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The golden era of Kyiv surgery

The article discusses the academic and university surgery in Kyiv during the 1920s. It is based on data obtained
from extensive archival research and available bibliographic sources, and it highlights a specific period of the
work of the Faculty Surgical Clinic of Kyiv St. Volodymyr University, which is now known as Bogomolets National
Medical University. The article presents information about the lives and professional journeys of the heads and
staff of the surgical clinic, including Yevhen Cherniakhivskyi, Yurii Voronyi, Vira Hedroyts, Mykola Volkovych,

and Oleksii Lazurenko.

Kyiv St. Volodymyr University

Kyiv St. Volodymyr University was established in
1833, with the medical faculty commencing surgical
procedures in 1841. As per its charter, the faculty
initially had two surgical departments: 1) operative
surgery with topographic anatomy, desmurgy, and
surgical clinic; 2) theoretical surgery with ophthal-
mology. In 1847, a hospital surgical clinic with 64
beds was inaugurated at the Kyiv Military Hospital,
which eventually became the relevant base for the
department. In 1885, the discipline of operative sur-
gery with topographic anatomy was granted a sepa-
rate department, and in 1899, the Department of
Surgical Pathology was formed. By the end of the
19th century, the medical faculty had four surgical
departments. These departments were based at the
Oleksandrivska Hospital , the Kyiv Military Hospi-
tal, and the Faculty Surgical Clinic. The clinic oper-
ated eight months a year, had 20 beds, and was situ-
ated in the university’s central (red) building. Olek-
sandr Karavayev had run the clinic since its estab-
lishment. In 1885, the clinic was relocated to a new
building at 17 Shevchenko Boulevard, which now
houses Kyiv Municipal Clinical Hospital No 18.

The University Faculty Clinic

The idea of creating a full-fledged university clinic in
Kyiv had been around for almost 190 years. A crucial
step in that direction was the opening of university
faculty clinics in 1885—1888: surgical, therapeutic,
ophthalmic, and obstetrics and gynecology. The clin-
ics were situated in the main building of St. Volody-
myr University, a location that was unsuitable for
patient treatment and caused inconvenience for stu-
dents from other university faculties. In addition to
faculty clinics, the medical faculty also included hos-
pital clinics (departments) located in other Kyiv hos-
pitals. Thus, faculty clinics served as educational and
treatment centres for only a few clinical departments.
There was a project to create a separate university
clinic for hospital departments. In 1913, its construc-
tion began on Batieva Gora (a historical district in

General Surgery 3azansnaxipypezin © 2024 ¢ Ne3 (10)

Kyiv). During the First World War (1915), 90 % of
the completed buildings housed military infirmaries.
In 1925, the KGB took over these buildings from the
medical institute to establish a «police academys,
which now houses the F. G. Yanovsky National Insti-
tute of Phthisiology and Pulmonology [2].

The Faculty Surgical Clinic on Shevchenko Bou-
levard (formerly Bibikovsky Boulevard until 1919)
originally had two floors, with two more built in the
1960s. Professors Oleksandr Rinek and Lev Ma-
linovsky headed it at the end of the 19th century.
The clinic had 30 beds for outpatient and inpatient
care (with separate areas for men and women). The
clinic personnel included the director (head of the
department), full-time and part-time residents, do-
cents and private docents, and trainees (up to 10
people in total). The data provided show that the
faculty surgical clinic performed worse than surgical
care institutions in Kyiv.

Mykola Volkovich became the dean of the De-
partment of Faculty Surgery (and clinic) in 1911.

Mykola Volkovich
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Prior to this period, he served as the head of the
surgical department of the Oleksandriv Hospital.,
and from 1908, he led the Kyiv Society of Surgeons,
which he founded.

In 1922, Professor Yevhen Chernyakhivskyi di-
rected the clinic. During that period, the clinic was
under the jurisdiction of the Kyiv Medical Institute.
It was founded in 1920 by combining the medical
faculties of St. Volodymyr University and the Ukrai-
nian National University, the Women’s Medical In-
stitute, and the Odontological Institute. The insti-
tute introduced the position of «director of faculty
clinics» in the late 1920s, which involved financial
management responsibilities. The head of the de-
partment was considered the head of the clinic and
was responsible for medical issues [4].

The «Report of Departments and Clinics of the
Institute for 1922—1923» describes the state of
the department as follows: «At the Faculty Surgi-
cal Clinic, there is a laboratory and a museum, but
due to unfavorable material conditions (lack of fuel,
lack of reagents, and accessories), the laboratory and
museum do not work. The supply of various medical
assets is severely limited. The medical equipment is
in such a state that it requires significant repair and
renewal. The clinic’s premises, particularly the op-
erating room, are in dire need of major repairs. Last
winter, the clinic did not function due to a lack of
fuel (the average temperature in the operating room
and dressing rooms was 2 degrees). (...) the depart-
ment hosts scientific meetings where clinic employ-
ees discuss all interesting and difficult cases. The
meetings are held every week.» During that period,
the clinic had 35 beds.

In 1928—1929 Professor Vera Gedroits ran the
clinic.

The «Report of Departments and Clinics of the
Institute for 1935» describes the state of the depart-
ment as follows: «The Faculty Surgical Clinic is lo-
cated in building No. 17 on Shevchenko Boulevard,
occupying 1,123 square meters. The clinic occupies
the building that dates back to 1880. It is a 2-story
brick building with an iron roof. The clinic occupies
the lower floor. The house has central heating, ex-
haust ventilation, electric lighting, water supply, and
sewage. The premises need major renovation. The
clinic has 65 beds. The clinic features an auditorium,
but it lacks an outpatient clinic. The department
lacks adequate equipment. It has a lot of old prop-
erty, partially damaged surgical instruments, and
a poorly equipped laboratory. The clinic has a library
consisting of a large number of both Russian and for-
eign magazines of the pre-revolutionary period.”

During the Nazi occupation of Kyiv (1941—1943),
the corresponding department of the city hospital,

later the German military hospital, functioned in the
building of the Faculty Surgical Clinic.

After the Second World War, the buildings of
the faculty clinics were gradually transferred from
the institute to the municipal property; the depart-
ments continue to function in them (today, the De-
partment of Surgery No. 1 of Bogomolets National
Medical University is located here).

In the historical context, the Faculty Surgical
Clinic is defined mostly by the prominent people
who worked in it. The period of the 1920s and 30s of
the last century, when the Faculty’s Surgical Clinic
experienced the heyday of its scientific potential, ap-
pears to be particularly vivid. However, important
social processes occurred within the hospital’s walls
over those years. These processes hold a special sig-
nificance in today’s world.

Yevhen Chernyakhivskyi

Early Soviet authorities announced a policy of
Ukrainianization, which directly affected the Kyiv
Medical Institute, at the beginning of its approval
process. It provided for conducting the scientific
and medical process in the Ukrainian language. In
1922, the faculty surgical clinic and the correspond-
ing department were headed by Professor Yevhen
Chernyakhivskyi. He graduated from Kyiv Univer-
sity and had two brothers, Oleksandr and Mykhai-
lo, who were doctors.

Mykhailo Chernyakhivskyi, also a surgeon, was
one of the co-founders of the student scientific soci-
ety at the medical faculty of St. Volodymyr Univer-
sity. He worked in a military hospital in Kyiv. After
defending his thesis, he received the title of professor.

Yevhen Chernyakhivskyi

General Surgery 3azansnaxipypzin © 2024 ¢ Ne3 (10)



In 1900, he headed the Department of Surgery at
Warsaw University. During the First World War,
this university was evacuated to Rostov-on-Don,
where he continued to lead and was the initiator of
the construction of a surgical clinic.

Oleksandr Chernyakhivskyi is a histologist, head
of the histology department at the Kyiv Medical
Institute in the 1920s and at the beginning of the
1930s at the Donetsk Medical Institute. Professor
Chernyakhivskyi is the author of the first Ukrainian-
language textbook on histology and the Ukrainian-
Latin dictionary of medical terminology. Oleksandr
Chernyakhivskyi and his wife, Lyudmila Chernyakh-
ivska-Starytska, are bright representatives of the
Ukrainian intelligentsia who suffered Stalinist repres-
sions. In 1930, they were arrested on a fabricated case
of the SVU (Union for the Liberation of Ukraine).

Yevhen Chernyakhivskyi, after graduating from
the medical faculty, worked as a surgeon at the Olek-
sandrivska Hospital. He authored the first report in
a scientific journal in the Russian Empire, detailing
the successful suturing of a heart wound from a stab
wound. In the Oleksandrivska hospital, he worked
under Professor Mykola Volkovich’s leadership,
who in 1908 founded the Kyiv Society of Surgeons.
Yevhen Chernyakhivskyi became the first secretary of
the society. In addition to medical work, he conduct-
ed scientific research on transplantation issues. He
authored reports and publications on experimental
vascular surgery. During the revolutionary events of
1917—1921, Professor Chernyakhivskyi took an ac-
tive pro-Ukrainian political position. With his broth-
er Oleksandr, he participated in creating the medical
faculty of the Ukrainian National University, the first
higher education institution with the Ukrainian lan-
guage of instruction. In 1918, he held the post of chief
physician of the Oleksandriv Hospital. In 1920, he
became the first rector of the newly established In-
stitute of Health Care (later the Kyiv Medical Insti-
tute). In 1922, he headed the faculty surgical clinic.
Yevhen Chernyakhivskyi actively introduced vascu-
lar surgery into practice and continued to deal with
issues of experimental transplantation. In 1928, he
was arrested on a fabricated case and dismissed from
the medical institute without the right to practice
medicine and teach. While leading the clinic, the pro-
fessor invited graduate student Yury Voronyi, profes-
sor Mykola Volkovych, professor Vira Gedroyts, and
professor (and future academician) Oleksiy Krymov
to work at the department [1].

Yurii Voronyi

Yuriy Voronyi, the son of the world-famous Ukrai-
nian mathematician Georgy Voronyi, entered the
medical faculty of Kyiv University in 1913. In 1918,

General Surgery 3azansnaxipypein © 2024 ¢ Ne3 (10)
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Yurii Voronyi

as part of a student unit, he participated in the bat-
tle near Kruty with Bolshevik troops. In 1921, he
graduated from the Kyiv Medical Institute and en-
tered postgraduate studies under the supervision of
Professor Yevhen Chernyakhivskyi. Yuriy Voronyi
admired his manager’s ideas about transplantation.
In 1926, he moved to Kharkiv. In 1933, Yuriy Voro-
nyi was the first in the world to transplant an entire
human organ, namely, a cadaveric kidney [3].

Vira Gedroits
Vira Gedroits graduated from the medical faculty
of the University of Lausanne, Switzerland, in 1898.
She worked at the university under the leadership
of the world’s leading surgeon, Caesar Roux. She
successfully defended her thesis twice, in 1903 and
1912, earning the title of «Doctor of Medicine.”
She worked as a military surgeon during the Russo-
Japanese and First World Wars. She worked as one
of the doctors of the imperial family. Vira Gedroits,
in addition to medical practice, was the author of
numerous poems and prose works. In 1918, while
working at the front, she was wounded and evacu-
ated to Kyiv. Since 1919, Vira Gedroits had been
working as a surgeon in the polyclinic. In 1920,
she took part in the head and neck surgery clinic’s
organisation and began working at the Kyiv Medi-
cal Institute. In 1921, at the invitation of Professor
Yevhen Chernyakhivskyi, he began working in the
faculty surgical clinic. In 1923, she became the first
female surgeon in the world to receive the title of
«professor». In 1928, she headed the Department of
Faculty Surgery of the Kyiv Medical Institute and
became the world’s first woman head of the Depart-
ment of Surgery. In 1930, for political reasons, Vira
Gedroits was dismissed from the medical institute
without the right to teach and practice medicine.
Thus, outstanding professionals, including the
founder of the Kyiv Society of Surgeons and the
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Vira Gedroits

author of the classic approach to the appendix vermi-
formis, the world’s first female professor of surgery,
and the surgeon who performed organ transplanta-
tion for the first time in world history, all worked
together in the Faculty Surgical Clinic of the Kyiv
Medical Institute, under the leadership of the first
rector, Yevhen Chernyakhivskyi.

In the same period, associate professor Oleksiy La-
zurenko worked at the department. In 1941, he be-
came the rector of the Kyiv Medical Institute (since
1942, the Polymedical Institute), which functioned
from 1941 to 1943 in Nazi-occupied Kyiv. Olek-
siy Lazurenko petitioned the German command to
open a higher medical educational institution in

30J10Ti YaCU KUiBCBKO1 Xipyprii
. lyoenko

KwuiBcbka micpka kminiuna sikapas Ne 18

Kyiv. About 1,000 students studied there during its
existence, and 41 departments operated. In 1942, he
was arrested by the Gestapo and shot in Babiy Yar.
References to Oleksiy Lazurenko and the existence
of a medical institute in Kyiv during the Nazi occu-
pation were strictly prohibited by the Soviet author-
ities, and archival documents were kept under the
label «secret» until recently.

In the 1930s, Stalin’s terror reached its maximum
scale. For the Ukrainians, it began at the end of the
1920s, and among the employees of the faculty surgi-
cal clinic, only Professor Krymov managed to avoid
persecution. Others became victims of the merciless
and senseless Soviet repressive machine. Most of the
names of these people were unjustly erased from histo-
ry. Thus, in the «Report of Departments and Clinics of
the Institute from 1935, it is noted that Professor Kry-
mov had been in charge of the department since 1913
(although he headed the department only in 1930),
and the names of Professors Volkovych, Chernyakh-
ivskyi, and Gedroits, who managed the clinic in the
period between 1913 and 1930 years, are absent. There
is no mention of these professors in the book dedicated
to the 100th anniversary of the Kyiv Medical Institute
(published in 1947). Instead, the chapter on the his-
tory of Kyiv surgery is summarised as follows: «The
Great October Socialist Revolution finally freed Sovi-
et surgery from foreign dependence and opened wide
prospects for its independent developments.
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V crarTi onmcani acnexkTu PyHKIIOHYBAHHA AKa/IEMiYHOI T4 YHIBEPCHUTETCHKOI Xipyprii B Kuesi y 1920-x. Ha
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OBJECTIVE — to establish the main diagnostic signs of autoimmune pancreatitis and aspects of patient treatment.

MATERIALS AND METHODS. The study analyzed the results of examination and treatment of 17 patients with auto-
immune pancreatitis (AIP) from 2010 to 2022. Among the total number of patients with AIP, there were 11 men
(65 %) and 6 women (35 %). The average age of the patients was 52.4 years. Among all patients with AIP, focal
involvement of the pancreas was found in 3 (18 %) patients, with a predominant involvement of the head of the
pancreas. Segmental form of AIP was diagnosed in 6 (35 %) patients, while diffuse form was found in 8 (47 %)
patients. Type 1 AIP was identified in 13 (76 %) patients, and type 2 AIP in 4 (24 %) patients. For all patients sus-
pected of AIP, the HISORt criteria were assessed: instrumental visualization, serological and histological verifica-
tion, determination of the volume of pancreatic involvement, and response to steroid therapy.

ResuLrs. Recurrence of AIP was observed in 8 (47.0 %) patients with type 1 AIP and 1 (5.8 %) patient with type
2 AIP. AIP recurred in patients with proximal bile duct involvement, diffuse pancreatic involvement, persis-
tently elevated IgG4 levels after steroid induction, delayed radiological remission, and damage to more than
two organs. Increased serum levels of 1gG, IgG4, apnd eosinophilia indicated a recurrence of IgG4-RD. A repeat
induction of steroids was performed in patients with recurrent AIP, which proved to be very effective, resulting
in high remission rates, specifically in 7 (70 %) patients with type 1 AIP and in 1 (100 %) patient with type 2 AIP.
Among all AIP patients that were operated on, 3 (40 %) underwent Roux-en-Y hepaticojejunostomies, 1 (20 %)
pancreaticoduodenectomy, and 1 (20 %) a Frey procedure.

Concrusions. The low incidence of AIP necessitates the use of a clear diagnostic algorithm, and the peculiarities
of the disease’s course require compliance with all the principles of conservative treatment and surgical interven-
tions in case of surgical complications.
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autoimmune pancreatitis; type 1 AIP, type 2 AIP, IgG4-related pancreatitis.
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The chronic form of pancreatitis, known at pres-
ent as autoimmune pancreatitis (AIP), was first
described by Sarles H. et al. in 1961 as primary in-
flammatory sclerosis of the pancreas [21]. In subse-
quent scientific works, AIP has been referred to as
lymphoplasmacytic sclerosing pancreatitis, non-al-
coholic duct-destructive pancreatitis, inflammatory
pseudotumor of the pancreas, and others [6].

The overall prevalence and incidence of AIP re-
main almost unknown. According to data from Japan,
the prevalence is 4.6 per 100,000, and the incidence is
1.4 per 100,000 people [5]. According sto data from
various global authors, the incidence of autoimmune
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pancreatitis ranges from 4.8 % to 11% [3, 8, 25]. The
average age of patients is around 55 years (30—70),
with a male-to-female ratio of 1.7:1 to 2:1 [17]. In
the structure of chronic pancreatitis of all etiologies,
AIP type 1 is observed in up to 1—2 % [2]. Approxi-
mately 5% of patients suspected of pancreatic cancer
are diagnosed with AIP as a result [17].

The predominant etiological factor in the devel-
opment of autoimmune pancreatitis remains the
theory of lymphocyte activation by 1gG4, which is
normally one of the least abundant immunoglobu-
lins of class G, exhibiting both pro-inflammatory
and anti-inflammatory activity. Typically, the
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disease is diagnosed upon the detection of I1gG4
immunoglobulins and the absence of other signs of
pancreatic damage. Experts in the field of clinical
gastroenterology suggest a leading role of heredi-
tary predisposition; during medical-genetic stud-
ies, an association of the autoimmune process with
HLA serotypes DRB, — 0405, DQB, — 0401, and
DQP, — 57 was established [2].

A key link in the pathogenesis of autoimmune
pancreatitis is considered to be the accumulation in
the connective tissue of persistent activated T- and
B-lymphocytes, neutrophils, and eosinophils, which
provoke fibrotic-sclerotic processes. The triggering
mechanism for changes in the pancreas and other
organs is the binding of serum IgG4 to autoantigens
of acinar cells, normal pancreatic epithelial cells,
bile, salivary ducts, and others. Antigenic damage is
accompanied by the disruption of apoptosis in im-
mune system cellular elements. It is believed that
eosinophils play an important pathogenetic role in
AIP because patients with AIP exhibit peripheral
eosinophilia and the formation of eosinophilic infil-
trates. Peripheral eosinophilia in AIP is observed in
28 % of patients, while allergic disorders are present
in 15 % of patients. Interestingly, the Th2 immune
response, which is enhanced in AIP, includes the in-
duction of IL-4, 1L-5, and IL-13, leading to the ex-
pression of eotaxin-3, a chemoattractant cytokine
for eosinophils that directs them to sites of inflam-
mation via the STAT6 pathway. The expression of
eotaxin-3 induced by Th2 cytokines plays a certain
role in the pathophysiology of AIP and eosino-
philic pancreatitis [13]. The serum level of IgG4 is
elevated in patients with AIP, and IgG4 antibodies
are characteristically deposited in affected organs,
leading to fibrosis and obliterative phlebitis [13].
The production of IgG4 is promoted by Th2 cells
that produce IL-10 and IL-13, as well as regulatory
T cells (Tregs) that produce IL-10 [11, 28]. Various
additional cell types, including T follicular helper
cells, CD4" cytotoxic T cells, plasmacytoid dendrit-
ic cells, basophils, and monocytes, enhance the se-
cretion of IgG4 and contribute to the pathogenetic
mechanisms of AIP and IgG4-RD [13]. Recently,
interferon-1 (IFN-I) has been linked to the immu-
nopathogenesis of autoimmune pancreatitis (AIP),
which is produced by plasmacytoid dendritic cells.
IFN-I is responsible for the increase of IL-33, which
is involved in the induction of fibrotic processes in
the pancreatic duct cells [1]. IFN-I also stimulates
plasma cells to produce IgG4 [ 16]. Dysregulation of
the TFN-I system is also implicated in several auto-
immune rheumatic diseases, such as systemic lupus
erythematosus, rheumatoid arthritis, Sjogren’s syn-
drome, and inflammatory myositis.
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Activated IgG4-positive leukocytes induce a dif-
fuse or localized process, which is characterized by
a pronounced infiltration of lymphocytes and plas-
ma cells, followed by their activation into fibroblasts
and the formation of focal fibrosis. Histological ex-
amination reveals signs of fibrosis and sclerosis in
the pancreatic stroma in the absence of pseudocysts
and stones. Due to lymphoplasmacytic, neutrophilic,
and eosinophilic infiltration, the walls of the ducts
are thickened, narrowed, and fragmented in the
prolonged course of the autoimmune process. The
spread of inflammatory infiltration to the lobules of
the pancreas leads to the loss of the lobular struc-
ture of the organ. Autoimmune pancreatitis is also
associated with the cytotoxic T-lymphocyte antigen
4 (CTLA-4) gene, a negative regulator of T-cell re-
sponse. Single nucleotide polymorphisms (SNPs)
involving the CTLA-4 gene are implicated in sev-
eral autoimmune diseases, such as type 1 diabetes,
autoimmune thyroid disease, autoimmune hepatitis,
and primary biliary cirrhosis [27]. Umemura et al.
concluded that autoimmune pancreatitis is associ-
ated with the CTLA-4 polymorphism and positively
correlates with sCTLA-4 levels [24].

OBJECTIVE — to establish the main diagnostic
signs of autoimmune pancreatitis and aspects of pa-
tient treatment.

Materials and methods

The study analyzed the results of examination and
treatment of 17 patients with autoimmune pancre-
atitis from 2010 to 2022. Among the total number
of patients with AIP, there were 11 men (65 %) and
6 women (35 %). The average age of the patients
was 52.4 years. All patients underwent CT scan,
and magnetic resonance cholangiopancreatography
(MRCP) to determine the prevalence of the fibrot-
ic-sclerotic process of the pancreas, to detect auto-
immune involvement of other organs, and to assess
the condition of the ductal system.

Among all patients with AIP, focal involvement
of the pancreas was found in 3 (18 %) patients, with
apredominant involvement of the head of the pancre-
as. Segmental form of ATP was diagnosed in 6 (35 %)
patients, while diffuse form was found in 8 (47 %)
patients. Type 1 AIP was identified in 13 (76 %) pa-
tients, and type 2 AIP in 4 (24 %) patients. Isolated
autoimmune pancreatitis was observed in 13 (76 %)
patients, while syndromic autoimmune inflamma-
tion IgG4-RD was noted in 4 (24 %) patients, char-
acterized by elevated levels of IgG4 in serum, pres-
ence of autoantibodies (autoAB), and involvement
of other organs. There were 2 (50 %) cases exhibit-
ing sclerosing cholangitis, while in 1 (25%) case
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there was intra-abdominal lymph node involvement
and 1 (25 %) case of Riedel’s thyroiditis.

All patients diagnosed with AIP were treated
with prednisone 40 mg/day for 4 weeks, followed
by a gradual reduction to 5 mg/week. The response
to treatment was assessed clinically and objective-
ly by measuring 1gG4 levels in serum, as well as
through repeated imaging control during and after
the 4-week treatment course. After the induction of
steroid therapy, the decision to start maintenance
therapy was made individually, taking into account
the response to therapy and the presence of side ef-
fects. Maintenance therapy included the adminis-
tration of low doses of steroids (5 mg), which were
discontinued after 12 months.

For cases resistant to steroids, immunomodula-
tors (azathioprine) or rituximab were used. Im-
munomodulators are ineffective in monotherapy
regimens, so they were prescribed with steroid in-
take. Rituximab was used for both induction and
maintenance therapy. Induction included a 4-week
therapy with a dose of 375 mg/m? of body surface
area at intervals of every 2 weeks.

In cases of ineffective conservative treatment and
the development of surgical complications, patients
with AIP underwent various surgical interventions.
Among all 17 patients with AIP, 5 (29.4 %) under-
went surgery.

3 (60 %) patients with ATP who developed tubu-
lar stenosis of the common bile duct underwent the
majority of Roux-en-Y hepaticojejunostomies.

Among all AIP patients who were operated on,
2 (40%) had resectional surgical interventions,
1 (20%) had a pancreaticoduodenectomy, and
1 (20 %) had a Frey procedure.

Results

For all patients suspected of AIP, the HISORt cri-
teria were assessed: instrumental visualization, se-
rological and histological verification, determina-
tion of the volume of pancreatic involvement, and
response to steroid therapy. In 3 patients suspected
of AIP, pancreatic cancer was verified after assess-
ing the HISORt criteria, and treatment was modi-
fied. Recurrence of AIP was observed in 8 (47 %)
patients with type 1 AIP and in 1 (5.8 %) patient
with type 2 AIP. Signs of AIP recurrence included
deviations in laboratory parameters and results
from instrumental examination methods. Only in
the presence of clinical symptoms (i.e., abdominal
pain without signs of pancreatic inflammation) or
isolated elevation of IgG4 levels in serum (without
confirmatory radiological or biochemical results),
which were observed regardless of AIP activity, did
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not indicate a recurrence of the disease. Recurrence
of AIP was observed in patients with proximal bile
duct involvement, diffuse pancreatic involvement,
persistently elevated IgG4 levels after steroid in-
duction, delayed radiological remission, and damage
to more than two organs. Increased serum levels of
IgG, 1gG4, and eosinophilia indicated a recurrence
of IgG4-RD. In patients with recurrent AIP, a repeat
induction of steroids was performed, which proved
to be very effective, achieving high remission rates,
specifically in 7 (70 %) patients with type 1 ATP and
in 1 (100 %) patient with type 2 AIP.

Discussion

There are two main forms of AIP that are defined by
unique features:

Type 1 — lymphoplasmacytic sclerosing pancre-
atitis typically occurs in late adulthood with an
average age of diagnosis of 50 years and older and
affects males three times more commonly than fe-
males. Type 1 AIP may be a manifestation of the
[gG4-RD spectrum, characterized by elevated se-
rum IgG4 levels, the presence of autoantibodies, and
widespread involvement of multiple organs: eyes
(pseudolymphoma), bile ducts (sclerosing cholan-
gitis), lymph nodes (mediastinal, intra-abdominal,
and hilar adenopathy), salivary glands (sclerosing
sialadenitis), thyroid gland (Riedel’s thyroiditis),
kidneys (interstitial nephritis), and lungs (fibrosis).
In this form of AIP, there is a predominance of in-
filtration by immunoglobulin-producing cells, pro-
nounced fibrosis of the pancreatic stroma, and ob-
literative phlebitis. There is a pattern of association
between type 1 AIP and IgG4-associated pathology,
along with frequent recurrent courses and progres-
sion of sclerotic changes.

Type 2 is idopathic duct-centric chronic pancre-
atitis. This form of AIP is dominated by neutrophie
infitration with cellular clusters resembling micro-
abscesses and less pronounced phlebitis and pan-
creatic fibrosis. Serum 1gG4 levels typically remain
normal, and in 30 % of cases, type 2 AIP is associ-
ated with ulcerative colitis, Evans syndrome, and
Hashimoto’s thyroiditis and is relapse-free. Type 2
AlP is 3.5—4 times less common than type 1 ATP
[19, 10]. On the contrary, type 2 AIP does not mani-
fest itself as a systemic disease but as a specific iso-
lated disease of the pancreas [7]. When examining
patients with type 2 AIP, normal IgG parameters
are more often determined; IgG4 and autoAT are
not detected.

Painless mechanical jaundice is the most common
clinical symptom [20]. Jaundice in AIP is associated
with biiary tract involvement, most commonly in
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the extra-pancreatic region (66 % of patients with
AIP) [15]. Other less common symptoms include
mild abdominal or back pain, fatigue, and weight
loss. Abdominal pain in type 1 AIP may be mild
or absent. In patients with type 2 AIP, 68 % have
a more severe pain syndrome [20]. In addition, ATP
is associated with exocrine and endocrine pancre-
atic insufficiency in 80 % and 70 % of cases, respec-
tively [23]. In a study conducted in China, mechan-
ical jaundice was observed in 72 % and abdominal
pain in 44 % of patients, while a multicenter study
conducted in Spain showed that pain was observed
in 65.4 % and jaundice in 52 % of patients [12]. In
pancreatic cancer, jaundice progresses gradually
and does not respond to conservative treatment,
while in AIP, jaundice is characterized by sponta-
neous disappearance [5]. One study showed that
29.7 % of patients were misdiagnosed with pancre-
atic cancer, and these patients underwent surgery.
Only 10 % of patients with pancreatic cancer have
elevated IgG4 levels, but only 1 % of patients have
IgG4 levels > 280 mg/dI [25].

Conclusions

The low incidence of AIP necessitates the use of
a clear diagnostic algorithm, and the peculiarities
of the disease’s course require compliance with all
the principles of conservative treatment and surgi-
cal interventions in case of surgical complications.
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HOCBi JIKYBAHH ITAII€HTIB 3 ABTOIMYHHUM ITAHKPEATUTOM
O.I. IpoHos, 10.II. Bakyneus, @. O. [Iputkos

Hamionanpuuit meguunmii yuisepcureT imeni O.O. Boromosbirs, Kuis

Mera — BU3HAYUTH OCHOBHI IiarHOCTUYHI O3HAKU ABTOIMYHHOI'O ITAHKPEATUTY U ACTIEKTU JIIKYBAHHA [AITIEHTIB.

Marepiaau Ta METOIH. [IpOaHAIIZ0BAHO PE3YIBIATH OOCTEKEHHS Ta JIKYBaHH: 17 MallieHTiB 3 aBTOIMyHHUM
naHkpearuToM (AIT) y epioz 3 2010 10 2022 poky. Yosnosikis 6y110 11 (65 %), sxitok — 6 (35 %). Cepe/Hiit Bik
XBOPHX CTAHOBHUB 52,4 pOKy. Boruumiesy popMy ypaKeHH MiILTYHKOBOI 3471034 i3 MEPEBAKHUM YPAKEHHAM
T'OJIOBKH BHSIBJICHO B 3 (18 %) mariienTis, cermeHTapHy opmy Alll — y 6 (35 %), nudysuy popmy — y 8 (47 %).
AIIT 1-ro THITy JIIarHOCTOBAHO B 13 (76 %) mauienTis, AIT1 2-1o tumy — y 4 (24 %). V BCIX HaliieHTiB i3 mmijo3poIio Ha
AITT TpOBOAWIIN IHCTPYMEHTAIbHY Bi3yasIi3allilo, CEpOJIOTiYHY Ta riCTOMOrUHy BepU(iKaliilo, BABHAYEHHS 00’eEMy
YPaKEHH ITIIIYHKOBOI 3/I03U T4 BiIIIOBI/Ii HA CTEPOIIHY TEPAITiIO.

Pesyasraru. Peuynus Alll 3apeectpyBanu B 8 (47 %) manienTis i3 AIIT 1-ro tury 1a B 1 (5,8 %) 3 AIIT 2-10 Tumy.
Peryaus AT CIOCTEPIraay B NAIIEHTIB 3 YPAKEHHAM IPOKCUMATIBHUX KOBYHHUX IIPOTOK, JU(PY3HUM YPAKEH-
HSM [iJNUTYHKOBOI 34/103H, CTiMKO MiABUIEHUM piBHEM 1gG4 1ic/ia iHAYKIT CTepOinamMu, BiICTPOYECHOIO PEHT-
TE€HOJIOT{YHOIO PEMICIEIO TA 3aXBOPIOBAHHAM JIBOX OPraHiB 460 6ubine. ITigBuUINeHI CMpOBAaTKOBI piBHI IgG, IgG4
T4 €O3UHOMUIA BKA3yBaIU HA peuuauns IgG4-RD. V nanienTis i3 pennausom AllT IpOBOAMIA IIOBTOPHY iHAYK-
1110 cTepoigaMu, saKa Oy1a Jy:Ke e(PEKTUBHOIO 3 JJOCTHEHHAM BUCOKUX ITOKA3HUKIB peMicii — y 7 (70 %) narii-
enrtiB 3 Al 1-ro tury ta B 1 (100 %) matgienTa 3 AII1 2-ro Tumy. Cepeli MpoorepoBaHuX XBopux 3 AllT 3 (60 %)
HALIIEHTAM BUKOHAHO I'€IIATUKOCIOHOCTOMIIO Ha Py-nier, 1 (20%) — maHKpeaToayoNCHAIbHY PE3EKLIIO, 111
1 (209%) — onepauito Ppest.

BucHOBKH. Hu3bka 3aXBOPIOBAHICTh HA ATl MOTpe6ye BUKOPUCTAHHS YiTKOTO JiaTHOCTUYHOI'O AJITOPHUTMY,
a OCOBIMBOCT] TIEPEBIry 1IOTO 3aXBOPIOBAHHSA — JOTPUMAHHS BCIX IPUHIIMITB KOHCEPBATUBHOTO JIKYBAHHS
T4 OIIEPATUBHUX BTPYYAHb IIPH XiPyPriyHUX YCKIAJHEHHAX.

Kirro4goBi c10Ba: aBTOIMyHHHN MAaHKpeaTUT, Al 1-ro tuny, AITT 2-ro tury, IgG4-acOniiOBAaHNI TAHKPEATUT.

FOR CITATION
1 Dronov OI, Bakunets YP, Prytkov FO. Experience in treating patients with autoimmune pancreatitis. General Surgery (Ukraine). 2024:(3);9-13. http://doi.org/10.30978/GS-2024-3-9.
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Ventral hernias (VH) continue to be one of the most common surgical pathologies in planned and emergency
surgery. Surgical treatment of large VH (=10 cm) requires the use of traumatic surgical techniques in order to
align the edges of the hernia defect and restore the integrity of the anterior abdominal wall.

OBJECTIVE — to assess the effectiveness of the botulinum toxin type A (BTA) injections and to study the pecu-
liarities of their administration into the muscles of the anterior abdominal wall in patients with large VH in the
preoperative period.

MATERIALS AND METHODS. A prospective cohort study included 66 patients with large VH, primary (PVH), and
incisional (IH). From June 2017 to August 2024, all patients underwent treatment and received injections of 100
units of BTA into the anterior abdominal wall muscles in the preoperative period. The patients’ average age was
5898+9.48. There were 23 men (34.8%) and 43 women (65.2 %). Before BTA, the average width of the hernial
defect in PVH patients was 12.29+1.93 cm, whereas IH was 13.46+2.06 cm. All patients underwent surgical
intervention for their hernias 4—5 weeks after the injection of BTA.

REesuLts. No complications were detected throughout the BTA administration or the 4—5 weeks of observation
before the surgical hernia repair. After injection, the length of the anterior abdominal wall muscles increased by an
average of 1.7 cm (min 0.1 cm, max 4.01 cm) on each side. Patients with PVH had an average hernial defect width
reduction of 4.17+0.68 cm, whereas those with IH had an average reduction of 5.14+0.75 cm (p<0.001). After
BTA administration, the volume ratio of the hernia sac to the abdominal cavity decreased from 4.97+3.55% to
3.70+2.77 % in patients with PVH (p=0.008) and from 5.59+3.71 % to 4.21 £ 2.88 % in patients with IH (p=0.008).

Concrusions. The administration of 100 units of botulinum toxin type A in the preoperative period consistenly
increases the length of the abdominal wall muscles, reduces the width of the hernial defect, and enhances the
possibilities of further surgical treatment of large VH using laparoscopic technologies.
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incisional hernia, ventral hernia, hernioplasty, botulinum toxin.
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Hernias of the anterior abdominal wall areacommon  [12]. The type and size of the ventral hernia (VH)

pathology. Every fifth adult develops a primary ven-
tral hernia (PVH) [10]. The incidence of incisional
hernias (IH) ranges from 10 to 31 % after «open»
surgery [9, 13] and can reach 23 % after laparoscopic
and laparoscopic-assisted operations [4]. TH recur-
rence is on average 18—21 % after 12 months of ob-
servation, although it can reach 37 % after 48 months
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impact the rate of recurrence, which can reach 40 %
for patients who underwent mesh surgery and can
increase progressively every year [1]. The European
Hernia Society (EHS) classifies hernias with a de-
fect width of >4 c¢m as «large» in PVH, but a hernia
width of >10 cm is considered «large» in TH [15]. If
there are no technical difficulties in comparing the
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edges of the aponeurosis defect for a large PVH, su-
turing the hernia is more challenging as it becomes
wider. When treating a large VH with a hernial de-
fect width of more than 10 cm, laparoscopic tech-
nologies may present technical difficulties and limi-
tations, necessitating the use of additional patient
preparation measures in the preoperative period [2].
In 2009, T.R. Ibarra-Hurtado et al. first proposed
using botulinum toxin type A (BTA) injections to re-
lax and enhance the elasticity of anterior abdominal
wall muscles in patients with VH [11]. A comprehen-
sive review of 23 studies published in 2021 found that
BTA injections were successful for lengthening the
lateral abdominal wall muscles and improving sutur-
ing for an aponeurosis defect. At the same time, it was
emphasized the need to standardize the approach to
patients selection, the dosage, and technique for BTA
injections in the treatment of large hernias [17]. BTA
injections are administered in a variety of doses and
methods, with the most common being 300 units of
Botox (Allergan, USA) with ultrasound guidance
[21]. Individual publications demonstrate the use of
lower doses of BTA in the treatment of hernias and
the closure of defects of the anterior abdominal wall.
However, the effectiveness of using a total dose of BTA
less than 200 units has controversial results [3, 14, 22].
OBJECTIVE — to assess the effectiveness of the
botulinum toxin type A (BTA) injections and to
study the peculiarities of their administration into
the muscles of the anterior abdominal wall in pa-
tients with large VH in the preoperative period.

Materials and methods

General characteristics of patients

A prospective cohort study included 66 patients
with large VH. Considering that hernia defects less
than 10 cm in width can be sutured without ten-
sion and using separation techniques, we did not
include patients with PVH and widths ranging
from 4 to 9 cm. All patients were treated between
June 2017 and August 2024.

The average width of the hernial defect for PVH
was 12.29 + 1.93 cm (from 10 to 16 cm), whereas for
IH, it was 13.46 +2.06 cm (from 10 to 16 cm). The
patient characteristics are shown in Table 1.

In addition to an objective examination, all pa-
tients underwent an ultrasound examination of the
anterior abdominal wall 4—5 weeks and one day be-
fore surgery. We also performed computed tomogra-
phy (CT) with three-dimensional modelling of the
abdominal cavity and anterior abdominal wall, and
measured the volume of the hernia sac, the volume of
the abdominal cavity, and the length and thickness of
the abdominal wall muscles in comparable sections.
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The BTA injection technique

All patients received BTA injections into the an-
terior abdominal wall muscles 4—5 weeks before
surgery according to clinic’s established approach.
We developed a novel method of administering
botulinum toxin type A and secured Ukrainian util-
ity model patent No 142997 on 07/10,/2020, titled
«Method of treating large VH using botulinum
toxin type A injection into the anterior abdominal
wall muscles.» This method is based on the analysis
of literary data as well as the clinical and anatomi-
cal characteristics associated with the development
of large VH, including the location and size of the
aponeurosis defect, deformation, thickness, signs of
hyperplasia and /or sclerotic changes in the muscu-
lo-aponeurotic layer of the anterior abdominal wall.
The technique involves the administration of BTA
into the transverse, external, and internal oblique
muscles of the abdominal wall, ensuring a double
control over the drug’s introduction into the speci-
fied muscle. We administered BTA at 6 sites, with
3 injection points on each side. The total volume of
injected BTA was 100 units (Botox, Allergan, USA).
We divided the dose into two equal portions and
injected 50 units into the anterior abdominal wall
muscles on the right and left sides. The technique
enabled the customization of three predetermined
entry points on each side of the abdominal wall,
according to the specific location of the hernial de-
fect. 15 units of BTA were injected into the external
oblique muscle of the abdomen, 4 cm above the na-
vel, along the line between the anterior axillary and
mid-clavicular lines. Another 15 units of BTA were

Table 1. Demographic and pre-operative data

Characteristics n=66
Women 43 (65.2%)
Men 23 (34.8%)
Average age, years 58.98£9.48
Body mass index, kg/m? 31.69+4.88
ASA score
I 8 (12.1%)
II 55 (83.3%)
101 3 (46%)
v 0
Obesity 32 (485%)
Type of hernia *

27 (40.9%)
39 (59.1%)

Primary ventral hernia
Incisional hernia

* According to EHS (European Hernia Society) classification.
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Figure 1. Photo of BTA administration into the muscles of the anterior abdominal wall:
A — equipment for BTA injections (needle, neurostimulator, and syringe with BTA);
B — view of the one-point BTA injection under the ultrasound control

injected into the transversus abdominis muscle at
the level of the navel along the mid-clavicular line. 20
units were injected into the internal oblique muscle
of the abdomen at a point 3 cm below the navel along
the mid-clavicular line.

The introduction of BTA was carried out using
a special stimulating puncture needle, Stimuplex A
(BBRAUN, Germany), with an insulating coating
of size 21G, with a diameter of 0.80 mm, a length
of 100 mm. Stimuplex HNS-12 neurostimulator
(BBRAUN, Germany) was connected to this needle
through an electrode built into it, and BTA was in-
jected through the built-in extension line-catheter
(Fig. 1). The movement of the needle in the thick-
ness of the anterior abdominal wall was monitored
in real time on the monitor of the ultrasound ma-
chine using a linear ultrasonic sensor. A step-by-step
puncture of the muscles of the anterior abdominal
wall was performed on the right and left sides. At the
same time, before the introduction of BTA, the accu-
racy of placing the tip of the needle in the thickness
of the selected muscle was additionally monitored
using a neurostimulator. With a short-term (3—5 s)
supply of electric current with a strength of up to 5
mA and placement of the tip of the needle in the se-
lected muscle, a visual contraction of this muscle was
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observed during the examination of the patient and
on the monitor of the ultrasound machine. With the
«incorrect» placement of the needle tip, in the thick-
ness of the fascial sheath of the muscle, tendon, fatty
tissue, the aforementioned muscle contractions were
not observed.

Patients with giant hernias with a width of the
hernia defect greater than 20 cm were not included
in this study. The expected effect of the introduc-
tion of BTA was considered as lengthening of the
lateral muscles of the anterior abdominal wall on
the right and left sides. The total reduction in the
width of the hernial defect was planned to 10 cm.

In this study, the authors adhered to the ethi-
cal principles of medical research involving human
subjects, set forth in the Helsinki Declaration of the
World Medical Association and current regulations
of Ukraine. The research protocol was approved
by the ethics committee of Bogomolets National
Medical University. The research was carried out
as part of the scientific work of the department
«Improvement of diagnostic methods, surgical
treatment of pathologies of abdominal organs, an-
terior abdominal wall, and metabolic syndrome»
(No 0123U105130). Written informed consent was
obtained from all patients.
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Statistics analysis

Data were analysed with the statistical package
IBM SPSS Statistics Base (version 22). All results
were considered statistically significant at a value
of p<0.05. Quantitative data are presented as mean
(M) +standard deviation (SD), unless otherwise
stated. The normality of the data distribution was
checked using the Shapiro-Wilk test (p>0.05).

Results and discussion

When administrating BTA injections, standard injec-
tion points were used in 47 (71.2 %) cases, as planned
at the beginning of the study. In 19 (28.8 %) patients,
asymmetric placement of the edges of the hernial de-
fect in accordance with the midline was observed. At
the same time, in the group of patients with PVH, lat-
eral localisations of hernias were not observed, where-
as in the group with TH, 8 (12.1 %) patients had L 1-
L 4 type of hernia according to the EHS classification
[15]. In all 19 cases with asymmetry of the edges of
the hernial defect, an individual approach was used
to choose the BTA injection point on the side where
the scarred aponeurotic edge of the hernia deformed
the anterior abdominal wall. The BTA injection point
was chosen under ultrasound guidance according to
the actual localisation of each of the three layers of
muscles of the anterior abdominal wall.

Puncture of each of the three layers of the abdom-
inal wall muscles (external, internal oblique, and
transverse muscles) was performed under ultrasound
control using a linear ultrasonic sensor with a fre-
quency of 7—10 MHz depending on the thickness of
the abdominal wall. Additionally, control of the lo-
cation of the needle tip using a neurostimulator was
used immediately before the introduction of BTA.
Upon visual placement of the needle tip in the thick-
ness of the muscle selected for puncture, 35 (53.0 %)
patients had a need for repeated puncture and/or
correction of needle placement in at least one of the
six injection points, as no muscle contraction was
observed during current stimulation. At the same
time, in 15 (22.7 %) cases there was a need to correct
the location of the needle in two points, in 5 (7.6 %)
patients — in three or more points of injection. It is
worth noting that cicatricial changes in the thick-
ness of the muscles of the anterior abdominal wall
in patients with TH can cause technical difficulties
when introducing BTA only under ultrasound con-
trol, so we consider it necessary to supplement visu-
alisation with additional control using a neurostim-
ulator. According to P. H. Ferreira et al., ultrasound
correlates well with electromyography for punctures
of the internal oblique and transverse muscles, but
not enough for the external oblique muscle of the
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abdomen [8]. CT navigation is also used as a sepa-
rate method in addition to ultrasound in patients
with obesity and a thickened anterior abdominal
wall [5, 6]. In our study, there was no need for addi-
tional navigation with the help of CT; visualisation
of the thickness of the anterior abdominal wall was
sufficient for performing a puncture in all cases.

During the introduction of BTA and in the sub-
sequent period of observation, we did not record
any complications. The use of BTA as a method of
preparation for surgical treatment of hernias be-
longs to the off — label category. However, research-
ers have thoroughly studied the potential uses and
side effects of BTA in the treatment of various dis-
eases. BTA has low antigenic activity and extremely
rare cases of allergic reactions. There have been no
reports of major side effects from using BTA before
hernia repair. Less than 5 % of patients report minor
side effects such as local pain at the injection site,
cough, and superficial bruising, or none at all [5].

During the follow-up examination of patients
4—5 weeks after the introduction of BTA, changes
in the size of the hernia and abdominal cavity, as well
as the characteristics of the thickness and length of
the muscles of the anterior abdominal wall, were
observed in all cases, which is presented in Table 2.

The length of the abdominal wall was measured
from the lateral margin of the quadratus lumborum
muscle to the medial margin of the rectus muscle
from the comparable axial CT image (section) and
increased after BTA. The average increase in the
length of the abdominal wall in patients with PVH
was 1.71 = 1.24 cm on the right and 1.77 £0.99 cm
on the left side, whereas in patients with TH, it was
1.77£1.22 cm and 1.78+1.12 cm, respectively
(p<0.001). On average, the length of the anterior
abdominal wall in patients with PVH increased by
6.6 % on the right and 8.2 % on the left side, where-
as in patients with TH, it inceased by 6.7 % on the
right and 7.8 % on the left.

Patients with PVH experienced an average sig-
nificant decrease in the thickness of the anterior ab-
dominal wall by 10.4 % on the right and 9.3 % on the
left, while patients with TH experienced a decrease of
9.1 % and 6.7 %, respectively. In absolute numbers, the
thickness of the anterior abdominal wall decreased
minimally, and on average, its decrease did not exceed
2 mm, although it varied from 0.3 to 4.8 mm.

After the introduction of BTA, the size of the her-
nial defect also changed. The width of the aponeuro-
sis defect was significantly reduced by an average of
34.9 % in patients with PVH and by 38.8 % in patients
with TH. At the same time, the defect width, which
was >10 cm in all patients before the introduction
of BTA, decreased to less than 10 c¢m in 44 (66.7 %)

17



O.Y. Ioffe et al.

Table 2. Characteristics of the hernia and abdominal wall muscles change after BTA (M +SD)

Primary ventral hernia Incisional hernia
Indicator
Before BTA After BTA A Before BTA After BTA A
Length of
abdominal wall, cm
Right side 2514+6.07  2685+6.80*  +1.71+1.24 2599+6.13  2776+680%  +1.77+1.22
Left side 21.99+623  2376+6.72*  +1.77+0.99 22.76+6.22 24.53+6.78* +1.78+1.12
Thickness of
abdominal wall, cm
Right side 1.46+0.19 1.32+0.25*  —0.15+0.14 1.82+0.20 1.66+0.26* ~0.16+0.11
Left side 1.40+0.24 1.28+0.26*  —0.13+0.11 1.74+0.24 1.63+0.27* ~0.11+0.09
gvidth of hernial 1229+193  812+218*  —417+068  1346+206 832190  —514+075
efect, cm
gength of hernial 1237+485  1219+487* —018+018  1251+464  1236+466*  —0.15+0.11
efect, cm
Zﬁ’j}‘t‘;ir‘l’lﬁabdommal 9502+2976 9884 +2898***  +383+374 92522972 9621 +2910***  +370+376
B’Olu.me of s 457842708 3504+2267** —107.3+1176 497.4+271.2 3859+227.7*** —111.5+1184
ernia sac, cm
Volume ratio, % 497+355  370+277%  —127+1.08 559+3.71 421+288*  —138+1.14

Note. The difference before and after BTA is statistically significant: * p<0.001; * p<0.01; ** p<0.05.

patients after BTA. The length of the hernial defect
also changed, but this change was minimal.

According to E. B. Deerenberg et al., the lengthen-
ing of the muscles of the abdominal wall after BTA is
from 2.5 to 4 cm, its thickness decreases by 6—10 mm,
and the width of the hernial defect decreases to
amaximum of 8.4 cm. The results obtained by us cor-
respond to those of studies by other authors, even
taking into account the use of a 2—3 times smaller
dose of BTA (100 vs. 200—300 units) [5, 17, 21].

In both groups of patients, an increase in the vol-
ume of the abdominal cavity and a decrease in the
volume of the hernial sac were observed after the
administration of BTA. In patients with PVH, the
volume of the abdominal cavity increased by an aver-
age of 382.6 £373.90 cm?, and the volume of the her-
nia sac decreased by an average of 107.3+ 117.6 cm?,
which was 4.5 % and 23.6 %, respectively, of the ini-
tial indicator. In patients with TH, the volume of the
abdominal cavity increased by 369.6 + 375.8 cm?, and
the volume of the hernia decreased by 111.5+118.4
cm?, which was 4.4 % and 21.4 %, respectively. Ac-
cording to A. Fafaj et al., the volume ratio (VR),
which compares the volume of the hernia sac to the
volume of the abdominal cavity, may have a prog-
nostic value regarding the ability to close the fascial
defect when suturing a large VH. At the same time,
25 % VR is the threshold, and with indicators below
this value, the probability of complete closure of the
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hernia is high [7]. In our study, VR significantly de-
creased after BTA administration from 4.97 +3.55 %
to 3.70+2.77% in patients with PVH and from
5.59+3.71% to 4.21+2.88% in patients with TH.
It should be taken into account that the calcula-
tion of the volumes of the hernia and abdomen was
performed on the basis of the obtained results of 3D
modelling based on CT data Fig. 2. The examination
was carried out in a state of rest and relaxation of the
patient in a supine position, so it could not take into
account the change in the size of the hernia and the
abdominal cavity during muscle tension and when
performing usual movements. Currently, there is no
method in surgical practice that would allow simul-
taneous assessment of the real volumes of the above-
mentioned structures at rest and standing, even
without performing additional movements. Suggest-
ed by E.Y. Tanaka et al., the VR calculation method
involved determining the volumes of the hernia and
the abdominal cavity based on the sagittal, frontal,
and vertical dimensions of these structures [16]. In
our study, we used the calculation of volumes using
a 3D model, which, in our opinion, is a more accurate
method because it takes into account all the features
and deformations of the hernia sac and abdominal
cavity, but it is difficult and time-consuming to cal-
culate by a radiologist. Therefore, we suggest using
it as the method of choice for scientific research and
not for routine use.
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Figure 2. 3D modeling of the volumes of the patient’s abdominal cavity and hernia sac (marked in red)
based on the results of CT. Before BTA injection: direct (A) and side (B) projection; after BTA injection:
direct (C) and side (D) projection

It is also worth noting that the overall assessment
of the effectiveness of the BTA injection technique
can be technically difficult, as it requires the objecti-
fication of changes in the characteristics of the her-
nia and the abdominal cavity. Ultrasound does not
allow for the evaluation of changes in the aforemen-
tioned indicators. The field of visualisation during
ultrasound is limited by the characteristics of the
linear sensor. In patients with large ventral hernias,
the size of the hernial defect exceeds the length of
the working surface of the sensor by several times.

General Surgery 3azansnaxipypeis © 2024 ¢ Ne3 (10)

It is also impossible to evaluate the thickness of the
muscles of the abdominal wall at comparable points
before and after the introduction of BTA. Use of CT,
including without intravenous contrast, allows to
evaluate the parameters of the hernia and the abdom-
inal wall in comparable sections. However, in order
to evaluate changes in the volumes of the hernia sac
and abdominal cavity, a radiologist must be able to
use modelling tools to determine the volume of these
structures. CT is a costly method that imposes a ra-
diological burden on the patient. Therefore, in our
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opinion, it can be used as a method of performance
control at the initial stages of implementation of the
BTA administration method but not as a routine re-
search method. In our study, the BTA injection pro-
cedure was performed by one surgeon, ultrasound
diagnostician, and CT assessment was performed by
one expert radiologist in all patients.

After the introduction of BTA, all patients suc-
cessfully underwent hernia repair without the sepa-
ration of the anterior abdominal wall components.
Currently, there is no unanimous opinion regarding
the influence of BTA on the necessity of employing
separation techniques. In some studies, this percent-
age increases compared to cases without BTA, while
in others it varies widely from 14 to 57 %, without
specifying the sizes of hernias included in the study
or the presence of patients with loss of domain [5].

In 10 (15.2%) cases, the hernial defect was open
sutured, while in 56 (84.8 %) cases, it was addressed
laparoscopically. The percentage of open hernioplasty
was higher among patients with TH (17.9 %), com-
pared to those with PVH (11.1 %), which may be
due to the greater initial width of the hernial defect
in patients with TH and its insufficient reduction for
laparoscopic hernioplasty. Thus, out of 27 patients
with PVH, 13 (48.2 %) had laparoscopic surgery us-
ing intraperitoneal onlay mesh technique (IPOM)
and 11 (40.7 %) had laparoscopic IPOM+ with open
aponeurosis defect suturing, and 3 (11.1 %) had open
IPOM. Out of 39 patients with TH, 12 (30.8 %) had
laparoscopic TPOM, 20 (51.3%) had laparoscopic
IPOM+ with open aponeurosis defect suturing,
4 (10.2 %) had open TPOM, and 3 (7.7 %) had open
sublay hernia repair. Despite the development and
variety of existing minimally invasive technologies
for the treatment of uncomplicated primary ventral
hernias, IPOM remains the go-to technique [20].
However, the use of laparoscopic IPOM in the case of
surgical treatment of large size VH is not always pos-
sible, because when the width of the hernial defect is
more than 10 cm, the tension between the edges of the
aponeurosis increases and becomes excessive for reli-
able suturing of the hernia. According to the results of
short- and long-term observations of M. Toffolo Pas-
quini et al., laparoscopic TPOM+ with open hernia
suturing through a mini-access directly above the de-
fect of the aponeurosis reduces recurrence and com-
plications, compared to IPOM in patients with large
hernias [18, 19]. Therefore, we consider it appropri-
ate to use laparoscopic IPOM+ as an alternative to
open surgery in patients with large ventral hernias, in
which the width of the hernial defect has decreased to
<10 cm after the introduction of BTA.

Our study’s limitations include a small number
of patients and a focus on evaluating the efficacy
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of a single dose of BTA. It is necessary to conduct
further research on the introduction of BTA into
different layers of the abdominal wall muscles via
a single injection point, as well as the effectiveness
of using different dosages of BTA, including the
localisation of the introduction, with pronounced
asymmetric deformations of the abdominal wall.

Conclusions

The administration of 100 units of botulinum toxin
type A in the preoperative period consistently in-
creases the length of the abdominal wall muscles,
reduces the width of the hernial defect, and enhanc-
es the possibilities of further surgical treatment of
large VH using laparoscopic technologies.
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OniHka e(peKTUBHOCTI Ta OCOOJIUBOCTI METOJUKU BBEICHHS
OOTYJIOTOKCUHY THUILY A IIPH XipypPridvHOMY JIiKYBAHHi BEIMKUX
BEHTPAJIbHUX I'PIK

0.10. Iopde !, T. B. Tapaciok !, O. M. Uykanos 2, M. C. Kpusonycros !, O. I1. Crenenko !

! Hanionanbuuit menmunuii yuisepenter imeni O. O. Boromoubiis, Kuis

2 Kninika LifeScan, Kuis

I'preki mepeIHbO1 YEPEBHOL CTIHKY € O/THIEIO 3 HAUTIOMMNPEHINNX XiPyPIridvHUX NATOJIOrIH y IUTAHOBIM TA YPIreHT-
Hil xipyprii. Xipypriuse JiKyBaHHSI BEHTPAIbHUX I'PXK BEJIMKHUX Po3MipiB (=10 cM) noTpedye 3aCTOCYBAHHS
TPABMATUYHHUX METOJUK ONEPATUBHOIO BTPYYAHHSA [UIA 3BEIEHHA KPAiB I'PUZKOBOTO JE(PEKTY TA BiIHOBICHHA
[UTICHOCTIi NEPEAHBOI YEPEBHOI CTIHKM.

Mera — BUBUMTU METOJUKY T €(PEKTHUBHICTb 3aCTOCYBAHHSA iH'€KIIil1 60TYJI0TOKCHHY TUIlly A (BTA) y M’s13u
NEPEAHBOT YEPEBHOI CTIHKU B MALIEHTIB i3 BEIMKUMU BEHTPAILHUMU I'PIKAMU B JOOIEPALIMHNI IIEPIOZ,

Marepianau Ta MeToaH. [IPOBEICHO IPOCIEKTUBHE KOIOPTHE JOCIIPKEHHS 32 YIACTIO GG MaIi€HTIB i3 BeIn-
KHMMM BEHTPAJIbHUMH IProKaMu (iepsruHHUMUA (T1BT) Ta micngonepanifinumu (ITOT)). Vei nanienTy NpoxXoauin
JIiKyBaHHA 3 4yepBHA 2017 p. go cepnna 2024 p. Ta B JOONEPALIHNAN r1epios orpumanu in'ekiiii BTA 100 Op
B M’SI3M MEPEAHBOI YepeBHOI CTiHKU. CepefHill BiK MaIfieHTiB CTaHOBUB (58,98+948) poky. HonoBikiB 6y/10
23 (34,8 %), xiHok — 43 (65,2 %). CepeHst MUpHHaA I'PIDKOBOTO iedexty 10 BBeaeHHs BTA y narienTis i3 [IBI
cranosmia (12,29+193) cm, y manienTis i3 ITOI — (13,46 2,06) cm. VeiM marjieHTam MpoBEACHO OIEPATHUBHE
BTPY4YaHHs 3 IIPUBOJY I'PYIKi uepes 4—5 Tk micss in'ekiiii BTA.

Pe3yasraTn. YCKIAHEHDb I1if] YaC BBEJCHHS BTA T4 BIPOMOBXK 4—5 THXK CIIOCTEPEKECHHS, /10 TTPOBEACHHS
ONEPATUBHOIO BTPYYAHHs, HE BUABICHO. JJOBXMHA M'S13iB IEPEHBOI UEPEBHOI CTIHKU MiCiIsA iH'€KIil 3 060X
OOKiB 301IBIINIACS B CEpeIHbOMY Ha 1,7 cM (MiHiManbHO — Ha 0,1 cM, MakcUMaibHO — Ha 4,01 cm). Ilupuna
I'PHXKOBOTIO JIEPEKTy 3MEHIIMIIACS B CEPETHBOMY Ha (4,17 +0,68) cM y manienTis i3 [1BI Ta Ha (5,14£0,75) cm
y nariienTis i3 ITOT (p <0,001). CriBBiIHOIMEHH O6’€MIB I'PHKOBOIO MIIITKA T4 Y€PEBHOI TOPOKHUHU 3MEHIITH-
nocst micnst BBesieHHsT BTA 3 (4,97 £3,55) 10 (3,70£2,77) % y manjienTis i3 I1BI' (p=0,008) Ta 3 (5,59%3,71) 1o
(4,21+2,88) % y marienTis i3 I1OT (p=0,008).

BucHoBKkwu. Beenienns BTA B 1031 100 Op y fooneparifiHuil Nepiof; CTATUCTUYHO 3HAYYIIO 30UIBIITYE JOBXKHUHY
M’13iB UEPEBHOI CTIHKH, 3MEHIITYE IUPHUHY I'PHKOBOTO JE(PEKTY Ta PO3IIHUPIOE MOKIUBOCTI OAABIIOIO Xipyp-
I'YHOI'O JIIKYBAHHA BEJIMKHUX BEHTPAJIbHUX I'PYK i3 BAKOPUCTAHHAM JIAITAPOCKOIIYHUX TEXHOJIOT .

K1ro49oBi ¢10Ba: MiC/IA0NEPaLiiiHa TPUKA, BEHTPAIbHA I'PUKA, TEPHIOIUIACTUKA, OOTYJIOTOKCHH.
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1 Joffe OY, Tarasiuk TV, Chukanov OM, Kryvopustov MS, Stetsenko OP. Peculiarities of the botulinum toxin type A injection technique and its effectiveness in the surgical treatment of large
ventral hernias. General Surgery (Ukraine). 2024:(3);14-21. http://doi.org/10.30978 /GS-2024-3-14.
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Minimaly invasive and pathogenetically based methods are currently prevalent in phlebology, as they are in other
fields of surgery. CHIVA (Cure conservatrice et hemodynamiy que de I'insuffisance veineuse en ambulatoire) hemo-
dynamic surgery is one of these popular minimally invasive surgical procedures. The execution technique relies
on the findings of a duplex ultrasound scan that is used to analyse the hemodynamics of the superficial venous
network. The CHIVA strategy aims to preserve the venous material while also restoring normal distal venous pres-
sure and venous function. However, this technique has a number of disadvantages, including the possibility of vein
recanalisation and relapses, as well as the fact that the immediate cosmetic outcome is not always satisfactory.

OBJECTIVE — to compare the outcomes of lower extremity varicose vein treatment based on the employed
method: the CHIVA method executed via open surgery versus the CHIVA method combined with other mini-
mally invasive methods (sclerotherapy, endovenous laser coagulation (EVLQC)).

MATERIALS AND METHODS. A randomised prospective study was conducted on 52 patients with varicose veins of
the lower extremities categorised as C1-C3 according to the CEAR classification. The patients were divided into
2 groups of 26 patients each, with one group undergoing the CHIVA procedure using the classic open technique,
and the other group receiving a combination of CHIVA with EVLC and sclerotherapy. To evaluate the results, we
used Hobb’s criteria, measured the diameter of the great saphenous vein via ultrasound, analysed alterations in
the Venous Clinical Severity Scoring (VCSS) , studied data from the Chronic Venous Insufficiency Quality of Life
Questionnaire (CIVIQ 20), and determined the incidence of relapses.

REesurts. After CHIVA and CHIVA+EVLC+ sclerotherapy, the normalisation of hemodynamics and interruption
of the venous shunt led to a substantial reduction in the diameter of the great saphenous vein within 6 months
after the operation (p<0.01). Both groups had an improvement in VCSS 6 months after surgery. No statistical
difference was observed between the treatment groups. All methods had a positive impact on the quality of life
of patients, as shown by the CIVIQ 20 questionnaire. Of the 52 operated patients, there were 4 relapses (7.7 %).
No relapses were noted in the group receiving CHIVA with EVLC and sclerotherapy (p=0.039). As evaluated by
Hobb’s criteria, patients exhibited greater satisfaction with the outcomes of hemodynamic surgery combined
with EVLC and sclerotherapy due to its better and faster aesthetic outcomes (p=0.012 and 0.05).

ConcLusions. All 52 patients exhibited favourable treatment outcomes, demonstrating a reduction in CVI symp-
toms during a comprehensive clinical assessment using ultrasound within 6 months and 1 year. The combina-
tion of CHIVA with EVLC and sclerotherapy showed distinct advantages in the treatment of varicose veins, yield-
ing the most favourable cosmetic outcomes according to Hobb’s criteria and achieving a reccurence rate of 0 %.

KEYWORDS
chronic venous insufficiency, varicose veins, CHIVA, hemodynamic surgery, endovenous laser coagulation,
sclerotherapy.
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Varicose veins in the lower extremities are a com- 29 % among women, depending on the age, sex, and
mon manifestation of chronic venous insufficiency ethnicity of the study population, survey methods,
(CVI). The worldwide prevalence of varicose veins and how the disease is defined and measured [11,
ranges from 5 % to 15 % among men and from 3 % to  20]. The spectrum of clinical manifestations of CVI
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is huge, ranging from asymptomatic varicose veins
and pigmentation to ulcers and scars. To identify,
diagnose and treat CVI, it is necessary to under-
stand the full spectrum of clinical manifestations,
etiology and pathogenesis of the disease, as well as
diagnostic methods [20]. Among diagnostic meth-
ods, the universally accepted gold standard is ultra-
sound with Doppler mapping [3, 6].

Minimally invasive techniques are prevalent not
only in phlebology but in all areas of surgery. Cur-
rently, the method proposed by C. Franceschi in
1988 can claim the role of a less traumatic approach
[5, 6]. The literature refers to the ambulatory con-
servative treatment of hemodynamic venous disor-
ders (Cure conservatrice et hémodynamiy que de
I'insuffisance veineuse en ambulatoire) as CHIVA.
Unlike other operative methods of treating varicose
veins, which are performed in accordance with an
established protocol, the hemodynamic approach
involves assessing individual venous hemodynamic
characteristics using an ultrasound Doppler scan |3,
5]. Due to the complexity of such a personalised as-
sessment, this technique is not very popular in our
country. According to the literature, it is most of-
ten used in Italy and Spain, but recent publications
show that this method is now being actively used
in other countries throughout the world [2, 15, 21].

The CHIVA method is based on the concept of
venous shunts, which are veins that divert venous
blood from its normal flow, most often during mus-
cle relaxation. The significance of the shunt is de-
termined by the deflected flow, the starting point
and the end point of the deflection [5]. The starting
point is called the escape point and /or reflux point,
while the endpoint is called the re-entry point (usu-
ally the re-entry perforator). There are several clas-
sifications of shunts. The most common is a type
1 shunt, which has an insufficient saphenofemoral
junction as an escape point and a re-entrant perfora-
tor on the trunk of the great saphenous vein as the
endpoint [10, 16].

The CHIVA strategy is conservative not only be-
cause it preserves venous material, which may be re-
quired for further arterial shunting, but also because
it prevents the hemodynamic disorders associated
with subcutaneous vein destruction [14]. Violation
of the normal outflow of venous blood through su-
perficial veins causes tissue damage, recurrence of
varicose veins as a result of induced neoangiogene-
sis, and the formation of reticular varicose veins and
telangiectasias in the areas of vein removal.This ap-
proach is hemodynamic because it restores normal
distal venous pressure and venous function [2, 10].
Values are assigned to the adequate outflow of ve-
nous blood into the deep network. For this reason,
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limited venous interruptions are better than exten-
sive ones, even if the immediate aesthetic outcomes
are less satisfactory [19]. In fact, aesthetic outcomes
improve over time, long-term outcomes are signifi-
cantly better, and recurrences are far less common
with fewer surgical interventions. However, any
removal or occlusion of non-draining or redundant
veins is not inconsistent with the CHIVA strategy
4, 13, 18].

Fragmentation of the venous pressure column
and disconnection of venovenous shunts are usually
performed by open surgery, but sclerotherapy (ST),
endovenous laser coagulation (EVLC), or radiofre-
quency ablation may also be used. Only a few studies
have compared the CHIVA method to other surgi-
cal approaches, mainly stripping [17]. Furthermore,
there is insufficient research on the use of CHIVA
principles in combination with other minimally in-
vasive interventions and hardware techniques for
varicose vein treatment [8, 12].

OBJECTIVE — to compare the outcomes of lower
extremity varicose vein treatment based on the em-
ployed method: the CHIVA method executed via
open surgery versus the CHIVA method combined
with other minimally invasive methods (sclerother-
apy, endovenous laser coagulation (EVLC)).

Materials and methods

A prospective randomised controlled study includ-
ed 52 patients. The majority of these patients were
women — 38 (73.1%).

The inclusion criteria:

1) the presence of varicose veins (C1-C3 class of
varicose veins according to the CEAP classification);

2) age range: 18 to 65 years;

3) failure of the sapheno-femoral junction;

4) without previous surgical treatment in history;

5) patients with a capable deep venous system;

6) the patient’s consent to participate in the study.

Exclusion criteria:

1) varicose vein complications (trophic ulcers,
thrombophlebitis or phlebothrombosis, post-
thrombophlebitic syndrome);

2) patients who previously underwent radical
operations for varicose veins;

3) patients with severe concomitant pathology
that may affect treatment course and outcome (dia-
betes, autoimmune diseases, oncological diseases, se-
vere kidney, liver, heart system, and lung diseases);

4) patient refusal, lack of compliance regarding
the use of compression therapy and its duration.

In addition to general clinical examinations,
all patients underwent a duplex ultrasound scan
(USDS) of the veins of the lower extremities in
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the supine and standing positions, using the Paran
and Valsalva tests, with detailed mapping of the
hemodynamics of the lower extremities [3]. When
conducting a detailed ultrasound, insufficiency of
the saphenous-femoral junction and the re-entrant
perforator on the trunk of the great saphenous vein
was revealed in all patients. According to CHIVA
terminology, patients had a type 1 shunt.

The study was conducted in accordance with the
principles of the Declaration of Helsinki and the
recommendations of the International Council for
the Harmonisation of Good Clinical Practice.

The treatment method was chosen by randomis-
ing all patients into two groups of 26 patients each.
The first group of patients was treated according to
CHIVA's standard principles. These patients under-
went an incision 3 cm below the inguinal fold and
ligation of the sapheno-femoral junction, which
served as the so-called «escape point». Drainage
flow took place in the re-entry perforator on the
great saphenous vein. Miniphlebectomy was used
to remove varicose veins and nodes with no obvious
anastomosis of discharge.

The second group included 26 patients whose
hemodynamic picture was comparable to the first
group. The CHIVA technique was used in combi-
nation with EVLC and sclerotherapy. This method
involved an incision of up to 1.5 c¢cm long at the
saphenous-femoral junction, coagulation using
EVLC of the proximal 7—10 cm of the great saphe-
nous vein below the junction, and the injections of
a foam sclerosant (1% Ethoxysclerol) into venous
branches of the 3—4 order, which lacked drainage
anastomosis. These techniques were used to prevent
recanalisation of the large subcutaneous vein in the
proximal part, which is the most frequent cause of
relapses after CHIVA with this type of shunt, and
to ensure reliable closure of the tributaries of the
great saphenous vein in the proximal part, thereby
increasing the cosmetic outcome of the intervention
by minimising the number of incisions necessary for
miniphlebectomy.

All interventions were performed under local an-
esthesia with standard Klein’s solution. In the case
of combination with EVLC, Klein’s solution was
injected perivenously under ultrasound control [7].
In the post-procedural period, all patients received
compression therapy, which included wearing medi-
cal compression stockings around the clock for the
first three days, followed by daytime compression
for the next three weeks.

The patients were thoroughly re-examined six
months and a year after the intervention.

Relapse was considered the main endpoint of the
study. During repeated visits, all patients underwent
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USDS of their lower extremity veins with detailed
hemodynamic mapping. A recurrence was defined
as the visible appearance of varicose veins in the
intervention area, the restoration of reflux at the
previously detected site, changes in the direction
of blood flow through the saphenous-femoral junc-
tion, perforating veins or tributaries of the great
saphenous vein. All relapses were divided into 5 he-
modynamic types:

Relapse type 1 — relapse with resumption of re-
flux through the sapheno-femoral junction.

Relapse type 2 — restoration of reflux through the
venous path that leaves the pelvis through veins lo-
cated in the groin or perineum without restoration
of the sapheno-femoral junction.

Relapse type 3 — restoration of reflux due to
failed femoral perforating veins that were not de-
tected during the initial procedure.

Relapse type 4 — restoration of reflux from the
great saphenous vein to the tributaries of the second
and third orders. This is the most typical type of re-
lapse for the CHIVA method.

Relapse type 5 — varicose veins to a diameter of
more than 5 mm in the area of intervention without
«escape points», which can be detected by Doppler
examination. This is a typical relapse with stripping
and other interventions aimed at destroying the
great saphenous vein and is atypical for CHIVA.

For objectification, the cross-sectional diameter
of the great saphenous vein in the middle third of
the thigh, approximately 20—25 cm from the sa-
phenous-femoral junction, was determined in all
patients during repeated USDS.

A score was calculated using Venous Clinical
Severity Scoring (VCSS) (in accordance with the
Clinical Practice Guidelines of the Society for Vas-
cular Surgery and the American Venous Forum) [9].

Clinical evaluation of treatment outcomes after
CHIVA and CHIVA modified methods was also car-
ried out using Hobb’s criteria, which were proposed
by the authors of the method [5].

Hobb’s criteria for evaluating the clinical outcome:

Objective criteria (assessed by a doctor)

Class A: no visible or palpable veins.

Class B: several visible or palpable veins less than
5 mm in diameter.

Class C: left or newly formed varicose veins with
a diameter of more than 5 mm.

Class D: insufficiency of the main trunk of the
great saphenous vein or perforator.

Subjective criteria (defined by the patient)

Class A: no complaints.

Class B: slight functional or cosmetic defect, but
satisfied with the outome.
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Class C: noticeable functional or cosmetic defect.
Clinical evaluation of the outcomes as improve-
ment, but dissatisfaction with the overall result.

Class D: complete absence of positive changes af-
ter treatment or worsening of the condition.

The treatment outcomes were classified into
three groups:

complete recovery (complete absence of varicose

veins and symptoms of CVI);

improvement (visible residual or newly formed

varicose veins or nodes that have no or little clin-

ical and hemodynamic significance);

absence of positive changes (complete recur-

rence of varicose veins, recurrence of symptoms

of CVI).

Satisfaction with treatment outcomes was also
assessed using the Chronic Venous Insufficiency
Quality of Life Questionnaire (CIVIQ 20). In order
to compare the average scores, the absolute scores
were converted to a GIS index [1].

Statistical analysis

Statistical analysis was performed using Statis-
tica 10 and MedStat. Data distribution normal-
ity was checked using the Shapiro-Uilk criterion.
A comparison of the data between the groups was
performed using the Wilcoxon two-sample test.
Multiple comparisons were performed using the
Rank Kruskal-Wallis test and Dunn’s test, Scheef-
fe’s method for multiple comparisons.

Results and discussion

Since hemodynamic interventions do not remove all
varicose veins, the majority of research sources suggest
that the CHIVA method produces superior long-term
results than immediate ones. This impact is related
to the time that is required for hemodynamic recon-
struction of shunts. Therefore, the final outcomes were
evaluated after half a year and a year of observation:
Recoveryisthe complete absence of varicose veins
and CVIsymptoms. Resultsafter6months: CHIVA —
15 (57.7%), CHIVA+EVLC+ST — 18 (69.2%).

1.V. Kolosovych, K. O. Korolova

Results after a year: CHIVA — 17 (65.4%),
CHIVA+EVLC+ST — 20 (769 %).

Improvements are visible residual or newly formed
varicose veins or nodes that have no or little clinical
and hemodynamicsignificance. Resultsafter 6 months:
CHIVA — 10 (38.5%), CHIVA+EVLC+ST —
8 (30.8 %). Results after a year: CHIVA — 8 (30.8 %),
CHIVA+EVLC+ST — 6 (23.1 %).

Without clinical changes — complete recur-
rence of varicose veins, presence of CVI symptoms.
Results after 6 months: CHIVA — 1 (3.8 %), CHI-
VA+EVLC+ST — 0. Results after a year: CHI-
VA — 1 (3.8%), CHIVA+EVLC+ST — 0.

A statistically significant difference between the
groups was not found after half a year (p=0.348)
and after a year of observation (p=0.329). The data
show that any hemodynamic technique — standard
or supplemented with modern technologies — pro-
vides a favourable clinical outcome.

OgjecTIVE — data, including the diameter of the
great saphenous vein in the middle third of the
thigh, VCSS scale, and data obtained using CIVIQ
20 before treatment, 6 months and 1 year after sur-
gery, are shown in Table 1.

Hemodynamic methods in classical execution,
or supplemented by modern technologies, give
a good clinical result. No statistically significant
difference was found between the groups depend-
ing on the treatment method (p >0.05). According
to the data of the clinical assessment and the ques-
tionnaire, a statistically significant difference was
found between the values before treatment and 6
months after treatment (p<0.01). Normalisation
of hemodynamics and interruption of the venous
shunt leads to a significant decrease in the diam-
eter of the great saphenous vein already 6 months
after the operation (p <0.01). There was no statis-
tically significant difference in the indicators after
6 months and after a year.

Analysis of the data presented in Table 2 reveals
that, based on the objective assessment, there was no
statistically significant difference in clinical treat-
ment outcomes between the CHIVA group and the

Table 1. Data of objective examination methods before and after treatment

CHIVA CHIVA+EVLC+ST
Indicator
Before After 6 months  After 1 year Before After 6 months  After 1 year
Diameter of thegreat 7 5, 4 7 42409 39411 72419 41208 42413
saphenous vein, mm
VCSS, points 89+24 1.3+£2.1* 1.5£7.2% 8.5+28 0.6+0.9* 0.5+1.2
CIVIQ 20 (GIS) 71.44£8.67 97.6+5.4 95.8+£8.7* 7413875 98.8 +1.6* 99.3+14

" p<0.01 compared to data obtained before treatment.
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Table 2. Evaluation of clinical outcomes according
to Hobb’s criteria

2 After 6 months After 1 year

5o JIG ama (NG
Objective assessment

A 14(538%) 18(69.2%) 16 (61.5%) 20 (76.9 %)

B 8(308%) 8(30.8%) 5(192%) 6(23.1%)

C  2077%) 0 4(6.2%) 0

D 1(3.9%) 0 1(62%) 0
Subjective assessment

A 12(46.2%) 18(69.2%)  15(68.8%) 20(76.9%)

B 3(115%) 8(30.8%) 3(11.5%) 6(23.1%)

C  10(384%) 0 7(269%) 0

D 1(38%) 0 1 0

CHIVA group supplemented with additional tech-
nologies after 6 months (p=0.147) and after one year
(p=0.131), respectively. A statistically significant
change was seen after 6 months (p=0.012) and after
ayear (p=0.05) based on the subjective assessment.
Therefore, patients expressed more satisfaction with
the outcomes of hemodynamic surgery supplement-
ed with EVLC and sclerotherapy because it provid-
ed better and faster aesthetic outcomes.

There were 4 relapses (7.7 %) among 52 operated
patients, indicating a favourable outcome. No re-
currence was seen in the group receiving CHIVA in
combination with EVLC and ST (p = 0.039).

All relapses were classified into hemodynamic
types. Relapses of type 2 and type 5 were not de-
tected. There were 2 cases of type 4 relapses, one
case of type 1 relapse with restoration of reflux
through the sapheno-femoral junction, and one
case of type 3 relapse.

Currently, there is a shift in the methodology of
surgical intervention for varicose veins from radi-
cal techniques to minimal and justified procedures,
supported by the principles of minimally invasive
and outpatient surgery. The use of USDS, which al-
lows for comprehensive mapping of varicose veins,
facilitates the identification of the sources and prev-
alence of venous reflux, as well as hemodynamic
correction options for each type of lesion [2, 4, 22].
Now in the arsenal of surgeons, there is a sufficient
number of minimally invasive methods that can be
used to achieve this goal. The combination of mini-
mally invasive technologies with a hemodynamic
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approach provides optimal cosmetic outcomes by
reducing both the number and length of incisions.
Varicose vein sclerotherapy, combined with CHI-
VA, improves immediate cosmetic outcomes. Abla-
tion of the proximal part of the great saphenous vein
effectively facilitates reliable closure of the conflu-
ence of many tributaries and prevents recanalisa-
tion, thereby significantly impacting the incidence
of relapses [8].

Conclusions

Hemodynamic methods, including standard CHI-
VA or CHIVA supplemented with modern tech-
nologies such as EVLC and sclerotherapy, ensured
favourable clinical outcomes. Clinical assessment
and questionnaire data revealed a statistically sig-
nificant difference between values before treatment
and 6 months after treatment (p<0.01). The nor-
malisation of hemodynamics and interruption of
the venous shunt led to a substantial reduction in
the diameter of the great saphenous vein within 6
months after the operation (p<0.01).

According to Hobb’s criteria, no statistically
significant difference was observed between the
treatment groups on the objective assessment scale.
However, a statistically significant difference was
noted on the subjective assessment scale after 6
months (p=0.012) and after a year (p=0.05) due to
the fact that the patients achieved better and faster
aesthetic outcomes.

Hemodymic procedures resulted in a low inci-
dence of varicose vein relapses, with just 7.7 % re-
ported among all patients. Notably, no recurrences
were observed in the group when CHIVA was com-
bined with EVLC and sclerotherapy (p =0.039).

The study found that no approach has a clear ad-
vantage over others. It is important to select the opti-
mal technique for each patient based on their venous
system’s haemodynamics, technical and economic
capabilities, and desire for a quick cosmetic outcome.
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IemoayrHaMiyHA Xipyprisd BAPUKO3ZHOI'O PO3NIMPEHHA BEH
HIDKHIX KiHIIiBOK 13 32CTOCYBAHHAM CY4aCHUX TE€XHOJIOTIH

I. B. Konxocosuy, X. O. KoposboBa
Hamionanpiuit meguunwmii ynisepcuret imeni O. O. Boromoubirst, Kuis

HuHi'y ¢ps1e6010T1], SIK i B iHIINX rany3ax Xipyrii, TPeH/I0BUMH € MaJIOiHBA3HBHI T4 IIATOI€HETUYHO OO DYHTOBAHI
Meroaukiy. [femogrHamiyHa xipyprist CHIVA € Ma10iHBa3UBHOIO XipypridHOIO IIPOLEAyPOIO. TeXHiKa BHKOHAHHS
I'PYHTYETHCA HA PE3YJIBIATAX PETEIHHOIO AHAII3y IFEMOJUHAMIKH ITOBEPXHEBOI BEHO3HOI MEPEXKi 34 IOTIOMOTOIO0
JYIUIEKCHOT'O CKaHyBaHHs. Crpareris CHIVA ciipsMoBaHa HAa 30€PEKEHHA BEHO3HOI'O MATEPiaiTy, 4 TAKOXK HA BiJl-
HOBJICHHSI IIPABUIBHOI'O JIMCTAJIBHOI'O BEHO3HOTI'O THCKY TA IIPABWIBHOI BEHO3HOI (PyHKILil. [TpoTe 1151 METOIMKA
MA€ HU3KY HEJOJIKIB, 30KpEMA PU3UKN PEKAHAII3ALLI BEH TAd PEIUINBIB, 4 TAKOXK HE 3ABXKIU JA€ 32/J0BUIbHNUIT
6e3110cepeIHI KOCMETUYHUI PE3YIIBIAT.

MeTa — IOPiBHATU PEYJIBIATH JIIKYBAHHA BAPUKO3HOI XBOPOOH HIDKHIX KiHIIBOK 3aJIEKHO Bifl BAKOPHCTAHOI'O
MeToay JliKyBanH:A: CHIVA 32 1onoMororo BiIkpuTtoi onepailii 460 CHIVA y Kom6iHallii 3 iHIMMMH MaJI0iHBA3HB-
HHUMH METOAMKAMU (CKJIEPOTEPAIlisl, CHAOBEHO3HA J1azepHa Koarysrwisa (EBJIK)).

MaTepiagau Ta MeTOJH. Y JTOC/KEHHS 6y/10 3AIy4€HO 52 MAIi€eHTHU 3 BAPUKO3HOIO XBOPOOOIO HIDKHIX KiHITi-
BOK, C1-C3 wiac 32 CEAP xiacudikariero. [TanieHTiB pO3NOAUIMIN HA ABi OJHAKOBI 3a KUIbKICTIO I'DYIIH, B OJHINI
BUKOHAHO CHIVA 32 KIACUYHOIO BiJKPUTOIO METOJUKOIO, B iHIIIM 3aCTOCOBAHO KOMOiHanito CHIVA 3 EBJIK Ta
CKJIEpOTEPAIEIO. 11 OLIHKH PE3Y/BTaTiB BUKOPUCTOBYBAIN KpUTEPii X06CA, BU3HAYEHHS JiaMETPa BEIUKOL
HiJIIKIPHOT BEHH 34 JIOTIOMOI'OIO YJIBIPA3BYKOBOI'O JOCIIPKEHHs, OLiHKY 34 ImKanoio Venous Clinical Severity
Scoring (VCSS), mani onurysanbHuka Chronic Venous Insufficiency quality of life Questionnaire (CIVIQ 20),
KUIBKICTD PELIMIUBIB.

Pesynapraru. Iliciir CHIVA Ta CHIVA+EBJIK+CcKIepoTepallis HOpMali3alis reMOANHAMIKN Ta [IEPEPUBAHHA
BEHOBHOI'O IIIYHTA CIIPHSUIA CYTTEBOMY 3MEHITICHHIO /IiaMETPa BEJTUKOT MIZIMKIPHOT BEHU BKE Yepe3 6 Mic Tmics
onepartii (p<0,01). B 060X rpymax 3apeecTpOBAHO MOJIIIIICHHs OiHKY 32 VCSS uepes 6 Mic Iic/s onepartii.
CTaTUCTUYHO 3HAYYIIOL PI3HULL MK I'PYIIaMU HE BUABICHO. OOHBI CTpATeETii TO3UTUBHO BIUIMBAJIN HA SIKICTh
JKWTTS HALIEHTIB 32 onUTYBAILHUKOM CIVIQ 20. 3apeectposano nuie 4 (7,7 %) peuuausu (yci B rpymi CHIVA)
(p=0,039). ITanienTN Oy OUIBIIE 32I0BOJICH] PE3Y/IBIATAMH IeMOAUHAMIYHOL Xipyprii, JonosHeHoi EBJIK Ta
CKJIEPOTEPAMIEIO, TIPU OLHII 32 CYO’€KTUBHUMU KPUTEPIAMU X06CA, OCKUIBKH 32CTOCYBAHHS TAKOI CTPATETil
JIAJI0 Kpamui i MBUAMINN ecTeTUYHU pe3yasrar (p=0,012 ta p=0,05).

BHCHOBKH. XOPOWIMI PE3Y/BIAT JIKYBAHHA 3i 3MEHIIEHHAM CHMIITOMIB XPOHIYHOI BEHO3HOI HEJOCTATHOCTI
[IPY KOMIUTICKCHIM KIHIYHIN OIHI[ 3 BUKOPHUCTAHHSM YIBTDa3BYKOBOI'O AYILUICKCHOT'O CKAHYBAHHSI Yepe3 6 Mic
Ta 1 pik 3apeecTpyBanu B ycix naiieHTi. Kom6inariss CHIVA 3 EBJIK Ta ckiaepoTepanieio Majaa nepeBaru: Hau-
Oi/IbIIIa KOCMETUYHICTD 34 CYO'€KTUBHUMU KPUTEPiAMU X00Ca TA BiICYTHICTb peunansis (0 %).

KiIro49oBi ¢10Ba: XpOHiYHA BEHO3HA HEJOCTATHICTh, BADUKO3HE pO3mUpeHHs BeH, CHIVA, remoguHamiuyHa
Xipyprid, €HIOBEHO3HA JIA3€PHA KOAT'YJIALLiA, CKIEPOTEPATTiA.
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ERAS (Enhanced Recovery After Surgery) protocols have demonstrated efficacy across numerous surgical spe-
cialties; however, their effectiveness has not been evaluated in patients with paraesophageal hernias (PEH).

OBJECTIVE — to determine the efficacy of the ERAS strategy in patients with type III—IV PEH undergoing lapa-
roscopic surgery.

MATERIALS AND METHODS. The study was conducted at the Department of General Surgery No 2 of Bogomolets
National Medical University from 2017 to 2023, involving 114 patients who underwent laparoscopic hernioplas-
ty for Type III—IV PEH. The ERAS strategy was applied in 96 patients (main group — Group M) and not applied
in 18 patients (comparison group — Group C). The efficacy of the ERAS protocol was evaluated by comparing
average hospital stay, hunger, thirst, general weakness, and depression levels using a 10-point visual analogue
scale (O=«no concern,» 10 =<«severe concern»), as well as the frequency of nausea, vomiting, abdominal disten-
tion, passage of gas, and bowel movement within the first postoperative day.

REesuLts. Group M showed lower average scores for «general weakness», <hunger», and «thirst» by factors of 1.43,
1.35, and 1.34, respectively, compared to Group C. The application of the ERAS protocol positively influenced
bowel function recovery: on the first postoperative day, the proportion of patients with gas passage was higher
in Group M than in Group C (78.1% vs. 55.6 %), while the incidence of abdominal distention was lower (2.1 %
vs. 16.7 %). Bowel movement was observed in 51.0 % of patients in Group M compared to 27.8% in Group C.
These positive outcomes associated with the ERAS protocol contributed to a reduced average hospital stay of
1.72£0.76 days compared to 2.33+0.91 days in the control group.

Concrusions. The use of the ERAS protocol in patients undergoing laparoscopic surgery for type III—IV para-
esophageal hernia demonstrated significant advantages in the early postoperative period. Patients reported signifi-
cantly less «general weakness», «feeling of hunger», and «feeling of thirst> compared to the control group. Improved
bowel function recovery was recorded, evidenced by a higher proportion of patients with gas passage and bowel
movements and a significantly lower proportion of patients with abdominal distension, as well as a reduced average
length of hospital stay. The obtained results confirm the feasibility of implementing the ERAS protocol to improve
postoperative recovery and reduce postoperative complications in patients with type III—IV paraesophageal hernia.

KEYWORDS
type III—IV paraesophageal hernia, surgical treatment, laparoscopic approach, ERAS protocol, outcomes.
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The ERAS (Enhanced Recovery After Surgery)
protocol is a modern approach to perioperative pa-
tient management aimed at accelerating recovery,
reducing complications, and shortening hospital
stay duration [8, 10, 16, 20]. This protocol includes
a series of evidence-based strategies and recom-
mendations to optimize all aspects of surgical care
7,22, 18].

General Surgery 3azansnaxipypein © 2024 ¢ Ne3 (10)

ERAS protocols were developed by a group of
European surgeons in 2001 [4]. The main aspects
of the concept include a multidisciplinary team
working with the patient, a multimodal approach
to addressing issues that delay recovery and cause
complications, an evidence-based approach to pro-
tocols, and changes in management utilizing inter-
active and continuous feedback [9].
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The ERAS strategy has been implemented as
a primary focus in the care of surgical patients
across all stages of treatment (in outpatient clinics,
preoperative departments, operating rooms, post-
operative recovery departments, and wards).

ERAS protocols have proven effective in many
surgical specialties, including in the surgical treat-
ment of giant ventral hernias [5], colorectal surgery
[1, 11], pancreatic surgery [14], gynecology [2, 15],
urology [17], bariatric surgery [19], and others.
They contribute to better treatment outcomes,
reduce complications, and shorten hospital stays,
which decreases overall healthcare costs. However,
the effectiveness of the ERAS strategy has not been
evaluated for patients with paraesophageal hernias
(PEH), who are characterized by a higher average
age, a greater prevalence of chronic vascular, heart,
lung, kidney, and gastrointestinal diseases, and, in
most cases, excess body weight and obesity.

OBJECTIVE — to determine the effectiveness of the
ERAS strategy in patients with type III—-IV PEH
who underwent laparoscopic surgery.

Materials and methods

The study was conducted at the Department of
General Surgery No2 of Bogomolets National
Medical University from 2017 to 2023, involving
114 patients who underwent laparoscopic hernio-
plasty for type III—IV PEH. The ERAS strategy
was applied in 96 patients (main group).

The following measures were included in the main
principles of the ERAS protocol for patients with PEH:

informing the patient about the specifics of the
surgical procedure, postoperative period, and di-
etary behavior after surgery;

use of minimally invasive methods (laparo-
scopic access);

avoidance of mechanical bowel cleansing;

pain prevention using multimodal analgesia
(Table 1) and local infiltration anesthesia in the
area of trocar access points;

gastroprotection using proton pump inhibitors;

absence of abdominal cavity drainage;

reduction of stress response through the use of
glucocorticoids;

prevention of infectious complications (an-
tibiotic prophylaxis, antiseptic washing of trocar
wounds);

prevention of thromboembolic complications
(LMWH);

early patient mobilization — verticalization
within 1—2 h after surgery;

prevention of nausea and vomiting, particu-
larly through the planned administration of ondan-
setron on the first postoperative day;

nutrition: intake of a carbohydrate mixture 2 h
before surgery and postoperative sipping 6 h after;

discharge from the hospital at the earliest pos-
sible time.

Before surgery. No later than 2 h before the op-
eration, all patients received 200 ml of warm, boiled
water with 5 g of glucose to:

reduce the preoperative fasting period, as well
as feelings of hunger and thirst;
alleviate preoperative anxiety;

Table 1. Multimodal anesthesia scheme for patients with type III—IV Paraesophageal hernias

Time of administration, duration Drug Dosage, route of administration
Atropine 0.5—1.0 mg intramuscularly

30—45 min before surgery Dimedrol 10 mg intramuscularly
Acetaminophen 1000 mg IV over 15 min

20 min before tracheal intubation Dexamethasone 8 mg intravenously

After tracheal intubation to the first incision Bupivacaine 0.25 % 10—30 ml local infiltration anesthesia

During surgery Sevoflurane Inhalation, 1 L/min

20—30 min before the end of surgery Acetaminophen 1000 mg intravenously

After surgery

1st—3rd day Acetaminophen 1000 mg intravenously 4 times daily

1st—3rd day Dexketoprofen 50 mg intravenously as needed

5 days Diclofenac 50—100 mg once daily rectally

1st—2nd day (for high-intensity pain) Nalbuphine 10—20 mg intravenously
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decrease the risk of postoperative insulin re-
sistance;

avoid anesthesia-related risks (regurgitation),
as this amount of liquid completely leaves the stom-
ach within 2 hours;

enhance the anabolic effect in the early post-
operative period by reducing postoperative nitro-
gen loss and protein depletion, as well as maintain-
ing postoperative body weight and muscle function.

In the early postoperative period, 2 hours after ex-

tubation, the patient begins to drink water, and after
6 hours, postoperative sipping is initiated (the patient
was given a protein mixture of 125 ml). This mixture
is high in protein — 18 g per 125 ml — and has a high
caloric value of 306 kcal per 125 ml. It also contains
vitamins and trace elements (including selenium,
chromium, etc.), is fiber-free, and is gluten-free.

Criteria for evaluating treatment outcomes

The effectiveness of ERAS protocol implementa-
tion was evaluated based on the average length of
hospital stay and the total score according to the
Clavien-Dindo classification, as well as feelings
of hunger, thirst, general weakness, and depres-
sion, assessed on a 10-point visual analogue scale
(0 points — «does not bother», 10 points — «bothers
significantly»). Additional factors included the fre-
quency of nausea, vomiting, abdominal distension,
gas passage, and the presence of bowel movements
on the first postoperative day.

Basic methods of mathematical statistics were
used for statistical analysis of the study results: de-
scriptive statistics and paired comparisons. Distri-
bution normality was checked for deviations using
the Shapiro-Wilk test (when n < 30) or the Pearson
chi-square test (when n > 30). For paired compari-
sons, parametric tests (Student’s t-test and Fisher’s
F-test) were applied if the distribution was normal;
if the distribution differed from normal, a non-para-
metric test (Mann-Whitney U test) was used. The
Pearson chi-square test was applied to compare fre-
quencies of qualitative variables, with a significance
level of <0.05.

For quantitative indicators, the arithmetic mean
(M) and standard deviation (£ SD) were used, and
for qualitative indicators, percentages were report-
ed. Statistical analysis was performed using IBM
SPSS Statistics 22.

Results

Patients in groups O and P did not differ statisti-
cally significantly in terms of average age, body
mass index (BMI), gender, nature, and frequency of
complaints (Table 2).
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Table 2. Characteristics of patients in groups

Comparison Main group

Indicator group (n1=18)  (n=96)
Average age, years 503119  54.1+10.1
Men 44.4% 354%
Women 55.6 % 64.6 %
BMTI, kg/m? 26.5%2.8 27.4+27
Disease duration, months 58.9+40.6 59.3+53.7
Heartburn 9(50.0%)  51(53.1%)
Chest pain 10 (55.6%) 40 (41.7%)
Belching 6(333%)  41(42.7%)
Nausea 9(50.0%)  55(57.3%)
Hoarseness 12 (66.7%)  45(46.9 %)
Cough 7(389%)  24(25.0%)
Dysphagia 5(278%)  32(33.3%)
Hiccups 2(111%)  21(21.9%)
Odynophagia 3(167%)  13(135%)
Vomiting 3(167%)  19(19.8%)
Feeling of fullness after eating 5 (27.8%) 36 (37.5%)
Weight loss 3(167%)  25(26.0%)
Shortness of breath 5(278%)  28(29.2%)

Note. All p>0.05.

One or more comorbidities were present in
124 (79.0 %) patients, including 14 (77.8 %) in group
P and 78 (81.3 %) in group O (p=10.732), (Table 3).

There were no statistically significant differences
between the study groups regarding the nature and
frequency of individual comorbidities (all p>0.05).

No statistically significant differences were also
found between the groups in instrumental study in-
dicators (Table 4).

According to intraoperative data, the mean values
of the area and width of the esophageal hiatus (EH)
were greater in patients in the main group (Table 5).

In the main group, cruroplasty was performed
in 25 (26.0 %) patients, cruroplasty reinforcement
with a mesh implant in 71 (74.0 %); Nissen fundo-
plication was performed in 79 (82.3%) patients,
and Toupet fundoplication in 17 (17.7%). In all
cases, patients in group P underwent cruroplasty
and Nissen fundoplication.

During the perioperative period, patients in
the main group had a statistically significantly
lower frequency of complications of grade I and
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Table 3. Nature and Frequency of comorbidities
in groups

Table 4. Main Indicators of endoscopic and
radiological studies

Comparison Main group

Comparison Main group

Lo group (n=18) (n=96) Lot group (n=18) (n=96)
Ischemic heart disease 9(50.0%)  41(42.7%)  Endoscopic examination
Heart failure 7(389%)  38(396%)  Esophagitis 13(722%)  58(60.4%)
I degree 5(11.4%)  28(73.7%)
ITA degree 2(186%)  10(26.3%) Erosive esophagitis, stage*® 9(50.0%)  53(55.2%)
, ) ) A 3(333%)  6(11.3%)
Heart rhythm disorders 4(222%)  34(354%) B 3(333%)  21(369%)
Hypertension 9(57.4%) 50 (52.1%) C 2(22.2%) 20 (37.7%)
I stage 3(333%)  10(20.0%) D L(111%)  6(11.3%)
Il stage 6(66.7%)  40(80.0%)  Erosive gastritis 5(27.8%)  19(19.8%)
Overweight 10(55.6%) 66 (68.8%) Duodenal ulcer 1(5.6%) 8(8.3%)
Obesity 2(11.1%)  10(10.4%)  Radiological examination
Chronic bronchitis 7(389%) 38(306%)  Reducibility
Irreducible hernia 14 (77.8%)  80(83.3%)
Chronic obstructive Partially reducible hernia 4(222%) 16 (16.7%)
pulmonary disease 2(111%)  14(14.6%) ]
Astage 1(500%)  8(57.1%)  Herniavolume
B stage 1 (500%) 6 (42.9%) Cardiofundal 11 (61.1%) 66 (68.8%)
Subtotal 7(389%) 27 (28.1%)
Feeling of fullness after eating ~ 5(27.8%) 36 (37.5%) Total gastric 0 3(1.6%)
Weight loss 3(167%) 25(260%)  Hernia
111 type 17 (94.4%) 87 (90.6%)
Shortness of breath 5(27.8%)  28(29.2%) IV type 1(5.6%) 9(9.4%)

Note. All p>0.05.

IT according to the Clavien-Dindo classification
(p=0.009), with no grade IIT or IV complications
observed in either group (Table 6).

On the first day after surgery, there was a signifi-
cant difference between the groups in several stud-
ied indicators. The application of the ERAS proto-
col improved the perioperative period. Specifically,
a statistically significant difference was found in the
assessment of such important parameters as «feel-
ing of hunger» and «feeling of weakness», which are
factors that hinder the quick restoration of patients’
quality of life after surgery and negatively impact the
duration of hospital stay. In the main group, there
was a higher proportion of patients with low scores
on these indicators and a lower proportion with high
scores (Fig. 1, 2). In this group, the average scores
for «general weakness» and «feeling of hunger» were
lower than in group P by 1.43 times (2.41 £0.67 and
3.44+1.09 points) and 1.35 times (3.13+1.3 and
4.22 +1.26 points), respectively (Table 7).

The patients in both groups also showed a sta-
tistically significant difference (p=0.001) in the
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Note. All p>0.05.
* Los Angeles classification.

Table 5. Results of intraoperative measurement of
EH parameters

EH Parameters Comparison Main group

group (n=18)  (n=96)

Area, mm? 86.8+182  956+232

’ (53—161)  (51—212)*
293+33  31.1+37

Width, mm 24_38) e
Length, mm 54.8+54 549+7.0
st (46—65) (44—74)

Note. Minimum and maximum values are shown in parentheses.
*p<0.05.

distribution of the «feeling of thirst» score. In the
main group, there was a higher proportion of pa-
tients with lows scores and a lower proportion with
high scores (Fig. 3), and the average score for this
parameter was 1.34 times lower than in group P
(1.51£0.38 and 2.11 = 0.90 points) (see Table 7).
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Table 6. Distribution of patients in study groups by
complication grade according to the Clavien-
Dindo classification [3]

O.Y. Ioffe et al.

Table 7. Comparative characteristics of survey
results on the first postoperative day in the study
groups

Comparison Main group

Comparison Main group

Complication group(n=18)  (n=96) Indicator Broupl(N=/13) (n=06)
Total 5(278%) 7(7.3%) General weakness, points 344+1.09 241+0.67*
I grade
Myocard.ial ischemig L (56%) £ (10%) Feeling of hunger, points 422+126  3.13+1.30*
episode (intraoperative)
Intraoperative episode of Feeling of thirst, points 211+090 1.51+0.38*
systolic blood pressure 1(5.6%) 2(2.0%)
drop <70 mm Hg o o/
Gas passage 10 (55.6 %) 75 (78.1%)
Bundle branch block 1(5.6%) 1(1.0%)
g Bowel movement 5(278%) 49(51.0%)
Paroxysm of atrial o o
Horellkiiom ladny 2@
11 grade Abdominal distension 3(16.7%)  2(21%)**F
Exudative pleuritis not 1(56%)  1(10%)  Nausea/vomiting 2(11.1%)  3(31%)

requiring drainage

Note. * The difference in indicators is statistically significant
(p=0.009).

3 points —

29.9% 4 points — 7.3%
1 point — 3.1%
2 points — 60.4 %

Main group

Note.* p=0.001; * p<0.05. F Fisher’s exact test.

4 points — 22.2%

5 points — 11.1%
3 points —

44.4% 6 points — 5.6%

2 points — 16.7%

Comparison group

Figure 1. Distribution of patients by general weakness score (p =0.001)

5 points — 19.8%
1 point — 9.4%

4 points — 22.9%
3 points — 16.7%
2 points — 31.3%

Main group

5 points — 27.8%

6 points —

4 points — 16.7%

22.2%
2 points — 5.6%

3 points — 27.8%

Comparison group

Figure 2. Distribution of patients by hunger score (p=0.001)

2 points —
39.6% 3 points — 7.3%
0 points — 3.1%
1 point — 50.0 %

Main group

2 points — 3 points — 27.9%

39.0%
4 points — 5.6 %
1 point — 27.4%

Comparison group

Figure 3. Distribution of patients by thirst score (p =0.001)

General Surgery 3azansnaxipypezin © 2024 ¢ Ne3 (10)

33



O.Y. Ioffe et al.

% | 781
35,6 51,0
27,8
16,7 ® Main group
91 = Comparison
i group
Gas Bowel  Abdominal
passage movement  distension

Figure 4. Frequency of indicators characterizing
bowel function recovery

The use of the ERAS protocol in patients of the
main group also had a positive impact on indicators
characterizing the recovery of bowel function. In
this group, on the first postoperative day, there was
a higher proportion of patients who experienced gas
passage — 78.1 % compared to 55.6 % (p=0.044),
bowel movement — 51.0% compared to 27.8 %
(p=0.070), and a lower proportion of patients with
abdominal distension — 2.1 % compared to 16.7 %
(p=0.027) (Fig. 4).

The positive effects of the ERAS protocol con-
tributed to a reduction in the average length of
hospital stay in the main group (1.72+0.76 days)
compared to group P (2.33+0.91 days, p=0.003).

Discussion Over the last decade, Enhanced
Recovery After Surgery (ERAS) protocols have
gained significant popularity due to their effective-
ness in optimizing treatment outcomes [18, 20].
Currently, there are 24 core elements of patient care
in the ERAS protocol, all supported by scientific
evidence. In recent years, there has been a grow-
ing body of research dedicated to the application of
ERAS protocol principles in the surgical treatment
of abdominal diseases [1, 6, 14, 15, 19, 21], but there
is a lack of data on their use in the surgical treat-
ment of paraesophageal hernias (PEH).

The success of PEH repair depends on multiple
factors (choice of access, use of mesh in cruroplasty,
method of fundoplication, surgical technique). In ad-
dition to these surgeon-dependent factors, preopera-
tive and postoperative care factors also significantly
influence treatment outcomes. Patients with PEH
often have excess body weight (in our study, the aver-
age body mass index in the main group was 27.4 +2.7
kg/m?) and a high prevalence of chronic diseases:
ischemic heart disease (42.7 %), cardiac arrhythmias
(35.4%), hypertension (52.1%), chronic bronchi-
tis (39.6 %), chronic obstructive pulmonary disease
(14.6 %), erosive esophagitis (55.2 %), erosive gastri-
tis (19.8 %), etc. This creates significant potential for
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improving outcomes by optimizing adverse factors in
PEH patients prior to elective surgery.

Our study focused on assessing the effectiveness
of ERAS strategy in the early postoperative period
despite the fact that its philosophy aims not only at
short-term goals, such as reducing hospital stay du-
ration, but also at patient recovery in the long-term
postoperative period.

To minimize the impact of open surgical access,
only patients who underwent laparoscopic surgery
were included in the study. On the first postopera-
tive day, patients treated according to the ERAS
protocol recorded significantly lower average scores
for «general weakness», «feeling of hunger», and
«feeling of thirst» (1.43, 1.35, and 1.34 times lower,
respectively) compared to patients in the control
group.

In addition, the use of the ERAS protocol had
a positive impact on the recovery of bowel function:
on the first postoperative day, the proportion of pa-
tients with gas passage was higher—78.1 % versus
55.6 %, bowel movement was observed in 51.0 % ver-
sus 27.8 %, and the proportion of patients with ab-
dominal distension was lower—2.1 % versus 16.7 %.

These positive effects of the ERAS protocol con-
tributed to a reduction in the average hospital stay
to 1.72£0.76 days compared to 2.33 +0.91 days in
the control group.

Conclusions

The use of the ERAS protocol in patients under-
going laparoscopic surgery for type III—-IV PEH
demonstrates significant advantages in the early
postoperative period, specifically with patients re-
porting significantly less «general weakness», «feel-
ing of hunger», and «feeling of thirst> compared to
the control group. Additionally, there were better
indicators of bowel function recovery, as evidenced
by a higher proportion of patients with gas passage
and bowel movement and a significantly lower pro-
portion of patients with abdominal distension.

The positive effects of the ERAS protocol con-
tributed to a reduced average hospital stay.

The results obtained confirm the feasibility of
implementing the ERAS protocol to improve post-
operative recovery and reduce postoperative com-
plications in patients with type III—IV PEH.
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EdexrusHicTb crparerii ERAS y xBopux
3 rmapae3odareabHUMU rprkamu [HI—IV tuny

0.10. Iodpde, O.1II. Crenenko, JI. 0. Mapky:an, T. A. Tapacos

Hamionampanit mepnanamii yaisepceureT iMeri O. O. Boromoubirst, Kuis

ERAS (Enhanced Recovery After Surgery)-IpOTOKOIU JOBEIN €(PEKTUBHICTD Y 6AraThOX XipypriyHUX CHEIia/lb-
HOCTSIX, aJi€ 1i He 6yJ10 OLIIHEHO [T XBOPUX 3 Hapae3odareanbHuMu rprkamu (T1ED).

MeTa — BU3HAYUTH €(PEKTUBHICTD cTpaTerii ERAS y xBopux i3 TTIET III—IV TuIly, AKUM NPOBEAECHO JIAIIAPOCKO-
IIiYHE BTPYYaHHI.

Marepiaau Ta METOIH. [JOCI/PKEHHS IPOBEACHO HA 6a3aX KaeapH 3araibHOI Xipyprii Ne 2 HarjionaasHOro
MeIUYHOro yHiBepcurety imeni O.O. boromornbig B 2017—2023 pp. i3 3arydeHHAM 114 XBOPUX, AKUM OYJIO
BUKOHAHO JIATTAPOCKOTIYHY FepHIOMIaCTUKyY 3 rpuoy [TEL [II—IV Tumy. V 96 XBOPUX 3aCTOCYBATTH CTpATE-
rito ERAS (ocnosna rpyma — rpyna O)), y 18 — ne 3acTocoByBIM (Irpyna nopisHaHHA — rpyna I1)). Oninky
€(PEKTUBHOCT] BIIPOBAPKEHHS ERAS-IPOTOKOIY IPOBOIWIM 34 CEPEAHIMH 3HAYEHHAMU JIDKKO-/IHS, BITUYTTIM
T'OJIO/LY, CIIPAT'H, 3T UIbHOI CJIAOKOCT], Jieripecii 3a 10-0a1bHOIO Bi3ya/IbHOIO aHAJIOIOBOIO MIKAION (0 6a/1iB — «HE
TypOye», 10 6asiB — «CUJIBHO TYpOye»), 4aCTOTOIO HYAOTH, OJIOBAHHS, 31y TTs ’KUBOTA, BI/IXO/PKECHHS I'a3iB, HASIB-
HiCTIO BUIIOPOKHEHHSI B IIEPITY JOOY MiC/Is1 OIIepartii.

PesyabraTn. B rpyni O 3apeecTpyBaiv cEPEHi 6T 34 MOKA3HUKAMH «3arAJIbHA CIAOKICTD>, «BiZfdyTTs I'OIO-
Jy» TA «BiJUyTTA CIIPArv», AKi 6y/I1 BiANOBiIHO B 1,43, 1,35 Ta 1,34 pasy MEHIIMMU ITOPiBHAHO 3 TAKUMH B I'DYIT
IT. 3acrocyBanHs1 ERAS-IIpOTOKOJTY IO3UTHBHO BIUIMHYJIO HA Bi/JHOBJIECHHS (DYHKI1iM KUIIICYHUKA: B IIEPIILY JOOY
TTiCIIST OTIepartii YaCTKA MAIEHTIB i3 BIIXO/PKEHHSIM Ta3iB 6ys1a 611100, Hixk y rpymi I1 (78,1 ta 55,6 % Bifnnosif-
HO), 2 YACTKA MAIEHTIB 31 34yTTAM )KUBOTA — MEHIIOIO (2,1 1 16,7 %), BUTOPOXKHEHHSI KHUINEYHHUKA 3ADiKCyBaAIN
B 51,0 T2 27,8 % nanienTis BignosigHo. Li mO3uTHBHI e(PEKTH BUKOPUCTAHHA ERAS-TIPOTOKOIY CIIPUAIN CKOPO-
YEHHIO CEPEIHBOIO TEPMiHy IIepeOyBaHHsT B crarionapi 1o (1,72+0,76) po6u nopiBusHO 3 (2,33+0,91) nobu
Y KOHTPOJIbHIN I'PYIIi.

BucHOBKH. 3acTOCYBaHHA ERAS-IIPOTOKOITY B MAIIE€HTIB, AKUM BUKOHYBAJIM JIAIIAPOCKOITIYHI Onepartii 3 mpu-
Bogy IIEI Tury II—IV, NpoAeMOHCTPYBAIO 3HAYHI IIEPEBAIY B PAHHINA MiCA0NEepaLiiHui niepioz. IanienTn
BiZJI3HAYWIN 3HAYHO MEHIIIEC «3aI'd/IbHOI CJIAOKOCTI», «BIAYYTTS I'OJIOAY> T «BifUyTTs CIIPAI'H» IIOPIBHAHO 3 KOHT-
POJIBHOIO I'PYHOIO. 3aPEECTPOBAHO KPAallli IIOKA3HUKY BiIHOBJICHHS (DYHKIIIM KUIICYHHKA, IIPO LIO CBiA4MIa
OUIbIIA YACTKA ITALIEHTIB i3 BiIXOLKEHHAM I'a3iB i BUIIOPOXKHEHHAM KHIICYHHUKA Td 3HAYHO MEHIIA 4aCTKA
MALEHTIB 3i 3AYyTTAM )KUBOTA, 4 TAKOK 3MEHIIIEHHA CEPEJHBOI TPUBATIOCTI IIepebyBaHHA B CTallioHapi. OTpuMaHi
PE3YIBIATU i TBEP/PKYIOTH JOLUIbHICT BIIPOBALKEHHA ERAS-IIPOTOKOJTY [U1s HOJIIIIEHHS Bi/THOBJICHHS ITiC/I
omnepailii Ta 3SMEHIIECHHS MiC/IONePaiMHUX YCKIQJHEHb Y manieHTis i3 IEL Tumny IIT—IV.

Kirouosi croBa: nmapaesodareanbia rpwka I—IV Tumy, Xipypriune jiKyBaHH, JalldPOCKOIIYHUH JOCTYII,
ERAS-IIPOTOKOJL, PE3Y/IBIATH.
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According to the European Hernia Society (EHS) and the Hernia Surge Group (HSG), males with inguinal pain
syndrome make up the majority of candidates for planned inguinal hernia surgeries. Chronic groin pain in the
preoperative stage typically has a negative impact on such patients’ functional activity and quality of life. It is
therefore considered a significant indication for planned surgery. According to recent research, appropriate
functional outcomes, such as improved physical activity and patient quality of life, are as important as an accu-
rate anatomical restoration of the inguinal region after planned inguinal hernia surgery.

OBJECTIVE — to assess the severity of preoperative inguinal pain syndrome, functional activity, and quality of life
in male patients with inguinal hernias.

MATERIALS AND METHODS. The study focuses on the preoperative clinical examination of 50 patients (males)
with primary unilateral inguinal hernias. The patients were treated in the surgical department of the State Sci-
entific Institution «Centre for Innovative Medical Technologies of the National Academy of Sciences of Ukraine»
between 2018 and 2024. A questionnaire method was employed to assess the functional activity, quality of life,
and severity of pain syndrome in patients before surgery. This method involved the use of the modified Carolinas
Comfort Scale (MCCS), the European Questionnaire for the Assessment of Quality of Life (EQ-5D-3L), and the
Visual Analogue Scale (VAS).

REesuLrs. The average pain severity index on the VAS was 2.1+0.9 points. The MCCS was used to assess patients’
functional activity, resulting in an average total score of 33.7+12.1 points, which corresponded to 44.9 %, clas-
sifying the patients as «not satisfied» in the clinical group. The EQ-5D-3L descriptive system was used to assess
patients’ quality of life. We found that 30% reported moderate mobility limitations, 18 % reported moderate
self-care issues, and 34 % reported limitations in their daily activities. 24 % of patients exhibited moderate anxiety
or depression-related symptoms. At the same time, all patients noted the presence of pain syndrome, with 76 %
experiencing moderate pain and 24 % suffering severe pain.

ConcrLusions. The «symptomatic» group of males with inguinal hernias exhibits a high level of local pain syn-
drome in the area of the hernia protrusion (2.1 0.9 on the VAS, and 24 % of patients reported a significant degree
of pain severity before planned surgical intervention (> 3 points) according to the EQ-5D-3L system). In the vast
majority of cases, it significantly impairs their functional activity and quality of life (66 % of patients are not satis-
fied with their quality of life (32.4+5.6 points on the MCCS)). Effective local pain management is an important
objective in the planned surgical treatment of inguinal hernias. This necessitates further investigation into surgi-
cal technique selection and procedure adjustments.
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inguinal hernia, quality of life, chronic pain, functional status.
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According to the most recent data from the Eu- predominant group. A wait-and-see strategy may
ropean Hernia Society (EHS) and Hernia Surge be appropriate for only one-third of the individu-
Group (HSG), the majority of patients who re- als who have a «minimally symptomatic» or asymp-
quire planned surgical intervention for inguinal tomatic progression of the disease [12]. At the same
hernias experience symptoms, with men being the time, the presence of pain syndrome in the area of
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the hernia protrusion is one of the primary reasons
patients seek medical assistance, as well as the indi-
cation for planned surgical intervention. The onset
of pronounced local pain indicates a higher risk of
an incarcerated hernia, which increases the inci-
dence of perioperative complications and reduces
the effectiveness of surgical therapy [4, 14].

It should be noted that persistent groin pain at
the preoperative stage negatively impacts the func-
tional activity and quality of life for a specific group
of patients. This serves as a compelling reason to
proceed with planned surgery [2, 6].

The severity of preoperative pain is one of the im-
portant starting «points of reference», which serves
as an original marker of the specified indicator’s
perioperative dynamics. It provides a more objec-
tive assessment of the effectiveness and quality of
surgical treatment for inguinal hernias. Further-
more, it facilitates the comparison of various surgi-
cal techniques and modifications, thereby optimis-
ing their selection [10].

Modern perspectives on the outcomes of planned
inguinal hernia reconstruction emphasise not only
the reliability of morphological abdominal wall re-
construction in preventing hernia incarceration but
also the importance of achieving adequate func-
tional outcomes. This, in turn, becomes practically
impossible without eliminating or significantly re-
ducing the severity of preoperative inguinal pain
syndrome, as well as improving related markers of
physical activity and quality of life in patients after
surgical treatment [8].

Nevertheless, this task remains unsolved at present.

Given the foregoing, preoperative assessment
of inguinal pain syndrome, functional activity, and
quality of life in the described patient population is
unquestionably significant and relevant.

OBJECTIVE —to assess the severity of preoperative
inguinal pain syndrome, functional activity, and
quality of life in male patients with inguinal hernias.

Materials and methods

The study focuses on the preoperative clinical ex-
amination of 50 patients (males) with primary uni-
lateral inguinal hernias. The patients were treated in
the surgical department of the State Scientific Insti-
tution «Centre for Innovative Medical Technologies
of the National Academy of Sciences of Ukraine»
between 2018 and 2024. This study was carried out
in compliance with all measures to ensure safety for
the health of patients, respect for their rights, human
dignity, and moral and ethical norms (minutes of the
meeting of the committee on the ethics of scientific
research No3 dated 09/21,/2023).
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The study’s inclusion criteria were as follows:
male sex, primary unilateral inguinal hernias with
a symptomatic course, the absence of indications
and the need for simultaneous surgical interven-
tions on the abdominal cavity and/or the abdomi-
nal wall organs, and the patient’s informed consent
to participate in the study.

The study’s exclusion criteria were as follows:
women, patients with recurrent and bilateral ingui-
nal hernias, patients requiring simultaneous surgi-
cal interventions on the abdominal cavity and/or
the abdominal wall organs, patients with a history
of radiation therapy to the area of the small pelvis,
patients with hypogastric sensitivity disorders of
any etiology, patients with severe concomitant car-
diovascular, renal, or other systemic pathologies,
and patients who did not give written consent to
participate in the study.

All study participants underwent a thorough
examination during the preoperative phase, which
included anamnesis, survey administration, and
a range of physical, clinical, laboratory, and instru-
mental procedures.

The anamnesis data collection process necessi-
tated documentation of each individual patient’s
disease course. It included a mandatory description
of inguinal hernia symptoms and their severity, the
presence of an incarcerated hernia in the anamnesis,
and the exclusion of criteria that would prevent the
patient from participating in the study.

The physical examination included a comprehen-
sive assessment and palpation of the patient’s ingui-
nal areas and the pubic symphysis area in both ver-
tical and horizontal positions while at rest, as well
as during straining. We also conducted a bilateral
adductor test and elicited the cough impulse.

The mandatory laboratory tests included a com-
plete blood count, a comprehensive urinalysis, a bio-
chemical blood analysis (total protein, albumin,
total bilirubin and its fractions, ALT, AST, urea,
creatinine, glucose, C-reactive protein), a coagulo-
gram (prothrombin index, prothrombin time, inter-
national normalised ratio, fibrinogen), a determina-
tion of blood group and Rhesus factor, a Wasserman
reaction, and a blood test for viral hepatitis B and
C markers (HbSAg, anti-HCVAg IgM and IgG).

A dynamic ultrasound examination of the in-
guinal areas, as well as the Valsalva test, were per-
formed on the patients in both horizontal and ver-
tical positions to identify the presence of a hernia,
which is common in professional athletes.

The ultrasound criteria used to diagnose a hernia
in professional athletes were protrusion of the pos-
terior wall of the inguinal canal and an increase in
the height of the inguinal space.
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We performed pelvic magnetic resonance imag-
ing (MRI) to address controversial physical and
ultrasound signs of a hernia, which is common in
professional athletes, and to conduct a thorough
differential diagnosis of potential causes of groin
pain (adductor muscle syndrome, pubic osteitis, hip
joint pathology, etc.).

The diagnostically relevant MRI criteria for
a hernia that is commonly found in professional ath-
letes included:

amplification of the MR signal from the upper
branch of the pubic bone, along with signs of increased
hydrophilicity in the inguinal canal structures;

enhancement of the MR signal originating
from the inguinal canal;

increase in the height of the inguinal space
(secondary criterion).

During the preoperative period, patients’ pain
syndrome at rest was assessed using the Visual Ana-
logue Scale (VAS). The results were evaluated on
a 10-point scale (0—10), with 0 indicating no pain
and 10 indicating extremely severe pain.

Preoperative functional activity was assessed us-
ing an eight-question modified Carolinas Comfort
Scale (MCCS) questionnaire. Each question inde-
pendently assessed pain syndrome during physical
exertion and at rest, as well as mobility limitation
during physical exertion (with the exception of one
question, which only assessed pain syndrome). The
absence of a question about the subjective experi-
ence of having a mesh implant set this question-
naire apart from the standard Carolinas Comfort
Scale (CCS) questionnaire. The MCCS question-
naire included five-point ratings for each question.
The minimum score for each question is 0 points,
indicating the absence of pain syndrome or mobility
limitation during physical exertion. The maximum
score is 5 points, representing extremely severe pain
syndrome or mobility limitation during physical
exertion. The minimum score for each question is
0 points, and the maximum score is 10 points (ex-
cept for one question, where the maximum score is 5
points). Assessed questions: pain while lying down,
pain and mobility limitation when bending forward,
pain and mobility limitation while sitting, pain and
mobility limitation during regular daily activities
(e.g., getting out of bed, bathing, and dressing), pain
and mobility limitation during coughing, sneezing,
and deep breathing, pain and mobility limitation
while walking or standing, pain and mobility limi-
tation when climbing or descending stairs, pain and
mobility limitation during physical exercises unre-
lated to the primary job. The total score was calcu-
lated by adding the scores from each of the eight
questions, which could range from 0 to 75 points.
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All scores obtained were converted into percentag-
es of the maximum possible score for the question-
naire. To simplify further analysis and the formation
of clinical groups based on the level of satisfaction
with functional results, the MCCS scores were
stratified by symptoms severity. Patients were clas-
sified into four groups: very satisfied (J 5 %), gener-
ally satisfied (> 5% <30 %), not satisfied (> 30 %
<60 %), and very dissatisfied (> 60 %).

An assessment of the quality of life of patients
with inguinal hernias was conducted prior to sur-
gery using the European Questionnaire for the As-
sessment of Quality of Life (EQ-5D-3L), which
consists of five questions. The findings of the EQ-
5D-3L system were assessed on a question-by-
question basis, with each question being assigned
a score ranging from 1 to 3. A score of 1 indicated
the absence of any complaints, a score of 2 indicated
the presence of specific complaints, and a score of
3 indicated the presence of pronounced complaints.
The following criteria were assessed: mobility, self-
care, daily activities, pain or discomfort, and anxi-
ety or depression.

Statistical analysis

We statistically processed the data using several
variational and descriptive statistics approaches,
along with the additional statistical analysis tool
SPSS Statistics: An IBM Company, Version 23. The
study includes descriptive statistics indicators such
as the mean (M) and standard deviation (SD) for
normal distribution, as well as the Pearson correla-
tion coefficient (rxy).

Results

The age range of the patients in the study was 20 to
85 years. The average age was 62.1 £ 15.1 years.

The pain severity throughout the preoperative
period was measured by the VAS, with an average
value of 2.1 £0.9 points.

At the preoperative stage, the MCCS descriptive
system was used to assess patients’ functional activ-
ity, resulting in an average total score of 33.7 +12.1
points, which corresponded to 44.9 %, classifying the
patients as «not satisfied» in the clinical group (>
30 % <60 %). The lowest score was 15 points, and
the highest was 66. In a more detailed breakdown
by group, 9 patients (18 %) with an average score of
19.2 £ 2.2 points were included in the «generally sat-
isfied» category (> 5% <30 %), which corresponded
to an average of 25.6 %; 33 patients (66 %) with an
average score of 32.4+ 5.6 points fell into the «not
satisfied» category (> 30% <60 %), which corre-
sponded to an average of 43.2 %; 8 patients (16 %)
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Table 1. Characteristics of functional activity of
patients at the preoperative stage based on data
from MCCS questionnaire

Patient satisfaction =~ Number of patients Average score
Very satisfied 0 -
Generally satisfied 9 (18 %) 19.2£2.2
Not satisfied 33 (66 %) 324+5.6
Very dissatisfied 8(16%) 55.5+6.9
Total 50 337121

with an average score of 55.5 £ 6.9 points fell into the
«very dissatisfied» category, which corresponded
to an average of 75.0 %. None of the patients in the
study reported being «very satisfied» (<5 %).

Characteristics of functional activity of patients
at the preoperative stage based on data from MCCS
questionnaire are presented in Table 1.

The EQ-5D-3L descriptive system was used to
assess patients’ quality of life. We found that 15
patients (30 %) reported moderate mobility limita-
tions, while the rest of the patients did not report
any mobility limitations. 9 patients (18 %) reported
moderate self-care issues, while the remaining pa-
tients did not report any difficulties in self-care. 17
patients (34 %) reported limitations in their daily
activities, while only one patient (2 %) complained
about the complete impossibility of doing daily rou-
tine tasks. All patients noted the presence of pain
syndrome, with 38 patients (76 %) experiencing
moderate pain and 12 patients (24 %) suffering se-
vere pain. 12 patients (24 %) exhibited moderate
anxiety or depression-related symptoms, whereas
severe symptoms were observed in 2 patients (4 %).

Characteristics of patients’ quality of life at the
preoperative stage based on data from the EQ-5D-
3L questionnaire are presented in Table 2.

The methodological aspects of administering the
survey were consistent for all patients. We provided
each participant with the same explanations and de-
tailed instructions on how to complete each of the
questionnaires.

Discussion

According to current research and recommenda-
tions, all individuals with symptomatic inguinal
hernias should undergo scheduled surgical treat-
ment. Emergency surgeries for incarcerated hernias
are associated with increased risks of intra- and
postoperative complications, higher mortality rates,
and a significant increase in economic costs [1, 3].

At the same time, it is worth noting that, even
in the absence of complications, a considerable per-
centage of patients with inguinal hernias experience
a severe limitation of functional activity, as well as
a deterioration in quality of life [2].

Modern herniology has advanced significantly,
particularly in terms of optimising candidate selec-
tion for surgery, actively implementing minimally
invasive surgical interventions, and modern ap-
proaches to perioperative management and patient
rehabilitation. It allowed for significant progress
in improving patients’ quality of life and restoring
functional activity after surgery.

It has become a compelling argument for expand-
ing the indications for planned surgical procedures
for inguinal hernia.

This study included anamnesis, instrumental
studies, and a survey to assess quality of life, func-
tional activity, and preoperative inguinal pain syn-
drome in males with inguinal hernias. We used the
VAS, EQ-5D-3L, and MCCS questionnaires.

The original version of the CCS questionnaire
was designed to assess the quality of life in postop-
erative patients who underwent anterior abdominal
wall hernia repair. Since this scale is well validated
for the targeted patient population, it is regarded
as the preferred tool for assessing quality of life and
has advantages over the traditional SF36 question-
naire, which is not specific [13]. In our study, we
employed a modified version of the questionnaire
to assess patients’ quality of life during the preop-
erative period. The study found that most patients
were not satisfied with their quality of life and func-
tional capacities (32.4 £ 5.6 points).

According to the preliminary summary of the
survey data, the pain syndrome was shown to be the
most important factor affecting patients’ quality of

Table 2. Characteristics of patients’ quality of life at the preoperative stage based on data from

EQ-5D-3L questionnaire (n = 50)

Score Mobility Self-care Daily activities Pain/Discomfort Anxiety/Depression
1 35 (70 %) 41(82%) 32 (64%) 0 36 (72%)
2 15 (30 %) 9(18%) 17 (34%) 38 (76 %) 12 (24%)
3 0 0 1(2%) 12 (24%) 2(4%)
40 General Surgery 3acansraxipypeia ¢ 2024 ¢ Ne3 (10)



life and functional activity during the preoperative
period. Such findings were obtained during the sur-
vey using the EQ-5D-3L questionnaire. This ques-
tionnaire was chosen based on research indicating
that it has higher construct validity and sensitivity
in patients with chronic pain than the SF36 [9]. As
a result, to some extent, all study patients report-
ed having inguinal pain syndrome, the severity of
which, when compared to the findings of the MCCS
and VAS questionnaires, had a direct correlation
with the patients’ quality of life (rxy =0.81 for the
MCCS questionnaire).

The accurate identification of the etiology and
nature of the pain syndrome in patients with ingui-
nal hernias is an important component in predict-
ing the development of chronic inguinal pain and,
as a result, the quality of life of these patients in the
postoperative period. This is supported by data from
Forester et al.’s 2021 multivariate regression analy-
sis of 960 individuals who underwent inguinal her-
nia repair [5]. The study conducted by Romain et al.
in 2022 yielded comparable results, where 36.5 % of
patients with chronic postoperative groin pain were
diagnosed with pain syndrome persistence prior to
surgery [11].

Thus, the results obtained during the study pa-
tient analysis were generally comparable to the data
of foreign authors [7].

Conclusions

The «symptomatic» group of males with inguinal
hernias exhibits a high level of local pain syndrome
in the area of the hernia protrusion (2.1 =0.9 on the
VAS, and 24 % of patients reported a significant de-
gree of pain severity before planned surgical inter-
vention (>3 points) according to the EQ-5D-3L
system). In the vast majority of cases, it signifi-
cantly impairs their functional activity and quality
of life (66 % of patients are not satisfied with their
quality of life (32.4 = 5.6 points on the MCCYS)).

Effective local pain management is an important
objective in the planned surgical treatment of ingui-
nal hernias. This necessitates further investigation
into surgical technique selection and procedure ad-
justments.

Prospects for further research

Further randomised clinical trials are required to
determine the impact of preoperative inguinal pain
syndrome on the development of chronic inguinal
pain, as well as the dynamics of quality of life and
functional activity in patients with inguinal hernias.
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BupasHicth 607160BOTO CUHAPOMY, PYHKILIOHAIbHA AKTUBHICTD
TA AKICTH JKUTTS YOJIOBIKiB 13 IAXBUHHUMU I'PUKAMU

B JOOIIEPAIITHHUH I1EPIO]

A. B. Tporg

JIHY «llentp innoBamiitnux mepnunux texuosoriiit HAH Yxpainny, Kuis

3a nanumu European Hernia Society (EHS) Ta Hernia Surge Group (HSG), cepen kKaHy/1aTiB Ha IUIAHOBi onepa-
il 3 IPUBO/Y ITAXBUHHUX I'PIDK JJOMIHYIOTB YOJIOBiKU i3 O0JIBOBUM CUH/IPOMOM VY IAXBUHHIN JUIIHILL. XpPOHIY-
HUH ITAXBUHHUN 61/1b HA JOONIEPALIFHOMY €Talli 3a3BUYail HEI'ATHBHO BIUIMBAE HA (DYHKI[iIOHAJIBHY AKTUBHICTb
i IKICTB SKUTTS MALLIEHTIB, IO € BAKIMBUM APT'YMEHTOM Ha KOPHUCTD IUIAHOBOI OIlepaliil. 3a Cy4aCHUMU YSIBJICH-
HSIMH, JJOCTHCHHS 33J0BUIbHUX (DYHKI[IOHAJIBHUX PE3Y/BTATiB (TTOJIIIIEHHS ITOKA3HUKIB (Pi3UYHOT aKTHBHOC-
Ti) Ta AKOCTI JKUTTA MALLIEHTIB MiC/IA IUIAHOBOI XipyPrii HAXBUHHUX I'PYK € TAKUM CAMUM BAKIMBUM €JIEMEHTOM,
AK 1 HAIAHICTD aHATOMIYHOI PEKOHCTPYKILT TAXBUHHO] JUTAHKH.

MeTa — NPOBECTH OLHKY JOONEPALIHOIO IMMAXBUHHOI'O 60JIbOBOIO CUHAPOMY, (PYHKIIIOHAIBHOI AKTUBHOCTI
Ta AKOCTI YKUTTS YOJIOBIKIB i3 MAXBUHHUMU I'PIDKAMU.

Marepianu Ta MEeTOH. [IpOaHATI30BAHO PE3Y/IBIATH JOONEPALIHHOIO KIHIYHOIO OOCTEXEHHS 50 MallieHTiB
(9OMNOBIKiB) 3 NEPBUHHHUMHU OJHOOIYHUMU MAXBUHHUMU I'PIKAMU, IO IEPEOYBA/IN HA JTIKYBAHHI B XipypIridHOMY
BifiIeHHi JlepkaBHOT HAyKOBOI yCTAHOBH «LIeHTp iHHOBALIIMHUX MEANYHUX TeXHOIorii HAH YKpainwu»> y riepio
i3 2018 1o 2024 p. [l OLIiHKY (DYHKIIOHAIBHOI aKTUBHOCTI, SIKOCT{ KUTTS Td OOJIbOBOIO CHHIPOMY Ha JOOIEPa-
LIIHOMY €TaIli 31CTOCOBYBAJIN AaHKETYBAHH: i3 BUKOpUCTaHHAM modified Carolinas comfort scale (MCCS), €spo-
IIEMCHKOI'O OIUTYBAIbHUKA OLIIHKK AKOCTI KUTTA (EQ-5D-3L) Ta BidyasIbHOI aHATIOrOBOI KA (BAILL).

Pesynabrati. Cepe/iHill NOKA3HUK BUPA3HOCTI 60IBOBOTO cuHApomy 32 BAI cranosus (2,1+0,9) 6ana. Ilpu
OLiHIIi (DYHKIIIOHAJIBHOI aKTUBHOCT] NariienTiB 32 MCCS cepenilt cymapHU 641 CTAaHOBUB 33,7 £ 12,1, o npu
IEPEPAXYHKY CTAHOBWIO B cepeHbOMY 44,9 9% Ta BiIIOBIAAIO KIIHIYHIN I'PYIIi TALIIEHTIB «HE 330BOJICHI>. [Tpnu
OILiHIIi SIKOCTi >KUTTA naiieHTiB 32 EQ-5D-3L nnomipHe 0OMEXEHHsI MOOUIBbHOCTI BiigHaumiu 30 % maijieHTiB,
MOMIpPHi TPYAHOIIi NPH JOIIAAL 34 CO60I0 — 18 9%, OOMEXKEHHA MPH 3AHATTAX MOBCAKACHHOIO JiSJIBHICTIO —
34 %. ITomipHUI PiBEHb TPUBOI'U YU JCIIPECUBHUX O3HAK BUABJICHO B 24 % IALIIEHTIB. YCi HALIIEHTH BiI3HAYAIN
HASIBHICTB 6GOIBOBOTO CHH/IPOMY, 30KPEMA MMOMipHUIT 6116 — 76 %, a BUpasuuii — 24 %.

BHCHOBKH. «CUMIITOMHA» I'DYIIA YOJIOBIKIB i3 HAXBUHHUMU I'PUKAMU O BUKOHAHHSA IVIAHOBOI'O OIIEPATUBHO-
I'O BTPYYAHHA XAPAKTEPUSYETHCA 3HAYYIIIUM PiBHEM JIOKATIBHOTO OOJIBOBOIO CUHAPOMY B JIUIAHII TPHUKEBOTO
BUNMMHAHHA (2,1+0,9 32 BAII Ta, BignosigHo, 24 % mnanieHTiB (> 3 6aniB) 3a EQ-5D-3L)), mo B 6LIBMIOCTI 3
HUX CYTTEBO 3HIKYE (DYHKIIOHATBHY AKTUBHICTb 1 SIKICT JKUTTsT (66 % MALIEHTIB HE 3aJOBOJICHI SIKICTIO JKUTTS
((32,4£5,6) 6ama 3a MCCS)). KopexkItist JOKaTbHOTO GO0 € BAKIMBUM 3aBIAHHIM ITAHOBOTO XipypPrivHOTO
JHKYBAHHA MAXBUHHUX I'PIEK, MO HOTPEOYE MOIIYKY Ta ONITUMIi3ariii BHOOPY METOAUK i MOAUDIKALIN ONepariii.

Ki1ro9oBi cJ10Ba: MIaXBUHHA I'PIDKA, SKICTh KUTTS, XPOHIYHUH 61/1b, (PYHKIIIOHAJIBHHUHI CTATYC.
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Bronchoalveolar lavage (BAL) is a widely used technique to collect immune cells from the lungs, with alveolar
macrophages (AMs) being the most prevalent cells in BAL fluid. AMs are vital for maintaining lung homeostasis
and providing immune defence against airborne pathogens. However, in murine models, BAL procedures usu-
ally yield low numbers of AMs, thus limiting experimental design, especially when high cell counts are needed.
OBJECTIVE — to optimise BAL techniques in mice to maximise AM recovery.

MATERIALS AND METHODS. Young and older BALB/c mice were used in the study. Bronchoalveolar lavage was
performed following the method of Luckow and Lehmann (2021) with modifications. Statistical analysis was
done using the Mann-Whitney U test, with a significance level set at p <0.05.

REesurts. Female BALB/c mice of different ages were chosen due to the frequency of their use as models of pul-
monary diseases. A simplified method described by Luckow and Lehmann (2021), which avoids tracheotomy by
using peroral cannula insertion, was employed. The protocol was modified by securing the cannula with a liga-
ture to prevent BAL fluid leakage in older mice. To reduce mechanical stress on alveoli, a buffer volume of 0.6
mL was used, and the study compared two buffer variants: one at room temperature without EDTA, and another
heated to 37°C with EDTA. The pre-heated buffer with EDTA significantly increased BAL cell yields in all mice
groups, confirming the importance of these optimisations for higher cell recovery.

Concrusions. Our modified bronchoalveolar lavage protocol includes securing the trachea with a ligature to
prevent BAL fluid leakage, reducing lavage volume to 0.6 mL to minimise lung damage, and using a 37°C solution
with EDTA for improved AM recovery rates. Further studies are needed to explore the significance of other buffer
components for BAL protocol optimisation, the possible age-related differences in AM isolation in male BALB/c
mice, and the strain-specific features of the BAL technique.

KEYWORDS
bronchoalveolar lavage, alveolar macrophages, aging.
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Bronchoalveolar lavage (BAL) is used to isolate im-  this population of macrophages is important for the
mune cells and soluble substances from the lungs protection of the host from airborne pathogens. They
[4]. Under normal conditions, alveolar macrophages can recognise pathogens and destroy them through
(AMs) are the predominant cell type collected in  phagocytosis, as well as provide the necessary stim-
BALfluid [27]. In addition to homeostatic functions, uli to engage adaptive immunity in a fight against in-
i.e., removal of lung surfactant and cellular debris, fection [16]. In light of the aforementioned, research
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on AMs is vital for improving host resistance to
infections spread by aerosol transmission, includ-
ing emerging virus variants with epidemic and pan-
demic potential, such as SARS-CoV-2 [7], as well as
research on the role these cells play in the pathogen-
esis of non-infectious lung diseases [19].

Mice are commonly used in laboratories because
they are easy to handle and care for, share a high
degree of similarity with humans, and reproduce
quickly [2]. Animal models, including murine ones,
are the pillar of pulmonary research since they re-
produce the numerous complex physiological pro-
cesses, multiorgan interplay, and disease pheno-
types. Murine models are widely used for preclinical
experiments concerning emerging infectious diseas-
es, asthma, chronic obstructive pulmonary diseases,
lung cancer, etc. [25]. Pulmonary macrophages, in-
cluding AMs, are the principal object in such mod-
els. In these experiments, mice’s age is one of the
crucially important factors, on which depends the
translational potential of the experimental study
[9]. Animal sex also plays a crucial role, especially in
studies that focus on immune reactivity and consid-
er sex-dependent characteristics of immunity [6].
All of these factors require the incorporation of cell
isolation techniques in the study design, consider-
ing animal age and sex characteristics.

BAL usually yields a relatively low number
of AMs per mouse, often less than 1-10° [15, 28],
which may significantly limit experimental design.
Using more mice to address this issue contradicts
the «4Rs» principle of animal research, which man-
dates limiting the animal count to the bare mini-
mum required for dependable data [11].

OBJECTIVE — to optimise the BAL technique in
mice to maximise the collection of AMs.

Materials and methods

Ethical statement. Young (6 —12wecksold) BALB/c
mice of both sexes and older (8—10 months old) fe-
male BALB/c mice were used in experiments. Ani-
mals were euthanised by injecting an overdose of
anesthetic (sodium thiopental 200 mg/kg) into the
peritoneal cavity. The animal procedures received
approval from the Bioethics Committee of the Edu-
cational and Scientific Centre «Institute of Biology
and Medicine» at Taras Shevchenko National Uni-
versity of Kyiv.

Bronchoalveolar lavage. The method recently
described by Luckow and Lehmann (2021) was
used with modifications [14]. Briefly, the skin on
the ventral side of the neck is disinfected using eth-
anol, and an incision is made with scissors to reveal
the salivary glands that lie over the trachea. The
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salivary glands are carefully removed with forceps
to expose the trachea. A 1 ml syringe filled with buf-
fer is attached to a rigid straight 23G olive tip can-
nula (JO156A; Jorgensen Laboratories, LLC, USA).
The olive on the tip is polished and smooth, free
from sharp edges. The syringe with the cannula is
then inserted through the mouth directly into the
trachea, ensuring that the esophagus is not entered.
Once the cannula is correctly positioned, it is tied
by ligature placed posterior to the olive tip. Then,
0.6 ml of lavaging solution (saline warmed to 37°C
and supplemented with 2 mM EDTA) is gradually
introduced into the lungs and then slowly aspirated.
The fluid is collected in a tube after detaching the
syringe from the cannula. BAL was then repeated
3 times, with the cannula staying inside the trachea.

Statistical analysis. Mann-Whitney U test was
used for comparisons between groups. The signifi-
cance level was set at p<0.05.

Results and discussion

The BALB/c strain was chosen for these experi-
ments due to its common use in preclinical models
of pulmonary diseases [25]. Additionally, we have
used female mice of different ages considering their
frequent use in models of chronic obstructive pul-
monary disease and asthma — diseases with sex-
dependent prevalence [10, 18].

The majority of the described BAL methods in-
volve performing a tracheotomy with the subsequent
insertion of a cannula into the trachea [4]. The can-
nula is also fixed with a surgical knot to prevent it
from sliding out of the trachea and reduce leakage of
BAL fluid. Due to the small size of mice, this proce-
dure is quite complex and may require a lot of trained
personnel when high numbers of AMs are needed for
study. Therefore, we chose a simplified protocol re-
cently published by Luckow and Lehmann (2021),
which is based on the peroral insertion of a cannula
and thus does not require tracheotomy [14].

According to Luckow and Lehmann (2021), the
olive tip of the cannula has a larger diameter than
the internal lumen of the murine trachea. Therefore,
the tracheal muscles ensure consistent fixation of the
cannula, thus preventing the leakage of BAL fluid.
The authors applied their technique on adult animals
with weights ranging from 15 to 35 g [14]. Although
suitable for the majority of experiments on mice, this
method may fail in ageing studies. Since mice grow
bigger with age, the diameter of their tracheal lumen
may proportionally increase [5, 13]. Additionally, the
contractile properties of smooth muscle cells, includ-
ing tracheal muscles, can deteriorate with ageing [1].
This may explain frequent BAL fluid leaking, which
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was observed in our pilot studies on older mice.
Hence, we modified this method by placing a ligature
around the trachea posterior to the olive tip, thus
firmly securing the inserted cannula (Fig. 1).

One of the important parameters of the BAL pro-
cedure is the volume of the instilled buffer. 1 mL is
frequently used as a fixed one-time volume of the
lavage buffer that is repeatedly injected into the
lungs. According to Lai and Chou, total lung ca-
pacity and functional residual capacity in mice are
1.05£0.04 and 0.25+0.01 mL, respectively [12].
Consequently, the infusion of 1.0 mL buffer in one go
during BAL fluid collection could impose mechani-
cal stress on the alveoli, potentially causing harm to
macrophages [ 17, 24]. These assumptions were con-
firmed by Sasaki et al. They compared 3 different
fixed volumes of injection buffer (0.55 mL, 0.75 mL,
and 1 mL, instilled 10 times each) and found that an
infusion of 1mL leads to the highest percentages of
CD11b-CD11c-SiglecF-cells (presumably alveolar
epithelial cells) in BAL fluid compared to two oth-
er studied volumes. Moreover, detrimental effects
were observed in AMs isolated with 1mL of injec-
tion buffer, including reduced cell viability during
culture and impaired functionality, particularly in
response to stimulation with fine particles. Notably,
the authors did not register a significant influence
of lavaging fluid volume on recovery efficiency [22].
In light of the aforementioned factors, a fixed injec-
tion volume of 0.6 mL was chosen for our studies.

EDTA is a chelating agent that is often used
in the laboratory to detach adherent cells. It che-
lates calcium and magnesium, leading to cadherin
misfolding and disruption of lateral cell junctions
[21]. Tt is sometimes added into injection buffer to
facilitate detachment of AMs from alveoli [8, 20],
but other researchers do not use it [23]. The tem-
perature of the lavaging fluid also varies in different

Figure 1. Ligature securing cannula inside the trachea
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reports: some authors use pre-cooled buffer (4°C)
[15], while others heat it to 37°C [8, 26]. Busch et
al. have found that both the addition of EDTA and
pre-warming of lavage buffer to 37°C yield more
AMs than cold buffer without EDTA [3].

In our study, 2 variants of lavage buffer were
compared:

1)Room temperature without EDTA (buf-
fer No 1);

2) heated to 37°C and supplemented with EDTA
(buffer No2).

Buffer No 1 yielded a maximum of 3- 10° cells in all
studied groups of mice, while buffer No 2 increased
the numbers up to 5-10° cells in young animals of
both sexes and more than 10-10° cells in old female
BALB/c mice (Fig.2). Overall, our observations
show that using a pre-heated injection buffer con-
taining EDTA resulted in significantly higher BAL
cell numbers in BALB/c mice regardless of age and
sex. Our results confirm the findings of Busch et al.,
which suggest that pre-warming and EDTA supple-
mentation are important optimisations that lead to
significantly higher BAL cell numbers in mice.

Conclusions

Our BAL protocol variant features several impor-
tant developments:

1) Securing the trachea with a ligature prevented
BAL fluid leakage in older mice, thereby expanding
Luckow and Lehmann’s technique (2021) to bigger
and older animals.

[ BufferNo1
[ Buffer No2

:w20
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Lé —[
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0t } } {

Young female ~ Young male  Older female

The difference between buffer No 1 and buffer No 2 is statistically
significant for all three groups (p <0.05).

Figure 2. Comparison of cell numbers yielded by
buffer No1 and buffer No2 in young female, male,
and older female BALB/c mice
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2) The reduction of the one-time lavage volume
to 0.6 mL minimised mechanical strain on lung al-
veoli and, thus, prevented AM damage.

3) The use of a pre-heated 37°C lavage solution
containing EDTA significantly enhanced AM re-
covery rates, particularly in older mice.

More studies are warranted to explore the role of
other potential lavage buffer components, such as
fetal bovine serum, as well as to further adjust its
volume, EDTA concentration, and other param-
eters. Assessing age-related features in AM isola-
tion using BAL is needed in male BALB/c animals.
Moreover, one cannot exclude strain-specific fea-
tures of the BAL technique.
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OnTumisallisi METOJUKHA OPOHXOATbBEOIIPHOTO JIABAXKY IS
BU/IIJIEHHA AJIbBEOJEIPHUX MaKpOdariB y MUIIIE

P. Jlorruii, M. Pyauk, T. Cepriiiuyk, 0. IOmuna,
A. [IByxpsankina, K. OcrpoBebka, H. Cenumo, JI. CkiBka

HHII «IucruryT 6iosorii Ta Mmeaunuamn» Kuisebkoro narionaibHoro yaisepentery imeni Tapaca [TleBuyenka

bponxoanbseonapuuil masax (BAJI) € mMMPOKO BUKOPUCTOBYBAHOIO METOJUKOIO [UIA BUAUIEHHS iMYHHHX
KJIITUH JIET'€Hb, IIPU [IbOMY AJIbBCOBIPHI Makpodaru (AM) € HalOUIbII YMCIEHHUMU KIiTUHAMU BAJL. AM Bigi-
I'PAIOTh KIIOYOBY POJIb Y MiATPUMIL TOMEOCTA3Y JIETEHb Td IMYHHOMY 3aXMCTi Bif] IATOI'€HIB, 1110 NIEPEIAIOTHCA
HOBITPAHUM NUIAXOM. OfHAK NIPH NIPOBeAcHHI BAJI Ha MUINIAX 323BUYAll BAAETHCA OTPHUMATH BiITHOCHO My
KUIBKICTh AM, 11O 3HAYHO OOMEXXY€E MOINBOCTI JU3AHHY JOCIDKEHHS, OCOOIMBO KOJIU ITOTPIOHO OTPHUMATU
BEJIUKY KUIbKiCTDb KIITUH.

MeTa — ONTUMI3yBATU METOIUKY BAJI y MUIIIEH [UI1 OTPUMAHHA MAKCUMAJILHOT KiJTbKOCTi AM.

MarepiaaHu Ta MeTOAH. Y JOCIPKEHHI BUKOPUCTOBYBAIMCS MOJIOA] Ta cTapii My inii BALB/c. BAJI oTpu-
MyBaJIA 32 MeTOAMKOIO Luckow and Lehmann (2021) 3 mogudikariisMu. CTATUCTUYHU aHAII3 BUKOHYBAIHN 34
ponomororo U-tecty ManHa — YiTHi, Ipy piBHI 3HAa4yocti p <0,05.

PesyabraTh. /111 JOCTKEHD OYJI0 OOPAHO CaMHUIlb MUIIIEH iHil BALB/C pi3HOrO BiKy y 3B’I13KY 3 44CTHM BHKO-
PHCTAHHAM TAKUX TBAPUH I MOJEIIOBAHHA 3aXBOPIOBAHB JIETEHb. BUKOPUCTOBYBABCA CIIPOIIEHUI METOJ,
onucanu Luckow and Lehmann (2021), AKUA YHUKAE 3aCTOCYBAHHS TPAXEOTOMII 3aBJIKH MIEPOPATTBHOMY
BBEJICHHIO KaHIOJI. [TpOTOKON 6yn10 MOAN(DIKOBAHO NUIAXOM 3aKPIIUIEHHS KAHIOJI JIHTATypOIO JIIA 3aII00IraHHsA
BUTOKY PignHu BAJl y crapmux Muier. i 3MEHIIEHHA MEXAHIYHOI'O HABAHTAKEHHSA HA AJIbBEOJIM BUKOPHUC-
TOByBAIH OG’eM Gydepa 0,6 M. B maHoMy JOCTIKEHHI TOPIBHIOBAIN /IBA BapiaHTH Gydepa: OauH KiMHATHOL
Temneparypu 6e3 E/ITA, a inmuit — nigirpituii 1o 37 °C 3 EITA. 3acToCcyBaHHS HONEPEAHBO MiirpiToro oydepa
3 EITA 3HaYHO 361IbIIYBAIO KUIBKICTh KIITUH BAJI y BCiX Tpynax MUIIEH, IO MiATBEP/LKYE BAAJIUBICTD TAKOL
ONTHMI3allii HPOTOKOJITY [T 30LIBIIEHHS KUTBKOCTI AM.

BucHOBKH. Ham MOaM(IKOBAHUI IPOTOKOJI OPOHXOAIBBEO/SIPHOIO JIABAKY BKIIOYAE 3AKPIIVICHHS Tpaxel
JHTATypPOTO [T 3aTIOBITAHHSI BUTOKY PiZiHN BAJL, 3MEHITICHHST 06’ €My JTaBaxKy 10 0,6 MJT [Tt MiHIMI3a1Iii TTOTIKO-
JUKEHHS JIET€HD, i BAKOPHUCTAHHA PO3YHHY, HiJirpitoro no 37 °C 3 EATA mia 36inbmenHa KtbKOcTi AM. TToTpi6Hi
HOAIBII JJOCJI/PKEHHS 3 METOIO BUBYECHHSI 3HAYEHHSI {HITNX KOMITIOHEHTIB Oy(hepa JI71s1 ONTUMI3ALIii IPOTOKOTY
BAJI, MOXKJIMBHX BIKOBUX BiIMIHHOCTEN y BU/IJIcHHI AM y camIiiB muiel j1iHii BALB/c, a Takox 0cO61MBOCTEN
3aCTOCYBAHHA TEXHIKM BAJI Ha MUITIAX Pi3HUX JIiHIM.

Ki1r04oBi c710Ba: 6pOHXOATBBEOIIPHNM JTaBAK, ATTbBECOIIIPHI MAKpPOdAaru, CTapiHHA.
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Endometrioma of the anterior abdominal wall (EAAW) is a rather rare variant of extragenital endometriosis,
which in most cases occurs after obstetrical and gynecological procedures. EAAW presented predominantly as
a single tumour-like mass, and multiple ectopias were observed in only 1.9—5.6 % of cases, exclusively after Pfan-
nenstiel laparotomy.

Here we present a clinical case of a 37-year-old patient who complained of the large tumour-like nodules along
the postoperative anterior abdominal wall scar, accompanied by severe cyclic, catamenial pain. Additionally,
the patient noted an increase in tumour size during menstruation. Thirty-three months ago, she underwent
an elected cesarean section for obstetric indications. Based on ultrasonography and computed tomography
scans, the presence of two EAAW in the corners of the postoperative scar was established: 46 x 32 x 31 mm and
14 x 18 x 13 mm, respectively. Both lesions were excised out without damaging their integrity. The fascial defect
was replaced by synthetic polypropylene mesh. The diagnosis of EAAW was finally confirmed based on patho-
logical (presence of endometrial glands and cytogenic stroma) and immunohistochemical (positive membrane
expression of CD10 in cytogenic stroma, intense cytoplasmic expression of CK7 in endometrial glands, marked
nuclear expression of progesterone (PR) and estrogen (ER-o) receptors in endometrial glands and cytogenic
stroma, proliferative activity index Ki-67 — 2 %) studies. At a follow-up after 19 months, the patient was asymp-
tomatic; according to physical examination and ultrasound scan, there was no evidence of recurrence.

Abdominal wall endometriosis is a rare condition. Clinicians should be aware of this pathology, especially in
women presenting with a painful mass near the scar of a previous obstetrical and gynecological surgery. Surgery
is the best treatment modality for endometrioma, whereas its optimal volume is considered to be RO resection
with preservation of endometriomas’ integrity. The final diagnosis of EAAW requires pathological and immuno-
histochemical confirmation.
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Endometrioma of the anterior abdominal wall
(EAAW) is a rather rare and specific variant of
extragenital endometriosis [6, 12], with a fre-
quency of 0.4% to 3% in the structure of endo-
metriosis in women of reproductive age [3, 12].
In most cases, EAAW occurs after obstetric and
gynecologic surgical interventions (cesarean sec-
tion, myomectomy, hysterectomy, laparoscopy)
[2, 6, 7, 12—14]; however, cases of condition af-
ter general surgical procedures also have been
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described [3, 11], as well as sporadic observa-
tions of spontaneous EAAW have been published
[3,5,6,9,10].

EAAW presented predominantly as a single
tumour-like mass, and multiple ectopias were ob-
served in only 1.9—5.6 % of cases, exclusively after
Pfannenstiel laparotomy [4, 15]. Due to the rarity
of multiple EAAW, we present our own clinical ob-
servation with emphasis on the diagnosis and surgi-
cal treatment of this condition.
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Case report

A 37-year-old patient (G3P3) complained of tu-
mour-like masses in the area of the anterior ab-
dominal wall postoperative scar, accompanied by
marked cyclic, catamenial pain. Additionally, the
patient noted an increase in tumour-like masses
during menstruation. The length of the disease was
12 months when the above-described phenomena
first appeared. Menarche at 13 years, menstrual
cycle of 28 days, menstruation of 4—5 days, pain-
less. Thirty-three months ago, she had an elected
cesarean section for obstetric reasons. Two previ-
ous pregnancies ended in timely deliveries through
natural labour.

On examination, the patient has Class II obe-
sity (BMI — 36.05 kg/m?). In the area of the left
corner of the Pfannenstiel incision, a moderately
mobile and slightly painful tumour-like mass ap-
proximately 5 cm in size is detected. On the right
end of Pfannenstiel’s incision, a second tumour-like
mass about 2 cm in diameter, mobile and somewhat
painful, is determined. The skin over both masses
was unchanged.

On ultrasonography (USG) in the left iliac region,
directly under the postoperative scar, a solid (38.1
mm) hypogenic mass of oval shape with a cellular
texture and a clear hyperechogenic contour was de-
tected. In Doppler mapping, peripheral and central
blood flow (degree of vascularization — 2) and the
presence of an afferent vessel with a diameter of 3
mm are determined in the mass. On the right side,
a hypogenic mass (26.4 mm) with a hyperechogenic
contour was visualized in the subcutaneous tissue of
the anterior abdominal wall; unexpressed peripheral
blood flow was detected at Dopplerography.

A computed tomography (CT) scan was per-
formed on the second day after menstruation to de-
termine the prevalence of tumour-like masses of the
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anterior abdominal wall. In the right iliac region,
a solid mass measuring 14 x 18 x 13 mm is located
in the subcutaneous tissue; on the left, a solid mass
(46 x 32 x 31 mm) with a clear and irregular contour
involving subcutaneous tissue, fascia, and left rectus
abdominis muscle (Fig. 1). A preoperative diagnosis
of multiple endometriomas of the anterior abdomi-
nal wall after cesarean section was established.

The surgical intervention was planned and per-
formed in the middle of the patient’s menstrual
cycle. Revision on the left side revealed a tumour-
like mass with involvement of subcutaneous tissue,
fascia and rectus abdominal muscle. Excision of the
tumour-like nodule en bloc within healthy tissues
was performed; the fascial defect was replaced with
polypropylene mesh. The tumour-like mass on the
right was excised within the subcutaneous tissue.
Both anterior abdominal wall masses were removed
without compromising their integrity. The surgery
was completed with layer-by-layer suturing of the
anterior abdominal wall tissues.

In section, the gross specimens are represented by
multiple microcavities with hemorrhagic contents
(Fig. 2). Microscopic examination of both masses
noted the presence of endometrial glands and cyto-
genic stroma (Fig. 3).

Immunohistochemical study (Fig. 4, 5) revealed
positive membrane expression of CD10 in cytogen-
ic stroma, intense cytoplasmic expression of CK7 in
endometrial glands, marked nuclear expression of
progesterone (PR) and estrogen (ER-a) receptors
in endometrial glands and cytogenic stroma, and
proliferative activity index (Ki-67) — 2%. Thus,
pathomorphologic findings fully confirmed the di-
agnosis of anterior abdominal wall endometriomas.

The postoperative period was uneventful, and
the patient was discharged from the hospital on
the third postoperative day. At the follow-up

Figure 1. Axial computed tomography: solid mass in the subcutaneous tissue of the right iliac region (A);
solid mass of the left iliac region, involving the subcutaneous tissue, fascia, and left rectus abdominis
muscle (B)

* Solid mass (endometrioma)

General Surgery 3azansnaxipypein © 2024 ¢ Ne3 (10)

49



A.E. Mishina et al.

Figure 2. Macroscopic appearance of abdominal wall
endometriomas

M
1
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Figure 3. Microscopic examination: endometrial
glands and cytogenic stroma. H&E staining, x 40

Figure 4. Immunohistochemistry: diffuse CD10
expression in cytogenic stroma. DAB x 100

examination after 19 months, the patient was as-
ymptomatic, and according to the results of the
physical examination and ultrasound scan, there
was no evidence of recurrence.

Discussion

Since the first description of EAAW by Meyer R. in
1903, less than 1000 cases have been published in
the specialized literature [11]. The age of patients
with EAAW ranged from 21 to 49 years [2—4, 7, 8,
11,12, 14, 15], and the average time from the prima-
ry surgical intervention to diagnosis of EAAW was
28.3—38.6 months [1, 6, 15], although in a number
of studies this index varied quite widely, from 5 to
20 years [2, 3, 8,9, 14].

The etiopathogenesis of EAAW has not been de-
finitively studied to date [1, 6, 13]. However, au-
totransplantation of endometrium during surgical
interventions on pelvic organs is believed to be the
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Figure 5. Immunohistochemistry: diffuse expression
of PR in endometrial glands and cytogenic stroma.
DAB x40

most probable trigger in the occurrence of EAAW —
the so-called implantation theory [2, 4, 8]. At the
same time, the assumption of possible hematoge-
nous and lymphatic spread, as well as the concept of
metaplasia of primitive polypotential mesenchymal
cells, are the basis for justifying the occurrence of
spontaneous EAAW [1, 4, 6].

It has been noted that one of the potential factors
associated with EAAW is increased body weight
(BMI >25 kg/m?) in operated women [2, 3, 13],
which is usually explained by additional technical
difficulties in performing surgical interventions in
this category of patients, namely, inadequate hys-
terorrhaphy and tissue contamination of the ante-
rior abdominal wall [2].

The vast majority of cases (from 59 % to 100 %)
of EAAW were observed after cesarean section [2,
3, 6—9, 11—15], and in view of the global growth
of cesarean section, an increase in this pathology
should be expected [1, 8]. However, the current

General Surgery 3azanvnaxipypein * 2024 » Ne3 (10)



incidence of EAAW after cesarean section is quite
low and is estimated to be between 0.21—1.3 % [1,
8], which presumably should be explained by the
potentially large number of undiagnosed cases [2].
To date, there are no evidence-based studies on
the prevention of EAAW after cesarean section
[1], but some publications recommend the follow-
ing measures: (1) use of wound protectors/retrac-
tors; (2) use of separate suture materials when su-
turing the uterus and the anterior abdominal wall;
(3) avoiding contact of gauze swabs used inside the
uterine cavity with the soft tissues of anterior ab-
dominal wall, or even complete renouncement from
their use; (4) changing gloves and surgical instru-
ments after suturing the uterine wall; and (5) per-
forming thorough cleaning of subcutaneous tissue
and fascia, especially at the corners of the Pfannen-
stiel wound, at the final stage of surgery [2, 7, 15].
Classically, EAAW is characterized by a symp-
tomatic triad: catamenial pain, palpable mass
within the anterior abdominal wall, and history of
obstetric-gynecological interventions [1, 2, 6, 7].
However, these signs may not always be identi-
fied. Thus, cyclic (catamenial) pain is observed in
51.0—86.9 % of EAAW cases [2, 3,7, 8, 11—13, 15],
and an anterior abdominal wall mass is recognized
on palpation in only 32.5—66.7 % of observations,
which depends on depth of its location within the
anterior abdominal wall, i.e., in subcutaneous tissue,
fascia, rectus abdominis muscle, or peritoneum |[2,
3, 7]. External catamenial bleeding from EAAW has
been described as a rare symptom (1.25—9.1 %) [11,
13]. As a result of the low specificity of symptoms,
the diagnosis of endometrioma is often difficult,
and initially EAAW are treated as hernias, lipomas,
granulomas, desmoid tumours, etc. [1, 3,4, 7,9, 11].
When EAAW is suspected before surgery, it is
advisable to use medical imaging studies in order
to clarify the size and spread of mass within the an-
terior abdominal wall tissues and, if aponeurosis is
involved, to anticipate the necessity of replacing the
fascial defect using synthetic meshes [3, 6]. Current-
ly, USG is considered the first-line diagnostic meth-
od of EAAW, and its informativity is 78.3—97.0 %
[1—3,6, 11-]. EAAW has been visualized as a hypo-
genic mass with a hyperechoic contour and varying
degree of vascularization from the periphery toward
the centre according to Doppler USG [2, 6].
Magnetic resonance imaging (MRI) and CT
are preferred tools for diagnosis and planning the
extent of surgical procedure for deep and wide-
spread EAAW, as well as for nonpalpable masses
of the anterior abdominal wall [1—3, 6, 11—14].
EAAW, according to MRI on T1W (with and with-
out fat suppression) and T2W images, is visualized
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as a hyperintense heterogeneous mass in the area
of the postoperative scar as a result of catamenial
hemorrhages in endometrial ectopia. With pro-
longed conservation of EAAW, its radiological
characteristics change due to progressive hemosid-
erin deposition and pronounced fibrosis; this deter-
mines low signal intensity on T2W images [1, 4].
On CT, EAAW is visualized as a solid mass in the
area of the postoperative anterior abdominal wall
scar [2, 9]. Possible radiologic appearance depends
on the menstrual cycle phase, ratio of stromal and
glandular elements, amount of hemorrhagic imbi-
bition of ectopia, and degree of inflammation and
fibrosis in the surrounding tissues [9].

In most cases, EAAW is located directly in the
thickness of the postoperative scar after Pfannen-
stiel laparotomy, predominantly in the left corner
(66 %), and in rare cases, ectopias at a 5—6 cm away
from the former incision line have been described
[3, 13]. According to the localization in layers of the
anterior abdominal wall, EAAW are divided into:
superficial — placed in subcutaneous tissue (above
the aponeurosis); intermediate — with infiltration
of fascia and rectus abdominal muscle sheet; and
deep — when ectopia is located in the thickness of
the rectus abdominis or involved peritoneum [2].
As maintained by E. Piriyev et al., out of 80 cases of
EAAW, ectopias were localized predominantly epi-
fascial (72.5 %) and in 27.5 % — subfascial or with
involvement of all anterior abdominal wall layers
[13]. According to a number of studies, involve-
ment of fascia in endometrial ectopia was noted in
60.0—71.4 % of EAAW cases [3, 13, 15].

EAAWs are mostly located in the corners of the
postoperative scar after Pfannenstiel laparotomy
[11]. A similar pattern was noted in the study of
P. Zhang et al. (2019), where localization of endo-
metriomas in the ends of scars after Pfannenstiel
laparotomy was observed in 83 % of cases and af-
ter midline laparotomy — in 84.2 %. Moreover, the
authors suggested that Pfannenstiel laparotomy is
more predisposed to EAAW formation compared to
midline laparotomy [ 15]. The mean size of EAAW in
published clinical series was 22—42 mm [2, 3, 7—9,
11, 13], and in few reports, the size of endometrial
ectopia reached 14 c¢m [4].

Fine-needle aspiration biopsy is used by some au-
thors to clarify the diagnosis of EAAW and to exclude
malignancy [3, 6, 8, 11, 14]. However, the use of this
method for diagnosis of EAAW is rather controver-
sial due to potential implantation along the puncture
channel, and therefore, its excision is considered man-
datory during subsequent surgery [1, 4, 6].

Actually, the use of hormonal drugs is not consid-
ered an independent method for EAAW treatment
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as the severity of symptoms decreases only while
taking the drugs and recovers after discontinuation
of treatment [1, 3, 6]. According to current recom-
mendations, hormones are used in patients who
refuse surgery, as well as in premenopausal women
or within the postoperative period to prevent recur-
rence [6, 11].

Surgical excision is the mainstay of treatment
for symptomatic EAAW [1, 2, 4, 6]. The generally
recognized principles of surgery for EAAW include
excision of endometriomas together with surround-
ing fibrosis within healthy tissue (RO resection) and
thorough preservation of mass integrity to prevent
re-implantation of endometrial cells [2, 6]. There-
fore, a number of studies recommend maintaining
a distance of 5—10 mm from the edges of endome-
trioma [1, 8].

In cases of aponeurosis excision during surgical
removal of EAAW, further approach depends on size
of the formed fascial defect. Thus, small defects are
sutured according to the tension free principles [1,
2, 6], and polypropylene meshes are recommended
to replace aponeurosis defects larger than 3 cm [1,
2, 6, 14]. The frequency of anterior abdominal wall
reconstruction using synthetic grafts in different
series of patients with EAAW ranged from 6.7 % to
36.4 % of cases [2, 3,6—8, 11].

In cases where EAAW is located in the rectus
abdominis with spread to the peritoneum, the use
of laparoscopic techniques for surgical ablation of
endometrial ectopias in the anterior abdominal wall
and pelvic peritoneum is recommended [2, 3, 6]. It
should be noted that concomitant pelvic endome-
triosis (adenomyosis) in patients with EAAW can
be diagnosed in 8.7—96.2 % of cases [3, 9, 12, 13].

Various percutaneous ablation options have been
proposed as an alternative to surgical treatment of
EAAW, including: (1) USG-controlled sclerothera-
py with alcohol, polidocanol; (2) Chemical cauter-
ization with silver nitrate; (3) Laser vaporization;
(4) Cryoablation; and (5) High-intensity focused
ultrasound [1, 5]. The common disadvantage of the
mentioned methods is the inability to confirm diag-
nosis pathomorphologically and to exclude malig-
nancy [11].

Histopathologic examination of the removed an-
terior abdominal wall masses is considered to be the
final stage of EAAW diagnosis and includes detec-
tion of endometrial glands surrounded by cytogenic
stroma with foci of hemorrhages (hemosiderin) and
characteristic signs of hormonal transformation in
the secretory or proliferative phases [4, 7, 9, 11].
Immunohistochemistry with positive expression in
cytogenic stroma (CD10, PR, ERa) and endome-
trial glandular structures (CK7, PR, ERq, Ki67) is
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a desirable additional method of EAAW diagnosis
[4,7,13].

Malignant transformation of EAAWSs is a rare
phenomenon, with an incidence of less than 1 %,
and its main histopathological variants are repre-
sented by clear cell carcinoma and endometrioid ad-
enocarcinoma [7, 10, 14]. G. Liu et al. (2021), based
on a systematic review of the literature, stated that
there are currently no standardized treatment pro-
tocols for malignant EAAW [10].

Although no recurrence of EAAW has been ob-
served in most studies [2, 4, 8], however, few publi-
cations indicate that its incidence can be as high as
3.3—15.4 % at follow-up times ranging from 12 to
36 months [7, 11, 12].

Conclusions

Thus, the presence of a tumour-like mass in the
postoperative scar after obstetric and gynecologi-
cal interventions, accompanied by catamenial pain
and its increase in volume during menstruation, is
characteristic for EAAW. Surgery remains the lead-
ing method for EAAW treatment, and its optimal
volume is considered RO resection with preserva-
tion of endometrioma integrity. The final diagnosis
of EAAW requires pathomorphologic and immuno-
histochemical confirmation.
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EnpomerpiomMa nepeaHboi yepeBHOI CTiHKU (EITYC) — 1ocuTh PiKiCHUI BAPiaHT €KCTPAr€HITAIbHOIO €HI0-
METPio3y, KU y OUIBIIOCT] BUMA/IKIB BUHHUKAE MiC/A AKYyIIEPChKO-TiIHEKONOrUHNUX MaHimyanii. ETITYC npen-
CTABJISIBCS TIEPEBAYKHO SIK OJfHA MYXJIMHOIOAIGHA MACa, 4 MHOYKHHHI EKTOIIII criocTepiranucs auime B 1,9—5,6 %
BUITAJIKiB, BUKJIIOYHO T/ JTanapoToMmii 3a ITpaHHEeHIITHIEM.

IIpeacraBaeHo KIHIYHUM BUMAAOK MAIli€EHTKA BiKOM 37 POKIB, K4 CKAPYKWIACA HA BEIUKI ITyXJIHHOIOLI6-
Hi By3/IM B3/IOBX MiCIAONEPALIMHOIO PyOlld HA NIEPEIHIN YEPEBHIN CTiHIL, IO CYIIPOBOLKYIOTHCS CUJIBHHUM
UKIYHUM KaTAMCHiaIbHUM 60s1eM. KpiM TOro, nmanieHTKa BiilzHaAYWId 30UIbIICHHS PO3MIPIB MYXJIMHU i
4aCc MEHCTPyauii. TpUAIATE TPU MicALli TOMY 11 3pOOHIN IUIAHOBUM KECAPIB PO3TUH 34 AKYIIEPCHKUMU ITOKA-
3aHHAMM. 32 JAHHUMH YIBIPA3BYKOBOT'O JOCTIPKEHHSA Ta KOMITIOTEPHOI TOMOrpadii BCTAHOBIEHO HAABHICTb
y KyTaxX MiC/SIONEPAIHOrO PyoIst ABOX CHIOMETPIOM MEPEAHBOI YCPEBHOI CTIHKK posMmipaMu 46x 32 x 31
Ta 14 % 18x 13 MM. O61/1Ba BOrHHUIIA Oy BUPi3aHi 6€3 MOPYIIEHH iXHBOI IUTICHOCTI. PacianbHUl 1e(EeKT
3aMiIEHO CHHTETUYHOIO MOMIPOIIEHOBOIO CITKOIO. [liarHo3 EITYC 6yB OCTATOYHO MiTBEPPKEHNUI HA OCHOBi
HATOJIONYHUX (HAABHICTb EHIOMETPIAIbHUX 34J103 i HUTOI€HHOI CTPOMMU) T4 iIMYHOTICTOXIMIYHMX (IIO3UTUBHA
MeM6paHHa ekcripecia CD10 B HUTOr€HHIl CTPOMi, iIHTEHCHBHA IIUTOILIA3MATH4IHA eKkcnpecia CK7 B enioMe-
TPIiAJIbHUX 34J1034X, IIOMiTHA A7iepHA eKcrpecia nporecrepony (PR) i ecrporeny (ER-a) penentopis B eHOMeE-
TPIAIBHUX 32/103aX 1 IUTOICHHIM CTPOMI, JOCIKCHHS {HIACKCY mpostichepaTuBHOI aKTUBHOCTI Ki-67 — 2%).
ITig 9aCc KOHTPOJIIBHOI'O OOCTEKEHHSA Yepe3 19 Mic marienTka 6ys1a 6€3CMMITOMHOIO. 34 JAHUMU (Pi3HKAIBHOTO
OOCTEKEHHSA TA YIBTPA3BYKOBOI'O CKAHYBAHHS HE BUABJIEHO KOJHUX O3HAK PELIU/IABY.

Enziomerpios 4epeBHOT CTIHKY € PiIKICHUM 3aXBOPIOBAHHAM. KUTiHIIIMCTU ITOBUHHI 3HATH PO LIIO MATOJIOTIIO,
OCOOJIMBO y KiHOK 3 XBOPOOJINBOIO ITYXJIMHOIO 61151 pyoO1is HiC/Is OIEPEHBOI AKyIIEPCHKOI TA TTHEKOJIOTTUHO1
onepaitii. Hafikpamum MeTOIOM JIIKyBAHHS €H/IOMETPIOMU € XipypridyHe BTPY4YaHHs], OITHUMAJIbHHUM HOIo 00Cs-
I'OM BBAKAIOTh pe3ekilito RO 3i 30epexeHHAM LnicHOCTI eHgoMeTpiomu. Ocrarounuii giarno3 EITYC norpebye
IIATOJIOT{YHOI'O T4 iIMYHOTICTOXIMIYHOI'O HiATBEPPKEHHA.
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This study presents a clinical case of acute pancreatitis treatment, which manifested as infected walled-off necrosis
in a 49-year-old obese woman. Diagnosis and treatment were provided by a multidisciplinary team comprising sur-
geons, anesthesiologists, interventional radiologists, and endoscopists. The treatment strategy followed a «step-up
approach, a modern technique involving gradual progression from less to more invasive methods, thereby reduc-
ing the physiological stress on the patient. This approach has demonstrated efficacy in numerous studies.

In Western countries, endoscopic transluminal necrosectomy is gaining popularity, and our clinic has been
implementing it successfully since 2021. Despite its effectiveness, clinicians still encounter challenges when
opting for endoscopic transluminal interventions over other minimally invasive methods. Key issues include
determining the timing and frequency of interventions, choosing debridement techniques and antiseptics for
walled-off necrosis, and establishing criteria for transitioning to more invasive procedures. Today, researchers
handle these nuances on a case-by-case basis, relying on the expertise and proficiency of a specific specialized
department, which necessitates further research.

In this case the patient achieved complete debridement of a localized fluid/necrosis collection through a step-
wise approach. Initial management involved ultrasound-guided percutaneous drainage and lavage, followed by
four sessions of endoscopic transluminal necrosectomy as the final minimally invasive intervention. We assess
the unfavorable long-term outcomes, 2.5 years post-treatment, as negligible.

KEYWORDS
acute pancreatitis, acute necrotizing pancreatitis, acute infected pancreatic necrosis, walled-off necrosis, endo-
scopic transluminal/transgastric necrosectomy, direct endoscopic necrosectomy.
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Acute pancreatitis is one of the most common gastro-
intestinal disorders requiring acute hospitalization
[22]. In most cases, AP is a relatively mild, self-lim-
iting condition that can be managed with supportive
care and has few long-term consequences. [5]. Acute
necrotizing pancreatitis (ANP), a severe form of AP,
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affects 10-20 % of AP patients and is characterized
by extended hospitalization, multiple organ failure,
infection, the need for extensive therapy and surgical
interventions, complications, and repeated hospital
admissions. The mortality rate associated with ANP
ranges from 15 % to 39 %, depending on the presence
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of infection in the necrotic area [7]. Currently, mini-
mally invasive treatment methods for acute necro-
tizing pancreatitis form the basis of surgical tactics,
reducing mortality and the number of complications,
and, in most cases, allowing for the avoidance or
postponement of open surgery [8].

Clinical case

Patient P, 49 years old woman, was delivered on
November 14, 2021, by the emergency medical care
team to the Kyiv City Clinical Emergency Hospital
with a diagnosis of AP? perforation of a hollow or-
gan? Upon admission: complaints of intense pain in
the epigastrium, nausea, repeated vomiting of food,
severe abdominal distension, lack of bowel move-
ment and passing of gases, dryness in the oral cavity.

Medical history: according to the patient, stom-
ach ache appeared within a day, gradually intensi-
fied, and an emergency medical team was called; the
pain attack developed after alcohol and fatty food
consumption. Concomitant diseases: THD, stage
2 hypertension, class IIT obesity (height 172 cm,
weight 118 kg); in anamnesis — extirpation of the
uterus with appendages in 2016.

Objectively: the general condition of the pa-
tient is of medium severity; pulse 88 bpm, blood
pressure — 200/100 mm Hg, body temperature —
37.1°C. On palpation, the abdomen is soft, swollen,
painful in the epigastric and mesogastric regions,
symptoms of peritoneal irritation are weakly posi-
tive. Auscultation reveals absent bowel sounds.
ASA Physical Status Classification System — 3.
Total blood count: leukocytes 13.6-10°/1, hemo-
globin — 161 g/1. Biochemistry blood test: chylous
blood. X-ray of abdominal organs: free gas, hori-
zontal fluid levels were not detected. X-ray of the
organs of the chest cavity: the pulmonary pattern
is enhanced, deformed in all lung fields, the roots of
the lungs are compacted, the heart is not enlarged,
the sinuses are free. Ultrasound examination (ul-
trasound): there is free fluid in the suprahepatic
space of 24 mm, in Morrison’s pouch of 7 mm, be-
tween the loops of the intestine of 15 mm in cer-
tain areas; the liver: right/left lobes — 152,/80 mm,
respectively, echogenicity is increased, heteroge-
neous, liver steatosis, the pancreas is not visualized.
Esophagogastroduodenoscopy (EGD): impaired
gastric and duodenal motility according to the hy-
potonic type; no signs of perforation were detected;
a nasojejunal feeding tube was installed.

Preliminary diagnosis: AP of moderate severity.
Considering the severity of the patient’s condition
due to acute pain syndrome and local complica-
tions such as free fluid in the abdominal cavity and
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unstable hemodynamics, the patient was admitted
to the general intensive care unit. During the first
day of hospitalization, the rule of «four catheters»
by Y. M. Susak [1] was applied: the left subclavian
vein and the epidural space ThIX—ThX were cath-
eterized a nasojejunal feeding tube was installed
during EGD, and a diagnostic laparocentesis with
abdominal drainage was performed: about 1000 ml
of brown contents were obtained (o-amylase —
849 g/h/1. On the first day of hospitalization, 5 1
of crystalloid solutions were administered by in-
travenous infusion. On the first day, the patient’s
condition was stabilized (pain syndrome reduced,
hemodynamics normalized to 140/90 mm Hg). The
patient was then transferred to an on-call surgi-
cal department. 300—100 ml of brown, then se-
rous fluid was secreted from the abdominal cavity
drainage every day; once the debit of secretions had
decreased to less than 50 ml/day, the drainage was
removed on day 45.

Ultrasound as of November 24, 2021: signs of dif-
fuse changes in the liver parenchyma characteristic
of fatty hepatosis, moderate hepatomegaly, chronic
calculous cholecystitis, acute necrotizing pancre-
atitis, parapancreatitis, free fluid in the omental
bursa, infiltration of retroperitoneal tissue relative
to the left lateral canal.

November 26, 2021 — drainage of the omental
bursa under ultrasound control with pigtail drain-
age 9 Fr — 220 mm: 400 ml of brown cloudy lig-
uid was released at one time — taken for the bacte-
riological examination; the cavity was washed with
a 2 % betadine solution. During hospitalization, the
drain was washed several times a day with a saline
solution and a 2 % betadine solution up to 50 ml to
clean the necrotic area and ensure drainage paten-
cy; the nature of the drainage content — detritus,
pus, washing liquid up to 150—50 ml/day.

November 30, 2021 — the result of the microbio-
logical examination of a punctate from the omen-
tal bursa: Acinetobacter baumannii, insignificant
growth, sensitive to gentamicin, tobramyecin.

November 29, 2021 — the abdominal CT-scan
with contrast: destructive pancreatitis, pronounced
parapancreatic infiltration with spread to the root
of the mesentery, the omental bursa, the splenic hi-
lum and part of the liver, along the greater curvature
of the stomach, to the epigastric region and duode-
num, covering the colon under the anterior abdomi-
nal wall, Gerot’s fascia more on the left, paracollar
tissue more on the left, and along the flanks of the
abdominal cavity to the small pelvis, with the pres-
ence of free fluid infiltration along the course of
10—27 mm, including in the pelvic cavity; the state
after drainage. Ascites. Calculous cholecystitis.
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Infiltration of the anterior abdominal wall along the
midline with a limited fluid component.

On December 3, 2021, the patient was transferred
to the specialized department of surgery of the liver,
bile ducts and pancreas (surgical department No 2)
of the Kyiv City Clinical Emergency Hospital with
a diagnosis of AP of moderate severity. Marshall
Organ Failure Score at admission — 1 point (creati-
nine 156 umol/1).

On December 10, 2021, taking into account com-
plaints of difficulty breathing, the frequency of re-
spiratory movements of 18/min, a puncture of the
left pleural cavity was performed under ultrasound
control. 250 ml of translucent yellowish exudate
was obtained, after which an improvement in respi-
ratory function was observed; the frequency of re-
spiratory movements was 12/min.

December 15, 2021 — the abdominal CT-scan
with contrast: the state after drainage of a fluid /ne-
crosis collection under ultrasound control for acute
necrotizing pancreatitis with extrapancreatic ne-
crosis with the formation of multiple fluid collectors
in the abdominal cavity and retroperitoneal space,
taking into account the clinical pattern — with in-
fection. Late phase. Balthazar Severity Index 4(E)
Ascites. Left-sided pneumohydrothorax. Splenic in-
farction (Fig. 1).

December 15,2021 — a puncture of the right and
left pleural cavity under ultrasound control; 150
and 300 ml of translucent yellowish exudate were
obtained, respectively, after which an improvement
in respiratory function was observed. Conservative
treatment was continued.

December 16, 2021 — the result of repeated mi-
crobiological examination of secretions from the
omental bursa: Acinetobacter baumanii, sensitive to
tobramycin.

December 17, 2021 — the drainage of the omen-
tal bursa was replaced with a new one, with a larger
diameter of 12 Fr. The daily three-time washing of
the cavity of the necrotic collection with a saline so-
lution and a 2 % betadine solution up to 50 ml was
continued to clean up the necrotic focus and ensure
patency of the drainage. Debit through the drainage
was 150—50 ml/day of detritus with washing liquid.

Since the patient refused the proposed open ne-
crosectomy, conservative treatment was continued,
during which the patient’s condition was relatively
stable.

January 10, 2022 — abdominal CT scan with
contrast: the state after drainage of a fluid /necrosis
collection under ultrasound control for acute nec-
rotizing pancreatitis with extrapancreatic necrosis
spreading to the root of the mesentery, gastro-omen-
tal pouch, along the anterior layer of the renal fascia,
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perirenal space on the left. In comparison with the
abdominal CT scan as of December 15,2021, the size
of the necrotic collector increased and CT signs of
infection appeared. Ascites. Left-sided hydrothorax.
Infarction of the spleen. GSD: gallstones (Fig. 2).

January 10, 2022 — EGD: moderate compression
of the stomach from the outside along the back wall
from the cardia to the antrum, more pronounced in
the antrum, erythematous gastropathy.

Clinical diagnosis: acute infected necrotic

pancreatitis, walled-off necrosis (Atlanta 2012),
a course of moderate severity.

The patient was offered an alternative minimal-
ly invasive treatment — endoscopic transluminal

Figure 1. Abdominal CT scan with contrast on
December 15, 2021: a fluid/necrosis collection

is indicated by the black arrows; a pigtail-type
percutaneous drainage is visualized in the cavity
of the collection and indicated by the white arrow;
the formation of the delineation and walls of

the collection

Figure 2. Abdominal CT scan with contrast on
January 10, 2022: a fluid/necrosis collection is
indicated by the black arrows; the delineation and
the wall of the collection are clearly visualized

General Surgery 3azansnaxipypzin © 2024 ¢ Ne3 (10)



necrosectomy — and the patient consented to the
operation.

January 13, 2022 — endoscopic transgastric necro-
sectomy (Fig. 3), debridement and drainage of the
WON cavity with No 2 plastic double pigtail stents
10 Fr — 5 cm were performed under general anesthe-
sia. After the operation, a noticeable reduction in pain
syndrome was observed, the respiratory rate normal-
ized to 14/min, and the maximum daily body tem-
perature gradually decreased from 38—39° to 37.5°C.

January 17, 2022 — a puncture of the right pleu-
ral cavity under ultrasound control; 200 ml of trans-
lucent yellowish exudate was evacuated.

January 19, 2022 — repeated endoscopic trans-
gastric necrosectomy (session No 2) under general
anesthesia. The postoperative period was unevent-
ful, and the patient’s condition was stable.

January 26, 2022 — repeated endoscopic trans-
gastric necrosectomy (session No 3) under general
anesthesia. Moderately positive dynamics was not-
ed after the operation.

February 1, 2022 — repeated endoscopic trans-
gastric necrosectomy (session No 4, Fig. 4—6) un-
der general anesthesia. At the end of the procedure,
the plastic stents installed during the first session
were replaced with a new, identical stent No 1. The
positive dynamics were noted after the operation:
the temperature gradually decreased to 37°C, ap-
petite and sleep normalized, and stools were regu-
lar and well-formed; subjectively, the patient felt
stronger, began to get out of bed more frequently;
discharge from the percutaneous drainage of the
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localized necrotic collection cavity significantly
decreased (less than 50 ml/day), and was removed.
Fig. 7 depicts the blood leukocyte count during en-
doscopic transgastric necrosectomy sessions.
During the entire period of treatment, infusion
therapy was carried out taking into account the pa-
tient’s body weight, tolerance and hematocrit; anti-
biotic therapy according to the principle of escalation
(empirically — levofloxacin 500 mg and metronida-
zole 500 mg IV twice a day; after bacteriological ex-
amination — tobramycin 80 mg I'V infusion in saline
solution; ceftriaxone 1000 mg + metronidazole 500

Figure 4. Session No 4, endoscopic transluminal
necrosectomy using an endoscopic tripod; necrotic
sequestration is indicated by arrows

ity e ran Fr

Figure 3. Session No 1, the view of the WON cavity
during the first endoscopic transluminal
necrosectomy: a large number of necrotic
sequestrations and pus are visualized, as indicated
by arrows; on the walls of the cavity, loose
granulations under fibrin, pronounced contact
bleeding
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Figure 5. Session No 4, the view of the WON cavity
at the end of the 4th session of endoscopic
necrosectomy: sequestrations and pus are absent,
granulations have increased on the walls, and the
amount of fibrin and bleeding has significantly
decreased
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Figure 6. Session No 4, a plastic double pigtail stent
@10 Fr — 5 cm installed transgastrically in
the WON cavity, as indicated by the white arrow
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Figure 7. Blood leukocyte count during endoscopic
transgastric necrosectomy sessions

Figure 8. Abdominal CT scan with contrast
on August 28, 2024
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mg IV twice a day; meropenem 1000 mg + amoxil-K
1200 mg IV twice a day; cefosulbin 1000 mg + met-
ronidazole 500 mg + levofloxacin 500 mg IV twice
a day; epidural anesthesia with bupivacaine solution
5mg/ml — 3.0 ml up to 10 ml in saline solution every
3 hours for 10 days, depending on the intensity of
the pain syndrome; for enteral feeding, a saline solu-
tion was administered through the nasojejunal tube
at a dose of 800 ml per day and lactulose at a dose of
80 ml per day for the first three days. Subsequently,
enteral feeding mixtures, broths, and compote were
provided. The transition to independent feeding was
carried out as the patient developed an appetite and
showed no signs of nausea.

The period from the onset of the disease to the
puncture of the fluid collection in the omental bursa
was 12 days; the period from the onset of the disease
to the first transgastric endoscopic necrosectomy
was 61 days. Bed days — 95. She was discharged for
outpatient treatment in a satisfactory condition on
February 16, 2022. After 2.5 years, we managed to
contact the patient; she did not have any complaints
related to the disease. She was asked to perform an
abdominal CT scan with contrast for her follow-up.

August 28, 2024 — abdominal CT scan with
contrast: the state after treatment of pancreatic ne-
crosis with signs of infection (2021); at the time of
examination, signs of pancreatitis, fluid collections
in the abdominal and pleural cavities were not de-
tected (Fig. 8).

Additionally, in September 2024, the patient un-
derwent the SF-36 score test for assessing health-
related quality of life [19]:

Physical functioning 90 %
Role limitations due to physical health 50 %
Role limitations due to emotional problems 67 %
Energy/fatigue 635 %
Emotional well-being 84 %
Social functioning 88 %
Pain 100 %
General health 50 %
Health change 100 %
Discussion

Early diagnosis, early fluid resuscitation, dynamic as-
sessment of the clinical picture, and the selection of
optimal tactics are critical aspects in the management
of patients with acute pancreatitis. In the case of mod-
erate and severe forms of AP, early enteral nutrition,
antibiotic therapy for acute infected pancreatic necro-
sis, and the ability to perform the necessary range of
minimally invasive interventions are also important.
Early diagnosis is critical in order to begin infusion
treatment with crystalloid solutions in an appropriate
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amount as soon as possible (up to 24 hours). Among
infusion solutions in AP, the Ringer-lactate solution
demonstrated the greatest effectiveness up to 24—48
hours after the onset of a pain attack, lowering C-
reactive protein levels (CRP), reducing persistent
manifestations of systemic inflammatory response
syndrome (SIRS), and organ failure [16], and is rec-
ommended as the drug of choice for primary fluid re-
suscitation in AP [22]. To ensure the most effective
therapy, individuals with AP should be admitted to
a specialized department immediately. Furthermore,
in circumstances where the department’s therapeutic
capacities are restricted, transferring a patient with
severe necrotizing pancreatitis to a specialized cen-
ter with the necessary minimally invasive treatment
methods should be considered [6]. The updated clas-
sification of acute pancreatitis — Atlanta 2012 [5]
should be used at the time of clinic admission and in
the future to determine the severity of the disease,
the morphological form, and the presence/absence of
acute infected pancreatic necrosis. CT/MRI and ul-
trasound should be conducted dynamically.

Although many patients with ANP may be man-
aged conservatively (intensive therapy, combined
use of antimicrobial drugs, nutritional support, with
or without drainage), about 26—38 % may require
necrosectomy or other surgeries owing to compli-
cations [13]. Walled-off necrosis (WON) is one of
the most severe complications of acute pancreatitis,
with distinct borders, the presence of a wall, and
fluid-necrotic contents. Secondary infection of the
WON is associated with a poor patient condition
and increases the risk of complications and mortal-
ity [21], necessitating antibiotic therapy and early
invasive procedures [2]. Currently, there is no one
accepted marker for the presence of acute infected
pancreatic necrosis [20]. The presence of infection
should be assessed comprehensively, taking into
account the clinical picture (deterioration of the
patient’s state), imaging techniques (CT, MRI),
microbiology of aspirate from peri-/pancreatic col-
lections, and laboratory markers. Percutaneous fine
needle aspiration (FNA) of peri-/pancreatic collec-
tions is not recommended as a routine procedure,
but should be performed only when there is a suspi-
cion of infection, an uncertain clinical picture, and
unclear (non-informative) imaging results [3]. C-
reactive protein, creatinine, prothrombin time, and
lactate dehydrogenase show the strongest correla-
tions with acute infected pancreatic necrosis [20].
Other indicators, such as interleukin-6 and procal-
citonin, also correlate with acute infected pancre-
atic necrosis but are less frequently available.

The treatment of severe forms of AP is
long-term and requires significant resources.
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A multidisciplinary step-up approach is currently
the best recommended strategy for the treatment
of acute necrotizing pancreatitis [3]. It involves
a gradual transition from less invasive techniques to
more invasive ones to cause the least possible stress
on the patient’s body. There are convincing clini-
cal data that the «step-up approach» leads to a sig-
nificant reduction in the number of complications,
negative long-term consequences, and mortality in
acute necrotizing pancreatitis [8].

Today, surgical treatment options for complicated
forms of AP include percutaneous, endoscopic trans-
luminal, laparoscopic, and open interventions [7,
17]. Over the past 20 years, new minimally invasive
techniques have appeared, including video-assisted
retroperitoneal debridement (VARD) and endo-
scopic transluminal necrosectomy (synonyms in the
English-language literature: direct endoscopic ne-
crosectomy, DEN, endoscopic transgastric necrosec-
tomy) as more favourable approaches. The optimal
interventional tactics for patients with suspected
or proven infected pancreatic necrosis are percuta-
neous drainage of the necrotic collection under the
control of imaging techniques (ultrasound) or endo-
scopic transluminal drainage followed, if necessary,
by endoscopic or surgical necrosectomy [22].

Among the minimally invasive interventions for
complicated forms of AP,endoscopic transluminal in-
terventions are becoming more and more frequently
used [3], and since 2021 they have been successfully
implemented in our clinic. The results of endoscopic
transgastric necrosectomy are encouraging. A sys-
tematic review of 10 studies of endoscopic necrosec-
tomy found complete resolution of walled-off necro-
sis in 76 % of cases, with a total long-term adverse
event rate of 27 % and mortality of 5%, although
patient characteristics varied between studies [9].
The Bakker randomized controlled trial showed
the advantages of endoscopic transgastric necrosec-
tomy over surgical necrosectomy with a lower risk
of recurrent episodes of organ failure (0 % vs. 50 %),
fewer pancreatic fistulas (10 % vs. 70 %), and lower
post-procedural interleukin-6 levels (p=0.03) [4].
A retrospective study by Tan confirmed that endo-
scopic transgastric necrosectomy had a lower com-
plication rate and shorter hospital stay compared to
surgical necrosectomy [18].

The limitations of the endoscopic approach in-
clude the necessity for multiple interventions, an
inadequate endoscopic evaluation of the quantity
of necrotic collections, the difficulties associated
with the removal of numerous necrotic collections,
the restricted feasibility of endoscopic transgas-
tric necrosectomy in instances of retroperitoneal
spread of the necrotic process, and the challenges
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or impossibility of debridement of distal left-sided
necrotic collections [8]. This method has techni-
cal limitations due to the lack of specialized tools,
the challenge of achieving a stable confluence be-
tween the necrotic collection cavity and the hollow
organ, and the difficulty of preventing damage to
vital structures, such as blood vessels, within the
necrotic cavity [8].

Today, there are two approaches to endoscopic
transluminal interventions for walled-off necrosis:
DEN, which involves performing necrosectomy
during the first few sessions, regardless of the clini-
cal course of acute pancreatitis, and the step-up ap-
proach, which involves performing DEN after pri-
mary transluminal drainage using a transluminal
stent fails. Several studies [11, 14, 15] have dem-
onstrated the advantage of the step-up approach in
avoiding unnecessary DEN, showing that 20—90 %
of patients with WON can be treated only with
endoscopic drainage using plastic stents or a fully
covered wide-diameter metal stent SEMS (self-ex-
pandable metal stent), including a specialized stent
for these operations LAMS (lumen-apposing metal
stent). Factors that may hinder the effectiveness of
drainage-only tactics include the large size of WON,
the small diameter of the stent, and the large num-
ber of solid sequestrations in the WON cavity [11,
14, 15]. Limitations in the choice of metal stents in-
clude a greater risk of bleeding compared to plastic
ones; are subject to mandatory removal after resolu-
tion of the WON cavity (plastic stents can be left
for a long time, if necessary, especially in the case
of «disconnected pancreatic duct» syndrome); the
high cost of such a stent (~500—1500 Euro).

In our clinic, an Olympus TJF-150 duodeno-
scope is used for transluminal access and translumi-
nal stent installation. If necrosectomy is necessary,
an Olympus GIF-Q150 gastroscope with a distal
cap is used under general anesthesia with tracheal
intubation to protect the airways from potential
aspiration of infected WON cavity contents. The
patient’s position during the procedure is supine,
which allows localizing the topographical position
of WON in relation to the stomach according to
imaging methods of diagnosis (CT or MRI). De-
pending on the WON attachment site, a cystotome
is used to puncture the gastric or duodenal wall un-
der endoscopic control for transluminal drainage.
Then No. 2 plastic double pigtail stents with a di-
ameter of 10 French — 5 c¢m are installed along the
guidewire. If imaging diagnostic procedures reveal
dense necrotic collections in the WON cavity, a di-
rect necrosectomy is performed through the conflu-
ence between the gastric/duodenal cavity and the
WON cavity, created by a dilatation endoballoon
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with a diameter of 15—20 mm. Direct necrosecto-
my can also be performed through a SEMS stent.
Removal of sequestrations and detritus is carried
out with the help of a tripod, a loop, a catch bas-
ket, and lavage of the WON cavity with antiseptic
solutions. In our clinic, a 2 % betadine solution and
a 1% hydrogen peroxide solution are used for la-
vage of the WON cavity. There is still no evidence
in the literature regarding the effectiveness and
benefits of specific antiseptics. Installing transnasal
drainage parallel to the stents into the WON cavity
for long-term lavage is one of the options for com-
pleting the procedure.

Indications for endoscopic transluminal inter-
ventions at our clinic include a localized necrotic
peri-/pancreatic collection identified on abdominal
CT with contrast or abdominal MRI and situated
adjacent to the stomach and/or duodenum; the du-
ration of the illness from the first painful episode
is i 4 weeks; evidence of external compression of
the stomach and/or duodenum as per EGD find-
ings. 50—60 % of patients with WON experience
compression of the stomach/duodenum from the
outside [8], which manifests as an obvious protru-
sion into the lumen and topographically correlates
with the area of walled-off necrosis next to the cor-
responding hollow organ. If there is no evidence of
severe portal hypertension, we can perform endo-
scopic transluminal interventions at the protrusion
site without an endosonoscope (endoscopic ultra-
sound, EUS) [10, 23]. The use of an endosonoscope
is preferable since it facilitates the visualization of
large blood vessels within the tissues, reducing the
risk of bleeding. Furthermore, if the WON cavity is
located within the EUS visualization, EUS technol-
ogy can reach it in up to 100 % of cases, allowing
WON cavity achievement when there is no typical
bulging into the stomach [3], and may shorten the
procedure duration.

To achieve sanitation of the WON cavity from
necrotic masses, 3 to 6 endoscopic transluminal
sessions are necessary [7]. The number of sessions
depends on the volume of WON, the extent of the
necrotic process, and the consistency of the content.
In some cases, the contents of the WON cavity are
almost homogeneous, «cheesy», and can be easily
washed out. However, in most cases, in addition to
fluid, there are large sequestrations that spread in
the form of honeycombs, can be attached quite tight-
ly, and require gradual removal over several sessions
as they detach into the lumen of the WON cav-
ity. Aggressive removal of sequestrations can cause
massive bleeding. To date, there are no unequivo-
cal criteria regarding the number of necessary ses-
sions for debridement and the time periods between
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interventions. In the study by Qing Liu [12], no
significant correlation was found between the inter-
val of endoscopic necrosectomy and the following
parameters, including general information about
the patient, etiology of pancreatitis, biochemistry
blood test (leukocyte count, neutrophil percentage,
C-reactive protein), preoperative fever, distribution
and size of WON, type and number of stents, and
initial (empirical) necrosectomy. However, there
were significant differences between necrosectomy
interval and Modified CT Severity Index (MCTSI)
(p<0.001), WON solid/liquid ratio (p <0.001) be-
fore intervention, postoperative fever (p=0.038),
increased C-reactive protein (p=0.012) and fever
before re-intervention (p =0.024) [12]. In the clini-
cal case presented by us, repeated interventions
(sessions) were carried out with an interval of 6—7
days and were justified by the presence of the dense
sequestrations, which could not be removed in the
previous endoscopic transgastric necrosectomy ses-
sion, and by the lack of significant improvement in
the patient’s general condition, hyperthermia, and
leukocytosis. Today, it remains uncertain which
cases should continue with endoscopic translumi-
nal procedures to achieve complete debridement
of WON, and which ones should transition to more
invasive methods such as laparoscopic procedures.
These decisions are made individually in each spe-
cific case, taking into account the clinical picture
and the experience of the medical center.

We successfully achieved complete debridement
of WON during 4 sessions of endoscopic translumi-
nal necrosectomy in the clinical case we presented.
We generally assessed the long-term negative con-
sequences 2.5 years after endoscopic minimally in-
vasive treatment of acute infected pancreatic necro-
sis in this patient as insignificant, using the «SF-36
score» test as our guide.
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Enockoniyna TpaHCIIOMiHAIbHA HEKPO3EKTOMIA
Y KOMIUIEKCHOMY JIIKYBAHH] ITAIIiEHTKU 3 TOCTPHUM
iH(PIKOBAHUM HEKPOTUYHUM IIAHKPEATUTOM.
KiiHiyHHUM BUITIAOK

H. B. ITysup ! 2, A. €. Tkauenko 3, M. B. Makcumenko !,
JI. O. ITepepsa ! 4, B. B. Boakosenpkwuii !, 1. M. Cycak !

! Hanjonanbuuii Meguunmii yuisepeuter imeni O. O. Boromosibis, Kuis
2 KHII «KuiBchka MichKa KJIiHIUHA JIKapHS MIBUAKOI MEIMYHOI JOIOMOTM»>
3 Vkpaincbka BificbKoBO-MeamdHa akazeMist, Kuip

4 HauioHa/ibHUI HayKOBUii 1leHTp Xipyprii Ta tpanciianTosorii imeni O. O. Illanimosa HAMH Ykpainu, Kuis

IIpeaCTaBIeHO KIHIYHUI BHIIAOK JIKYBAHHS I'OCTPOIO MAHKPEATUTY, IO HAO6YB MOPQOJIOridHOI (hOopMHU
iH(PIKOBAHOTO OOMEKEHOTO HEKPOTUYHOT'O CKYITYEHHS Y KiHKH BIKOM 49 POKIB 3 OXKHUPIiHHAM. /151 IIarHOCTUKH
TA JIKYBAHHA 3aCTOCOBAHO MYJIBIMANCLUIVLHAPHUN IIAXIJ i3 3AIy4EeHHAM JIKAPiB-XipypriB, aHECTE310/10TiB-
PEaHiMaTONOrIB, PAAiONIOTiB, iHTEPBEHIINHUX JiKapiB Y3/l, iHTEPBEHIINHUX E€HJOCKOINCTIB. Y TAaKTHUIIi
XipyprigHOro BUOOPY BUKOPHCTAHO <«Step-up approach» — Cy4acHMII ITOKPOKOBHM MifXifl, MO Hepeadadae
NOCTYHOBUH TIEPEXi/] Bii MCHII iHBA3UBHUX METOJB JIO OUIBII iHBA3UBHUX YIS SIKHAMMEHIIIOIO CTPECY IS
OPraHi3My MaIi€HTa. Horo €(PEKTHUBHICTb JJOBCJICHO B YUCIACHHUX JIOCTI/PKECHHSIX.

EHIOCKOIIIUHY TPaHC/IIOMiHAIBHY HEKPO3EKTOMIIO HMHI Aefali 4acTille BUKOHYIOTh Y 3axXiHUX KpaiHax. I3
2021 poKy ii YCIINTHO BIPOBA/DKEHO B HAMIIN KIiHiIli. HEBUPIMIEHNMH 3/IMIIAIOTHCSA ITUTAHHA IOAO0 BUOODY
€HAOCKOIIIYHUX TPAHCIIOMIHAJIBHUX BTPYYaHb Cepell iHIINX MAJIOIHBA3UBHUX METO/IB, YACOBUX iHTEPBAIB
MiK BTPYYAHHAMY, IX KiJIbKOCTi, CIIOCOOY T4 PEXUMY ITPOMHUBAHHA TOPOKHUHHA OOMEKEHOIO HEKPOTHYHOT'O
CKYITYEHHSI, BUOOPY AHTHUCENTHKA JUIA IPOMUBAHHA, KDUTEPIIB IEPEXOAY A0 iHBA3ZUBHIIINUX METO/IB JIIKYBAHHH,
1[0 HOTPEOYE MOAIBIINX AOCTPKEHDb. HUHI /U1 BUPIIEHHS IIUX IUTAHb 3ACTOCOBYIOTH 1HAMBIIYaIbHHUH ITiJI-
XiJT i3 ypaxXyBaHHAM MOKJIMBOCTEN T4 JTOCBily IIEBHOT'O CHEIiaIi30BAHOIO Bi/IUIEHHA. Y HABEIEHOMY KIiHi9YHO-
MY BHUIIQ/IKY B HAIIEHTKU BJIAJIOCA JOCAITU MTOBHOI CaHAI{l OOMEXKEHOIO PiIMHHO-HEKPOTUYHOI'O CKYITYEHHSI
KOMOIHAIIE€I0 YEPESMKIPHOTO JPEHYBAHHA I/ YIBIPA3BYKOBUM KOHTPOJIEM i3 JIABAKEM (TIEPHIMIA €TaI) Ta
YOTHUPBOX CECIMl €HJOCKOIIYHOI TPAHCIIOMIHAIBHOI HEKPO3ZEKTOMII K OCHOBHOI'O METO/Y MAJIOIHBA3UBHOI'O
JIIKYBaHHA. Bigganeni HerarvsBHiI HAGIAKU depe3 2,5 POKY MiC/d JIKyBaHHA Y L€l HALi€HTKH OLIiHEHI HAMH
B [IUIOMY K HECYTTEBI.

KiIro49oBi c10Ba: rOCTPUN TAHKPEATUT, TOCTPUI HEKPOTHYHUH ITAHKPEATUT, FTOCTPHUH iH(PIKOBAHUI TAaHKPE-
ATUYHHUI HEKPO3, OOMEKCHE HEKPOTUYHE CKYIIUYCHHS, CH/JIOCKOIMIYHA TPAHCIIOMIHAIBHA/TPAHCIACTPAIbHA
HEKPO3EKTOMif, IIPAMA €HJOCKOIIIYHA HEKPOZEKTOMIA.
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Zollinger—Ellison syndrome (ZES) is a rare pathology that does not have specific clinical manifestations and
is not always diagnosed in time. This is attributed to doctors’ insufficient awareness of this pathology and the
limited availability of the necessary examination methods. Foreign literary sources on this problem are analysed.
Historical data regarding the discovery of this pathology and the origin of the syndrome’s name are provided.
The epidemiology of the disease is highlighted. The most characteristic clinical manifestations and possible com-
plications of ZES are described in detail. The characteristic changes in gastric acid production associated with
this pathology and their diagnostic value (sensitivity and specificity) are presented. At the same time, indicators
of both basal and maximal stimulated gastric acid production are significantly increased. The most important
stage in the examination of patients with suspected ZES is the determination of blood gastrin levels. At the same
time, it is shown that it is not always possible to make definitive judgements in support of ZES based on gastrin
indicators. An absolute criterion in favor of ZES is fasting gastrin values of 1000 pg/ml or more. When gastrin
levels are less than this indicator, tests using secretin or calcium gluconate have significant diagnostic value. In
these circumstances, tests with secretin or calcium gluconate are mandatory. The information on the possible
localization of gastrin, the incidence of malignant transformation, and the mechanism of metastasis is given.
Methods of determining gastrin localization, sensitivity, and specificity are described in detail. Based on the find-
ings, a differentiated treatment strategy for patients with ZES is provided. Indications and contraindications for
surgical and medical treatment of patients with ZES are given. The prospects of a new treatment direction - the
use of targeted radiotherapy - are shown. These patients require constant monitoring by a gastroenterologist and
a surgeon and periodically undergo the necessary examinations.
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Zollinger-Ellison syndrome (ZES) is a relatively
rare and difficult-to-diagnose disease with no clear
pathognomonic clinical manifestations.

In 1955, Robert M. Zollinger and Edwin Ellison
(R. Zollinger and E. Ellison), American surgeons at
Ohio State University Medical Centre, published
a report on two patients who had recurrent multiple
duodenal ulcers in the intestine that were resistant to
antiulcer treatment and standard surgical interven-
tions. Pronounced hypersecretion of hydrochloric
acid and non-beta-cell pancreatic tumours were also
reported. These authors were the first to associate
gastric hypersecretion of hydrochloric acid and recur-
rent peptic ulcers with pancreatic islet non-beta-cell

General Surgery 3azansnaxipypein © 2024 ¢ Ne3 (10)

tumours [76]. Since then, this pathology has been re-
ferred to by the names of these scientists. ZES is char-
acterised by the above-mentioned triad of symptoms.

Later, R. Gregory et al., 1960 [24] established
a cause-and-effect relationship between the clini-
cal manifestations of ZES and hyperproduction of
gastrin, which is produced by a specific tumour —
gastrinoma — and leads to pronounced hypersecre-
tion of hydrochloric acid by the stomach. This pub-
lication marked the beginning of the investigation
into this pathology. Many professionals, including
geneticists and pathophysiologists, gastroenterolo-
gists, endocrinologists, surgeons, and oncologists,
contributed their scientific and practical expertise
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to this issue. The interest in ZES by specialists from
various fields of medicine and biology indicates that
this pathology is becoming more relevant in the
global medical community. This, in turn, contribut-
ed to a more in-depth study of the pathology’s eti-
ology and pathogenetic mechanisms, as well as the
development and implementation of new diagnostic
methods and treatment technologies [24].

Gastrinoma is the second most common neu-
roendocrine tumour (NET) after insulinoma. In
most cases, gastrinomas are sporadic (not familial,
not hereditary). However, in approximately half of
the cases, they are associated with the syndrome of
multiple endocrine neoplasia type 1 (MEN 1). Vari-
ous samples reveal that 20—61 % of patients with
MEN 1 syndrome have gastrinoma with ZES, while
30—38% of all gastrinoma patients have MEN 1
syndrome [6, 19].

Epidemiology. Gastrinoma is the second most
common neuroendocrine neoplasia after insulino-
ma. In most cases, gastrinomas are sporadic (not fa-
milial, not hereditary). However, in approximately
half of the cases, they are associated with the syn-
drome of multiple endocrine neoplasia type 1 (MEN
1). Thus, according to different samples, gastrinoma
is found in 20—61 % of patients with MEN 1 syn-
drome, and conversely, MEN 1 syndrome is found
in 30—38 % of all patients with gastrinomas [6, 19].

Gastrinoma is caused by genetic mutations that
lead to the uncontrolled proliferation of hormon-
ally active cells. At the same time, multipotent stem
cells are the source of gastrin-producing NET de-
velopment [11].

Among patients with idiopathic peptic ulcer
disease of the stomach and duodenum, ZES, as
the cause of ulcer formation (that is, this ulcer is
essentially a symptomatic ulcer), is diagnosed in
0.1—1 %, and among patients with recurrent post-
operative ulcers, in 2 % of cases [55].

The annual incidence of ZES is 0.3—4 cases per
1 million of the global population. According to the
literature, sporadic gastrinomas (ZES) are usually
detected at the age of 41 to 55 years. However, ob-
servations of these diseases are also described both
in children aged 7 years and in elderly people aged
70—80 years [17].

Gastrinomas in MEN 1 (hereditary gastrinomas)
usually occur in younger patients as multiple micro-
gastrinomas with a predominant localization in the
duodenum [15].

According to some authors, this pathology occurs
more often in men than in women (ratio 3:2) [32].

However, there is another opinion according to
which this pathology is diagnosed more often in
women than in men [17].
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According to other data, ZES is equally often di-
agnosed in both men and women [38].

Features of the clinical course. ZES lacks pathog-
nomonic clinical manifestations that would allow
for an unambiguous diagnosis of this pathology.
However, the presence of some non-specific symp-
toms and clinical manifestations makes it possible
to suspect ZES.

According to the literature, common nonspecific
symptoms include abdominal pain (73—98 %), diar-
rhea (73—75 %), heartburn (44—>56 %), and weight
loss (7—53 %) [41]. Other symptoms are nausea,
vomiting, and intestinal malabsorption [22].

In almost all cases, the initial clinical symptoms
of ZES are mainly due to gastric hypersecretion of
hydrochloric acid and hyperchlorhydria, leading to
severe peptic ulceration and, in some cases, malab-
sorption and diarrhea [22].

What is more, with ZES, unlike ulcers caused by
Helicobacter pylori or non-steroidal anti-inflamma-
tory drugs, they often have atypical localization —
the distal parts of the colon, the proximal part of the
jejunum, the esophagus, as well as possible multiple
ulcers of different localization, which are character-
ized by quite frequent complications — perforation,
bleeding, penetration, stenosis [10].

Diarrhea is the second most common symptom of
ZES after abdominal pain. In 3—10 % of cases, diar-
rhea can be the first and only manifestation of ZES.
The development of chronic diarrhea in ZES is also
based on hyperproduction of hydrochloric acid,
which neutralizes pancreatic enzymes, accompanied
by malabsorption [56].

Heartburn and episodes of vomiting with acid-
ic stomach contents at the height of pain are also
a characteristic clinical sign of ZES, which can lead
to its reduction and some relief. In the future, this
can also lead to the development of gastroesophage-
al reflux disease (GERD). According to the Los An-
geles classification, the severity of GERD with ZES
can vary from mild (A or B) grade to severe (C or
D) grade, potentially leading to the development of
complications such as esophageal stricture, Barrett’s
esophagus, esophageal-tracheal, or even esophageal-
aortic fistula [43, 52].

Robinson A. M. et al. (2023) described two cases
of esophageal perforation in patients with ZES, in
which peptic stricture and esophageal ulcer devel-
oped as a result of gastroesophageal reflux. One of
them developed an esophageal-aortic fistula, which
led to a fatal outcome [52].

Despite the improvement of diagnostic tech-
niques and increased awareness of doctors, it is not
always possible to recognize ZES in time. It can take
4—8 years from the moment of the first symptoms to
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the establishment of a diagnosis. At the same time,
in connection with the widespread use of PPIs, the
percentage of early diagnosis of ZES decreased by
62 % compared to the time when PPIs were pre-
scribed much less often [36]. This is because PPIs
mask the clinical picture of ZES, and these patients
are often misdiagnosed as having irritable bowel
syndrome or reflux disease [20].

A number of diagnostic techniques are used for
timely recognition of this pathology. The study of gas-
tric acid production indicators has enabled the estab-
lishment of specific parameters inherent in ZES,; since
almost all clinical manifestations of this pathology
arise from the hypersecretion of hydrochloric acid
due to constant stimulation by hypergastrinemia.
Namely, the assessment of basal gastric acid output
(BAO) and maximum stimulated gastric acid output
(MAO) and their ratio was carried out according to
the method developed by A. W. Kay [34].

In patients with ZES, the BAO level was increased
by 4—6 times, and in some patients by more than 10
times compared to the norm. At the same time, an
increased level of MAO was also observed [16].

Patients with sporadic ZES without previous
acid-reducing surgical interventions (gastric resec-
tion, vagotomy) had a BAO level of >15 mEq/h.
The sensitivity of this criterion is 90—98 % [39].

In patients after acid-reducing operations, the
sensitivity for BAO >5 mEq/h was 81—100 %,
for BAO >14.4 mEq/h — 73 %, and 37 % for BAO
>19.2 mEq/h, respectively. At the same time, the
specificity for the BAO criterion >5 mEq/h was
85 %, while for the other two aforementioned crite-
ria, it was 100 % [54].

In practice, the BAO criterion of >15 mEq/h for
patients without previous acid-reducing surgery,
with a sensitivity of 91 %, and >5 mEq/h for pa-
tients with a history of such surgery, with a sensitiv-
ity of 100 %, is most often used to diagnose ZES [39].

The MAO criterion of > 25 mEq/h in patients with-
out acid-reducing surgery and > 10 mEq/h after acid-
reducing surgery had a sensitivity of 90 %. Moreover,
such a criterion as the BAO/MAO ratio >0.6 had
a sensitivity and specificity of over 80 % [41].

The following criteria were determined during the
study of indicators of gastric acid production by the
method of intragastric pH-metry. In patients with
ZES after previous acid-reducing interventions on
the stomach, the pH values ranged from 0.83 to 1.99
(M=1.14+0.04), and in patients with an unoper-
ated stomach, from 0.32 to 1.14 (M =1.05+0.06).
Moreover, the sensitivity of these indicators in both
groups was 99 % [54].

The ratio of BAO/MAO indicators also has its
own peculiarity in ZES. In particular, when the
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value of this ratio is >0.6, the sensitivity reaches
89 % with the same percentage of specificity [54].

The next criterion for assessing the secretory
function of the stomach was the study of the volume
of gastric output over a certain period of time. In pa-
tients with ZES, the volume of gastric acid produc-
tion was 3—8 times greater than in patients with
idiopathic duodenal ulcers or in the control group.

In particular, in patients with previous acid-re-
ducing surgical interventions, the volume of gastric
secretion was 247 =25 ml/h, and without gastric
interventions, it was 314 = 10 ml/h [8].

In patients with ZES, in the presence of diarrhea,
peptic stricture of the esophagus, or cicatricial ste-
nosis of the pyloric department, significantly higher
rates of gastric acid production were observed com-
pared to patients who did not have these symptoms.
The presence or absence of abdominal pain, as well
as symptoms such as heartburn, nausea, vomiting,
weight loss, and bleeding, did not correlate with
acid production [54].

Without a doubt, the main diagnostic criterion
for the diagnosis of ZES is the determination of
the level of gastrin in the blood serum. At the same
time, it should be taken into account that the up-
per physiological level of fasting gastrin, according
to various authors, can range from 100 pg/ml to
200 pg/ml. The content of gastrin from 300 pg/ml
to 1000 pg/ml with the corresponding clinical pic-
ture is a reason to suspect ZES. And a level of more
than 1000 pg/ml indicates the presence of a gastri-
noma, provided that it is recorded in patients with
peptic ulcer disease or hyperchlorhydria [2, 17].

Intermediate values of gastrin (200—1000 pg/ml)
occur in 60 % of patients with ZES. At the same time,
other potential causes of hypergastrinemia should
be excluded. In particular, the secretion of gastrin in
a normal physiological state is stimulated by disten-
sion of the antral part of the stomach, vagal stimula-
tion, or hypercalcemia. However, it is inhibited by
acidic gastric pH (negative feedback), secretin, so-
matostatin, vasointestinal polypeptide, glucagon, or
calcitonin. Hypergastrinemia can also occur in other
pathological conditions. Specifically, with hypochlor-
hydria or achlorhydria, chronic atrophic gastritis, per-
nicious anemia, or Helicobacter pylori infection [22].

Long-term use of proton pump inhibitors can
also lead to hypergastrinemia. Therefore, before de-
termining the level of gastrin, you should stop tak-
ing drugs in this group for at least 1 week, and H,
histamine receptor antagonists — for 48 hours [54].

In 1972, J.I. Isenberg et al. established that in pa-
tients with ZES, there is a paradoxical increase in
the level of gastrin in blood serum after intravenous
injection of secretin [29].
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Since then, this test has been widely implement-
ed in practice and has acquired the status of a pro-
vocative secretin test. This test is indicated in con-
troversial situations and for patients with suspected
ZES when the fasting gastrin level does not exceed
1000 pg/ml [8].

Secretin is administered as a bolus intravenous-
ly (for 30 seconds) at a dose of 2 units/kg of body
weight. Blood samples were tested for gastrin con-
tent fasting and 2.5, 5, 7.5, 10, 15, and 30 minutes
after administration of secretin [22].

Different cut-off levels of gastrin increase have
been proposed for evaluating the secretin test. In
particular, the secretin test was considered posi-
tive with an absolute increase in gastrin concentra-
tion (by 110—200 pg/ml or more) or by 50 % of its
fasting content. However, further studies revealed
that an increase in serum gastrin of 120 pg/ml or
more demonstrated high-test sensitivity (94 %) and
100 % specificity [22].

At the same time, false-negative results were
observed in 6—20 % of patients, and false-positive
results were observed in 15—39 % of cases. This
could be due to the presence of pernicious anemia
in patients or to their long-term use of proton pump
inhibitors (PPIs). In 10 % of cases, the results of the
secretin test in patients who have been taking pro-
ton pump inhibitors for a long time could be both
false-positive and false-negative [57].

As an alternative to the secretin test, a test with
intravenous infusion of calcium gluconate solution
at a dose of 5 mg/kg/h over 3 hours was proposed.
Blood samples for determination of gastrin con-
centration were examined before and after every
30-minute interval for 4 hours from the start of the
infusion. The test results were considered positive
when the gastrin level increased by 20 % or more
compared to its fasting level [54].

The diagnostic value of indicators of general
neuroendocrine markers (chromogranin-A, neu-
ron-specific enolase, synaptophysin) is also limited
by the fact that their specificity does not exceed
40—50 % [44].

However, the results of these techniques can be
both false negative and false positive. Therefore,
some difficulties in the evaluation of specific tu-
mour markers in patients with gastrinoma require
additional examination methods.

At the beginning of the study of ZES; it was con-
sidered that almost all sporadic gastrinomas are lo-
calized in the pancreas [28].

However, at the beginning of the 90s of the last
century, systematic data on the localization of gas-
trin in the wall of the duodenum appeared. Accord-
ing to these sources, gastrinomas are three times
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more common in the pancreatic duct than in the
pancreas [66, 76].

Characteristically, in 70—85 % of cases, duode-
nal gastrinomas are localized in the first and second
portions of the duodenum. Duodenum gastrinomas
are usually less than 1 cm in size, often multiple,
and account for approximately 50—88% of spo-
radic ZES-associated gastrinomas and 70—100 % of
MEN 1 associated gastrinomas [49].

In 50 % of cases, gastrinoma is localized in the
mucosa or submucosa of the duodenum [70].

Diametrical changes in the view of gastrin local-
ization over the last few decades are certainly relat-
ed to the improvement of instrumental diagnostic
methods [31].

Given that gastrinomas of the duodenum were
often small in size, mobilization of the duodenum,
duodenotomy, and intraoperative transillumination
of the duodenum are used for their careful search
[18, 27, 64].

Characteristically, duodenal and pancreatic gas-
trinomas differ in their biological essence. In partic-
ular, pancreatic gastrinomas, unlike duodenal gastri-
nomas, have a much higher rate of liver metastases,
which is one of the main factors in long-term surviv-
al, resulting in patients with pancreatic gastrinomas
having a worse prognosis. Duodenal gastrinomas of-
ten metastasize to regional lymph nodes [13, 50, 67].

The results of further studies showed that about
80 % of gastrinomas are localized in an anatomical
area called the gastrinoma triangle. Its vertices are
the junction of the vesical and common bile ducts, the
point of intersection of the middle and lower thirds
of the duodenum, and the projection of the zone be-
tween the head and body of the pancreas [60].

Later, information appeared about the localiza-
tion of gastrin in the lymph nodes of the abdomi-
nal cavity (primary lymphonodular gastrinoma). In
particular, J. A. Norton et al. [49, 50] claimed that in
10—15 % of cases, primary gastrinomas are localized
in peripancreatic and periduodenal lymph nodes.
The possibility of primary localization of gastrin in
lymph nodes is confirmed by the results of studies
that report long-term (up to 20 years) recurrence-
free survival after removal of only the lymph node
in patients with sporadic ZES compared to patients
after resection of primary duodenal or pancreatic
gastrinoma [5, 12]. Primary sporadic gastrinomas
can be localized not only in the pancreas, duode-
num, and lymph nodes. In 5% of cases, they were
located in the ovaries, liver, biliary tract, stomach,
kidneys, jejunum, and esophagus [13, 69].

According to the literature, primary localization
of gastrin in the liver was observed only in 35 pa-
tients. Moreover, it is characteristic that in most of
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the registered cases, there were single gastrinomas,
and only 5 (14 %) had multiple tumours [25].

As arule, gastrinoma metastasizes to the liver, re-
gional lymph nodes, and bones. Metastases in the
spleen, peritoneum, and mediastinum are less com-
mon. An important predictor of the presence of me-
tastases in the liver is the localization of the tumour
in the liver with a size of more than 3 cm [31].

Further diagnostic procedures are aimed at lo-
calization with gastrin. An important stage in the
examination of a patient with ZES is the topical di-
agnosis of gastrinoma, which can be quite difficult.

Esophagogastroduodenoscopy (EGD) is used to
visually assess the condition of the esophagus, stom-
ach, and duodenum and to identify symptomatic
ulcers of various locations and their possible com-
plications. Duodenoscopy can also provide informa-
tion about duodenal gastrinomas [17].

According to the literature, the sensitivity of
transabdominal ultrasonography averaged 39 %
(17—79%) [9, 34].

Non-invasive imaging is primarily performed to
assess the extent of the primary tumor or metasta-
ses. CT and MRI can detect tumors larger than 3
cm, but their results are questionable if the tumor is
less than 3 cm [17]. According to D. V. Sahani [57]
traditional imaging methods, which include com-
puted tomography (CT) and magnetic resonance
imaging (MRI), have low sensitivity that corre-
lates with tumor size. Thus, the sensitivity does not
exceed 20 % for gastrinomas less than 1 cm in size,
30—40 % for those between 1 and 3 cm, and exceeds
50 % for those more than 4 cm.

Computed tomography (CT) with contrast is
informative in cases where the primary tumour is
larger than 1 cm. When the tumour is located in the
head of the pancreas and has metastases in the liver,
the sensitivity is from 59 % to 78 %, and the specific-
ity is from 95 % to 98 %, respectively. Conversely, the
sensitivity decreases if the tumour is less than 1 c¢m,
especially if it is located outside the pancreas [36].

MRI is considered one of the most sensitive im-
aging methods for liver and skeletal bone metasta-
ses in patients with NET and is recommended for
monitoring the tumour’s response to therapy. Con-
trast-enhanced MRI has shown a high specificity
(namely, 100 %) in detecting small pancreatic gas-
trinomas and liver metastases, while its sensitivity
varies from 25% to 85 %. It should be noted that
MRI showed a higher sensitivity for detecting liver
metastases compared to CT [63].

Multidetector spiral computed tomography
(MSCT) allows to detect a tumour in no more than
50 % of cases, and when the tumour size is less than
1 cm, the sensitivity decreases almost 2 times [34].
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Endoscopic ultrasonography — endosonography
(EUS), which allows detecting small tumours and
determining their exact localization, has been wide-
ly used in the diagnosis of NET. The sensitivity of
endoscopic ultrasonography in patients with NET
pancreas is approximately 94 %, and in combination
with computer tomography it reaches 100 % [9, 17].

Endoscopic ultrasound has become an important
diagnostic test for the localization of gastrin, espe-
cially small (< 2 cm) pancreatic lesions. Its sensitiv-
ity and specificity are 75 %-100 % and 95 %, respec-
tively, for pancreatic tumours. Unfortunately, its
sensitivity sharply decreases in cases of duodenal lo-
calization, ranging from 38 % to 63 %. An additional
advantage of this technique is the possibility of tak-
ing cytological /histological samples using a punc-
ture/fine needle biopsy (FNA/B) to confirm the di-
agnosis of NET. False-negative results are possible
mainly due to the low quality of the biopsy material.
EUS-FNA/B is considered the primary technique
for pancreatic tumour sampling, with a sensitivity
of 80 % to 90 %, a specificity of 96 %, and a screening
adequacy rate of 83—93 % [3, 73].

Endosonography is important in detecting mul-
tiple lesions of the pancreas in MEN 1 syndrome,
as indicated by a number of authors, with a sensi-
tivity of 55—88 %. However, despite the high effi-
ciency of endoscopic ultrasonography (EUS), there
are a number of limitations to its use. In particular,
EUS has rather limited indications for tumor local-
ization in the tail of the pancreas. This technique
also has a low sensitivity for diagnosing duodenal
gastrinoma. Tumour sizes less than 5 mm also sig-
nificantly reduce the effectiveness of this method,
especially in MEN 1 syndrome [62].

However, the results of using modern preopera-
tive diagnostic methods to determine the preva-
lence of the tumour process make it possible to
detect no more than 50 % of metastatic foci in the
liver and less than 30 % of metastases up to 1.0 cm
in size [14].

The informativeness of these diagnostic tech-
niques in the recognition of extrahepatic metastases
of NET (lymph nodes, peritoneum, bones, lungs) is
even less [13].

Somatostatin receptor scintigraphy (SRS) is
more sensitive than conventional imaging studies,
including CT and MRI, and has a higher specific-
ity for detecting extrahepatic gastrinoma. SRS in-
volves the use of indium (In)-labeled octreotide,
which has a strong affinity for somatostatin type
2 receptors found on gastrinoma cells and is called
Octreoscan. This method showed quite good sen-
sitivity (between 77 %-78 %) and good specificity
(93 %-94 %) for detecting the primary tumour and
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its metastases. However, sensitivity decreases for
tumours smaller than 1 cm [61].

Visualization using PET-CT with 68 Ga-labelled
somatostatin analogues has the highest sensitivity
for the localization of P-NETS, as in general for other
NETS5, and also has a high specificity. In different stud-
ies of P-NETs, sensitivity ranged from 86 to 100 %
(mean 93 %), and specificity ranged from 79 to 100 %
(mean 96 %) for all P-NETs. This technique is par-
ticularly informative for localization of the primary
tumour and determination of the stage of the disease,
including metastases to other organs [40, 58, 68].

Non-invasive molecular imaging using positron
emission tomography (PET) and somatostatin re-
ceptor (SSTR) indicators, combined with metabolic
imaging using 2-[18F]Fluoro-2-deoxy-2-D-glucose
(18 FDG), enables the evaluation of the tumour’s
structure and heterogeneity [58].

It is now well established that molecular PET/
CT imaging using SSTR scanning in combination
with FDG radioactive tracers plays a significant ad-
ditional role in staging NET, changing its stage, and
selecting patients for further treatment [45].

For localizing duodenal gastrinoma, the most in-
formative method is transillumination [48].

Despite the availability of highly informative
imaging methods, including radioisotope stud-
ies (scintigraphy with octreoscan, PET-CT with
68Ga), the localization of primary NET in 10—15 %
of patients remains undetermined [71, 72].

Among the invasive examination methods aimed
at establishing a diagnosis and determining the lo-
calization of the tumour, angiographic examination
of the branches of the abdominal trunk and superior
mesenteric artery, percutaneous transhepatic blood
sampling with determination of the level of immu-
noreactive gastrin, as well as blood sampling from
the hepatic veins after intra-arterial stimulation of
various parts of the pancreas, are currently used.
This is followed by the determination of the level of
immunoreactive gastrin [7, 35].

However, even in patients with sporadic ZES
and negative preoperative imaging studies, an ex-
perienced surgeon will detect gastrinoma in 98 % of
patients, with 50 % achieving biological remission of
the disease following surgery, which is comparable to
the outcomes in patients with positive results [47].

Thus, in the vast majority of cases, modern meth-
ods of examination make it possible to diagnose
ZES, determine the localization of gastrinoma, and
develop a treatment strategy.

The main goals of drug therapy for ZES are to re-
duce the hypersecretion of hydrochloric acid as well
as control the growth of the tumour and its metas-
tases [4].
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Currently, the «gold standard» of antisecretory
therapy is the use of proton pump inhibitors (PPIs),
the effectiveness of which has been proven in pa-
tients of this category [37, 39]. The main goal of us-
ing PPIs in patients with ZES is to achieve stable
clinical and endoscopic remission. Various studies
have shown that in patients with ZES, a reliable cri-
terion demonstrating adequate control of the secre-
tory function is BAO less than 10 mEq/h until the
next dose of the drug [65].

In cases of ZES associated with MEN 1 syn-
drome, severe reflux esophagitis, or in patients after
gastric surgery, the BAO levels should not exceed
5 mEq/h. To achieve the indicated goals of PPI
therapy with an uncomplicated course of ZES, an
initial dose equivalent to 60 mg/day of omepra-
zole is recommended. In other cases, the daily dose
should be two times higher, divided into two doses
(60 mg twice a day). If the level of BAO against the
background of the indicated doses remains higher
than 10 mEq/h, the PPI dose should be gradually
increased and divided into 2 doses until the indi-
cated goal is reached [4, 46].

Conservative treatment of PPIs with the correct
dose selection ensures the absence of ulcer recur-
rence, which significantly affects the range of causes
of mortality. Indeed, it contributed to a significant
reduction in mortality from bleeding and perfora-
tions and an increase in the life expectancy of pa-
tients with ZES. In recent decades, the progression
of the tumour process has caused more than half of
the fatal consequences in patients with ZES [65].

The administration of synthetic analogues of so-
matostatin to patients with ZES not only suppress-
es the secretion of hydrochloric acid but also has an
antitumour effect. The most common analogue of
somatostatin on the market is octreotide. In addi-
tion, long-acting analogues of somatostatin (lanreo-
tide, octreotide, somatulin, etc.) are now available.
Their feasibility is determined by their comparable
effectiveness at significantly lower cost. In a study
involving 15 patients with ZES treated with soma-
tostatin analogues, 53 % exhibited tumour advance-
ment, 41 % experienced stabilisation, and just 6 %
achieved tumour regression [59].

At one time, interferon-a. (in a number of cases
in combination with octreotide) was often used to
stabilize the growth of pancreatic gastrin. Accord-
ing to the literature, interferon-a therapy led to the
tumour’s stabilization in 20—40 % of cases, and in
12 % of cases, its regression was observed [10].

The use of the technique of molecularly directed
(«targeted») therapy for the conservative treatment
of NET has shown its effectiveness. In particular, this
type of oncotherapy includes multitarget inhibitors of
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receptors with tyrosine kinase activity (sunitinib) and
mTOR inhibitors (everolimus, temsirolimus) [23].

The administration of sunitinib to 107 patients
(66 with NET of the pancreas and 41 with carci-
noid) resulted in tumour size reduction in 17 % of
patients and stabilization in 68 %. In studies using
mTOR inhibitors, the proportion of patients who
responded to therapy was 7 % for temsirolimus and
15 % for everolimus [30].

Peptide-receptor radionuclide therapy (PRRT)
is a promising direction in the treatment of NET.
It is a highly targeted and effective form of ra-
diopharmaceutical therapy (RFT) with minimal
side effects for the treatment of NET with a large
number of somatostatin receptors. In PRRT, the
patient receives an intravenous injection of a drug
such as octreotide (DOTATOC) and octreotate
(DOTATATE) that is chemically bound to or ra-
diolabelled with radioactive material, mainly lute-
tium-177. Somewhat less often, other radiophar-
maceuticals, such as yttrium-90 or indium-111,
are used. The radioactive drug binds octreotide to
somatostatin receptors on tumour cells with subse-
quent irradiation and tumour regression [26].

Surgical treatment is indicated in patients with
sporadic gastrinomas due to their high tendency to
metastasize to the liver, lymph nodes, and distant
organs. In cases where the process has progressed,
preference should be given to nonsurgical treat-
ment methods, including chemotherapy with evero-
limus, sunitinib, somatostatin analogues, interferon,
chemoembolization, radioembolization, and radio-
frequency ablation [51].

Currently, the primary treatment for sporadic
gastrinoma, if technically feasible, involves either
enucleation or local resection for damage to the
pancreatic head or a distal pancreatectomy for dis-
tal pancreatic lesions. A Whipple resection is usual-
ly performed for large lesions of the pancreatic head
or duodenum that cannot be adequately removed
by enucleation [32, 37, 56].

Whipple’s operation involves the removal of re-
gional lymph nodes. This method allows for the de-
tection of metastases in 30—70 % of patients when an
isolated gastrinoma is located in the pancreatic head
or in the case of duodenal gastrinomas. During the
enucleation of gastrinomas, these metastases often
remain unnoticed. Long-term results after Whipple’s
operation indicate an increase in the recurrence-free
period with this surgical intervention [21].

However, after any type of surgical intervention,
all patients with ZES should be monitored by a gas-
troenterologist to control the level of gastric acidity
and blood gastrin, as well as, when necessary, adjust
the PPI dose.

General Surgery 3azansnaxipypein © 2024 ¢ Ne3 (10)

Y.A. Dibrova, M. S. Kryvopustov

Thus, Zollinger-Ellison syndrome is a rare pa-
thology that is quite difficult to diagnose. For
a timely diagnosis, it is crucial to understand the
characteristics of the clinical picture of this disease
and have access to a comprehensive range of diag-
nostic methods that can identify effective thera-
peutic strategies. A multidisciplinary team must be
involved in this process.
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EBoutronig BUeHHA IIPO CUHAPOM 30UTiHrepa — EjuticoHa.
Orapg jiireparypu
10. A. JTlioposa, M. C. Kpusomnycros

Hamionampuuit meguanmii ynisepcureT iMeri O. O. boromoubirs, Kuis

Cuppom 3osutinrepa — Eiticona (C3E) — pigkicHa martosoris, sika He Ma€ crielu@ivHUX KIIHIYHUX BUABIB T4
HE 3aBX/W BYACHO JidIHOCTYEThCA. 1]e 3yMOBJIICHO HEJOCTATHBOIO OOIZHAHICTIO JIKAPIB IIOAO LIi€l ITaTONIOTil
Td YaCTO HEAOCTYIHICTIO HEOOXIHUX METO/IB OOCTEXEHHsL. [IpOaHAIi30BAHO 3apPYOLKHI JIITEPATYypHi JpKepeia
3 piei npo6aemu. HaBeaeHo AaHi MO0 BiAKPUTTS LIi€l IATOJIONT Ta TOXOPKEHH HA3BHU CUHAPOMY. BUCBiTie-
HO MUTAHHS CIiJEMiOJIOri 3aXBOPIOBAHHSL. [IeTaIbHO ONMCAHO HAMXAPAKTEPHII KIiHIYHI BUABU T4 MOMJINBI
ycxnagnennsa C3E. HaBeseHo 3MiHM NUIYHKOBOI KMCIOTOIIPOAYKILiT, XapAKTEPHI JyIs 1i€1 IaToJIorii, Ta IXHE Jlia-
THOCTUYHE 3HAYEHHSA (YyTJIUBICTD i crienu@ivnicTs). [Tpu IbOMY 3HAYHO ITiABUIYIOTHCA ITOKA3HUKH AK 6334/1b-
HO{, TaK i MAKCHMAIbHOI CTUMYJ/IbOBAHOI NTYHKOBOI KUCJIOTOIIPO/YKIi. HaltBXKTHUBIIIMM €TaIIOM OOCTEKEHHS
MarieHTis i3 migo3poro Ha C3E € Bu3Ha4YeHHsA PiBHA IACTPHUHY B KPOBI, AKWIT 3HAYHO ITiIABUIYETHCS 34 1€l I1aTO-
Jiorii. OHAK 34 IIOKA3HUKOM I'ACTPUHY HE 3aBXK/AM MOXKHA BIIEBHEHO AiarHOCTyBaTU C3E. AOCOIIOTHHUM KpUTE-
piem Ha kopuctb C3E € piBenb racrpuny Hatie > 1000 nr/min SKimo e nmokazuuk < 1000 nr/mii, To 3HaYHy
JiarHOCTUYHY LIHHICTb MAIOTh TECTH i3 3ACTOCYBAHHAM CEKPETHUHY YU IVIIOKOHATY KAJIbIiI0. HaBeneHo aani mpo
MOZKJIMBY JIOKQ/Ii3a11i0 I'ACTPUHOM, YACTOTY iX 3JIOSIKICHOI'O IEPEPO/PKEHHS Ta MIJIAXU MCTACTA3yBaHHL. JleTab-
HO OIUCAHO METOAMKU BU3HAYEHHA JIOKA/I3a11il TACTPUHOM i3 3a3HAYEHHAM IXHbOI YYIJIMBOCTI Ta CHelUdid-
HOCTi. BUCBiT/IEHO AU(pEPEHIIIOBAHY TAKTUKY JiKYBAaHHA XBOPUX i3 C3E Ha MiJCTaBi PE3yIBTaTiB OOCTEKEHHSL.
OOIpyHTOBAHO HEOOXiHICTh MOCTIMHOIO MEPEOYBAHHS ITUX MAIi€HTIB il HAIVI/IOM IACTPOCHTEPOIOra Ta
xipypra. HasegeHo qudepeHiiifiopany TaKTUKY JIIKyBaHHA XBOPHX i3 C3E 3 ypaxXyBaHHAM PE3y/BraTiB oocTe-
JKEHHsI, 4 TAKOXK ITOKA3AHHA TA IPOTUIIOKA3AHHA JI0 XipypridHOroO Td MEJIUKAMEHTO3HOT'O JIIKYBAHHA ITALIEHTIB
i3 C3E. BUCBIT/IIEHO IIEPCIIEKTUBU HOBOI'O JIIKYBAJIbHOI'O HAIIPSAMKY — 34CTOCYBAHHS TAPIETHOI PafioTepartil.
OOIpyHTOBAHO HEOOXIHICTD VI IIUX MAli€HTIB MOCTIHHO NepebyBaTH Mijl HAIVIAZOM rdCTPOEHTEPOIOra Ta
Xipypra # nepiofM4yHO IPOXOJNUTH HEOOXIiIHI OOCTEKEHHSL.
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The incidence of stones in the common bile duct in patients with symptomatic gallstone disease varies significantly
and depends on age, ranging from 5 % to 33 %. In 85—90 % of cases, choledocholithiasis is effectively treated with
endoscopic papillotomy (EPT) and lithoextraction, which is currently considered the standard method for man-
aging this pathology. However, in 10—15 % of cases, choledocholithiasis is technically challenging for endoscopic
treatment, requiring alternative methods and specialized equipment. This research examines the epidemiological
aspects related to the increasing detection rate of choledocholithiasis, which is attributed to advancements in mod-
ern diagnostic techniques. Particular emphasis is placed on etiological factors such as genetics, obesity, and dietary
habits that enhance bile lithogenicity. The pathogenesis section elucidates the mechanisms underlying primary and
secondary stone formation in the bile ducts and their physiological impacts, including such complications as acute
cholangitis, biliary sepsis, cholestatic hepatitis, and biliary cirrhosis of the liver. Distinct focus is placed on the crite-
ria for difficult choledocholithiasis, encompassing stone characteristics, location, altered biliary anatomy, and the
patient’s general condition. Diagnostic techniques include laboratory and instrumental investigations, particularly
ultrasound, magnetic resonance cholangiopancreatography, endoscopic retrograde cholangiopancreatography,
and endoscopic ultrasound. The treatment section emphasizes the importance of timely stone removal to prevent
complications. Modern treatment options are discussed, including both conservative and surgical methods such as
endoscopic procedures and laparoscopic surgeries. The significance of an interdisciplinary approach to the diag-
nosis and treatment of choledocholithiasis and its many manifestations is emphasized.

Difficult choledocholithiasis remains a relevant issue in hepatobiliary surgery, and its effective treatment requires
an individualized and multidisciplinary approach, involving endoscopic and laparoscopic technologies.
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difficult choledocholithiasis, choledochoscopy, choledocholithoextraction, mechanical jaundice, endoscopic
retrograde cholangiopancreatography.
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Choledocholithiasis is a complication of gallstone
disease, characterized by the formation of stones
in the common bile duct (CBD) or their migration
from the gallbladder. Most publications classify
choledocholithiasis as difficult when it cannot be
managed by primary endoscopic techniques due to
specific criteria and signs (Table 1) [58, 67, 69, 79].

Some sources also consider the qualification and
experience of the endoscopist as a criterion for dif-
ficult choledocholithiasis [78].

Etiology, epidemiology and
pathogenesis of choledocholithiasis

In the early 1960s, choledocholithiasis was diag-
nosed in about 6—7% of patients with gallstone

General Surgery 3azansnaxipypein © 2024 ¢ Ne3 (10)

disease. However, in the past two decades, the in-
cidence has increased to 20—30 % [66, 70]. At pres-
ent, choledocholithiasis develops in 5—33% of
patients with gallstone disease, and in 10—15 % of
these cases, it presents challenges. This pertains to
the advancement and accessibility of screening and
non-invasive diagnostic techniques, in addition to
nutritional influences [60].

Choledocholithiasis represents a significant issue
in contemporary hepatobiliary surgery, as it accounts
for 40 % of cases with obstructive jaundice [18, 45].

Common bile duct (CBD) stones may result in
cholestasis and mechanical jaundice syndrome. If
these conditions are not diagnosed promptly, they
can progress to severe complications such as acute
cholangitis and biliary sepsis [26, 33, 35].
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Table 1. Criteria for difficult choledocholithiasis [12, 24, 35, 58, 79]

Category Condition

Basis

Large stone (> 15 mm)
Characteristics of

bile duct stones

Multiple choledocholithiasis (> 3 stones, size > 10 mm)
Atypical form of bile duct stones (barrel-shaped)

Indication for lithotripsy

Impossibility of stone extraction
with the Dormia basket

; Intrahepatic ducts
Location of
bile duct stones o

Mirizzi syndrome

Bile duct stones above the stricture of the duct

Difficulty in reaching bile duct
stones

Stenosis of the esophagus, stomach, or duodenum

Condition after gastrectomy and Billroth IT gastric resection

Altered anatomy Parapapillary diverticulum

Vitreous edema of the duodenum

Difficulty in reaching the major
duodenal papilla

Tubular stenosis of the distal common bile duct in chronic pancreatitis

. L Various terminal states
Patient condition L . .
Significant coagulation disorders

High risk of fatal complications

Numerous publications identify genetics, exces-
sive body weight, and poor nutrition as the primary
etiological factors contributing to cholelithiasis, as
they increase the risk of bile lithogenicity and stone
formation [57, 70]. Gallstones and choledocholithi-
asis are associated with the patient’s age, hypothy-
roidism, chronic cholangitis, and parasite infesta-
tion of the bile ducts [61].

The primary pathogenetic cause of choledocholi-
thiasis is the presence of stones in the common bile
duct, leading to obstructed bile flow and the subse-
quent onset of cholestasis and mechanical jaundice
of varying severity [24, 33].

Based on the formation process of bile duct
stones, primary stones are identified as those formed
directly inside the bile ducts, whereas secondary
stones originate from the gallbladder or cystically
dilated intrahepatic bile ducts [68, 70]. Primary
formation of stones in the bile duct occurs in about
1.0—5.7 % of patients with gallstone disease. This is
typically linked to disrupted pigment metabolism,
alterations in bile composition, inflammation of the
bile ducts, and bile stasis [24, 33].

Primary bile duct stones, which are not associat-
ed with the gallbladder, are more common in South-
east Asian countries. The incidence of intrahepatic
lithiasis varies significantly, ranging from 0.38 to
18 % (up to 50 % in Taiwan) [14, 60, 70]. Second-
ary bile duct stones are prevalent in most Western
countries [70].

The passage of stones from the gallbladder to the
bile duct is facilitated by its dilation or the forma-
tion of a cholecystocholedochal fistula (Mirizzi syn-
drome). The incidence of residual choledocholithia-
sis ranges from 2 to 10 %, whereas the recurrence
rate varies from 1 to 7 % [4, 30, 37].
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Solitary CBD stones are observed in 30 % of pa-
tients, whereas numerous stones are seen in 70 % of
patients. Stones are detected in the common bile
duct in 60—70% of patients, in the intrahepatic
bile ducts in 5—10 %, and in the major duodenal pa-
pilla (ampulla of Vater) in 15—25 %. Approximately
one-third of choledocholithiasis patients, particu-
larly those with stones in the distal segment of the
CBD, are asymptomatic, whereas stones located in
the terminal segment of the CBD are often impact-
ed and result in significant clinical manifestations of
mechanical jaundice [40, 78].

Diagnosis of difficult choledocholithiasis

The primary objective in managing both uncom-
plicated and complicated choledocholithiasis is
prompt diagnosis, which minimizes the incidence
of unnecessary invasive diagnostic interventions.
ESGE (European Society of Gastrointestinal En-
doscopy, 2019) and ASGE (American Society for
Gastrointestinal Endoscopy, 2019) guidelines ad-
vocate for choledocholith extraction in all patients
with either symptomatic or asymptomatic choledo-
cholithiasis [29, 33, 70].

Due to the complexity of hepatopancreatobiliary
surgery, a series of procedures are necessary to estab-
lish an accurate diagnosis and select the appropriate
treatment technique. The process begins with the
collection of anamnestic data and laboratory assess-
ments, which include a total blood count (leukocyto-
sis, left shift in the leukocyte formula, elevated eryth-
rocyte sedimentation rate), a biochemistry blood
test (total and direct bilirubin, total protein, glucose,
potassium, sodium, calcium, creatinine, urea, amy-
lase, liver transaminases, -glutamyl transpeptidase,
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alkaline phosphatase), a coagulogram, procalcitonin,
and other inflammatory markers, along with a general
urinalysis. These procedures facilitate the assessment
of primary liver functions and the identification of
pathological syndromes requiring correction. Litera-
ture indicates that normal liver test readings suggest
the absence of hepatic stones. Biochemical markers,
namely total and direct bilirubin levels, y-glutamyl
transpeptidase, and alkaline phosphatase, serve as sig-
nificant indications of mechanical jaundice, cytolysis,
and choledocholithiasis [23, 67, 69].

Clinically, choledocholithiasis may present as
pain in the right subcostal region (a symptom of
acute cholecystitis), symptoms of mechanical jaun-
dice (dark urine and acholic stool), often without
pruritus, and occasionally as Charcot’s triad (fever,
jaundice, and biliary colic) [38].

Instrumental examination methods, particularly
routine ultrasonography (US), are employed to di-
agnose choledocholithiasis due to their availability,
non-invasiveness, cost-effectiveness, and relevance
in assessing liver diseases [11, 54, 60]. A high sensi-
tivity of ultrasound for detecting gallstones has been
established (about 96 %), which is explained by the
proximity of the gallbladder to the abdominal wall
and the absence of gases between the sensor and the
wall of the organ [22, 77]. The effectiveness of ultra-
sound in detecting CBD stones is about 50 %. The
presence of stones predominantly in the distal and
terminal segments of the common bile duct, which
are inadequately visible by ultrasound, accounts
for this, along with the physician’s proficiency in
transabdominal ultrasound diagnostics [11, 60].
Choledocholithiasis can be inferred from indirect
ultrasound indicators: dilation of the bile ducts, in-
dicative of biliary hypertension, and the presence of
numerous small gallstones that frequently migrate
into the common bile duct. Clinical and laboratory
data, together with ultrasound diagnostic results,
serve as primary diagnostic criteria for identifying
signs of choledocholithiasis, as confirmed by the
ESGE guidelines [9, 39, 67, 79]. Three risk groups
for choledocholithiasis were established based on
these findings (Table 2) [9, 66].

Computed tomography (CT) is widely used in
abdominal surgery and serves as a secondary diag-
nostic method for choledocholithiasis. However, its
effectiveness without contrast is only marginally su-
perior to ultrasound and considerably less effective
than magnetic resonance imaging [55]. Consequent-
ly, CT diagnostics for suspected choledocholithiasis
is conducted using contrast, markedly enhancing
its effectiveness and specificity. Literature indi-
cates that CT with contrast is helpful in 69—96 %
of choledocholithiasis cases. However, its sensitivity

General Surgery 3azansnaxipypein © 2024 ¢ Ne3 (10)

V.V. Volkovetskii et al.

diminishes with small biliary stones (< 5 mm) in
patients of older age groups and with a low calcium
concentration in the stones [41, 47, 57].

A few decades ago, endoscopic retrograde chol-
angiopancreatography (ERCP) was extensively
employed for diagnostic purposes and was regard-
ed as the gold standard in diagnosing biliary tract
pathologies [25, 54]. ERCP, when combined with
endoscopic papillosphincterotomy, is an exception-
ally successful diagnostic and treatment method
for biliary tract disease [1, 73, 75]. The technique
is used to detect gallstones, CBD stones, and CBD
strictures. This procedure enables the examination
of the gastric and duodenal mucosa, the bile duct,
and the collection of a pure bile or pancreatic juice
sample for microbiological (culture), cytological,
and biochemical study [66]. An increasing number
of studies emphasize the necessity for clear indica-
tions for such a procedure [54, 57]. A clear indica-
tion for ERCP is the presence of jaundice and bile
duct stones detected during ultrasound. Some au-
thors consider acute pancreatitis, acute cholecysti-
tis, and purulent cholangitis with septic complica-
tions as contraindications to ERCP.

ERCP is generally regarded as an effective and
safe diagnostic and therapeutic procedure. How-
ever, such complications as pancreatitis, bleeding
from a papillotomy site, duodenal perforation, and
cholangitis may arise, occurring at a frequency of
8—12 %, even when conducted by a highly skilled
endoscopist. Under the ESGE and ASGE guide-
lines, ERCP should be performed only in cases of
morphological confirmation of choledocholithiasis
and in patients exhibiting clinical signs of cholan-
gitis [21, 25, 79].

Currently, magnetic resonance cholangiopancrea-
tography (MRCP) and endoscopic ultrasound diag-
nostics (endo-US) are the most accurate methods
for detecting bile duct stones and are recommend-
ed for patients at <high» and «moderate» risk of

Table 2. Predictors of choledocholithiasis
(American Society of Gastrointestinal Endoscopy, 2019)

Predictors Description

Common bile duct stone on ultrasound

;ﬁg}g Clinical manifestations of cholangitis

Elevated total bilirubin level >4 mg/dL

Dilated common bile duct on ultrasound (> 6mm)
Strong

Elevated total bilirubin level (1.8—4.0 mg/dL)

Elevated LFTs (ALT, AST
Moderate Age> 55 years
Clinical manifestations of biliary pancreatitis
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choledocholithiasis [57]. MRCP is regarded as the
most accurate non-invasive (non-endoscopic) meth-
od to detect bile duct stones, with high sensitivity
(85—92 %) and specificity (93—97 %) [41, 60].

The research indicates that both methods are
highly specific and informative but have a number
of disadvantages. MRCP is contraindicated in pa-
tients with pacemakers, other metallic implants,
obesity, and claustrophobia. Endo-ultrasound is
marked by limited prevalence, high equipment
costs, minimal invasiveness, and considerable chal-
lenges associated with altered gastrointestinal
structure [70].

Invasive diagnostic techniques include intraopera-
tive cholangiography and percutaneous transhepatic
cholangiography, whose specificity is comparable to
that of ERCP and MRCP. Nonetheless, they have
some disadvantages. Research indicates that the in-
cidence of bile duct stone detection during routine
intraoperative cholangiography in patients with gall-
stone disease is 10—12 %. However, this technique
has not gained popularity due to the greater avail-
ability of non-invasive diagnostic methods, which are
continually improving in accuracy [21, 23].

Consequently, in diagnosing choledocholithiasis
and difficult choledocholithiasis, it is essential to
employ all available diagnostic methods and their
combinations, contingent upon the particular clini-
cal case and cost viability.

Treatment of difficult
choledocholithiasis

Endoscopic methods of treatment are more often
used in patients with choledocholithiasis. Accord-
ing to the literature, ERCP is one of the most com-
plex endoscopic procedures. It was first performed
in 1968 as an invasive diagnostic manipulation
[39]. It is important that ERCP can easily trans-
form from a diagnostic procedure into a therapeu-
tic one. Such invasions include endoscopic papil-
losphincterotomy (EPST), endoscopic mechanical
lithoextraction, and endoprosthesis of the bile ducts
(bouginage and stenting), which are most often
performed together and used in complex treatment
[79]. Endoscopic papillosphincterotomy was first
independently described in 1974 in Germany and
Japan. Initially, it was used to remove residual or
recurrent CBD stones after cholecystectomy with
or without choledochotomy. Choledocholithiasis is
the most common indication for conducting EPST.
In patients with acute purulent cholangitis, usually
caused by a stone, the method of choice is urgent
endoscopic retrograde cholangiography with EPST
[35]. When ERCP and EPST are introduced into
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clinical practice for the diagnosis and treatment of
patients with the appropriate profile, it significantly
improves the results of treating this pathology, par-
ticularly in patients with severe concomitant pa-
thology [51, 66, 79]. According to various sources,
the efficiency of papillosphincterotomy reaches
90 % depending on the experience of the endosco-
pist, the clinical case, and the presence of signs of
difficult choledocholithiasis [66, 79]. Complex can-
nulations, such as parapapillary diverticula and al-
tered anatomy of the upper parts of the digestive
tract, typically lead to difficulties in performing
EPST. Although this operation is considered quite
safe, the complication rate is 5.0—9.8 % [7, 75]. Ac-
cording to the classification of complications after
endoscopic transpapillary interventions (P. B. Cot-
ton, C. B. Williams, 1996), the following complica-
tions are most common: bleeding (0.3—2 %), perfo-
ration of the duodenum (0.1—1.1 %), post-papillot-
omy pancreatitis (1.3—6.7 %), and mortality, which
is 16—18 % [10]. In cases of difficult choledocholi-
thiasis, ERCP and EPST are usually not enough;
mechanical, balloon lithoextraction, electrohydrau-
lic and laser lithotripsy, and extracorporeal shock
wave therapy (EUHL) are used instead [12, 50].

Endoscopic papillary balloon dilation (EPBD),
also known as papillosphincteroclasy, is a procedure
for the extraction of CBD stones, introduced in the
1980s as a substitute or adjunct to EPST, particu-
larly for difficult choledocholithiasis. Staritz et al.
[63] reported that during EPBD, the sphincter of
Oddi was dilated to 15 mm, facilitating the extrac-
tion of biliary stones. Nonetheless, about 40 % of pa-
tients required either EPST or mechanical lithoex-
traction. In 2003, Ersoz et al. [19] began to use larg-
er-diameter balloons to dilate the sphincter of Oddi
to 20 mm, which markedly enhanced the outcomes
of lithoextraction in difficult choledocholithiasis,
particularly with large stones, without employing
lithotripsy techniques. The primary benefit of this
technique is that it maintains the integrity of the
sphincter of the major duodenal papilla. Further-
more, EPBD can be used in patients with consid-
erable coagulopathy and abnormal anatomy of the
upper digestive tract. Nevertheless, its implementa-
tion has been limited due to a substantial incidence
of postoperative acute pancreatitis [17].

To enhance the outcomes of choledocholithoex-
traction, the majority of researchers use a combina-
tion of EPBD and minimal EPST, thereby mitigat-
ing the risks of perforation, severe hemorrhage, and
cholangitis. ESGE and ASGE guidelines indicate
that the principal technique for lithoextraction in
difficult choledocholithiasis is partial EPST along-
side EPBD [37].
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Mechanical lithotripsy is the predominant tech-
nique for the fragmentation and choledocholitho-
extraction of stones. Riemann et al. first described
it in 1982 [52]. In cases of difficult choledocholi-
thiasis, where lithoextraction using Dormia baskets
or balloons has proven ineffective, this procedure
typically takes place after EPST. The research in-
dicates that choledocholithoextraction is success-
ful in 90 % of patients, particularly for large stones
(> 20 mm) and is associated with a low complica-
tion rate [72]. The indications for this treatment
method include solitary stones>10—15 mm in
diameter, < 10 mm stones in the presence of a con-
stricted terminal segment of the common bile duct,
numerous stones that occlude the hepatic choled-
ochus and are in close proximity to one another,
and the preservation of the sphincter apparatus of
the major duodenal papilla in young patients with
choledocholithiasis [78]. Mechanical lithotripsy
is contraindicated in cases with dense, immovable
stones that are firmly attached to the duct walls,
particularly when accompanied by jaundice, puru-
lent cholangitis, intrahepatic lithiasis, or consider-
able dilation of the intrahepatic ducts. Mechanical
lithotripsy can be performed in a single session or
several phases, contingent upon the size and num-
ber of stones and the technical specifications of the
procedure [74]. Mechanical lithotripsy is employed
alongside balloon dilation of the sphincter of Oddi
in patients with large stones [48]. The dimensions
of the stones designated for destruction vary signifi-
cantly, ranging from 6 to 40 mm. The effectiveness
of mechanical lithotripsy for stones measuring <20
mm in diameter is 85—100 %, but for stones> 20
mm, it is 55—68 % [39, 48]. A retrospective study
conducted by Lee et al. revealed that stones lodged
in the ampulla of Vater, stones > 30 mm in diameter,
and variations in the diameters of the common bile
duct and the stone are risk factors for unsuccessful
mechanical choledocholithoextraction, thereby re-
quiring supplementary lithoextraction techniques
[32]. 209 patients with CBD stones underwent me-
chanical lithotripsy [6, 57]. Numerous stones were
discovered in 50 % of the patients. The stones var-
ied in size from 4 to 8 mm, with the majority be-
ing between 10 and 19 mm in diameter. About one-
third of patients presented with stone diameters of
>20 mm. The success rate of lithotripsy was 87.6 %.
Stones with a diameter of > 20 mm were fragmented
in 79.1 % of cases, whereas for stones with a diam-
eter of >25 mm, mechanical lithotripsy achieved
success in 67.6 % of cases. Despite the relative sim-
plicity and availability of this procedure, there are
a number of contraindications: 1) Acute myocar-
dial infarction; 2) acute disruption of cerebral blood
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circulation; 3) diseases and conditions in which en-
doscopic manipulation is contraindicated; 4) pres-
ence of acute destructive pancreatitis of non-biliary
etiology; 5) peritonitis; 6) inflammation of the bile
ducts with septic complications; 7) significant co-
agulation disorders [57].

Technical issues during the procedure, such as
damage to the lithotriptor basket or traction string
or the entrapment of the lithotriptor basket with
a stone in the distal segment of the CBD, typically
cause complications following manipulation. This
is because the lithotriptor’s insufficient destructive
power prevents the extraction of the stone. Numer-
ous studies indicate that the overall complication rate
ranges from 3% to 34 % [27, 37, 57]. Currently, the
preferred method for treating difficult choledocholi-
thiasis is mechanical lithotripsy, especially when stan-
dard choledocholithoextraction proves inadequate
and requires a specialized approach [32, 57].

Cholangioscopy-guided lithotripsy is conducted
using two primary techniques: electrohydraulic
and laser, originally introduced in 1977 and 1986,
respectively, and subsequently employed without
cholangioscopy [27, 32, 76]. Endoscopic cholan-
gioscopy is an efficacious diagnostic technique and
an integral part of surgical strategies for managing
difficult choledocholithiasis [57].

There are three main types of peroral cholangios-
copy (POC):

1) Two-operator peroral cholangioscopy
(«Mother-baby»), which requires a duodenoscope
and a cholangioscope operated by two endoscopist
surgeons. The cholangioscope is inserted into the
working channel of the duodenoscope, and the bile
ducts are examined. Nowadays, this technique is
rarely used due to the high cost of the equipment,
its poor durability, and the need for two experienced
operators [41].

2) Single-operator peroral cholangioscopy (Spy-
Glass Direct Visualization System) was developed
by Boston Scientific Corp. in 2005. Currently, the
third generation of these systems is available. This
cholangioscope provides a clear picture, a 30° angle
of view in any direction, two irrigation channels,
and a working channel with a diameter of 1.2 mm,
which ensures lithotripsy and other manipulations.
The main advantages are the ability to control the
duodenoscope and cholangioscope at the same time,
greater flexibility, and significantly greater func-
tionality compared to the two-operator system [41].

3) Direct peroral. This system is an ultra-thin en-
doscope. Initially, it was used in pediatrics and dur-
ing transnasal operations. The main advantages are
maneuverability, multifunctionality, and the pres-
ence of one operator. Difficulties may arise in the
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cannulation of the major duodenal papilla, which
requires the use of conductors, balloon catheters,
guide probes, etc. to stabilize the endoscope. Anoth-
er drawback of this method is the 5—6 mm diameter
of these endoscopes, which typically necessitates
EPST or balloon dilation of the sphincter of Oddi.
This, in turn, lengthens the intervention duration
and increases the risk of complications [39].

Therefore, the development and availability
of endoscopic cholangioscopy have led to the in-
creased use of electrohydraulic and laser lithotripsy
for difficult choledocholithiasis, since visualization
is crucial for successful choledocholithoextraction
[2, 5, 11]. The ESGE guideline recommends chol-
angioscopic lithotripsy (laser or electrohydraulic)
as an effective and safe treatment for difficult cho-
ledocholithiasis [37].

Electrohydraulic lithotripsy (EHL) fundamen-
tally involves the generation of high-frequency hy-
draulic pressure waves, which are absorbed by the
stone, leading to its disintegration [17, 50]. Electro-
hydraulic lithotripsy was formerly conducted under
fluoroscopic guidance. However, direct cholangio-
scopic visualization is now favoured, markedly de-
creasing the risk of biliary perforation [17, 47, 50].

Laser lithotripsy (LL) involves directing a laser
beam of a certain wavelength onto the stone’s sur-
face, resulting in wave-like fragmentation compara-
ble to laser ablation of tumours [20, 39]. Similar to
electrohydraulic methods, laser lithotripsy can be
conducted under fluoroscopic guidance. However,
cholangioscopic visualization is preferred.

McCarty et al’s meta-analysis [39] indicates
that in patients with difficult choledocholithiasis,
the success rate of intraductal stone fragmentation
under cholangioscopic guidance was 91.6 %, the bile
duct clearance rate in a single session was 76.9 %,
and the complication rate was 8.9 % [39]. McCarty
et al. [39] determined that there is no statistically
significant difference in the incidence of successful
intraductal fragmentation between EHL and LL
(90.1 % vs.92.9 %, p=0.360). LL has a superior suc-
cess rate in conducting lithotripsy in a single ses-
sion compared to EHL (83 % vs. 70.9 %, p=0.021)
and a reduced treatment duration (75.7 min vs. 54.3
min, p<0.001) [38].

Buxbaum et al. [9] state that in cases of difficult
choledocholithiasis (large stones), cholangioscopic
laser lithotripsy demonstrates significant advantag-
es over mechanical lithotripsy or balloon papillary
dilation, particularly regarding the efficacy of bili-
ary stone clearance (93 % vs. 67 %, p=10.009).

In another randomized study, Franzini et al. [21]
compared cholangioscopic EHL and EPBD, re-
vealing no significant differences in biliary stone

78

clearance rates (77.1 % vs. 72 %, p>0.05) or com-
plication rates (4.2 % vs. 12 %, p>0.05). However,
in instances requiring an additional session, the bili-
ary clearance rate was markedly superior for EHL
compared to EPBD.

The primary drawback of cholangioscopic LL
or EHL is the higher cost and prolonged duration
of the surgical procedure; however, the consider-
ate and competent application of these techniques
in difficult cases of choledocholithiasis eliminates
these disadvantages, aligning with the guidelines
of ESGE and ASGE [37, 80]. Cholangioscopic
lithotripsy techniques are used when mechanical
lithoextraction or EPBD fails, serving as a viable
alternative to open or laparoscopic choledochos-
copy [17, 80].

Another method for treating gallstones is ESWL,
which uses generated shock waves under the con-
trol of fluoroscopy to target the gallstone locations.
In 1986, doctors first used it to manage choledocho-
lithiasis, and they continued to use it for difficult
cases or failures after ERCP [16]. The average rate
of biliary tract stone removal is 84.4—90.2 %, neces-
sitating a minimum of three sessions and the admin-
istration of either epidural or general anesthesia [3,
63, 66]. The incidence of complications after ESWL,
as reported by many authors, varies between 9.1 %
and 15.9% [3, 66]. Most endoscopic associations
recommend this treatment only in cases where
traditional lithoextraction techniques fail or when
cholangioscopic methods are unavailable [33].

Endoscopic sonography has led to an increasing
use of choledochyloextraction methods under endo-
US control, particularly in cases of unsuccessful or
complicated ERCP [64]. There are two main meth-
ods of biliary interventions: endo-US rendezvous
(EUR) technique and endo-US antegrade (EUA)
technique. EUR is useful in cases of failed cannula-
tion and difficulties with access to the major duo-
denal papilla. It is similar to conventional ERCP.
Access to the extrahepatic bile ducts is provided
through the stomach or small intestine. This tech-
nique’s main drawback is its limited access to the left
hepatic bile duct, making it technically challenging
in cases of minor biliary hypertension [3, 66].

Surgical methods of treatment of choledocholi-
thiasis include open and laparoscopic choledocho-
lithoextraction. Open choledocholithoextraction
has been used since the end of the 19th century and
was the main method of CBD stone extraction until
the 1970s. However, in some cases of difficult cho-
ledocholithiasis, it is still the method of choice [1,
34, 36]. However, open operations on the CBD in
cases of perivesical infiltration or non-dilated ducts
were technically challenging and frequently resulted
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in serious postoperative complications, both in the
short and long term [65—67]. Additionally, cases
of recurrent choledocholithiasis, which could be
caused by stenosis of the hepatic artery, foreign bod-
ies in the hepatobiliary system, such as ligatures
(ligature choledocholithiasis), or fragments of drain,
were also observed after such interventions.

The introduction of minimally invasive tech-
nologies, in particular laparoscopic choledocho-
lithoextraction, caused a review of approaches to
the treatment of patients with choledocholithiasis.
Now, minimally traumatic methods can be used to
achieve optimal results during surgery [1, 34, 36].

Laparoscopic procedures are a viable alterna-
tive to endoscopic methods of lithoextraction for
people with difficult choledocholithiasis and are
often the best way to treat this condition [10, 71].
An important aspect of laparoscopic technology for
the treatment of choledocholithiasis is the choice
of access to the bile duct (through the cystic duct,
choledochotomy), as well as the method of revision
of the bile ducts (intraoperative cholangiography,
ultrasound, choledochoscopy). Although intraop-
erative cholangiography and ultrasound have high
specificity and sensitivity (63—99 %), in cases of
difficult choledocholithiasis, laparoscopic choledo-
choscopy provides visualization of the bile ducts
and complete lithoextraction [9, 69].

Laparoscopic choledochoscopy and choledo-
cholithoextraction through the cystic duct are less
traumatic, have fewer complications than choledo-
chotomy, and hence result in a shorter stay in the
hospital. Rhodes et al. [51] and DePaula et al. [15]
found that choledocholithoextraction through the
cystic duct was 96 % and 84 % efficient, respective-
ly. However, this procedure has many limitations for
use: the size of the stone is <6 mm, the diameter of
the stone must be the same or smaller than the diam-
eter of the cystic duct, the number of stones is <35,
and there is a scar-infiltrative process in the area of
the hepatoduodenal ligament. Furthermore, condi-
tions such as proximal choledocholithiasis, common
bile duct strictures, an acute angle between the cys-
tic and common hepatic ducts, and difficult choled-
ocholithiasis limit the use of choledochoscopy and
cholelithoextraction through the cystic duct [77].

In the presence of preoperative contraindications
(signs of difficult choledocholithiasis) or complica-
tions during peribladder lithoextraction, the major-
ity of authors advocate for choledochoscopy and
choledocholithoextraction using choledocholithot-
omy. This approach provides easy access to stones,
allowing choledochoscopy in both distal and proxi-
mal directions and hence enhancing choledocho-
lithoextraction. Choledocholithotomy facilitates
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the use of larger-diameter fibrocholedochoscopes,
which have a larger instrument channel, thereby
markedly improving visualization and choledocho-
lithoextraction. The assessment of the bile ducts via
choledocholithotomy is warranted under the fol-
lowing conditions during the initial choledochosco-
py: 1) A large CBD stone (i 15 mm) is anticipated;
2) an intrahepatic bile duct stone is detected; 3)
pre-existing bile duct strictures (regardless of etiol-
ogy); 4) an impacted stone is present in the distal
segment of the CBD; 5) multiple choledocholithia-
sis is observed > 3 stones, size > 10 mm) [65].

The main disadvantage of choledocholithotomy
is possible complications related to the drainage of
the bile duct, or remote complications such biliary
tract strictures [65]. Rhodes et al. [51] indicate that
bile inflow via the drain-catcher during choledo-
chotomy is slightly more than through transcystic
access (11.0 % vs 1.7 %, p < 0.05), which is consistent
with the data of other authors (4.5—16.7 %) [65].
Regarding the efficacy of bile duct stone removal,
there is no significant difference between the two
methods [28, 51, 81]. The vast majority of authors
recommend using laparoscopic choledocholithoex-
traction and choledochoscopy via the transcystic
route, which offers benefits for reduced hospital
stay and a lower rate of complications. However,
in cases of difficult choledocholithiasis, it is neces-
sary to perform choledocholitotomy with choledo-
cholithoextraction and choledochoscopy [65]. The
ESGE guidelines confirm that choledochoscopy is
an effective and safe technique for choledocholitho-
extraction in patients undergoing transcystic or
transductal cholecystectomy, particularly in cases
with difficult choledocholithiasis. This manage-
ment strategy should be chosen based on the avail-
ability of suitable resources and expertise in using
this technology [37].

Notwithstanding the continuous advancements
in laparoscopic and endoscopic technology and
treatment techniques for patients with difficult
choledocholithiasis, optimal management protocols
using minimally invasive interventions on the bile
ducts remain elusive.

Consequently, the chosen research direction is
relevant and has substantial practical significance.
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CriiagHUuH xXoenoxostitiad. Oy Jireparypu
B. B. Boaxoseupkuii, JI. O. IlepepBa, M. B. Makcumenxo, H.B. Ily3up

Hamionampanit mepauaamii yaiBepeuret iMeHi O. O. Boromombirst, Kuis

YacroTa yrBOPEHHA KAMEHIB Y 3ard/IbHiN JKOBYHIM IIPOTOL B HALLIEHTIB i3 CUMIITOMATHYHOIO JKOBYHOKAM AHOIO
XBOPOOOIO 3HAYHO BAPIIOE T4 3AIEKHO Bifl BiKy CTAHOBUTD Bif] 5 10 33 %. Y 85—90 % BUNAJKIB XOJIEJOXOIITia3
€(PEKTUBHO JIIKYIOTh €HAOCKOIIIYHOIO MaNiIOC(hiHKTEPOTOMIEIO TA JITOEKCTPAaKILiclo. HuHi 116 cTaHgapTHHN
METO/ JIKYBAHHS 3a3HA4Y€HOI aTO/OorL. OgHak y 10— 15 % BUIIAAKIB XOIEA0XO0IiTia3 € TEXHIYHO CKIAIHUM I
E€H/IOCKOIIYHOTO JIKYBAHHS, IO HOTPEOYE 3aCTOCYBAHHS {HIMMX METOAMK Ta CIEIiATi30BAHOTO OOJIAJHAHHIL
Po3maHyTO enifnemionoriyti aCreKTy, AKi BKa3ylOTh HA 3POCTAHHA YACTOTH BHSABICHHA XOIEA0XOIITia3y 3aBs-
KM BHKOPHUCTAHHIO Cy4aCHMX METOJiB OOCTEKEeHH:. OCOO/IUBY yBATY NPHAIEHO €TiONOTiYHUM YUHHUKAM,
30KpEMA CITAAKOBOCTI, OKUPIHHIO TA XaPYOBUM 3BHUYKAM, IO IIPU3BOJATH JIO HiIBUIIIEHHA JIITOT€HHOCT] KOBYI.
HaseneHO MEXaHi3M YIBOPEHHs IIEPBUHHUX i BTOPUHHUX KAMCHIB Y 2)KOBYHUX NUIIXAX, 4 TAKOXK IXHil BIUIMB HA
OpraHi3M, 30KpeMa COPUYUHEHI HUMH YCKIQJHEHHS, TaKi AK TOCTPUI XOJIAHTIT, 6iTiapHUI CEerncuc, X0necTa-
THUYHUI FE€NaTUT i OUTiapHUN IIUPO3 NEYiHKU. BUCBITIIEHO KpUTEPIi CKIAHOTIO XONIEA0XONITiagdy (XapaKTepuc-
THUKU KAMEHIB, IXHS JIOKA/Ii3a11is1, 3MiHEHA dAHATOMis >KOBYHHUX LUIAXIB) i 3ara/JIbHUM CTaH IarieHTa. Po3risanyro
JIIATHOCTUYHI METOAN — K JIAGOPATOPHI, TAK 1 IHCTPYMEHTAIbHI (YIBTPA3BYKOBE JOCTIPKEHHS, CHAOCKOIIIYHA
PETPOrpaiHa XOJAHTIONAHKPEATOrpadis, MarHiTHO-PE3OHAHCHA XOJIAHTIOMaHKpeaTorpadis, €HJOCKOIIYHA
YIBTPACOHOTPA(isd. HaroysomeHo Ha BAXIUBOCTI CBOEYACHOTO BUJAJICHHS KAMEHIB JUIS 3aIIOOITAaHHS YCKIA/I-
HeHHAM. HaBejeHo cygacHi MiAXoau 4O JIKyBaHHA (K KOHCEPBATUBHI, TAK i XipypridyHi MeToau, 30KpeMa €HI0-
CKOIIYHi IIPOLIEAYPHU TA JIAIAPOCKOIIYHI Orepartil). HarosomeHo Ha BAIMBOCTI MDKANUCIUIUIIHAPHOI'O ITiJIXO-
JIy IO J{aTHOCTHUKH TA JIKYBAHHS XOJIEJJOXOJMITia3y T HOrO CKIATHUX (POPM.

CKTaIHUI XOIENOXOMITIA3 3AMIIAETHC AKTYATBHOIO IPOGIEMOIO TeaTo6imiapHoi Xipyprii. Floro edexrusne
JHKYBAHHA NTOTPEOYE IHAMBITYaTBHOIO T4 MUKAUCHMIUIIHAPHOIO IiAXOAY 3 BUKOPHUCTAHHAM €HIOCKOIIYHUX
1 JIAITAPOCKOIIIYHHX TEXHOJIOI'I.

Kiro4uoBi coBa: CKIQJHHUHI XOJIENTOXOJIiTia3, XOJEIOXOCKOIIs, XOJEIOXONITOEKCTPAKLIif, MEXaHiyHa
JKOBTAHULIA, EHJOCKOIIYHA PETPOrPaJHA XOJIAHTiOMaHKpeaTorpadis.
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