOL CTIHKH, 30KpEMA MiCJIAOIIEPAILiliHi, € AKTYJIbHOIO IPOOJIEMOIO Cy4aCHOI a6/10Mi-
HAJIBHOI Xipyprii. BHpoBa/pKEHHA AIOTUIACTHKHA i3 3ACTOCYBAHHAM CiTYACTUX IMIUIAHTATIB AAJI0 3MOT'Y 3HAYHO
THOJIIIINATH PE3YIBTATU XiPYPrivHOro JiKyBaHHA YEPEBHUX I'PIDK, 3HU3UBIIN YACTOTY PELUANBIB 10 8—20 %,
4 IPU 32CTOCYBAHHI TiOPUIHO-JIANAPOCKOIIYHUX METOAUK — A0 2,7 %. OgHAK BUKOPHUCTAHHA iMIUIAHTATIB
CYHIPOBOJIKYETBC CHEU(PIYHUMU YCKIQAHEHHAMU. HE3a/J0BUIbHI pe3ysraTy 1epediry IpoLeciB iHTerpariii
CITKH i1 AJIOIVIACTHKY YEPEBHUX I'PYIK HOSICHIOIOTHCSL CIIOTBOPEHUM I1EPEOGIrOM MiCIIEBOT 3a1AIbHOT PEAKII{T,
a came TPAaHCHOPMALIEIO ACENITUYHOTO 3ATAJIEHHA B OAKTEPiaIbHE.

MeTa — CUCTEMATHU3YBATU 1 Y3aTAJIbHUTH CYYACHI YABJIEHHSA T4 BIACHHI JJOCBi/] XipypridHOIO JIIKyBaHHA iH(EK-
IIMHUX YCKIAZHEHD AJIOIUIACTUKU YEPEBHUX I'PUK, IIPOBECTU aHA/Ii3 NPUYHH IXHbOI'O BUHUKHECHHA Ta BU3HA-
YUTU HEPCHEKTUBHI HATIPSMU HOJINIIICHHS PE3Y/IBIATIB JIIKYBAHHSL

Marepianu Ta MeTOAH. [IpoaHanizoBaHO AaHi 28 XBOPHX, AKUM paHille OyIM BUKOHAHI aJIOIUIACTHUKUA
YCPEBHUX I'PIDK, IO B IIOJAJIBIIOMY YCKIAJHWINCH 3AI1aJIbHUMU IIPOLIECAMU B 30HI JIOKAJIi3allii iMIUIAHTATY.
JliarHoCTHKA PEeaKIlii Bi/ITOPIHEHHA CITYACTOrO iMIUIAHTATY I'PYHTYBAIACA HA KOMIUIEKCHIM OLiHII KIiHIYHUX,
JIAOOPATOPHUX, iIHCTPYMEHTAILHUX i MOPQOIOTiYHUX AdHUX. HagBHICTD CTIMKUX KIHIYHUX CUMIITOMIB IIPO-
TATOM TPHUBAIOTO MEPIOY MiC/s AJOIUIACTUKU PO3LIHIOBAIN SIK IMOKA3aHHS UL MOIVINOIEHOIO OOCTEKEHHS
JUIA 3all€peYeHHs A00 MiATBEP/PKEHHS BiJTOPTHEHHS IMIUIAHTATY Td BU3HAYEHHS ONITHMAIBHOI I XBOPOT'O
TAKTUKH JIKYBAHHA. I IIbOI'O BUKOPUCTOBYBAIM JIAOOPATOPHI JOCI/DKEHHA, YABIPA3BYKOBE JOCIKEHHS,
KOMITIOTEPHY UM MATHITHO-PE3OHAHCHY TOMOIPAdIIO.

PesyabraT. OCHOBHOIO IIPUYMHOIO BiITOPTHEHHS IMIUIAHTATIB Y 3aT/IbHIIN TPy Oy/1a XpOHidyHA iH(EKITiA
30HM IMITTAHTALL], BUsBICHA B 40,4 % BUIAKIB, sIKA TIOEAHYBAIACS 3 (POPMYBAHHSIM HOPHIIB Y 28,6 % MAliE€HTIB.
V BCiX 7 XBOPHUX i3 3AITa/IbHUMU YCKIAJHEHHAMU ITiC/I JIOIUIACTUKU [IAXOBUX I'DUXK BUKOHAHO IIOBHY €KCIUIAH-
TALIO CITYACTOrO IMIUIAHTATY, PETEIbHE BiITHOBJICHHA HOPMAJIbHOI aHATOMII IAXOBOI'O KAHAJIY, CAHAL{I0 TKAHUH
1 BUCIYEHHA HOPHULIEBUX XO/IB 3 aBTOIUIACTUKOIO 32 HAABHOCTI CYITlyTHBOI'O PELIMANBY I'PIDKi. [IpH BEHTPAIbHUX
rpwkax y 15 i3 21 marienTa (71,4 %) mpOBEICHO MOBHY CKCIUIAHTALIIIO CITYACTOrO iMIUIAHTATY, V 6 (28,6 %) —
YACTKOBY EKCILIAHTAIIIO 3 MAKCHMAJIBHO MOXKIMBUM 30€PEKCHHAM IHTETPOBAHUX JUITHOK.

BHCHOBKH. BUIbIIICTE BUITAJIKIB BiJTOPIHEHH CITYACTUX iMIUIAHTATIB (75,0 %) 3apeeCTPyBaIH I1iC/IA AJIOIUIAC-
THUKHU BEHTPAJIBHUX I'PUK, OCOOJIMBO IPH BUKOHAHHI IUTACTHUKH 32 METOAMKOIO Onlay Ta Py 3aCTOCYBAHHI BAXK-
KHX HOJIMNPONUIEHOBUX CiTOK. OCHOBHOIO IIPUYHHOIO BiJTOPTHEHHA iMIUIAHTATIB € XPOHi4YHA iH(MEKIiA 30H1
AJIOIUIACTHUKY, 4 (POPMYBAHHS PO3TATYKEHUX MHOKMHHUX HOPUIIb — OJIUH i3 HAMYACTINX KIHIYHHUX BUSIBIB.
IToBHA eKCIUIaHTAIis iH(PIKOBAHOIO iMIUIAHTATY B ITIOEJHAHHI 3 dBTOIUIACTHKOIO T4 BAKYYMHUM JPEHYBAHHAM
€ METOAOM BUOOPY NPH XipypridHOMY JIKYBAHHI TAKUX YCKIQJHEHb. YaCTKOBA €KCIUIAHTALliA 3 MOETAITHOIO
PEKOHCTPYKILEIO MOXKINBA B PETENBHO BiIiOPAHUX MAIIEHTIB i3 BEHTPAIIBHUMU I'PIDKAMU, AJI€ IOTPEOYE TPU-
BQJILIOIO JIIKYBAHHA T4 IIABUIIYE PU3UK PELIUIUBY.

KiIro4oBi c10Ba: PEaKIlis Bi7TOPIrHEHHA iMIUTAHTATY, JIOTUIACTUKA, BEHTPAJIbHI I'PHKi, MAXOBi I'PIIKI, EKCILIAH-
TaliA IMIUTAHTATY.
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Renal complications and subclinical renal stress are frequent components of the early postoperative period in
infants after cardiac surgical correction of congenital heart defects and require early risk stratification.

OBJECTIVE — to develop a prognostic scoring index for assessing the integral renal risk index in infants after cor-
rection of congenital heart defects in the early postoperative period.

MATERIALS AND METHODS. A retrospective single-center descriptive-analytical study was conducted (n=101; age
1-12 months). The dependent variable was the integral renal risk index (a continuous scale of integral renal risk
or stress) formed within the analysis of the early postoperative period. The following predictors were consid-
ered: disease severity, physical development as a proxy for nutritional status, class or complexity of the surgical
intervention, syndromic or genetic features, creatinine level, and left ventricular ejection fraction. Multiple linear
regression was constructed with diagnostics of assumptions (normality of residuals, linearity, homoscedasticity,
multicollinearity assessed by the variance inflation factor, and influential observations).

REesuLts. The model was statistically significant (F(6, 94)=9.82; p<0.001) and explained 38.5 % of the variance
in risk (adjusted R?=0.346). The largest independent contribution was made by the operation class (surgical
complexity) (b=0.578; p<0.001), whereas ejection fraction demonstrated an inverse association with risk
(b=-0.0167,p=0.016).

CoNcLUSIONS. A scoring index, X, defined by a formula and within-cohort thresholds (X> 1 — high risk; X> 1.5 —
very high risk), is proposed. This index integrates perioperative burden and perfusion reserve and may be used
for early nephroprotective management.
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congenital heart defects, infants, postoperative period, acute kidney injury, renal stress, scoring, regression model.
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The early postoperative period in infants after car-
diac surgical correction of congenital heart defects
(CHD) is accompanied by hemodynamic lability
and a systemic inflammatory-stress response, which
increases the risk of organ dysfunction [5, 7]. The
kidneys are among the most sensitive target organs
to hypoperfusion/reperfusion, fluctuations in car-
diac output, hemodilution or anemia, vasoactive
therapy, and nephrotoxic drugs [5, 7]. The combi-
nation of perfusion disorders, cytokine-mediated
changes, microcirculatory disturbances, and fluid
imbalance can lead to both clinically overt acute
kidney injury (AKI) and early manifestations of
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renal dysfunction, which may occur before an in-
crease in creatinine levels [5, 6].

According to contemporary summaries, AKI in
pediatric cardiac surgery is associated with worse
clinical outcomes (longer stay in the intensive
care unit and hospital, higher complication rates,
the need for renal replacement therapy, and in-
creased mortality) [5, 8]. Prognostic significance
is attributed not only to the presence of AKI but
also to its severity, duration of impairment, and
fluid overload; the timing of initiation of renal re-
placement therapy in critically ill children is also
important [1].
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Key predictors include age and body weight,
complexity of the intervention, perioperative bur-
den, the need for vasopressor support, and markers
of reduced perfusion capacity; meta-analytic data
emphasize the central role of the «operative burden
+ perfusion reserve» complex [8], and instrumental
indicators (in particular, Doppler-derived variables
of renal blood flow) may have additional prognos-
tic value [2].

Thus, there is a practical need for a simple cal-
culated index that combines available clinical, labo-
ratory, and instrumental parameters and allows as-
sessment of integral renal risk at the bedside in the
first postoperative days. Such a tool should not aim
to replace AKI diagnosis but rather to support early
decisions: intensification of hemodynamic and di-
uresis monitoring, correction of infusion strategy,
limitation of nephrotoxic combinations, and opti-
mization of the perfusion regimen with regard to
cardiac perfusion reserve [2, 4, 6, 8].

OgJECTIVE — to develop a prognostic scoring in-
dex for assessing the integral renal risk index in in-
fants after correction of congenital heart defects in
the early postoperative period.

Materials and methods

Design: A retrospective single-center study was
conducted using de-identified data of 101 infants
(1-12 months) who underwent cardiac surgical
CHD correction, with assessment of the early post-
operative period course during the first hospitaliza-
tion at the Department of Cardiovascular Surgery
of the Odesa Regional Children’s Clinical Hospital.
The analysis covered clinical characteristics of the
early postoperative period, basic laboratory param-
eters, and echocardiographic variables.

The endpoint was the integral renal risk index,
reflecting the gradient of renal risk or stress in the
early postoperative period. The use of linear regres-
sion was justified by the continuous scale of risk and
the need to obtain a numerical index for bedside
stratification.

Predictor selection was performed according to
three interrelated criteria: data availability, patho-
physiological association with mechanisms of renal
hypoperfusion and stress in the early postoperative
period, and minimal reliance on protocol-based de-
scriptive variability. The most suitable instrumen-
tal parameter for inclusion in the model was left
ventricular ejection fraction (EF; n=101), as it is
a standardized integral marker of pump function
and perfusion reserve. From a pathogenetic per-
spective, EF is associated with the risk of systemic
hypoperfusion and secondary target-organ injury,
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in particular renal injury. Among clinical and sys-
temic predictors, preference was given to parame-
ters (severity), physical development as a proxy for
nutritional status and metabolic reserves (Physi-
cal), type or surgical intervention complexity (Op-
eration class), presence of syndromic and genetic
features (Stigmata), as well as creatinine (Creati-
nine) as a laboratory marker of renal stress. Such
a set of variables allows combining three levels of
risk in a single equation: baseline vulnerability, the
intensity of surgical and perioperative impact, and
early laboratory «response» of the kidneys.

Statistical analysis [3]: multiple linear regres-
sion was constructed with assessment of model
quality (multiple correlation coefficient (R), coef-
ficient of determination (R?), adjusted R?, F-sta-
tistic, p), analysis of coefficients (unstandardized
coefficients (b), standard error (SE), t-statistic, p),
and diagnostics of model assumptions. Homosce-
dasticity (homogeneity of residual variance) was
assessed graphically (scatter of residuals relative to
predicted values). Multicollinearity was assessed
using variance inflation factors (VIFs). Influen-
tial observations were analyzed using Cook’s dis-
tance. The level of statistical significance was set at
p<0.05. Calculations were performed using IBM
SPSS Statistics and Microsoft Excel.

The study was conducted using de-identified
data in compliance with ethical principles of bio-
medical research and the provisions of the Decla-
ration of Helsinki. As the study was retrospective
and used de-identified data, informed consent was
obtained in accordance with local procedures.

Results

In infants after CHD correction, even with formally
preserved systolic function, perfusion fluctuations
may occur in some patients, triggering transient re-
nal stress. Therefore, a multifactor prognostic index
was constructed to assess individual risk from the
combined effect of hemodynamic, clinical, and sys-
temic factors (Fig. 1).

Fig. 1 presents the conceptual scheme for score
formation: integration of predictors reflecting base-
line vulnerability (severity, physical, stigmata),
perioperative complexity (operation class), a labo-
ratory signal of renal stress (Creatinine), and in-
strumental perfusion reserve (EF).

The constructed model included 101 observa-
tions (children under 1 year of age after CHD
correction) and six predictors, which ensured an
observation-to-parameter ratio sufficient for multi-
ple regression estimation without excessive param-
etrization. Table 1 presents the integral indicators
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Cohort
Infants after surgical
correction of CHD
(n=101)

D

Input data
Clinical parameters + echocardiography + laboratory markers

<

Outcome variable
Renal risk index

D

Multiple linear regression
6 predictors — formula X (scoring model)
Thresholds
X > 1 (high risk)
X > 1.5 (very high risk)

Figure 1. Scheme of construction of the prognostic integral renal risk index

of the quality of the linear regression model and its
statistical significance for predicting the integral
renal risk index (risk of renal complications) in in-
fants after CHD correction.

As shown in Table 1, R=0.621 indicates moder-
ate agreement between the observed risk values and
the model predictions. The coefficient of determina-
tion, R?=0.385, indicates that the set of predictors
explains 38.5 % of the variance in risk in the sample.
After adjustment for the number of variables, the
explanatory power is 34.6 % (adjusted R?=0.346),
which is expected for clinical data with a multifac-
torial endpoint. The F statistic (F(6, 94)=9.82;
p<0.001) confirms that the model significantly im-
proves predictive performance compared with the
null model (without predictors). The obtained val-
ues indicate that the constructed regression model
has practical prognostic value and establishes a ba-
sis for calculated scoring to facilitate early stratifi-
cation of postoperative renal risk.

The logic of inclusion of the selected predictors
corresponds to the three-component concept of re-
nal risk: (1) patient vulnerability (severity, physi-
cal, stigmata); (2) intensity of perioperative impact
(operation class); (3) early laboratory signal of re-
nal stress (Creatinine) in combination with the in-
strumental marker of perfusion reserve (EF).

Before constructing the equation, data qual-
ity control was performed: verification of ranges,
detection of outliers, and assessment of predictor
correlations to prevent multicollinearity. For linear
regression, it is important to ensure the adequacy of
basic assumptions; therefore, normality of residuals,
homoscedasticity, and influential observations were
also evaluated (Table 2).

The largest independent contribution to the pre-
dicted risk is made by operation class (b=10.577951;
p<0.001). This means that with increasing class
and complexity of the intervention, the risk index
increases, reflecting a higher probability of renal
stress under conditions of greater perioperative bur-
den. The second statistically significant predictor
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is EF: the inverse association (b=-0.016666;
p=0.016) indicates that lower EF is associated
with a higher risk, which is pathophysiologically
consistent with mechanisms of reduced perfusion
reserve and increased renal sensitivity to hemody-
namic fluctuations. The variables severity, physical,
stigmata, and Creatinine did not demonstrate inde-
pendent statistical significance in this model; they
should be considered risk modifiers and indicators
of background vulnerability, with effects that may

Table 1. Quality of the regression model
(basis for scoring)

Indicator Value
N 101
R 0.621
R? 0.385
Adjusted R? 0.346
F (6,94) 9.82
p (overall model) <0.001
Dependent variable risk

Table 2. Regression coefficients for the
construction of index X

Predictor b SE(b) t p

Intercept 0.817678  0.710820  1.15033  0.253
Severity 0.141593  0.142791 099161 0.324
Physical 0.097574 0412245 0.23669 0.813
Operation class  0.577951  0.082910  6.97086 <0.001
Stigmata 0.020198  0.019659  1.02743  0.307
Creatinine 0.000398  0.003856  0.10328  0.918
EF -0.016666  0.006805 -2.44899 0.016
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Figure 2. Model coefficients with 95 % confidence
intervals (linear regression)

become apparent with a larger sample, a different
endpoint definition, or in nonlinear models.

Fig. 2 graphically illustrates the magnitude and
direction of the associations between each predic-
tor and risk: the most pronounced positive contri-
bution is observed for operation class, whereas EF
has a negative coefficient.

The multiple linear regression equation (unstan-
dardized coefficients) was transformed into a prac-
tical, calculated index, X, for individual assessment
of integral renal risk in the first postoperative days.
This presentation allows the model to be used as
a bedside tool for risk stratification and planning the
intensity of monitoring and nephroprotective inter-
ventions. The formula for index X is given below:

X=0.817678 + 0.141593 - Severity +
+0.097574 - Physical +
+0.577951 - Operation class +
+0.020198 - Stigmata +
+0.000398 - Creatinine —
—-0.016666 - EF.

For practical interpretation of the index within
the studied cohort, intra-empirical thresholds were
used: X>1 — high risk; X>1.5 — very high risk.
These thresholds should be regarded as indicative
until external validation is obtained.

The X score is intended for rapid stratification of
infants by renal risk level immediately after surgery
and during the first postoperative days. The most
unfavorable profile in the model is the combination
of a higher intervention-complexity class and lower
EFE For such patients, the following are advisable:

intensified perfusion monitoring (arterial pres-
sure trends, urine output, laboratory parameters);

nephroprotective strategy (optimization of
hemodynamics, avoidance of nephrotoxic combina-
tions, early correction of hypovolemia/overload);

more frequent monitoring of creatinine/urea
during the first 24—48 hours;

closer control of fluid balance and adjustment
of infusion strategy.
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The advantage of the index lies in its simplicity:
it is based on parameters that are usually available
in routine practice (surgical characteristics, EF, and
basic clinical and laboratory variables) and can be
used as an auxiliary decision-support tool for deter-
mining the intensity of monitoring.

Discussion

The proposed model represents an attempt to trans-
form the descriptive postoperative profile of infants
after CHD correction into an applied tool for pre-
dicting renal risk. The key methodological idea
was to combine within a single index two «core»
mechanisms: (1) the intensity of operative and
perioperative burden and (2) the perfusion reserve
of the cardiovascular system. In our sample, these
components — the operation class and EF — were
statistically significant independent predictors of
risk, supporting the pathophysiological concept of
renal stress as a derivative of perfusion stability in
the context of intervention complexity.

The scientific novelty of the approach consists in
(1) formalization of renal risk as a continuous gradi-
ent (risk) rather than a binary «presence/absence
of AKI», which allows more sensitive identification
of the «grey zone» of subclinical renal stress; (2) de-
velopment of a within-cohort scoring index X with
a simple formula based on routinely available pa-
rameters; and (3) demonstration of the priority role
of the combination «operative burden + perfusion
reserve» in shaping the predicted risk compared
with a number of traditionally plausible but, in this
sample, statistically non-dominant modifiers (base-
line severity, physical development, stigmata, and
baseline creatinine).

In practical terms, index X may be applied with-
in the first 24—48 hours after surgery to intensify
nephroprotective management in the higher-risk
group: intensified perfusion monitoring, adjustment
of infusion strategy to maintain fluid balance, limi-
tation of nephrotoxic drug combinations, and more
frequent laboratory monitoring (creatinine/urea).

Conclusions
The constructed multiple linear regression model
for predicting the integral renal risk index in in-
fants after CHD correction is statistically signifi-
cant and has practical prognostic value (R=0.621;
R?=0.385; adjusted R?>=0.346; F(6, 94)=9.82;
p<0.001), which allows its use as the basis for a cal-
culated clinical index.

The largest independent contribution to the in-
crease in the predicted risk in the sample is made by
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the class or complexity of the surgical intervention
(operation class) (b=0.578; p<0.001), reflecting the
priority role of perioperative burden in the develop-
ment of renal stress in the early postoperative period.

Left ventricular ejection fraction demonstrates
an inverse association with risk (b=-0.0167;
p=0.016): lower EF is associated with higher pre-
dicted renal risk, which is pathophysiologically con-
sistent with reduced perfusion reserve and greater
renal sensitivity to hemodynamic fluctuations.

A calculated scoring index X (based on un-
standardized regression coefficients) is proposed
along with within-cohort stratification thresholds
(X>1 - high risk; X> 1.5 — very high risk). These
tools help facilitate early identification of a higher
renal risk group and selection of monitoring inten-
sity during the first 24—48 hours after surgery.

Clinical application of index X is appropriate as
a decision-support tool for nephroprotection (in-
tensification of perfusion and diuresis monitoring,
optimization of infusion strategy, minimization of
nephrotoxic combinations, and more frequent labo-
ratory monitoring). At the same time, the thresholds
and coefficients require external validation in an in-
dependent sample (prospectively/multicenter) to
refine calibration and generalizability.
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ITpOrHoCTUYHA MOJEND IHTEIPAJIBHOI'O PEHAJIBHOI'O PU3UKY
B HEMOBJIAT IIiCJIA KOPEKILiI BPOKEHUX BAJl CEPIIA

M.T. Meabuuuenko !, B. II. Byzoscbkuii 2, JI. B. Emiii !

1 Opecpbknii HaliOHAIBHUI MEAUYHUI YHIBEPCUTET

2 KHII «Ogechka 06acHa AUTSYA KIiHIYHA JTiKapHS»>

PenanbHi ycrIajHeHHA Ta CyOKIIHIYHNNA PEHAIBHUIL CTPEC € YACTUMH KOMITOHEHTAMH PAHHBOT'O TIC/IA0Iepa-
L{FHOIO IIEPIOAY B HEMOBJLAT IIiC/I KapAIOXipyprivHOI KOPEKLIii BPOPKEHUX Ba/l CEPLIA T4 IIOTPEOYIOTh PAHHBOT
crparudikallii pU3UKy.

MeTa — pO3POOUTU IPOTHOCTUYHUN CKOPUHIOBUH iHAEKC /11 OI{HKM iHTETrPaIbHOT'O NTOKA3HNUKA PEHAIBHOTI'O
PH3HKY (risK) y HEMOBJIAT ITiC/I KOPEKILil BPOLKECHUX Bl CEPLIA B PAHHIN MiC/IAONEPALIITHA TIEPiOZ,
Marepianu Ta MeTOZH. [IpOBEICHO PETPOCHEKTHUBHE OJIHOIEHTPOBE OMHCOBO-AaHATHYHE JOCT/PKEHHS
(n=101; 1—12 mic). 3a1eKHOIO 3MIHHOIO OyB iHTErPaIbHUI IOKA3HUK risk (6e3nepepBHA MIKaIA iHTErpaaIbHO-
I'O PEHAIBHOI'O PUBUKY 460 CTPECY), CPOPMOBAHUI Y MEXKAX AHAII3Y PAHHBOI'O HiC/SONEPALITHOTO HEPIoy.
SIK IPEeANKTOPH POSITIAAAIN: TSHKKICTD CTAHY, (DI3MYHUIT PO3BUTOK SIK IPOKCI HYTPUTUBHOTI'O CTATYCY, KJIAC 400
CKJIAJIHICTb ONEPATUBHOI'O BTPYYAHHS, CHHIPOMAIbHI 460 '€HETUYHI CTUTMH, KPEATHHIH i (DPAKIIIO BUKHAY
JIHBOTO HUIYHOUKA. [T06YZOBAHO MHOMKHHHY JIHIMHY PETPECIIO 3 AiarHOCTHKOIO NPUNYILIEHb (HOPMAIBHICTD
BAJIHIIKIB, JTiHIHHICTb, TOMOCKEAACTHYHICTD, MYJIBTUKO/IHEAPHICTD 32 VIF (the variance inflation factor), Brum-
BOBi CITOCTEPEKEHHS).

PesyapraTa. Mojaeib Gyaa cratuctuaHo 3uauyinoio (F (6, 94)=9,82; p<0,001) i mosicuioBaia 38,5 % Bapiariii
risk (Adjusted R2=0,346). Hart6ibIIHiT HE3aIeKHU BHECOK MaB operation_class (b=0,578; p<0,001), Tofi sK
dpaxIist BUKU/TY IEMOHCTPYBATA HETATUBHUIH 3B’130K i3 risk (b=-0,0167; p=0,016).

BHCHOBKH. 3aIIpOIIOHOBAHO CKOPUHIOBUH iHJIEKC X i3 (POPMYIIOIO Ta BHYTPIIIHBOKOTOPTHHUMHU ITOPOI'dAMU
(X>1 — Bucoku#, X> 1,5 — Ay:KE€ BUCOKUI PU3HK), IKUI iIHTErpye NEPIoNepaIiifiHe HABAHTAKEHHA Ta 11epdy-
3iMHUI PE3EPB 1 MOKE 3ACTOCOBYBATHCS JJISI PAHHBOI'O HE(PPOIIPOTEKTUBHOI'O BEJICHHSL.

Knro4oBi cj1oBa: BPO/KEHI BaIU CEPLIs, HEMOBIIATA, MICSIONEPALIIMHUN IEPIOJ], TOCTPE YPAKEHHS HHUPOK,
PEHAIIBHUIA CTPEC, CKOPUHI, PETPECiiiHA MOJIEIb.
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Acute necrotizing pancreatitis remains one of the most challenging diseases in general surgery. Infection of
necrotic tissue, sepsis, and organ failure are the main determinants of mortality in this pathology. Other life-
threatening complications include intestinal obstruction, biliary obstruction, abdominal compartment syn-
drome, external fistulas, bleeding, and thrombosis of the splenic and portal veins. The formation of walled-off
necrosis after the fourth week of disease creates anatomical conditions for a transluminal endoscopic access
to the pathological focus when appropriate indications are present. Current management of acute necrotizing
pancreatitis is based on a step-up minimally invasive strategy in which endoscopic interventions occupy a lead-
ing role. International clinical guidelines, particularly those of ESGE, AGA, and ASGE, support the endoscopic
step-up approach as first-line therapy for infected walled-off necrosis. This strategy focuses on controlling septic
manifestations rather than performing immediate necrosectomy. Key factors for success include appropriate
timing of intervention, a multidisciplinary approach, and individualization of the treatment strategy. The optimal
indications for escalation to more invasive procedures remain unresolved and are subject to ongoing debate,
often depending on the experience of a particular specialized center. The complexity of clinical decision-making
may also be related to differences in treatment approaches between general surgeons and endoscopists, which
necessitates a balanced interdisciplinary collaboration.

This literature review highlights the main aspects of managing acute necrotizing pancreatitis with endoscopic
transluminal interventions. A comprehensive understanding of the advantages and limitations of this technique
promotes its further technical and tactical refinement to improve treatment outcomes.
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luminal necrosectomy, direct endoscopic necrosectomy.
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Acute pancreatitis (AP) is the most common disease
of the digestive system requiring urgent hospitaliza-
tion [13]. In most cases (about 80 %), AP follows
a mild interstitial edematous course and resolves
rapidly [69]. Approximately 20 % of patients de-
velop acute necrotizing pancreatitis (ANP), which
is associated with multiple organ failure (38 %),
the need for invasive intervention (38%), and
a mortality rate of 15—30 %, depending on the pres-
ence of infected necrosis [9, 50, 78, 86]. In the set-
ting of open surgical procedures, mortality reaches
11-39% [17].
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Key aspects in the management of patients with
acute pancreatitis include early diagnosis, early
pharmacological therapy, and dynamic assessment
of the clinical course; in severe forms of AP, early
enteral nutrition, antibiotic therapy in the presence
of signs of (or proven) infection, and the availabili-
ty of an appropriate spectrum of minimally invasive
interventions, with strict adherence to indications
and timing, are essential.

Open surgical necrosectomy historically was the
mainstay of treatment for symptomatic necrotic
collections; however, management strategies have
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evolved. Currently, preference is given to minimal-
ly invasive approaches, primarily endoscopic ne-
crosectomy and/or percutaneous catheter drainage
(PCD) as the initial step of treatment [62]. Among
invasive interventions for complicated AP, endo-
scopic transluminal interventions are increasingly
being applied [3].

Indications for invasive interventions
in acute necrotizing pancreatitis

Surgical interest in ANP primarily concerns walled-
off necrosis (WON) according to the 2012 Revised
Atlanta Classification of acute pancreatitis [8].
WON develops after the fourth week of acute pan-
creatitis as a result of persistent acute (peri-)pan-
creatic necrosis and is characterized by a mature,
encapsulated collection of both fluid and necrotic
material enclosed by a well-defined wall [8, 75].

According to international guidelines for the man-
agement of acute pancreatitis, indications for invasive
intervention (radiological, endoscopic, or surgical) in
acute necrotizing pancreatitis include [3, 13]:

Documented infected necrotizing pancreatitis
(INP).

Clinical suspicion of INP: in the absence of
documented INP, but in the presence of persistent
organ dysfunction or ongoing clinical deterioration
for several weeks after the onset of acute pancre-
atitis despite optimal conservative therapy, prefer-
ably after the formation of WON; in other words,
in the setting of persistent systemic inflammatory
response syndrome. A retrospective study by Rodri-
guez involving 167 patients found that 42 % of such
patients had INP [57].

Compression of adjacent organs without signs of
INP, including gastric outlet obstruction, intestinal or
biliary obstruction, as well as pain caused by the mass
effect of a large WON. Interventions should prefer-
ably be performed more than 4—8 weeks after the on-
set of acute pancreatitis [35, 43]. Secondary infection
represents a key risk in this group of indications [3].

Abdominal compartment syndrome: this con-
dition is less common but may require early decom-
pression (radiological or surgical) during the course
of acute pancreatitis. At the same time, revision of
the lesser sac or performance of necrosectomy during
such a procedure is not recommended due to the risk
of bleeding and infection of sterile necrosis [77, 82].

Fistulas that fail to regress with conservative
treatment [3, 12].

Conservative management
in acute necrotizing pancreatitis

Recent studies and international guidelines gen-
erally support a watchful waiting strategy for
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uncomplicated asymptomatic WON and pancreatic
pseudocysts, as most of these collections regress
spontaneously without the need for intervention
[19, 22]. There is substantial evidence that asymp-
tomatic WON should be managed conservatively,
regardless of its extent or size [13, 21, 27,32, 71, 92].

In a study by Jagielski et al., asymptomatic WON
was identified in 44 of 168 patients (26 %). The
mean follow-up period for patients with asymp-
tomatic WON was 417.02 days (range: 47—1149
days). Complete regression of WON occurred in 30
of the 44 asymptomatic patients. Symptoms relat-
ed to WON developed in 13 of 44 patients (30 %)
during follow-up. The most common indication
for interventional treatment of WON was infected
pancreatic necrosis, which was diagnosed in 6 of 13
patients (46 %). Overall, 137 of 168 patients (82 %)
with WON required interventional treatment [33].

The 2024 Chinese multicenter consensus allows
observation of pancreatic pseudocysts and WON
smaller than 6 cm in the absence of evident symp-
toms or complications [98].

With regard to INP, data from small cohort studies
and a recent meta-analysis (including studies with
considerable heterogeneity) suggest that a subset of
patients with INP (6/42; 14 % [10]) may be treated
with antibiotics alone [10, 25, 53, 60]. However, the
exact subgroup of such clinically stable patients has
not been clearly defined. Moreover, in some studies,
conservative treatment also included PCD, which
complicates the identification of patients who re-
ceived antibiotics as the sole therapy [25, 41].

Diagnosis of infected necrosis

In patients with acute pancreatitis, the absolute im-
pact of infected pancreatic necrosis and organ fail-
ure on mortality is comparable; therefore, the pres-
ence of either factor indicates severe disease [50].
The relative risk of death doubles when infected
pancreatic necrosis and organ failure coexist, indi-
cating a very severe or critical form of acute pan-
creatitis [50]. Infected necrosis develops in approxi-
mately one-third of patients with ANP, on average
after the 10th day of disease, and is associated with
a mortality rate of about 30 % [9].

INP may be suspected in the presence of clini-
cal signs of sepsis (e.g., temperature >38 °C, fea-
tures of persistent systemic inflammatory response
syndrome, and clinical deterioration or lack of im-
provement), or when extraluminal gas is detected
within the pancreatic or peripancreatic tissues on
computed tomography (CT) [25]. The diagnosis of
INP is established when samples of (peri-)pancreat-
ic tissue obtained via percutaneous, endoscopic, or
surgical drainage yield positive results for bacteria
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and/or fungi on Gram staining or microbiological
culture [3].

The additional diagnostic value of fine-needle
aspiration (FNA) is limited when clinical and/or
imaging findings are already suggestive of infec-
tion [79]. Furthermore, a substantial proportion
of false-negative (20-29%) and false-positive
(4—10 %) results has been reported [57, 79].

In a Dutch retrospective analysis involving 208
patients, clinical deterioration (persistent sepsis,
new-onset or prolonged organ dysfunction, increas-
ing need for cardiovascular, respiratory, or renal
support, leukocytosis, elevated or rising C-reactive
protein levels, and fever), despite adequate therapy
and in the absence of an alternative source of in-
fection, was attributed to INP in 74 of 92 patients
(80.4 %); the false-positive rate was 19.6 % [3, 79].

A systematic review demonstrated that procal-
citonin is the most accurate biomarker for INP. At
a cutoff value of 3.5 ng/mL, sensitivity and speci-
ficity were 0.90 and 0.89, respectively [94]. None-
theless, procalcitonin is a nonspecific marker of
infectious complications in critically ill patients;
therefore, other potential sources of infection must
be excluded [39].

The presence of gas within (extra-)parenchymal
necrosis on CT showed limited diagnostic value for
assessing INP in the aforementioned study (sensi-
tivity 45.9 %, specificity 81.5 %, accuracy 50.5 %)
[79]. Magnetic resonance imaging (MRI) is a po-
tential tool for detecting INP; however, large-scale
studies evaluating its diagnostic performance re-
main limited [3].

Fungal colonization of pancreatic necrosis remains
poorly studied. It is associated with the development
of severe acute pancreatitis, formation of WON, and
high mortality, although the benefit of prophylac-
tic antifungal therapy in severe pancreatitis has not
been demonstrated. Fungal infection of the pancreas
occurs in approximately 40 % of patients with severe
acute pancreatitis who develop WON [91, 56]. Impor-
tantly, patients with positive cultures for pancreatic
Candida infection exhibited significantly higher mor-
tality compared with those without Candida (35.2 %
vs 13.4 %) [56]. A recent meta-analysis of 22 publica-
tions evaluating the incidence of Candida infection
and its impact on mortality in INP further confirmed
that local or systemic Candida infection is associated
with increased mortality in INP [70].

Owing to the diagnostic complexity and the lack
of a single sensitive and specific marker for INP, the
diagnosis should be based on a comprehensive as-
sessment of the patient’s general condition, labora-
tory parameters, and imaging findings, rather than
solely on microbiological findings.
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Timing of minimally invasive intervention
European and American guidelines recommend
postponing invasive interventions until at least 4
weeks after the onset of pancreatitis to allow matu-
ration of the necrotic collection and liquefaction of
necrotic debris [3, 62].

In the randomized controlled trial (RCT)
POINTER (104 patients) [15], management of in-
fected necrosis was compared between immediate
drainage (percutaneous or endoscopic) within 24
hours after establishing the diagnosis of infected
necrosis and postponed drainage after a 4-week
waiting period to allow maturation of WON. More
than 33 % of patients in the postponed-drainage
group improved with antibiotic therapy alone and
did not require any intervention. Moreover, ne-
crosectomy was performed more frequently in the
early-drainage group (51 % vs 22 %; RR 2.27; 95 %
CI 1.27-4.06), as were combined endoscopic and
radiological drainage procedures (4.4 vs 2.6). Mor-
tality was 13 % in the immediate-drainage group
and 10 % in the postponed-drainage group (relative
risk 1.25; 95 % CI 0.42—3.68) [15].

The «step-up approach» strategy

In the context of invasive interventions for patients
with ANP, the step-up approach should be high-
lighted. This strategy was first introduced in the
publication describing the design and rationale of
the PANTER trial in 2006 [14]. In 2010, van Sant-
voort et al, in a study involving 88 selected pa-
tients with INP, demonstrated the effectiveness of
this strategy, whereby the least invasive interven-
tion (e.g., percutaneous or endoscopic drainage)
is applied first in INP, followed — only in case of
failure — by a stepwise escalation to more invasive
procedures (e.g., video-assisted retroperitoneal de-
bridement (VARD) or open surgery) [87].

The step-up approach aims to minimize surgical
trauma. In contrast to open necrosectomy, its prima-
ry goals are control of the infectious focus and miti-
gation of sepsis, rather than immediate complete re-
moval of infected necrotic tissue [87]. According to
the study, the use of minimally invasive techniques
within the step-up approach (percutaneous or en-
doscopic drainage followed by VARD if required),
compared with primary open necrosectomy, allows
postponement or avoidance of open surgical necro-
sectomy, reduces the incidence of recurrent multiple
organ failure (12 % vs 40 %) and late complications
(including new-onset pancreatic insufficiency);
however, no advantage in terms of mortality was
demonstrated (19 % vs 16 %) [87]. The authors not-
ed that detecting a clinically meaningful difference
in mortality would require a trial including several
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thousand patients, making such a study unlikely to
be conducted [87].

The TENSION trial demonstrated advantages
of the endoscopic step-up approach over the surgi-
cal step-up approach, including a lower incidence
of enteric or pancreatocutaneous fistulas, shorter
hospital stay, and reduced treatment costs, with-
out an increase in major complications or mortality
[7, 26, 83]. In addition, one meta-analysis [81] and
a large international risk-adjusted study including
1980 patients showed reduced mortality when en-
doscopic or percutaneous drainage was used as the
initial step compared with primary minimally inva-
sive surgery [40].

A Cochrane meta-analysis (8 RCTs, 306 patients)
demonstrated that: (i) compared with open necrosec-
tomy, the step-up approach was associated with lower
rates of both overall and serious complications, as well
as lower mean costs; and (ii) compared with the video-
assisted minimally invasive step-up approach (VARD),
the endoscopically assisted step-up approach resulted
in better outcomes in terms of complications, although
it required a higher number of procedures (median dif-
ference: 2) [27]. The analysis also concluded that dif-
ferences in short-term mortality among the compared
approaches were imprecise.

Effectiveness and limitations
of endoscopic transluminal interventions

Outcomes of endoscopic transgastric necrosectomy
are encouraging. A systematic review of 10 stud-
ies on endoscopic necrosectomy reported complete
resolution of WON in 76 % of cases, with an overall
long-term complication rate of 27 % and a mortality
rate of 5%, although patient characteristics varied
across the included studies [28]. Another systematic
review of endoscopic necrosectomy (455 patients)
reported a success rate of 81% with endoscopic
therapy alone and a complication rate of 36 % [80].

The randomized controlled trial by Bakker et
al. (22 patients) demonstrated advantages of en-
doscopic transgastric necrosectomy over VARD
and/or open necrosectomy, including a lower risk
of recurrent organ failure (0% vs 50 %, p=0.03),
a reduced incidence of pancreatic fistulas (10 % vs
70 %, p=0.02), and lower post-procedural interleu-
kin-6 levels (p=0.004) [6].

A retrospective study by Tan et al. confirmed
that endoscopic transgastric necrosectomy was
associated with fewer complications and a shorter
hospital stay compared with surgical necrosectomy
[74]. However, a subsequent larger randomized trial
(98 patients) [83] comparing the endoscopic step-
up approach (drainage followed by necrosectomy
if required) with the surgical step-up approach
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(PCD followed by VARD if required) did not dem-
onstrate superiority of endoscopic necrosectomy in
terms of major complications or mortality. Never-
theless, the endoscopic group showed lower fistula
rates and shorter hospitalization [83].

Compared with PCD, a matched cohort study
(n=24) found that endoscopic necrosectomy
was associated with a higher clinical success rate
(92 % vs 25 %), a shorter hospital stay, and reduced
healthcare resource utilization [36].

Limitations of the endoscopic approach include
the need for multiple interventions, limited ability
to endoscopically assess the full extent of necrotic
debris, technical difficulties in removing large vol-
umes of necrotic material, restricted applicability of
transgastric endoscopic necrosectomy in cases with
extensive retroperitoneal spread, and challenges or
inability to adequately treat distally located left-
sided necrotic collections [21]. Owing to these
limitations, adjunctive PCD is required in approxi-
mately 40 % of patients, particularly when WON
extends into the paracolic gutters or pelvis, and
surgical intervention due to failure of endoscopic
therapy is necessary in about 20 % of patients [47].

Endoscopic ultrasound
or conventional endoscopy?

The first description of irrigation of a WON cavity via
a transnasal catheter placed endoscopically through
a transmural route in combination with endoscopic
drainage using two double-pigtail plastic stents
(DPPS) 10 Fr, 3 cm was reported by Baron in 1996
in a series of 11 patients [11]. The first direct trans-
luminal endoscopic necrosectomy for WON was de-
scribed by Seifert in 2000 [66]. Over more than two
decades, this technique has undergone substantial
evolution. Endoscopic transluminal access to WON
can currently be achieved using either a therapeutic
gastroscope or an echoendoscope [3, 12].

Selection of the access site to the WON cavity
during endoscopic transluminal interventions often
represents a challenge for the endoscopist. In approx-
imately 50—60 % of cases of acute necrotizing pancre-
atitis, 4—6 weeks after disease onset, the WON cavity
compresses the gastric wall (typically the posterior
wall) and/or the duodenal wall [21]. During diagnos-
tic esophagogastroduodenoscopy, a visible bulge into
the gastric or duodenal lumen, often accompanied by
inflammatory mucosal infiltration, may be observed,
indicating close apposition of the WON cavity to
the adjacent hollow organ. In such cases, endoscopic
transluminal intervention may be performed without
endoscopic ultrasound (EUS) at the site of bulging,
provided there is no evidence of significant portal hy-
pertension [34, 96].
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Two randomized controlled trials confirmed
the superiority of EUS-guided access in terms of
technical success (100 % vs 33 % and 94 % vs 72 %,
respectively) [48, 90]. In cases of «non-bulging»
(peri-)pancreatic fluid collections where conven-
tional transmural drainage was not feasible, EUS
guidance enabled successful transmural access. Al-
though both studies included only pancreatic pseu-
docysts, the results can reasonably be extrapolated
to patients with WON.,

However, a prospective comparative study
found no difference between conventional (n=53)
and EUS-guided drainage (n =46) in patients with
pancreatic pseudocysts with regard to short-term
(94 % vs 93 %) and long-term success rates (91 %
vs 84 %), or complication rates (18 % vs 19 %) [34].
Notably, the conventional approach was applied ex-
clusively in patients with bulging (peri-)pancreatic
collections and in the absence of portal hyperten-
sion [34]. Tt is likely that the principal advantage of
EUS-guided transluminal access lies in the ability
to access the WON cavity even in the absence of
a typical luminal bulge, provided that the collec-
tion is within the EUS field of view [89].

In our study involving 28 patients, a 100 % tech-
nical success rate for transgastric access to the WON
using a duodenoscope was achieved under two com-
bined conditions: supine patient positioning dur-
ing the procedure and external compression of the
stomach by the adjacent WON [52]. These findings
suggest that the supine position during endoscopic
transluminal interventions allows more accurate
endoscopic localization of the WON relative to the
stomach, as the intra-abdominal organ configura-
tion more closely matches CT/MRI findings [52].
In contrast, the left lateral position may lead to
displacement of intra-abdominal organs, thereby
reducing the likelihood of successful access to the
WON cavity.

To date, large randomized trials directly compar-
ing transluminal access using a gastroscope versus
atherapeutic EUS are lacking. Nevertheless, expert
consensus suggests that EUS-guided transluminal
intervention is safer with respect to bleeding risk
and offers a higher likelihood of access to the WON
cavity [3]. Accordingly, the European Society of
Gastrointestinal Endoscopy (ESGE) recommends
the use of EUS for creating transluminal access to
the WON [3].

Technique of endoscopic interventions

Endoscopic transluminal interventions are per-
formed under general anesthesia with endotracheal
intubation [7, 52, 51, 62, 65], which protects the
airway from aspiration of infected WON contents
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and provides better cardiopulmonary control dur-
ing prolonged procedures.

Current endoscopic options in ANP include [3]:

Endoscopic transluminal drainage: placement
of transmural DPPS or fully covered self-expanding
metal stents into the WON cavity;

Endoscopic drainage using the multiple trans-
luminal gateway technique (MTGT), which in-
volves up to three access points |3, 88];

Direct endoscopic necrosectomy (DEN): in-
sertion of the endoscope into the WON cavity to re-
move necrotic debris [64]. In the English-language
literature, synonymous terms include peroral endo-
scopic necrosectomy and endoscopic transluminal
necrosectomy;

Combined interventions  (dual-modality
drainage, DMD), in which endoscopic translumi-
nal drainage is combined with percutaneous drain-
age of WON [58]; this approach should be strongly
considered when necrosis extends into the paracolic
gutters or the pelvis [3, 47, 62].

The endoscopic approach is best suited for the
treatment of central necrosis [11], which is pre-
dominantly located within the lesser sac, as this
region is most readily accessible endoscopically
via the stomach or duodenum [47]. Successful en-
doscopic treatment of WON requires creation of
a wide transmural tract and additional irrigation
and/or debridement [47]. Depending on the ana-
tomical relationship between the necrotic collec-
tion and the gastric or duodenal wall, and consid-
ering technical feasibility, access to the WON cav-
ity is achieved via a transgastric or transduodenal
route. The transgastric approach is preferred for
its technical convenience in endoscopic necrosec-
tomy and for providing the most direct access to
the WON cavity [12].

Two main strategies are used during endoscopic
transluminal treatment of WON: performing DEN,
if required, several days after initial endoscopic
drainage (DEN as a secondary procedure) [42, 95],
or performing DEN during the primary access ses-
sion (DEN as a primary procedure) [24, 36, 76].
Several studies have demonstrated the advantages
of a step-up endoscopic strategy aimed at avoid-
ing DEN, showing that 20-90 % of patients with
WON can be successfully treated with endoscopic
drainage alone using plastic stents or large-diame-
ter fully covered metal stents, including dedicated
lumen-apposing metal stents (LAMS) [37, 45, 55].
At present, however, studies directly comparing
early DEN (during the index procedure) with de-
layed DEN are lacking [3].

The number of sessions varies and depends on
WON size, the amount of solid necrotic debris, use
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of cavity lavage, type of stents, endoscopic strategy
(primary drainage alone vs immediate necrosecto-
my), availability of dedicated devices, and the use of
combined interventions (DMD) or MTGT. On av-
erage, 1—7 DEN sessions per patient may be required
toachieve adequate cavity clearance: Angetal. (8 pa-
tients) — 1 (1-3) [2]; Gardner et al. (104 patients) —
3 [24]; Papachristou et al. (53 patients) — 3 (1-12)
[47]; Smoczynski et al. (64 patients) — 4.75 (3—9)
[72]; Seifert et al. (93 patients) — 6.2 (1-35) [65];
Seewald et al. (13 patients) — 7 (2—23) [64]. At-
tempts at aggressive cavity debridement may be
associated with an increased risk of bleeding. Over
time, necrotic sequestra become more clearly demar-
cated from viable tissue as granulation tissue forms,
allowing safer, more controlled removal with a lower
risk of injury to viable structures.

With conventional access to the WON cavity,
the endoscope is advanced orally, and transmural
puncture is performed at the site of luminal com-
pression caused by the adjacent necrotic collection.
Gastric wall puncture (fistulotomy) is carried out
using a cystotome or a needle-knife papillotome. In
EUS-guided access [62]: (1) an optimal puncture
site is selected based on (a) absence of large vessels,
(b) close apposition to the gastric or duodenal wall
(< 1 c¢m), and (c) favorable orientation for DEN;
(2) the WON is punctured using a 19-G FNA nee-
dle; (3) cavity contents are aspirated for microbio-
logical analysis; (4) a 0.025—-0.035-inch guidewire
is advanced into the WON cavity.

The created fistulous tract is then dilated to
4-20 mm, depending on the planned intervention
(drainage or DEN), using an endoscopic balloon,
dilation catheter, or a guidewire-mounted cys-
totome [62, 31]. Placement of cautery-enhanced
LAMS does not require prior balloon dilation of
the tract and allows single-step creation of access
to the WON cavity. When multiple DPPS are
planned, the fistulous tract is typically dilated to
10—-20 mm [62].

During the index session (access session), re-
gardless of whether DEN is performed, a 7-8 Fr
transnasal catheter may be placed into the WON
cavity for continuous lavage (Fig. 1), provided the
patient tolerates nasal tubes [3, 12, 47, 62, 63].

Duration of direct endoscopic

necrosectomy session

The duration of a single DEN session should be lim-
ited. Prolonged necrosectomy in patients weakened
by a long-standing infectious-toxic process, under
general anesthesia and mechanical ventilation,
may impose significant pathophysiological stress,
increase the risk of complications, and predispose
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to bleeding. Based on original studies, the optimal
duration of a single DEN session is 60—90 minutes
[47, 52, 63].

Irrigation of walled-off necrosis

In the interval between sessions, the necrotic cav-
ity may be irrigated via an endoscopically placed
transnasal drain into the WON cavity (see Fig. 1)
or via PCD. The type of irrigating solution, volu-
me, duration, and frequency are not standardi-
zed and vary between centers. Most commonly,
500—-1000 mL of normal saline is used daily, admin-
istered either in divided doses 3—6 times per day or
as a continuous instillation.

Some authors recommend administering antibi-
otics through the drain during intersession inter-
vals for WON irrigation, guided by microbiologi-
cal culture results [38, 63, 76], or using antiseptic
solutions. In addition, during necrosectomy, some
specialists advocate lavage of the WON cavity
with large volumes of warm bacitracin solution
(1-2 L at 25,000 TU/L) or with 100-300 mL of
0.1%-0.3 % hydrogen peroxide (H,0,) delivered
through the endoscope channel [1, 36, 76].

In the ASGE Technology Review (2023), data
are presented on the safety and effectiveness of us-
ing 3% hydrogen peroxide (H,0,), diluted with
normal saline at ratios ranging from 1:2 to 1:10,
for irrigation of the WON cavity, both during DEN

Figure 1. A 7-Fr pigtail-type nasobiliary drain placed
adjacent to transmural internal pigtail stents
within the WON cavity for the purpose of intensive
irrigation and/or debridement [47]
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Figure 2. Solus® double-pigtail plastic stent,
Cook Medical™, USA

sessions and via a transnasal drain. However, there
is insufficient prospective evidence to support rou-
tine use of H,O, for this indication [12, 62].

The choice between irrigation of the necrotic cav-
ity and DEN remains controversial. The need for
DEN should be justified by the amount of solid ne-
crotic debris present within the WON cavity [12].
Routine DEN at the time of LAMS placement is
also controversial, and it remains unclear whether it
should be performed on a scheduled or on-demand
basis [12]. Some data suggest that DEN improves
outcomes of endoscopic therapy compared with
irrigation alone when plastic stents are used [12,
23]. Experienced endoscopists who perform a high
volume of endoscopic necrosectomies recommend
avoiding antisecretory therapy after transluminal
drainage, as gastric acid secretion may facilitate
spontaneous cleansing of the WON cavity [12].

Endoscopic stents

For endoscopic drainage of the WON cavity, 10 Fr
double-pigtail plastic stents (Fig. 2) or fully cov-
ered self-expandable metal stents (SEMS) are most

% ..- "'_'_. J.r iy

3cm/3 cm

1cm/1 cm

2cm/0.7 cm

Length of stent/Distance of flanges

Figure 3. Examples of specialized covered lumen-
apposing metal stents (LAMS) [73]

commonly used. Specialized LAMS (Fig. 3) are be-
ing used with increasing frequency.

LAMS reduce procedure time by facilitating faster
access to the WON cavity and making necrosectomy
through the stent lumen more convenient [67].

In a large retrospective multicenter study in-
volving 124 patients with WON who underwent
EUS-guided transmural drainage using LAMS, the
authors reported a technical success rate of 100 %,
a clinical success rate of 86%, and the need for
DEN in 30.6 % of patients, with a median number
of procedures of 2 [67].

Available data suggest that placement of one
or two plastic stents coaxially within the lumen
of a LAMS (Fig. 4) improves WON drainage and
LAMS patency, prevents early occlusion by necrot-
ic debris, and reduces the risk of bleeding and stent
migration [30].

LAMS (Lumen-apposing metal stent)

Material: nitinol (nickel-titanium alloy),
with a synthetic polymer coating,
typically silicone

Shape: bi-flanged (dumbbell-like)
Lumen diameter: 6—20 mm

Saddle length: 8—15 mm

o]
oo

:= -
o e
Sr=Eemensy

Material: plastic (polyurethane or polyethylene)
Shape: pigtail design with curled ends
Diameter: typically 5-10 Fr

Length: 3—15cm

Potential advantages
warranting further investigation
Enhanced drainage

Prevention of migration

Reduced risk of occlusion
Improved long-term patency
Reducing risk of bleeding

DPPS (Double pig-tail plastic stent)

Figure 4. Schematic illustration of coaxial placement of a double-pigtail plastic stent (DPPS) within a LAMS [30]
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Endoscopic instruments

for direct endoscopic necrosectomy

Mechanical endoscopic removal of necrotic se-
questra is performed using lavage and devices such
as tripod grasper, grasping forceps, polypectomy
snares, baskets, and retrieval nets. Recently, promis-
ing results of DEN have been reported with the use
of innovative endoscopic devices:

the motorized EndoRotor device (Micro-
Tech™, Germany) (Fig. 5), which consists of a ro-
tating blade for resection of necrotic tissue with
simultaneous suction; the device is available in two
diameters, 3.0 mm and 5.0 mm, for use with endo-
scopes with different working channel sizes [46, 85];

an over-the-scope grasper (Xcavator™ -
Ovesco Endoscopy AG, Germany) (Fig. 6) [16];

the multifunctional Necrolit® device, which
combines a snare and a basket, allowing sequential
resection and retrieval of necrotic debris without
the need to change instruments (Fig. 7);

a waterjet necrosectomy device, a prototype sin-
gle-use instrument that uses a high-pressure water jet
to fragment necrotic tissue and can be employed for
irrigation, fragmentation, and aspiration (Fig. 8) [93].

Figure 5. EndoRotor®, powered endoscopic
debridement catheter (Micro-Tech™, Germany)

N.V. Puzyr, A.Y. Tkachenko

Factors predicting the need for necrosectomy
In a retrospective analysis of 53 patients, larger WON
size (median diameter 18 cm [12-21 cm] vs 14 cm
[3—46 cm]; p=0.01), extension of WON into the para-
colic gutters (p=0.003; OR 8.5; 95% CI 1.4-52.2),
and a history of diabetes mellitus (p=0.035; OR 4.1;
95% CI 1.0-19.9) were significantly associated with
the need for open surgical intervention following pri-
mary endoscopic treatment [47]. At the same time,
the authors emphasized that patients with extension
of WON into the paracolic gutters should not be cat-
egorically excluded from endoscopic therapy; on the
contrary, aggressive percutaneous treatment (PCD
with intensive irrigation) should be considered as an
adjunctive modality that complements endoscopic
therapy and may be applied concurrently [47].

In a post hoc analysis of a prospective multi-
center database including 639 patients with ANP,
the need for surgical intervention was lower in pa-
tients with isolated extrapancreatic necrosis com-
pared with those with parenchymal or mixed ne-
crosis (18 % vs 57 %; p<0.001) [5].

In a retrospective study of 43 patients with
WON, the extent of necrosis (r=0.703; p<0.001),

Figure 7. Necrolit®, multiaction catheter
for necrosectomy, Meditalia S.r.1., Italy)

Figure 6. Xcavator™, over-the-scope grasper
(Ovesco Endoscopy AG, Germany)
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Figure 8. Waterjet necrosectomy device,
prototype [93]
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increasing WON size (r=0.320; p=0.047), and the
amount of solid necrotic debris assessed by EUS
(r=0.800; p<0.001) correlated with the need for
more aggressive therapeutic interventions [54].

In a prospective cohort of 109 patients with acute
pancreatitis (80 with ANP and 39 with WON) who
underwent contrast-enhanced CT within the first
5-7 days after symptom onset, a blood urea nitrogen
level >20 mg/dL at admission and an initial necrotic
collection > 6 cm were associated with subsequent de-
velopment of WON, with odds ratios of 10.96 (95 %
CI 2.57-46.73; p=0.001) and 14.57 (95% CI
1.60—132.35; p=0.017), respectively [61].

In a post hoc analysis of 130 patients who un-
derwent catheter drainage (113 percutaneous, 17
endoscopic) for suspected INP, the extent of pan-
creatic necrosis (< 30%, 30-50%,>50%; OR
0.44; 95% CI 0.23-0.83; p=0.01) and heteroge-
neous morphology of the collection (OR 0.19; 95 %
CI10.06—0.61; p=0.005) were two imaging-related
factors associated with a lower likelihood of success
(defined as survival without necrosectomy) [29].

Two additional studies identified predictors of
failure of catheter drainage and the need for subse-
quent surgery, including persistent single- or mul-
tiple organ failure, higher C-reactive protein levels,
and extensive necrosis involving more than 50 % of
the pancreas [4, 68].

Based on our experience, documenting the con-
tents of the WON cavity at the end of each endo-
scopic session in the procedure report and video re-
cording is essential for assessing the completeness
of necrosectomy and planning further management
during clinical case discussions.

Complications of endoscopic

transluminal interventions

Based on a systematic review including 13 retro-
spective cohort series (n=455) [80] and one ran-
domized controlled trial (n=98) [84], the overall
rate of endoscopy-related complications was 36 %
[3]. The most common complication was bleeding,
occurring in 18 % of cases. Perforation (excluding
gastric or duodenal perforation) occurred in 4 % of
patients, and pancreatic fistula developed in 5 %.

Clinical recommendations

According to international clinical guidelines for
the management of patients with acute necrotizing
pancreatitis — including those of the European So-
ciety of Gastrointestinal Endoscopy (ESGE, 2018)
[3], the American Society for Gastrointestinal En-
doscopy (ASGE, 2023) [62], the American Gastro-
enterological Association (AGA, 2020) [12], and
other authoritative sources — we summarize the key
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recommendations grounded in a multidisciplinary
approach. These recommendations are of particular
relevance to routine clinical practice for surgeons,
interventional endoscopists, and physicians special-
izing in interventional ultrasonography.

1. For assessment of disease severity, morphologi-
cal subtype, and the presence or absence of infected
necrosis, use of the Revised Atlanta Classification of
acute pancreatitis (2012) is recommended [8].

2. Contrast-enhanced CT is recommended,
when indicated, as the primary diagnostic modality
at hospital admission and within the first 4 weeks of
disease, provided no contraindications exist. MRI
may be performed instead of CT in patients with
contraindications to contrast-enhanced CT and af-
ter 4 weeks of disease when invasive intervention is
planned, as MRI better characterizes the content
of pancreatic collections with respect to fluid and
solid components. In addition, secretin-enhanced
MRI is recommended to assess the integrity of the
main pancreatic duct and to evaluate for discon-
nected pancreatic duct syndrome, particularly pri-
or to removal of transluminal stents [3]. However,
MRI is more susceptible to motion artifacts, and
many patients with necrotizing pancreatitis are un-
able to adequately hold their breath [17].

The following indications for imaging are pro-
posed [3]:

at hospital admission, if diagnostic uncertainty
exists;

within the first week after disease onset (or
after 72 hours from symptom onset) if no clinical
improvement occurs despite conservative therapy;

between weeks 2 and 4 after disease onset to
assess the evolution of complications;

after 4 weeks from disease onset for planning
further management, when invasive intervention is
required, and for monitoring treatment response.

3. Routine percutaneous FNA of (peri-)pancre-
atic collections is not recommended and should
be reserved for cases with suspected infection, an
equivocal clinical course, and inconclusive imaging
findings [3].

4. Routine antibiotic or probiotic prophylaxis
to prevent infectious complications is not recom-
mended in acute necrotizing pancreatitis 3, 12].

5. In patients with suspected or confirmed in-
fected necrosis, antibiotic therapy targeting enteric
bacteria is recommended, guided by microbiologi-
cal cultures and antibiograms when available [3].
Empirical use of broad-spectrum antibiotics that
penetrate necrotic tissue — such as quinolones, car-
bapenems, metronidazole, and high-dose cephalo-
sporins — is appropriate; routine antifungal therapy
is not recommended [12]. Once blood culture or
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FNA results become available, antibiotic therapy
should be adjusted accordingly [3].

6. Enteral tube feeding with polymeric formu-
las is recommended in all patients with predicted
severe acute pancreatitis who cannot tolerate oral
intake after 72 hours. Initial enteral feeding should
be started via a nasogastric tube, except in hemody-
namically unstable patients, with transition to naso-
jejunal feeding in cases of intolerance to nasogastric
feeding [3]. Multiple randomized controlled trials
have shown no advantage of nasojejunal over naso-
gastric feeding with respect to tolerance or mortality
[18, 44, 49, 97]. A 2020 Cochrane meta-analysis also
demonstrated no superiority of one feeding route
over the other in severe pancreatitis [20].

7. Parenteral nutrition should be initiated in
cases of persistent intolerance to enteral feeding or
when adequate caloric intake cannot be achieved
enterally [3].

8. Selection of the treatment strategy in necro-
tizing pancreatitis should follow the widely accept-
ed step-up approach, taking into account the time
from disease onset and the dynamics of the clinical
course [3, 12].

9. Endoscopic or percutaneous drainage is rec-
ommended as the first invasive intervention in pa-
tients with (suspected) infected WON, based on
collection location and local expertise [3]. An ad-
vantage of endoscopic over percutaneous drainage
in (suspected) infected WON is the absence of risk
for pancreatocutaneous fistula formation [12].

10. When the patient’s condition allows, the
first intervention for infected necrosis should pref-
erably be delayed for 4 weeks [3, 12].

11. PCD should be strongly considered as an ad-
junct to endoscopic drainage in cases of WON with
deep extension into the paracolic gutters or pel-
vis [3, 12, 62], or following endoscopic or surgical
debridement for additional treatment of residual
necrosis [12]. In a prospective study by Ross et al.
(107 patients) using DMD for WON, no cases of
pancreatocutaneous fistula occurred after success-
ful removal of percutaneous drains during long-
term follow-up [59].

12. LAMS are preferred over plastic stents for
endoscopic transluminal drainage of necrotic col-
lections according to some guidelines [12]. Howev-
er, European guidelines consider both plastic stents
and LAMS acceptable options for WON manage-
ment, noting that data on long-term indwelling
LAMS are limited [3].

13. Asasubsequent step in the absence of clinical
improvement after endoscopic transluminal drain-
age of WON using LAMS or plastic stents com-
bined with irrigation, endoscopic necrosectomy
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(DEN) or minimally invasive surgical intervention
(if PCD has already been performed) should be pri-
oritized over open surgery, taking into account col-
lection location and institutional expertise [3, 12].
In contemporary management of ANP, open surgi-
cal necrosectomy is reserved for patients who are
not technically suitable candidates for minimally
invasive surgical or endoscopic procedures [12].

14. Long-term placement of transluminal plastic
stents is recommended in patients with disconnect-
ed pancreatic duct syndrome [3], or distal pancre-
atectomy may be considered when appropriate in
selected candidates [12]. LAMS should be removed
within 3—4 weeks to prevent stent-related compli-
cations [3, 62].

15. Urgent (< 24 hours) endoscopic retrograde
cholangiopancreatography (ERCP) with biliary
decompression is recommended in patients with
acute biliary pancreatitis complicated by cholangi-
tis. ERCP should be performed within 72 hours in
patients with persistent biliary obstruction. ERCP
is not recommended in patients with acute biliary
pancreatitis without evidence of cholangitis or on-
going biliary obstruction [3].

16. Patient management should be individual-
ized, incorporating all available clinical, radiological,
and laboratory data, as well as local expertise [3].

17. Optimal management of patients with ANP
requires a multidisciplinary approach involving
gastroenterologists, surgeons, interventional radi-
ologists, intensivists, infectious disease specialists,
and clinical nutrition experts [12]. When local re-
sources are limited, transfer of patients with severe
necrotizing pancreatitis to specialized centers with
advanced endoscopic capabilities, interventional
radiology, and surgical options should be consid-
ered [12].
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" Hanjonanpuuii megnunnii yuisepeurer imeni O. O. Boromoubis, Kuis
2 KHII «KuiBcbka MichKa KJTiHidHa JTiKapHsl MBUAKOI MEANYHOI JOIIOMOTH»

3 Vkpaincbka BilicbkoBo-MenuHa akaaemis, Kuis

TocTpuilt HEKPOTUYHUH ITAHKPEATUT 3AIUIIACTHCA OAHUM i3 HANCKIAAHIIINX 3aXBOPIOBAHD Y 3AI'dJIbHIN Xipypril.
IHpiKyBaHHA HEKPO3Y, CEIICUC 1 OPrdHHA HEJAOCTATHICTh — BU3HAYAIbHI YMHHUKH JIETAJIBHOCT] IIPH 11ilf TaTO-
Jiorii. CepeJy iHINX 3arPO3/IUBUX YCKIAHEHb — OOCTPYKILisl KUIIIEYHUKA, OLTiapHa OOCTPYKILis, 46JOMiHAIIbHUH
KOMITAPTMEHT-CHUH/IPOM, 30BHIIIIHI HOPUILi, KDOBOTEYi, TPOMOO3 CEIE3iIHKOBOL T4 MOPTAILHOI BEH. POPMYBAH-
HA BiIMEKOBAHOI'O HEKPOTUYHOI'O CKYITYCHHA ITC/A 4 THXK Bi/l IIOYATKY 3aXBOPIOBAHHA CTBOPIOE aHATOMIYHi
HePEIyMOBU I TPAHCIIOMIHAIBHOI'O €HAOCKOIIYHOIO JOCTYILY JO IIATOJIONIYHOIO BOTHUINA 34 HASABHOCTI
BIIIOBIIHUX IOKa3aHb. Cy4acHE JIIKyBAHHA 'OCTPOI'O HEKPOTHYHOI'O ITAHKPEATUTY I'PDYHTYETbCA HA IIOETAIIHIN
MaJIOiHBA3UBHIN CTPATEril, B AKill €HIOCKOIIIYHI BTPYYaHHA [IOCIAAIOTh IIPOBigHE Miclie. MDKHAPOAHI KIiHiYHI
HACTAHOBY, 30KpeMa €BPOIIEHCHKOI'O TOBAPUCTBA I'ACTPOiHTECTIHAIBHOL eHIoCKOIil (ESGE), AMEpHUKAHCBKOIO
TOBAPHCTBA IACTPOIHTECTIHAIBHOI eHIOCKOII (ASGE), AMEPUKAHCHKOI I'ACTPOEHTEPOIOriYHOL acouiantii (AGA)
HiJTPUMYIOTh €HJJOCKOIIUHUMN «Step-up» MifXif| K TePAIiio NepIol JiHil Ipu iH(IKOBAHOMY BiIMEKOBAHOMY
HEKPOTUYHOMY CKYITYE€HHI. B OCHOBI IILOI'O ITiZIXO/1y JIEKHUTH KOHTPOJIb BUABIB CETICHCY, 4 HE HErdfMHEe BUKOHAH-
HS HEKPO3EKTOMIL. B IMBUMU YHHHUKAMM YCIIXY € IIPABWIbHUI BUOIP 4ACY BTPYYAHHS, MYJIBIHIHUCITAILIIHAD-
HUM HiaXif ¥ iHauBigyatisanisa crparerii JikyBanHs. [I0Ci He BU3HAYEHO OIITUMAJIBHUX ITIOKA3aHb [0 IIEPEXOLY
Ha OUIbII iHBA3MBHI ONEPATUBHI BTPY4aHH:. Lle MUTAaHHA 3ATUIIAETbCA JUCKYCIMHNM i 3a3BUYall BUPIITYETbCA
3 OIVIAly Ha JIOCBiJ] CHELiali3oBaHOrO LEHTPY. CKIAAHICTD NPUMHATTS KIIHIYHHUX PIllIEHb TAKOX MOXE OyTHU
MOB’¥3aHA 3 BiAMIHHOCTAMU B IAXOJAX IO JIKYBAHHA MDK 3araJIbHUMH XipypramMu U €HJOCKOIICTAMHU, 11O
HOTpeOye BUBAKEHOT MEKIHUCITUTLIIHAPHOL CIIBIIPALI{.

B oraai nireparypu BUCBITIIEHO OCHOBHI ACTIEKTU MEHEKMEHTY F'OCTPOI'O HEKPOTUYHOI'O IAHKPEATUTY B KOH-
TEKCTi EHJJOCKOIIYHUX TPAHCIIOMiHAIBHUX BTPY4YaHb. PO3yMiHHSA IEPEBAT 11 OOMEKEHD 11i€1 METOAUKU CIIPUAE
1l TEXHIYHOMY T4 TAKTUYHOMY BAOCKOHAJIICHHIO UL HOJIIIIEHH PE3YJIBIATIB JIIKYBAHH:

Kiro4oBi ci1oBa: rocTpyuii HEKPOTUYHUN MAHKPEATUT, TOCTPUN iH(PIKOBAHUI ITAHKPEOHEKPO3, OOMEKEHE
HEKPOTUYHE CKYITYEHHSA, EHJOCKOITIYHA TPAHCTIIOMIHAIbBHA HEKPO3EKTOMId, IPAMA €HJIOCKOITIYHA HEKPOZEKTOMIs.
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Hepatorenal syndrome (HRS) is a severe functional complication of portal hypertension and liver cirrhosis,
characterized by profound renal hemodynamic dysfunction in the absence of significant structural kidney
damage and associated with high mortality. Recent studies report a 90-day mortality of 40—60 %, depending
on disease severity and therapeutic interventions. The pathophysiology of HRS is primarily driven by marked
splanchnic vasodilation, resulting in reduced effective arterial blood volume, renal vasoconstriction, and
adecline in glomerular filtration rate. The association between advanced liver disease and renal dysfunction was
first recognized in the 19th century, whereas a clear clinical definition of HRS emerged in the mid-20th century.
Subsequent advances led to the classification of HRS into two major types: type I, an acute, rapidly progressive
form with a very poor prognosis, and type II, a more indolent form commonly associated with refractory ascites.
Therapeutic strategies focus on restoring effective arterial circulation. The most evidence-based pharmacologi-
cal treatment is the combination of vasoconstrictors, particularly terlipressin, combined with albumin. Invasive
approaches, including transjugular intrahepatic portosystemic shunt (TIPS), peritoneovenous shunting, albu-
min-based extracorporeal liver support systems, and renal replacement therapy, are considered as supportive or
bridging options in selected patients, especially those awaiting liver transplantation. Prevention of HRS is based
on early infection control, avoidance of nephrotoxic agents, adequate correction of hypovolemia, and routine
administration of albumin after large-volume paracentesis. Overall, HRS represents a hallmark of advanced

hepatic decompensation and requires early recognition and a multidisciplinary therapeutic approach.
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Hepatorenal syndrome (HRS) is a severe compli-
cation of portal hypertension (PH) [43] and is as-
sociated with high morbidity and mortality. Recent
case series and meta-analyses report 90-day mortal-
ity rates of 40—60 % in patients with HRS, which
vary by disease severity and available treatments
[30]. The syndrome involves disruptions of renal
circulation that outweigh physiological compen-
satory mechanisms, leading to reduced glomerular
filtration rate. Restoration of adequate renal perfu-
sion improves kidney function and can be achieved
through liver transplantation [30] or the admin-
istration of vasoconstrictor agents. Over the past
decade, the terminology, diagnostic criteria, and
classification of HRS have undergone substantial
revisions, driven by updated approaches to diagnos-
ing and stratifying acute kidney injury (AKI). This
review highlights key contemporary advances that
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have shaped current understanding, diagnostic cri-
teria, and therapeutic strategies for HRS [42].

Historical development of the concept
of hepatorenal syndrome

The association between renal dysfunction and
progressive liver disease was recognized as early as
the late 19th century. This relationship was first de-
scribed independently by the German clinician and
pathologist Friedrich Theodor von Frerichs in 1861
and the American physician Austin Flint in 1863,
both of whom reported oliguria in patients with
liver cirrhosis and ascites [14].

As the kidney began to be regarded as an inde-
pendent organ capable of primary pathological
involvement, researchers increasingly considered
the potential link between renal impairment and
liver disease. This pathological process was later
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designated as hepatorenal syndrome. Early medical
literature already contained isolated reports of con-
current liver and kidney involvement, particularly
in studies focused on ascites. Richard Bright laid
the foundations of nephrology as a distinct medical
discipline. In his seminal «Reports of Medical Cas-
es» published in 1827, Bright described seven cases
of ascites etiologically associated with liver disease.
In his introductory remarks, he noted that in cases
of ascites caused by renal pathology, the liver was
«rarely absolutely healthys, although deviations
from normal structure were often subtle and mani-
fested as a tendency toward morphological altera-
tion. In patients with liver disease complicated by
ascites, he observed a tendency toward oliguria pre-
ceding death. Macroscopically, urine was described
as <brightly colored» or containing a «pink sedi-
ment» that did not coagulate upon heating. Mor-
phologically, in 26 cases in which ascites was attrib-
uted to liver disease, the kidneys were described as
«rather pale, with uneven vascularity but normal
structure», whereas in 29 cases they were charac-
terized as «large and unhealthy» [52].

Frerichs proposed that oliguria resulted from in-
adequate filling of the systemic circulation due to
blood pooling within the splanchnic vascular bed.
However, a detailed clinical characterization of the
syndrome was not provided until the late 1950s,
when Hecker and Sherlock, as well as Papper [32],
published comprehensive analyses of two cohorts of
patients with cirrhosis complicated by renal failure.
The key findings of these studies, which formed the
basis of the modern understanding of acute HRS,
can be summarized as follows: (1) renal failure typi-
cally demonstrates rapid progression and, in some
cases, develops after identifiable precipitating fac-
tors such as minor gastrointestinal bleeding, para-
centesis without adequate plasma volume expan-
sion, or surgical intervention; (2) arterial hypoten-
sion is observed in the majority of patients, indicat-
ing that the reduction in glomerular filtration rate
is driven by systemic hemodynamic disturbances;
(3) despite the severity of renal failure, morpholog-
ical changes in the kidneys are absent or minimal;
and (4) prognosis remains extremely poor, with
most patients dying within the first month after
diagnosis [8].

Even as recently as two decades ago, the patho-
genesis of HRS had not been fully elucidated, al-
though it was already hypothesized to represent
an extreme manifestation of arterial underfilling
caused by predominant arterial vasodilation within
the splanchnic circulation [5]. Nevertheless, the
mechanisms underlying renal vasoconstriction re-
mained poorly understood [42].
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Classification of hepatorenal syndrome

As HRS research progressed, it became evident that
two fundamentally distinct clinical types exist. The
introduction of HRS classification into type I and
type II enabled significant improvements in the
principles of diagnosis, treatment, and prevention
of this syndrome [11]. A hallmark of HRS is the
presence of peripheral vasodilation accompanied by
marked renal vasoconstriction [19, 21].

HRS is traditionally classified into type I and
type II. Type I HRS is characterized by rapidly pro-
gressive renal failure, defined by a doubling of serum
creatinine to > 2.5 mg/dL (221 umol /L) or a creati-
nine clearance <20 mL/min within two weeks. The
prognosis of type I HRS is extremely poor: approxi-
mately 80 % of patients die within two weeks, and
only about 10 % survive longer than three months.
In contrast, type IT HRS is defined by a serum cre-
atinine level >1.5 mg/dL (132.6 pmol/L) and/or
a creatinine clearance <40 mL/min; however, renal
function deteriorates more slowly, and the progno-
sis is comparatively better [1, 7, 47].

Additional diagnostic criteria for HRS include
urine output <500 mL/day, urinary sodium con-
centration <10 mmol/L, urine osmolality exceed-
ing plasma osmolality, fewer than 50 erythrocytes
per high-power field in the urine sediment, and a se-
rum sodium concentration <130 mmol/L. There
should be no evidence of shock, ongoing bacterial
infection, or current or recent exposure to neph-
rotoxic drugs. Gastrointestinal fluid losses must
be excluded, defined as weight loss >500 g/day
over several days in patients with ascites without
peripheral edema or >1000 g/day in patients with
peripheral edema. Furthermore, there should be no
sustained improvement in renal function, defined
as a decrease in serum creatinine to <1.5 mg/dL
(132.6 umol/L) or an increase in creatinine clear-
ance to 240 mL/min [1, 42].

Therapeutic management
of hepatorenal syndrome

In 2000, terlipressin therapy was first introduced
for the treatment of patients with HRS [46]. Terlip-
ressin is a synthetic analogue of vasopressin, a natu-
rally occurring hormone secreted by the posterior
pituitary gland. Its most prominent pharmacologi-
cal effects include potent vasoconstrictor and an-
tihemorrhagic actions. Of particular importance is
the reduction in blood flow within the splanchnic
circulation, leading to decreased hepatic blood flow
and lower portal venous pressure [4].

In 2000, Mark G. Hamilton (Calgary, Canada)
reported regression of HRS in seven of nine treat-
ed patients [16]. Treatment was associated with
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a significant improvement in mean arterial pressure
(from 68 %2 to 804 mm Hg) and suppression of
vasoconstrictor activity, evidenced by reductions
in plasma renin activity and plasma norepinephrine
levels. No signs of ischemia were observed in any pa-
tient. Therapy was discontinued in one patient on
the fifth day due to the development of acute pan-
creatitis [4]. At that time, terlipressin was already
being used in the symptomatic management of
portal hypertension complicated by bleeding from
esophageal and gastric varices [ 34].

It has been demonstrated that the combination
of terlipressin and albumin is effective in the treat-
ment of HRS [20, 29]. The majority of studies have
shown a favorable therapeutic response to combined
terlipressin and albumin therapy, characterized by
an increase in mean arterial pressure and a reduc-
tion in serum creatinine to levels below 1.5 mg/dL
(132.6 umol /L) [31, 35, 51].

Currently, three classes of vasoconstrictors are
available for the treatment of HRS: vasopressin re-
ceptor agonists (vasopressin, terlipressin, and or-
nipressin), a-adrenergic receptor agonists (norepi-
nephrine and midodrine), and somatostatin receptor
agonists (octreotide) [19]. Among these agents, ter-
lipressin is the most extensively studied, followed by
norepinephrine, midodrine, and octreotide. A 2019
study demonstrated that the combination of terlip-
ressin and albumin is the most effective therapeutic
strategy for the management of HRS [12].

Invasive management
of hepatorenal syndrome

In parallel with pharmacological therapy, several
invasive and device-based treatment strategies
have been used to manage HRS. These include:
(1) transjugular intrahepatic portosystemic shunt
(TIPS) [39]; (2) peritoneovenous shunt (PVS)
[41]; (3) the Molecular Adsorbent Recirculating
System (MARS) [36]; and (4) renal replacement
therapy (RRT) [5, 40].

Studies indicate that early creation of an intra-
hepatic portosystemic shunt using the transjugular
approach (TIPS) can effectively reduce portal pres-
sure [17] and control variceal bleeding in severely ill
patients with liver cirrhosis who are not candidates
for surgical intervention [39, 53]. Although initial
results suggest temporary shunt patency and clini-
cal improvement, the long-term efficacy and dura-
bility of this method remain uncertain and require
further evaluation in larger patient cohorts [13].

Peritoneovenous shunting as a therapeutic option
for refractory ascites was first proposed by Harry H.
LeVeen in 1974 [22, 24]. This technique diverts as-
citic fluid from the peritoneal cavity into the venous
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system (most commonly the internal jugular vein)
via a subcutaneously tunneled catheter equipped
with a one-way valve [3]. The shunt connects the
peritoneal cavity to the internal jugular vein or the
superior vena cava, enabling continuous fluid drain-
age driven by a pressure gradient of approximately
30-50 mm H,O (2.2-3.6 mm Hg). When the pres-
sure falls below 30 mm H,O (2.2 mm Hg), the valve
closes, preventing retrograde blood flow [27].

Both TIPS and PVS are used in the manage-
ment of medically refractory ascites [49]. Complete
resolution of ascites following either procedure is
uncommon. PVS provides more rapid control of as-
cites, whereas TIPS offers superior long-term effi-
cacy |38]. After either shunting procedure, repeated
interventions are often required to maintain shunt
patency [50]. Treatment of diuretic-resistant asci-
tes with TIPS carries a risk of early shunt-related
mortality but may offer the potential for prolonged
survival with sustained ascites control. TIPS im-
plantation should therefore be considered a bridg-
ing rather than definitive therapy for persistent as-
cites in patients with moderate hepatic decompen-
sation. Persistent ascites following TIPS has been
identified as a strong predictor of liver transplanta-
tion and mortality [49].

The Molecular Adsorbent Recirculating System
(MARS), an albumin-based dialysis device that uti-
lizes a hybrid membrane impregnated with albumin
to remove albumin-bound toxins that accumulate in
liver failure, has been used clinically for more than
two decades [33]. Its application in both acute and
acute-on-chronic liver failure has consistently dem-
onstrated improvements in biochemical profiles,
resolution of hepatic encephalopathy, correction of
hemodynamic disturbances, reduction of intracra-
nial pressure, and partial improvement of hepatic
synthetic function [26]. In several studies, albeit
with small sample sizes, a survival benefit has also
been observed. However, key issues such as optimal
timing of initiation, duration of therapy, session fre-
quency, and the role of adjunctive supportive treat-
ments remain unresolved [15, 26].

The first experimental demonstration of the di-
alysis principle (often referred to as the concept of
the <artificial kidney» or extracorporeal dialysis)
dates back to 1913 and is frequently cited as the
origin of RRT. Georg Haas performed the earliest
documented attempts at hemodialysis in humans
in Giessen between 1924 and 1928 [18]. In 1972,
O.S. Better and colleagues reported a clinical case
describing the successful use of concurrent hemo-
dialysis (RRT) and massive blood transfusion in
a 35-year-old patient who developed HRS follow-
ing a blast-related liver injury [9]. RRT improves
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short-term survival in severe acute kidney injury
(AKI) and may serve as an effective bridge to trans-
plantation or as supportive therapy in patients with
acute but potentially reversible decompensation
[48]. The use of RRT may be particularly beneficial
in patients with HRS and AKI who are hemody-
namically unstable, as well as in those at risk of el-
evated intracranial pressure, such as patients with
acute fulminant liver failure or acute-on-chronic
liver failure [25].

Prevention of hepatorenal syndrome

Preventive strategies aimed at reducing the risk of
HRS include abstinence from alcohol [28], regu-
lar monitoring of serum creatinine and electrolyte
levels in patients receiving diuretic therapy [2],
albumin infusion during therapeutic paracentesis
[10], administration of antibiotics during episodes
of gastrointestinal bleeding [44], antibiotic prophy-
laxis against spontaneous bacterial peritonitis [45],
and the use of non-selective beta-blockers [37]. The
use of pharmacological agents such as angiotensin-
converting enzyme inhibitors, angiotensin II recep-
tor blockers, and non-steroidal anti-inflammatory
drugs should be avoided [1, 10]. Nephrotoxic agents,
including aminoglycosides and iodinated contrast
media, should be used with particular caution [36].

It has been established that plasma volume ex-
pansion, especially with albumin, significantly re-
duces the incidence of HRS following large-volume
paracentesis — from nearly 10 % in patients who did
not receive specific preventive treatment to approx-
imately 2 % in those treated with plasma-expanding
agents [6, 23].

Conclusions

Hepatorenal syndrome was first described nearly
70 years ago as a functional form of renal failure oc-
curring in patients with cirrhosis in the absence of
overt morphological kidney damage [52]. Its devel-
opment is driven by profound splanchnic vasodila-
tion, leading to renal vasoconstriction and reduced
glomerular filtration. Two major clinical forms have
been traditionally distinguished: an acute, rapidly
progressive type (type I) and a more slowly progres-
sive form (type IT). Therapeutic strategies are pri-
marily aimed at restoring effective circulatory vol-
ume and renal perfusion and include terlipressin in
combination with albumin, TIPS, peritoneovenous
shunting, and, ultimately, liver transplantation.
Preventive measures focus on infection control,
avoidance of nephrotoxic agents, correction of hy-
povolemia, and albumin administration following
paracentesis.
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IenaropeHaIbHUM CUHAPOM: iICTOPHUYHI ACIIEKTHU
YCBiZTOMJIEHHSI IpooieMu. Orvis,

M. L. Tytuenko, /. M. IlaTtpax
Hamnionasnpauit megnunuii yHiBepcuret imeni O. O. Boromossis, Kuis

Tenmatopenanbau cUHAPOM (I'PC) € TSHKKUM (PYHKITIOHAIBHUM YCKJIAJHEHHAM JIEKOMIIEHCOBAHOI ITOPTAIBHOL
rineprensii Ta UPO3y MEUYiHKH, MO XAPAKTEPHUIYETHCSA PI3KUM MOPYIIEHHAM HUPKOBOI T'€MOJAMHAMIKHA 0€3
BUPAKEHUX MOPQOJIOTIYHUX 3MiH y HUPKAX i CYIIPOBOKYETHCA BUCOKOIO JIETAIBHICTIO. CydaCHi JOCTIPKEHHA
cBiguaTh po 90-aeHHy cMepTHICTD Ha piBHI 40—060 %, 3aICKHO Bl TSDKKOCTI CTAHY T4 MIPOBEACHOI TEPATTiL.
[Tarorenerrnyno I'PC 3yMOBIEHNI CIUTAHXHIYHOIO BA30OJWIATALLIEIO 3 MOAANIBIIO HUPKOBOIO BA3OKOHCTPUK-
L{€I0 Ta 3HIKEHHAM IIBUIKOCTI KITyOOUYKOBOI (DinBrpariii. [CTOPUYHO B3a€EMO3B’A30K MK YPAKEHHAM MEUiHKA
T4 HUPKOBOIO JUC(PYHKIIEIO OYB OMUCAHUM 1ie y XIX CTOMITTi, OHAK YiTKE KIiHiYHE OKPECIEHHA CHHIPOMY
chopMyBaIOCs IUIE B cepeiHi XX CTOMTTA. [TOanbIIni pO3BUTOK YABIEHD JO3BOJIMB BUOKPEMUTH JIBA TUITHA
I'PC: tur I — rocrpuii, MBUAKO NPOIrPECUBHUI 3 BKPAM HECIIPUATIMBUM IIPOTHO30M, T4 THII II — XpOHiYHMIA,
HOBUIbHIINIT TTepe6ir, yacTie aCOiHOBAHNUN 3 Pe(PPAKTEPHUM ACLTUTOM. TepaneBTUYHI MiIXOAN CIIPAMOBAHi
HA BiIHOBIEHHA €(PEKTUBHOIO APTEPIATBHOIO KPOBOOOITY. Halbimbl OO6IPYHTOBAHOIO MEJUKAMEHTO3HOIO
CTPATETICIO € 3aCTOCYBAHHA BA30KOHCTPUKTOPIB, HACAMIIEPE] TEPINPECUHY B KOMOIHAI{ 3 ampOyMiHOM.
IHBa3uBHI METOU, TAKi AK TPAHCAPEMHE iHTPAINIEYiHKOBE HOPTOCUCTEMHE CTEHTYBAHHSA, [IEPUTOHECOBEHO3HE
IIYHTYBAHHA, CUCTEMH AIbOyMiHOBOTO Jianidy (MARS) Ta 3amicHa HUPKOBA TEPArisd, PO3IVIAIAIOTECS K €TaIl
HiITOTOBKU /IO TPAHCIVIAHTALL] TIEYiHKK 260 THMYACOBA IITPUMKA Y BiZliopaHuXx narieHTis. [Tpodinaxkruka I'PC
I'PYHTYETbCA HA KOHTPOJI iH(EKIIINA, YHUKHEHHI HE(PPOTOKCUYHHUX MPENAPATIB, aIEKBATHII KOPEKIIii MIIOBOIE-
Mii Ta pyTMHHOMY 3aCTOCYBAHHI AJIbOYMiHY ITiCJI BETMKOOG’€MHOTO mapaneHnTesy. [PC 3a1HmaeTbcss MapKeEpOM
INIMOOKOI JJEKOMITEHCALlii IUPO3Y i HOTPEOYE PAHHBOIO PO3MI3ZHABAHHA Td ArPECUBHOI MDKIUCIMUIUIIHAPHOL
TAKTHUKH JIIKYBAHHSL.

KiIr049o0Bi ¢/10Ba: relaropeHAIbHUI CUH/IPOM, IIUPO3 MIEYiHKY, HOPTAIbHA TiIIEPTEH3is, TEPIIIPECHH, aIb0y-
MiH, BADMKO3HA KPOBOTEYA, ACLIUT.
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OBJECTIVE — to synthesize current approaches to the treatment of chronic hemorrhoids and to develop
a mechanism-oriented classification of treatment methods that integrates the pathophysiological mechanism
of action of interventions, the anatomical target of treatment, the degree of surgical invasiveness, and the organ-
preserving potential of the procedures.

A comprehensive analysis of current literature on the pathogenesis of hemorrhoidal disease and its treatment
modalities was conducted. The principal pathophysiological mechanisms underlying the disease, major thera-
peutic strategies for their correction, and corresponding clinical intervention technologies were systematized.
Based on a conceptual analysis, a model of the interrelationships between pathogenic mechanisms, therapeutic
strategies, and clinical treatment methods was constructed, forming the foundation for the proposed clas-
sification system. A mechanism-oriented classification of treatment methods for hemorrhoidal disease was
developed, integrating pathophysiological mechanisms, therapeutic strategies for their correction, and clinical
intervention technologies within a unified conceptual framework. The main therapeutic strategies identified
include symptom control, induction of fibrosis of hemorrhoidal cushions, reduction of arterial inflow, intratissue
remodeling, reconstruction of anal canal anatomy, and radical excision of pathologically altered tissues. Within
each strategy, corresponding clinical treatment methods were systematized, allowing diverse modern technolo-
gies to be interpreted as specific implementations of a limited number of fundamental therapeutic mechanisms.

Concrusions. The proposed classification enables systematic organization of contemporary treatment methods
for hemorrhoidal disease according to their underlying pathophysiological mechanisms and integrates them
within a unified conceptual model. This approach provides a methodological basis for a more consistent inter-
pretation of modern treatment technologies and may be applied in future comparative clinical studies.

KEYWORDS
hemorrhoidal disease, hemorrhoids, mechanism-based classification, treatment strategies, minimally invasive
procedures, hemorrhoidectomy.
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Hemorrhoidal disease (HD) is one of the most com-  of life account for the sustained clinical interest in

mon disorders of the anorectal region and remains
a significant medical and social challenge in mod-
ern coloproctology. According to epidemiologi-
cal studies, clinically significant manifestations of
hemorrhoids occur in 25—-40 % of the adult popu-
lation over a lifetime, while the annual number of
medical consultations related to HD in developed
countries reaches millions of cases [12, 19, 44]. The
high prevalence of the disease, its chronic relapsing
course, and its negative impact on patients’ quality
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optimizing treatment strategies [46, 47].

Despite the long history of HD research, current
clinical practice is characterized by substantial het-
erogeneity in treatment approaches, particularly
for grades I-11T chronic HD. Contemporary clini-
cal guidelines describe a wide spectrum of conser-
vative, minimally invasive, and surgical interven-
tions; however, a unified classification system for
these methods is still lacking [5, 8, 15, 58, 61]. In
most recommendations, treatment modalities are
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grouped primarily by degree of invasiveness, set-
ting of performance, or clinical indications based on
the Goligher classification, which does not always
reflect the underlying pathophysiological targets of
the interventions [ 10, 18, 21, 23, 60].

Historically, the development of surgical treatment
for HD has progressed from radical excisional proce-
dures to organ-preserving and minimally invasive
techniques. Classical hemorrhoidectomies, particu-
larly the Milligan—Morgan and Ferguson procedures,
have long been considered the «gold standard» for the
treatment of advanced forms of the disease, providing
the lowest recurrence rates but being associated with
significant postoperative pain, prolonged recovery,
and a risk of complications |38, 52].

Further advances in understanding HD patho-
genesis have led to the emergence of organ-preserv-
ing techniques aimed at correcting specific compo-
nents of the pathological process without complete
removal of the cavernous vascular tissue. These
methods include Doppler-guided dearterialization,
stapled hemorrhoidopexy, and intratissue energy-
based ablation technologies [6, 11, 20, 29, 32, 33, 40,
53, 62]. In parallel, outpatient minimally invasive
procedures have been actively developed, enabling
the treatment of a substantial proportion of patients
in a day-care setting [2, 50].

As a result, a broad spectrum of treatment options
for HD has emerged, ranging from conservative ther-
apy to high-tech energy-based interventions. Howev-
er, this diversity itself creates a methodological chal-
lenge—namely, the absence of a unified classification
system that would allow for accurate comparison of
different treatment technologies and determination
of their role within an overall therapeutic strategy.

Current concepts of HD pathogenesis are based
on a combination of hemodynamic and mechanical
mechanisms, including impaired venous outflow in
the cavernous tissue, arteriovenular shunting, and
weakening of the supporting ligamentous apparatus
of the anal cushions [1, 31]. From a pathophysiologi-
cal perspective, most contemporary interventions can
be considered as targeting one of several principal
therapeutic mechanisms: induction of fibrosis of the
hemorrhoidal cushions, reduction of arterial inflow,
intratissue remodeling of the cavernous vascular tis-
sue, reconstructive restoration of anal canal anatomy,
or radical excision of pathologically altered tissue.

The diversity of modern treatment methods for
HD, along with differences in their underlying
pathophysiological mechanisms of action, neces-
sitates their systematization within a unified clas-
sification framework.

OBJECTIVE — to synthesize current approaches
to the treatment of chronic hemorrhoids and to
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develop a mechanism-oriented classification of
treatment methods that integrates the pathophysi-
ological mechanism of action of interventions, the
anatomical target of treatment, the degree of surgi-
cal invasiveness, and the organ-preserving poten-
tial of the procedures.

This study was conducted as a narrative literature
review with elements of conceptual synthesis. The
aim of the analysis was to systematize contemporary
treatment methods for chronic HD and to develop
amechanism-oriented classification of interventions.

A literature search was performed in the
PubMed/MEDLINE, Scopus, and Web of Science
databases. In addition, current clinical guidelines
of professional societies, including ASCRS, ESCP,
and SICCR, were analyzed [8, 15, 58, 61]. Combi-
nations of the following keywords were used: hem-
orrhoids, hemorrhoidal disease, surgical treatment,
minimally invasive procedures, hemorrhoidectomy,
dearterialization, laser hemorrhoidoplasty, radiofre-
quency ablation, stapled hemorrhoidopexy, classifi-
cation, pathophysiology.

The analysis included original studies, system-
atic reviews, meta-analyses, and clinical guidelines
addressing treatment methods for HD. Particular
attention was paid to studies describing the mecha-
nisms of therapeutic action of various interventions,
their anatomical targets, clinical indications, and
their role within contemporary stepwise treatment
strategies [ 9, 8].

The classification was developed based on three
interrelated principles:

1. The dominant mechanism of therapeutic action.

2. The anatomical target of the intervention.

3. The level of technological implementation of
the method.

The integration of these criteria formed the basis
of a three-level classification model.

Results

The findings allowed for the synthesis of relation-
ships between the main pathophysiological mecha-
nisms of HD, therapeutic strategies for their correc-
tion, and clinical treatment methods. A conceptual
model of these relationships is presented in Figure.
The presented figure illustrates that most con-
temporary treatment methods for HD can be inter-
preted as implementations of a limited number of
fundamental therapeutic strategies aimed at cor-
recting key components of the disease pathogenesis.
Specifically, different interventions may target the
induction of fibrosis of the hemorrhoidal cushions,
reduction of arterial inflow, intratissue remodeling
of the cavernous vascular tissue, reconstruction of
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Pathophysiological mechanisms

- Venous dilation

- Increased arterial inflow

- Degeneration of supporting tissue
- Hemorrhoidal prolapse

Therapeutic strategies

- Symptom control

- Nodal fibrosis induction

- Arterial inflow reduction

- Tissue remodeling

- Anatomical reconstruction
- Radical excision

Mechanism-based classification framework

Treatment methods

- Dietary modification

- Fiber supplementation

- Micronized purified flavonoid fraction

- Rubber band ligation

- Injection sclerotherapy

- Infrared coagulation

- Hemorrhoid energy therapy

- Transanal hemorrhoidal dearterialization
- Hemorrhoidal artery ligation with recto-anal repair
- Hemorrhoidal laser procedure

- Hemorrhoidal artery embolization

- Laser hemorrhoidoplasty

- Radiofrequency ablation

- Bipolar vaporization

- Procedure for prolapse and hemorrhoids
- Hemorrhoidectomy

!

[ Stepwise escalation of treatment invasiveness ]

Figure. Conceptual relationship between the
pathophysiology of hemorrhoidal disease,
therapeutic strategies, and treatment methods
with stepwise escalation of treatment invasiveness

anal canal anatomy, or radical excision of patholog-
ically altered tissue.

Such a mechanism-oriented approach allows dif-
ferent technological solutions to be viewed not as
isolated procedures, but as variants of implementing
shared therapeutic strategies. This provides a basis for
the systematization of modern treatment methods for
HD within a unified pathophysiological framework.

The proposed classification is based on a three-
level structure. At the first level (Level 1), treatment
methods are systematized according to the primary
therapeutic strategy. At the second level (Level 2),
technological groups of interventions that imple-
ment the respective strategy are identified. At the
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third level (Level 3), specific clinical methods are
presented. This approach allows for the integration
of different technologies within a unified patho-
physiological treatment model while preserving the
flexibility for further expansion of the classification
as new methods emerge (Table).

Clinical positioning of surgical methods
within the proposed classification

The proposed mechanism-oriented classification
enables systematic positioning of contemporary
surgical methods for HD treatment according to
their point of impact on the disease pathogenesis. In
this context, different interventions can be viewed
as implementations of several principal therapeutic
strategies: induction of fibrosis of the hemorrhoidal
cushions, modulation of arterial inflow, intratissue
remodeling of the cavernous vascular tissue, recon-
struction of anal canal anatomy, or radical removal
of pathological tissue. This approach not only allows
for the systematization of various technological so-
lutions but also facilitates a clearer understanding
of their role within the modern treatment algorithm
for hemorrhoids.

Methods for inducing fibrosis
of the hemorrhoidal cushions

This group includes outpatient minimally invasive
procedures aimed at localized injury of the hem-
orrhoidal cushion, followed by fibrosis formation
and fixation to the underlying tissues. The most
common representatives of this category are rub-
ber band ligation [3, 8, 24, 30, 61, 65], sclerother-
apy [15, 18, 41], and infrared coagulation [28, 42].
These methods are primarily used in hemorrhoids
of grades I-1T and, in selected cases, grade IIT with-
out significant prolapse. Their main advantages lie
in their minimal invasiveness and the feasibility of
outpatient application; however, their effectiveness
in addressing prolapse remains limited.
Sclerotherapy occupies a distinct position with-
in this category, as its primary mechanism differs
somewhat from that of rubber band ligation (RBL)
or coagulation-based methods. In sclerotherapy, the
agent is injected into the submucosal layer adjacent
to the hemorrhoidal cushion, causing chemical en-
dothelial damage, aseptic inflammation, vascular
obliteration, and subsequent fibrosis formation.
Therefore, from a pathophysiological perspective,
it is more appropriately classified not as a method
of intratissue remodeling, but as an intervention
inducing fibrosis of the mucosal-submucosal layer
with a fixation effect. In most contemporary guide-
lines, RBL, sclerotherapy, and infrared coagulation
(IRC) are effectively grouped under the category
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Table. Proposed three-level mechanism-oriented classification of treatment methods

for chronic hemorrhoidal disease

Level 1:

. Level 2: . Mechanism of Level 3:

Therapeutic Anatomical target . .

Technology group therapeutic action Methods
strategy
Conservative Pharmacological and Functional factors Dietary therapy, normalization

non-pharmacological (defecation disorders, Symptom control of bowel habits, MPFF,
treatment . . .

therapy venous tone, inflammation) topical agents
Induction of  Office-based minimally Mucosal-submucosal layer Formation of fibrosis

" . . - . . . . RBL, IS, IRC, HET
fibrosis invasive procedures of hemorrhoidal cushions or vascular obliteration
Hemodynamic Dearterialization Arterial branches of the Reduction of arterial ~ THD, HAL-RAR,
modification  technologies superior rectal artery inflow HeLP, HAE
Tissue Energy-based intratissue Cavernous vascular tissue Controlled intratissue LHP RFA BPV
remodeling  ablation methods of hemorrhoidal cushions  coagulation and fibrosis ’ ’
Anatomical ~ Reconstructive Rectal mucosa and Restoration of
: \ . \ o PPH/SH
reconstruction procedures hemorrhoidal cushions anatomical position
Radical Hemorrhoidectomy
) - Hemorrhoidal tissue . - (Milligan—Morgan, Ferguson),

tissue Excisional procedures dadi Radical excision LigaSure h hoid
removal and adjacent mucosa igaSure hemorrhoidectomy,

Harmonic hemorrhoidectomy

Note. MPFF — micronized purified flavonoid fraction; RBL — rubber band ligation; IS — injection sclerotherapy; IRC — infrared
coagulation; HET — hemorrhoid energy therapy; THD — transanal hemorrhoidal dearterialization; HAL-RAR — hemorrhoidal artery
ligation with recto-anal repair; HeLP — hemorrhoidal laser procedure; HAE — hemorrhoidal artery embolization;

LHP — laser hemorrhoidoplasty; RFA — radiofrequency ablation; BPV — bipolar vaporization; PPH/SH — procedure for prolapse and

hemorrhoids/stapled hemorrhoidopexy.

of office procedures, supporting the validity of this
classification approach [8, 21, 61].

Methods of arterial inflow modulation

The second group includes interventions aimed at re-
ducing the arterial blood supply to the hemorrhoidal
cushions. These include transanal hemorrhoidal de-
arterialization, Doppler-guided hemorrhoidal artery
ligation with mucopexy [22, 33, 52, 59], and the
hemorrhoidal laser procedure [9, 17, 57], as well as
endovascular embolization of hemorrhoidal arteries
[34, 63]. Despite differences in technical modifica-
tions and instrumentation, all these methods share
a common pathophysiological principle—reduction
of arterial inflow to the cavernous vascular tissue,
resulting in a gradual decrease in the volume of hem-
orrhoidal cushions and regression of symptoms.

In clinical practice, these methods are most com-
monly applied in grades II-TIT hemorrhoids and are
characterized by relatively low postoperative pain
and rapid recovery. It is particularly important to
emphasize that transanal hemorrhoidal dearterializa-
tion (THD) and hemorrhoidal artery ligation with
recto-anal repair (HAL-RAR) do not represent dis-
tinct pathophysiological categories but rather vari-
ants of a shared therapeutic strategy. THD/HAL
provides dearterialization as the primary hemody-
namic component, while HAL-RAR complements it
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with mucopexy to address mucosal prolapse.

Although reduction of arterial inflow ultimately
also leads to a decrease in hemorrhoidal cushion vol-
ume and fibrosis formation, these methods are classi-
fied as a separate group in the proposed system because
their primary point of application differs. Office-based
procedures directly target the mucosal-submucosal
layer of the hemorrhoidal cushion, whereas dearteri-
alization techniques modify its arterial blood supply.
This difference in anatomical target justifies their dis-
tinct positioning within the classification.

Methods of intratissue remodeling
of cavernous vascular tissue

A distinct category comprises energy-based intra-
tissue ablation technologies, including laser hemor-
rhoidoplasty [25, 26, 54], radiofrequency ablation
[20, 56], and bipolar vaporization [4]. Unlike office-
based procedures or dearterialization techniques,
these interventions directly target the internal
structure of the hemorrhoidal cushion. The forma-
tion of a controlled zone of coagulative injury within
the thickness of the cavernous vascular tissue leads
to its gradual fibrosis and volume reduction without
tissue excision. This characteristic defines the role
of energy-based technologies as an organ-preserving
approach that combines adequate clinical effective-
ness with relatively low invasiveness.
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Reconstructive interventions

Reconstructive treatment methods are primarily
aimed at correcting mucosal prolapse and restoring
the normal anatomical position of the hemorrhoidal
cushions. The most well-known representative of
this group is the procedure for prolapse and hem-
orrhoids/stapled hemorrhoidopexy, introduced by
Longo [32]. The mechanism of action of this proce-
dure involves circumferential resection of the rectal
mucosa and submucosa, followed by cranial fixation
of the hemorrhoidal cushions. Despite favorable
short-term outcomes in terms of prolapse control
and pain reduction [55], the use of this method is
limited by the potential for specific complications
and a risk of recurrence in the long term [43, 45].

Excisional surgical interventions

Excisional hemorrhoidectomy remains the most
radical method for HD treatment. Classical proce-
dures, such as the Milligan—Morgan and Ferguson
techniques, achieve the lowest recurrence rates, as
they involve complete removal of the pathologi-
cally altered cavernous vascular tissue [52, 64]. The
use of modern energy-based instruments, including
LigaSure and the Harmonic scalpel, has reduced
intraoperative blood loss and somewhat decreased
postoperative pain; however, it does not fundamen-
tally alter the radical nature of the procedure [26,
36, 37]. In current guidelines, excisional operations
are generally considered the treatment of choice for
grade ITI-IV hemorrhoids or in cases of failure of
organ-preserving approaches [8, 15, 61].

Thus, the proposed mechanism-oriented classi-
fication allows different surgical methods for HD
treatment to be interpreted as implementations
of several fundamental therapeutic strategies that
differ in their point of application within the dis-
ease pathogenesis. This approach provides a logical
framework for the comparative evaluation of vari-
ous treatment technologies and supports a more
evidence-based selection of surgical strategy de-
pending on the clinical scenario.

The proposed classification reflects not only the
mechanisms of therapeutic action of different inter-
ventions but also, to some extent, the evolution of
surgical treatment for HD. Historically, hemorrhoid
therapy has progressed from symptomatic control
and local fibrosis induction to methods aimed at
modulating the hemodynamics of hemorrhoidal
cushions and intratissue remodeling of cavernous
vascular tissue. The emergence of energy-based
technologies reflects the modern trend toward or-
gan-preserving treatment, whereas excisional hem-
orrhoidectomy remains a radical option reserved for
more advanced forms of the disease.
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Discussion

In this study, a mechanism-oriented classification of
treatment methods for chronic HD was proposed,
integrating the pathophysiological mechanisms of
the disease, therapeutic strategies for their correc-
tion, and contemporary clinical interventions with-
in a unified conceptual framework. This approach
allows diverse technological solutions to be inter-
preted not as isolated procedures, but as implemen-
tations of fundamental therapeutic strategies.

Despite significant progress in HD treatment
over recent decades, the need to systematize exist-
ing treatment methods remains relevant. Analysis
of current clinical guidelines and scientific litera-
ture indicates that most authors primarily focus on
comparing individual techniques, whereas the issue
of their positioning within a unified classification
system is addressed only fragmentarily or remains
largely overlooked [15, 35].

The most commonly used classification of treat-
ment methods into conservative, minimally inva-
sive, and surgical categories has limited analytical
value, as it does not reflect the underlying mecha-
nisms of therapeutic action. Within such frame-
works, methods with fundamentally different
points of application to the pathological process
may be grouped together, thereby complicating the
comparative analysis of treatment outcomes.

In a large network meta-analysis by Simillis et al.,
which included 98 randomized controlled trials and
over 7,800 patients, substantial heterogeneity in
clinical outcomes across different hemorrhoid treat-
ment methods was demonstrated, partly attribut-
able to the lack of a unified pathogenetic classifi-
cation system [50]. Similar conclusions have been
reported in other studies, highlighting the difficulty
of directly comparing the effectiveness of different
interventions due to significant methodological and
clinical heterogeneity [ 14, 40, 48, 51].

The findings indicate that, despite the diversity of
technical approaches, most contemporary HD treat-
ment methods implement only a limited number of
fundamental therapeutic mechanisms. This observa-
tion formed the basis for the proposed mechanism-
oriented classification, in which interventions are
systematized according to their dominant patho-
physiological effect and anatomical target.

From a pathogenetic perspective, most interven-
tions can be regarded as implementations of several
principal therapeutic strategies: induction of fibrosis
of the hemorrhoidal cushions, modulation of arterial
inflow, intratissue remodeling of the cavernous vascu-
lar tissue, reconstruction of anal canal anatomy, or rad-
ical removal of pathological tissue. This approach al-
lows different technological solutions to be integrated
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within a unified pathophysiological treatment model.

An important feature of the proposed system is
that it accounts not only for the mechanism of thera-
peutic action but also for the anatomical target of the
intervention. In particular, office-based procedures
primarily target the mucosal—submucosal layer of the
hemorrhoidal cushions, dearterialization techniques
act on the arterial branches supplying the cushions,
whereas energy-based technologies directly affect the
cavernous vascular tissue of the hemorrhoidal nodes.
It is this combination of mechanism and anatomical
target that makes the classification more robust to the
emergence of new technical modifications.

A separate explanation is required regarding the
position of sclerotherapy within the classification.
Formally, it differs from RBL or coagulation-based
methods, as its primary effect is achieved through
chemical endothelial injury followed by vascular
obliteration. However, the ultimate clinical out-
come of this intervention is the formation of fibro-
sis in the mucosal—-submucosal layer and fixation of
the hemorrhoidal cushion. For this reason, in the
proposed system, sclerotherapy is grouped together
with RBL, IRC, and hemorrhoid energy therapy
within the category of fibrosis-inducing methods,
rather than being classified as an energy-based tech-
nology or placed in a separate category.

Particular attention should also be given to the
group of methods aimed at reducing arterial inflow
to the hemorrhoidal cushions. This category includes
THD, HAL-RAR, hemorrhoidal laser procedure,
and hemorrhoidal artery embolization. Despite dif-
ferences in technical execution, all these interven-
tions share a common pathophysiological principle —
reduction of arterial blood supply to the cavernous
vascular tissue, resulting in a gradual decrease in the
volume of hemorrhoidal cushions and regression of
symptoms. This approach allows different techno-
logical modifications to be interpreted as variants
of a single therapeutic mechanism, facilitating their
comparison in clinical studies and supporting a more
rational development of treatment algorithms.

Particular attention should be given to the iden-
tification of intratissue energy-based ablation meth-
ods as a distinct category within the classification.
Unlike office-based procedures, which are aimed at
direct induction of fibrosis of the hemorrhoidal cush-
ions, or dearterialization techniques that modify ar-
terial blood supply, energy-based technologies — such
as laser hemorrhoidoplasty, radiofrequency ablation,
and bipolar vaporization — operate through a mecha-
nism of intratissue remodeling of the cavernous vas-
cular tissue. This distinctive feature justifies their
consideration as an independent pathophysiological
group of interventions, occupying an intermediate
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position between dearterialization techniques and
excisional surgery, and reflecting the modern trend
toward organ-preserving HD treatment.

The proposed classification also allows for clearer
positioning of different treatment methods within
the framework of a contemporary stepwise treatment
strategy, in which therapy begins with the least inva-
sive methods and progressively advances to more rad-
ical interventions in cases of insufficient effectiveness.

In this context, conservative treatment and of-
fice-based procedures occupy the initial stages of
therapy, dearterialization techniques and energy-
based technologies constitute the group of organ-
preserving surgical interventions, while excisional
hemorrhoidectomy remains the radical treatment
option for advanced forms of the disease or in cases
of failure of less invasive approaches.

An important factor influencing the choice of
treatment method is also the economic accessibil-
ity of technologies. A substantial proportion of
modern minimally invasive procedures require spe-
cialized equipment and disposable materials, limit-
ing their applicability in healthcare systems with
constrained resources [7, 27].

In this regard, the proposed classification distin-
guishes the principle of therapeutic action from the
specific technical implementation of each method.
This provides a basis for using alternative techno-
logical solutions that achieve the same therapeutic
mechanism but may differ in cost and availability.

The proposed mechanism-oriented classification
allows for a formalized description of individual
treatment methods by combining three key char-
acteristics: therapeutic strategy (S — therapeutic
strategy), anatomical target of intervention (T —
target of intervention), and mechanism of action
(M — mechanism of action). Each of these param-
eters may be assigned a specific index reflecting
a particular variant of the strategy, target, or mech-
anism. In a simplified form, this approach can be
represented as a conceptual formula:

Method =, + T,+ M,
where S, denotes a specific therapeutic strategy,
T, the anatomical target of the intervention, and M,
the mechanism of therapeutic action. The combina-
tion of these parameters reflects the pathophysi-
ological essence of a given intervention.

For example, rubber band ligation can be de-
scribed as a method that implements the fibrosis-in-
duction strategy (S), targets the mucosal-submu-
cosal tissue of the hemorrhoidal cushion (T), and
operates through mechanical induction of ischemic
necrosis followed by fibrosis (M). In contrast, dear-
terialization techniques (THD or HAL-RAR) dif-
fer in their parameter combinations. These methods
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primarily target the arterial branches of the supe-
rior rectal artery, aiming to reduce arterial inflow to
the hemorrhoidal cushions.

Such a formalized approach does not constitute
an independent clinical classification; however, it
may be considered a conceptual tool for the stan-
dardized description of treatment methods within
the proposed system and may potentially facilitate
the integration of new technologies in the future.

The proposed mechanism-oriented classification
has certain limitations. First, it is conceptual in na-
ture and is based on the synthesis of literature data
regarding the mechanisms of action of various in-
terventions. It is not intended as a clinical decision-
making algorithm and does not define specific indi-
cations for individual procedures. In addition, some
contemporary technologies may simultaneously en-
gage multiple therapeutic mechanisms, complicating
their unambiguous assignment to a single category.
Further clinical studies are required to evaluate the
practical value of the proposed classification system
for the comparative analysis of the effectiveness of
different treatment methods for HD.

The proposed mechanism-oriented classification
not only systematizes contemporary approaches to
HD treatment but also, to some extent, reflects the
evolution of surgical methods — from the induction
of fibrosis of hemorrhoidal cushions to technologies
aimed at modulating hemodynamics and achieving
intratissue remodeling of the cavernous vascular tis-
sue. Future research should focus on standardizing
the technical parameters of organ-preserving meth-
ods and on comparative evaluation of their clinical
effectiveness, with long-term treatment outcomes
taken into account.
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MexaHi3M-Opi€HTOBAHA TPUPIBHEBA KIACHU(DIKAILiI METO/iB
JIIKYBAHHSA XPOHIYHOI I'€MOPOiaIbHOI XBOPOOH. O17IA/]
JI. 1O. Mapkymnan, JI. C. BinsHcbkuid, 1. B. Borommx

Hamionampanit mepnaamii yaisepceuteT iMeri O.O. Boromosnsiisa, Kuis

MeTa — pO3pOOUTH MEXAHI3M-OPIEHTOBAHY KIACH(IKAIIIIO CYHaCHUX METOZIB JIIKyBAHHS T€MOPOIIAIbHOL XBO-
pO6U HA Mi/ICTABi IXHBOT'O BILIMBY HA KIIOUOBi MATOMi3i0N0T{UHI MEXAHI3MHU 3aXBOPIOBAHHSL.

ITpOBEIEHO aHAMI3 CY4ACHUX JHTEPATYPHUX JPKEPEJI, TIPUCBAYCHUX ITATOI€HE3Y IEMOPOIJAIbHOI XBOPOOH
U MeTOJaM il JIIKyBaHHSL. Y3araJlbHEHO NMAaTO(i3i010riuyHi MEXaHI3MH PO3BUTKY 3aXBOPIOBAHHS, OCHOBHI TEepa-
C(POPMOBAHO MOJIENb B3A€EMO3B’A3Ky MK NATOT€HETUYHUMH MEXAHI3MAMHU, TEPATIEBTUYHUMH CTPATETAMHU Ta
KJIHIYHUMH METOJAMHU JIKYBAHHSA, IO CTAJIA IAIPYHTAM JUI PO3POOKH KIACHUDIKALIIHOI CUCTEMHU. 3aIIPO-
MOHOBAHO MEXAHI3M-OPiEHTOBAHY KIACU(DIKAI{IO METO/IB JIIKYBAHHS I'€MOPOIAAILHOI XBOPOOH, AKA iHTETPYE
BIPY4YdHb Y MEXKAX €JUHOI KOHLECHTYAJIbHOI MOJe. BUIiIEHO OCHOBHI TEPAIEBTHUYHI CTPATETii JIKYBAHHA:
KOHTPOJIb CUMIITOMIB, iHAYKIif (pi6pO3y reMOPOifaIbHUX MOAYIIOK, PEAYKLIA APTEPIaTbHOIO IIPUTOKY, BHY-
TPIHbOTKAHWHHE PEMOJEIIOBAHHA, PEKOHCTPYKLIA aHATOMII aHAJIbHOI'O KAHAIY Tad PAAUKAIbHE BUAAICHHA
NATOJOTYHO 3MiHEHMX TKAHUH. Y MEXKAX KOXKHOI 3 IUX CTPATErill CUCTEMATU3OBAHO BiJIIOBiIHI KIiHiYHI
METOJU JIIKYBAHHSI, IO /1A€ 3MOTY PO3IJIS/IATH Cy4aCHI TEXHOJIOTIT SIK BapiaHTH peai3ailii 0OOMEKEHOI KiTbKOCTi
0430BHX TEPATICBTUYHUX MEXAHI3MiB.

BucHOBKH. 3a1IPONTOHOBAHA KIACUMIKALLiSA AA€ 3MOTY CUCTEMATU3YBATU CYyddCHI METOHU JIIKYBAHHA T€EMOPOI-
JTAIbHOL XBOPOOH BiJIITOBITHO IO IXHBOT'O MATOMi3i0M0TTYHOIO MEXAHI3MY JIii T4 iHTErpyBaTH X Y MEXKAX €IMHOT
KOHILIENTYaIbHOI MOjeni. Takui migxil CTBOPIOE METOAOJIOTIUHY OCHOBY UIA IOCJIIOBHIIIOI iHTEpIpeTartii
CY4YaCHHUX TEXHOJIOTIN JIKYBAHHA 1 MOXKE OYTH BUKOPHUCTAHUH JUIA MOPIBHAIBHUX KIIHIYHUX JOCI/UKEHD.
KirodoBi ci1oBa: reMOpOila/IbHA XBOPOO4, TEMOPOH, MEXAHI3M-OpPI€HTOBAHA KIACU]IKalid, JiKyBaJabHi
CTpATerii, MaJIOIHBA3MBHI IIPOLIEAYPHU, TEMOPOIIEKTOMIsL.
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