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Yurii Voronyi —
a surgeon who was ahead of his time

The article outlines the historical milestones in the biography of the outstanding Ukrainian surgeon, Profes-
sor Yurii Voronyi, who was a disciple of Professor Yevhen Cherniakhivskyi. The study includes a compilation of
historical records, archival sources, and other materials illustrating the life of Professor Voronyi. It highlights the
professional and public achievements of Yurii Voronyi, particularly his participation in the struggle for Ukrainian

independence between 1917 and 1921.

Christian Bernard and Joseph Murray are well-
known names among surgeons and doctors of
various specialties. In 1967, Christian Bernard
performed the world’s first successful heart trans-
plantation in South Africa. In 1954, Joseph Murray
performed the first successful kidney transplanta-
tion in the United States. These facts are consid-
ered axiomatic. Unfortunately, Ukraine still pays
insufficient attention to the figure of Yurii Voronyi,
who was de facto the first in the world to carry out
human-to-human kidney transplantation. He trans-
planted a kidney from a cadaveric donor to a recipi-
ent. Consequently, he was the first to explant an
organ from a cadaver for further transplantation
and to transplant a well-functioning organ from
one individual to another. This historic event for
medicine and humanity took place in Kharkiv in
1933. The idea significantly advanced the under-
standing of the functioning of the human immune
system and the principles of tissue compatibility at
the time. The story that changed the world’s medi-
cine began in Kyiv, at 17 Shevchenko Boulevard, in
the Faculty Surgical Clinic of the Medical Faculty
of Kyiv St. Volodymyr University (now Kyiv City
Clinical Hospital No. 18), with the experimental

General Surgery 3azansuaxipypeis © 2024 ¢ Ne2 (9)
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work of Professor Yevhen Cherniakhivskyi, whose
student Yurii Voronyi later became. In addition to
their professional initiatives, Professors Voronyi
and Cherniakhivskyi had strong commitments to
civic engagement and fought for Ukrainian state
independence from 1917 until 1921. Regrettably,
the Soviet repressive regime became aware of this
fact. It is unknown what breakthroughs these scien-
tists would have accomplished if not for the Soviet
government’s inhumane punitive power apparatus.
However, the modern medical community should
recognise their achievements on a global scale and
give them the attention they deserve.

Family

Yurii Voronyi (according to metric records, Heorhii
Heorhiiovych Voronyi) was born in the village of
Zhuravka in the Chernihiv region in 1895. His fa-
ther, Heorhii Voronyi, was a world-renowned math-
ematician and professor at the University of War-
saw. His scientific contributions and mathematical
concepts are still relevant and widely used in mod-
ern programming and IT. Scientists from various
countries continue to cite Heorhii Voronyi’s math-
ematical research works, even after over a century.
Yurii Voronyi’s grandfather, Feodosii Voronyi, had
a university degree. He graduated from the Faculty
of History and Philology at Kyiv St. Volodymyr
University. He was a teacher, a well-known public
figure, and a representative of the Ukrainian intel-
ligentsia of the time. He knew Mykhailo Draho-
manov, Olena Pchilka, and Hryhorii Galagan. Olek-
sandr Voronyi, the brother of Yurii Voronyi, had
amedical degree, worked as a surgeon, became chief
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physician at the hospital in Yahotyn (Kyiv region),
and pursued both theoretical and practical oncol-
ogy. His theoretical work on malignant tumour de-
velopment was based on mathematical calculations
and the basics of biological statistics [3, 4].

Vicissitudes in the midst of war

Yurii Voronyi completed his secondary education
at a gymnasium in Pryluky. In 1913, he entered the
medical faculty of Kyiv St. Volodymyr University,
but the First World War interrupted his studies. Dur-
ing the war, Yurii Voronyi volunteered as a member
of the medical company of the South-Western Re-
gional Zemstvo Committee for the Care of Sick and
Wounded Soldiers. In 1917, he voluntarily joined
the army of the newly formed Ukrainian People’s
Republic. On January 29, 1918, he participated in
the battle of Kruty as part of the Reserve Student
Kuren of the Sich Riflemen, formed from students of
Kyiv St. Volodymyr University and the Ukrainian
National University. Despite receiving wounds in
the battle, he managed to survive [1].

Early years of professional life

Yurii Voronyi continued his medical education at
the Kyiv Institute of Healthcare (renamed Bogo-
molets National Medical University following re-
structuring), from which he graduated in 1921. He
was offered postgraduate studies by the Department
of Surgery, which recognized him as one of the top
graduates. Professor Yevhen Cherniakhivskyi, an
experienced surgeon, noticed the young, promising
graduate and became his mentor. Thus, Yurii Voro-
nyi joined the Faculty Surgical Clinic of the Kyiv
Medical Institute (the institution’s name after the
next reorganisation in 1922) [2]. Professor Mykola
Volkovych headed the department, but Profes-
sor Yevhen Cherniakhivskyi took over the position
shortly after. The latter introduced Yurii Voronyi to
vascular surgery and experimental transplantation.
Under Yevhen Cherniakhivskyi’s leadership, the de-
partment conducted not only medical work but also
experimental research on organ transplantation.
Yurii Voronyi was fascinated by Professor Cherni-
akhivsky’s scientific ideas, which influenced his fu-
ture scientific and practical activities in this area [3].

About the teacher Yevhen Cherniakhivskyi

After graduating from the medical faculty in 1902,
Yevhen Cherniakhivskyi worked as a surgeon at the
Oleksandrivska Hospital in Kyiv. He wrote the first
report in the local scientific literature on the suc-
cessful closure of a heart wound after a stabbing.
At the Oleksandrivska Hospital, he worked under
the supervision of Professor Mykola Volkovych,

who founded the Kyiv Society of Surgeons in 1908.
Yevhen Cherniakhivskyi became the society’s first
secretary. In addition to his medical work, he con-
ducted scientific research on transplantation. On
May 23, 1913, at a meeting of the Physico-Medical
Society at St. Volodymyr University, he reported
on the results of research on kidney transplantation
in dogs using the vascular suture he had developed.
During the revolutionary events of 1917—1921,
Professor Cherniakhivsky took an active pro-Ukrai-
nian position. Together with his brother Oleksandr,
he helped create the Medical Faculty of the Ukrai-
nian National University, the first higher educa-
tion institution with Ukrainian as the language of
instruction. In 1918, he served as chief physician
of the Oleksandrivska Hospital [2]. In 1920, he be-
came the first rector of the newly established Kyiv
Institute of Healthcare. In 1922, he headed the Fac-
ulty Surgical Clinic, where he actively introduced
vascular surgery into practice and continued to
work on experimental transplantation [1].

The beginning of independent professional
activity and the first attempts at repression

In 1925, Yurii Voronyi began his career as an as-
sistant at the Faculty Surgical Clinic of the Kyiv
Medical Institute. However, in 1926, he unexpect-
edly moved to Kharkiv, where he took up a posi-
tion as an assistant at the research department of
the Faculty Surgery of the Kharkiv Medical Insti-
tute, under the leadership of Professor Volodymyr
Shamov. Such an abrupt change in Yurii Voronyi’s
career seems strange, given the fact that in the mid-
1920s, the Kyiv Faculty Surgical Clinic became the
most powerful surgical institution in Kyiv, with pro-
fessors Cherniakhivskyi, Volkovych, and Hedroyts
working there [7]. The USSR KGB’s declassified
archives shed some light on this situation. The in-
terrogation materials of Professor Oleksandr Cher-
niakhivskyi (brother of Yevhen Cherniakhivskyi)
revealed the following:

«To spread our influence as an unorganised group,
we used our acquaintance with the Kharkio profes-
sors, who stood on the basis of recognising the needs
of Ukrainian culture without introducing them to our
political outlook, and at that time we sent young doc-
tors to the Kharkiv Medical Institute. I remember Vo-
ronyi among them. However, I must admit that I do
not know his political outlook and have never spoken
to him about it... Thus, even at that time, we estab-
lished ourselves as an illegal political organisation,
uniting elements opposed to the Soviet government
and forming cadres who could pose a threat to it in
the event that it weakens... First of all, about myself:
I had until then recognised an independent Ukraine

General Surgery 3azansuaxipypein © 2024 ¢ Ne2 (9)



as the ideal of political existence, for which a purely
socialist structure was not suitable».

This interrogation is part of the Union for the
Liberation of Ukraine (ULU) case. The high-pro-
file trial took place in 1929—1930 and marked the
beginning of the methodical extermination of the
Ukrainian intelligentsia. In this case, 474 people, in-
cluding doctors and professors of the Kyiv Medical
Institute, faced repression. The ULU case is a clas-
sic example of a completely fabricated and absurd
persecution of the Ukrainian scientific and creative
elite. The above text from the interrogation materi-
als was dictated and signed under pressure, as evi-
denced by similar clichéd statements from other de-
fendants in the case and the rehabilitation of those
involved in the process in the 1950s. However, in
these materials, the information about Yurii Voronyi
is extremely valuable, which partially explains his
spontaneous move to Kharkiv. We can assume that
Professor Cherniakhivskyi sent his best student to
Kharkiv to shield him from the punitive authorities
in Kyiv. The ULU case marked the culmination of
the Ukrainian professoriate’s repression at the Kyiv
Medical Institute, which began in the mid-1920s.

The city where the world’s first
transplantation was performed

In 1931, Professor Volodymyr Shamov initiated
the establishment of the Institute of Haematology
and Blood Transfusion (the All-Ukrainian Institute
of Emergency Surgery and Blood Transfusion) in
Kharkiv. This institution had offices in the Ukrai-
nian SSR, including Kherson. From 1931 to 1936,
Yurii Voronyi worked at the Kherson City Hos-
pital and regularly travelled to Kharkiv on scien-
tific trips. This fact from the prominent surgeon’s
biography sparked a controversy regarding kidney
transplantation in 1933. During the 1930s, Yurii
Voronyi continued to work on transplantation and
blood transfusion issues. In addition to his scientific
papers on kidney transplantation, he published ex-
tremely valuable and intriguing articles on organ
transplantation in animals in experiments.

On March 31, 1933, a 26-year-old woman was
brought to the hospital, where Yurii Voronyi was
a surgeon on duty. She had taken a mercury solu-
tion to commit suicide due to personal life problems.
The woman’s kidney failure was progressing, and on
April 3, Yurii Voronyi decided to transplant a kid-
ney from her husband, who had died the day before
from an incompatible with life brain injury. The kid-
ney was connected to the woman’s femoral vessels,
and a ureteral fistula was created on the skin of the
thigh area to drain urine. A few hours after the op-
eration, some drops of urine were discharged from

General Surgery 3azansuaxipypeis © 2024 ¢ Ne2 (9)

Biographies

the fistula, indicating the viability and functioning
of the kidney. The next day, the patient’s condition
gradually improved, but in the evening, doctors
noted a clear negative dynamic. A day later, the pa-
tient died. The transplanted kidney showed signs of
rejection. Despite a very progressive understanding
of the principles of tissue compatibility at the time,
which were based primarily on the blood group com-
patibility of the donor and recipient, the medicine of
the time did not have modern capabilities to use im-
munosuppression, which led to the rejection of the
transplanted organ.

In 1934, Yurii Voronyi was awarded the degree
of Candidate of Medical Sciences <honoris causa»,
i.e, without defending his dissertation. This fact
testifies to the wide recognition of his scientific
and practical achievements. It is symbolic that the
surgeon was awarded this honourable degree at his
alma mater, the Kyiv Medical Institute.

Yurii Voronyi had an extremely difficult time dur-
ing the Second World War. Prior to his capture, he
lived with his family in occupied Kharkiv. During
the war, Yurii Voronyi continued to practice surgery.
In 1941, at Kharkiv Hospital No. 12, he performed
an extremely complicated operation: the replanta-
tion of a young girl’s partially severed (according
to other sources, completely severed) right arm. In
1956, he received a letter from Nadiia Chyzhevska,
which begins with the words «I am writing with
your right hand..». Nadiia Chyzhevska was the
patient for whom Yurii Voronyi performed the re-
plantation in 1941. Unfortunately, to date, there is
no reliable published medical documentation of this
clinical case. Today, it is believed that the author of
the world’s first successful limb replantation was
Ronald Malt, who performed a similar operation in
1964 in Boston, USA. Perhaps, in this case, the pri-
ority actually belongs to the outstanding Ukrainian
surgeon, Yurii Voronyi [6].

Post-war life

After the war, Yurii Voronyi worked as a surgeon
and urologist in Zhytomyr. Despite the fact that he
held the position of chief urologist in the Zhytomyr
region for some time, his potential was much great-
er. Unfortunately, certain facts from his biography
(his «nationalist» past, his brother, who was serv-
ing a sentence on a political charge) did not allow
him to make the most of his knowledge and skills.
Despite the Soviet government’s rejection of him,
Yurii Voronyi continued to work on transplantation
issues. By 1950, he had performed about 10 kidney
transplantations in the Zhytomyr hospital. Unfor-
tunately, there are no publications about these clini-
cal cases in international journals because even the
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transplantations performed by Voronyi in the sec-
ond half of the 1940s were performed earlier than
the transplantation performed by Joseph Murray in
1954 [3].

In 1950, Yurii Voronyi was able to return to Kyiv,
where he worked at the Institute of Experimental
Biology, in the basement of which he lived. He got
a decent place to live after operating on a party lead-
er who, out of gratitude, asked for an apartment for
the surgeon. Until 1961, he worked in Kyiv, where
he died. Yurii Voronyi was buried at the Baikove
cemetery.

The repressive system

Unfortunately, throughout his life, Yurii Voronyi
constantly faced the work of the destructive and
demonic Soviet repressive machine. Thus, his Kyiv
teacher, Professor Yevhen Cherniakhivskyi, was
arrested in 1929. The Kyiv Medical Institute dis-
missed him in 1930, denying him the right to teach
or practice medicine. Another of Voronyi’s teachers,
Professor Adam Belts, director of the clinic of the
All-Ukrainian Institute of Emergency Surgery and
Blood Transfusion, was arrested in 1937. He was
accused of «spying for Poland». In 1938, Professor
Belts was shot for «allowing inhumane operations»,
and in 1959, he was posthumously rehabilitated. In

. lyoenko

1938, Yurii Voronyi’s brother Oleksandr was arrest-
ed on trumped-up charges of «counter-revolution-
ary activity». He died under mysterious circum-
stances while serving his sentence in the camps [3].

Yurii Voronyi lived through extremely difficult
times: the First and Second World Wars, the revolu-
tionary events of 1917—1921, and the period of Sta-
lin’s repressions. His extraordinary surgical talent
and aptitude for scientific work added to the world’s
treasure trove of medicine, but the country in which
he lived failed to fully appreciate his capabilities.
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IOpit Boponun — Xipypr, AKHHI BUIIEPEIUB YaC

Onmcano icropuyHi Bixu 6iorpadii BUaTHOIO yKpaiHChbKOro Xipypra npodecopa IOpia Boponoro — yunsa
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doTorpadiyHux UIIOCTpALii Pi3HUX eTaIliB UOro KUTTA. BUCBiTIIEHO TPOdECiHY Ta IPOMAJICHKY AifA/IbHICTh
IOpiss BOpOHOI0, 30KpeMa HOI'0 y4acTh y OOPOTHOI 32 HEZICKHICTb YKPAIHU B 1917 —1921 pokax.
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Prosthetic hernioplasty (HP) for ventral hernias (VH) has a complication rate of up to 27 % and a hernia recur-
rence rate up of to 37 %, depending on the chosen technique. The use of laparoscopic HP techniques allows for
a shorter hospital stay and a lower risk of wound infection. There is a wide range of data on the superiority of
laparoscopy over the open technique in terms of recurrence rates and various types of complications. The results
of comparing HP with and without suturing of the hernia defect are controversial.

OsjECTIVE — to study the structure and incidence of postoperative complications, as well as the frequency of
hernia recurrences after the use of open and laparoscopic HP for VH.

MATERIALS AND METHODS. A multicenter prospective study, which included 482 patients diagnosed with VH,
was conducted at the clinical base of the Department of General Surgery No. 2 at Bogomolets National Medical
University. A total of 279 (57.9 %) patients had primary VH, while 203 (42.1 %) had incisional VH. The patients
were divided into two groups, comparable in terms of age, sex, and hernia size distribution. Group 1 included
250 (51.9%) patients who underwent open HP with suturing of the hernia defect: subgroup 1a — open sublay
(n=243; 504 %), and subgroup 1b — open intraperitoneal onlay mesh technique (IPOM) (n=7; 1.5 %). Group 2
included 232 (48.1 %) patients who underwent laparoscopic HP using the IPOM technique: subgroup 2a — IPOM
without suturing of the aponeurosis defect (n=81; 16.8 %), subgroup 2b — IPOM with suturing of the aponeu-
rosis defect (n=108; 22.4 %), and subgroup 2c — IPOM+ with open aponeurosis defect suturing (n=43; 8.9 %).
Follow-up evaluations were carried out at intervals of 2 weeks, 1 month, 6 months, and 1 year to assess the pres-
ence of complications, recurrence, and satisfaction with the cosmetic effect of the operation.

REsurts. The overall frequency of complications after HP was 15.6 %, while after open sublay it was 21.2 %, and
after laparoscopic IPOM it was 9.9 %. All cases of complications belonged to Grades I—IIIb according to the
Clavien-Dindo classification. In both groups, there were no fatalities. In group 1, the frequency of seroma was
11.6% and hematoma was 5.6 %, and in group 2, it was 7.3 % and 0.9 %, respectively. A statistically significant
increase in the frequency of hematoma development was observed after open HP techniques compared to lapa-
roscopic ones (p=0.004), while the frequency of seroma detection was comparable (p=0.148). Non-suturing
of the aponeurosis defect after laparoscopic IPOM in patients with VH did not result in an increase in the total
number of complications or the percentage of recurrence (p>0.05). Laparoscopic IPOM with hernia suturing
demonstrated significantly higher patient satisfaction with the appearance of the anterior abdominal wall com-
pared to other HP techniques (p <0.05).

ConcrLusions. The open sublay and laparoscopic IPOM HP procedures have a comparable recurrence rate of VH
(p>0.05). The incidence of infectious complications and hematomas is significantly higher after open opera-
tions compared to laparoscopic ones (p=0.041 and p=0.004, respectively).
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ventral hernia, incisional hernia, hernia repair, mesh.
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Surgical treatment of ventral hernia (VH) occupies
a leading place in planned abdominal surgery. More
than 300,000 hernia repair procedures are performed
each year in Europe [1], while the overall frequency
of complications on average reaches 17.2 % [2]. Data
on the frequency of complications and recurrences of
hernias of the anterior abdominal wall after the use of
open and laparoscopic methods of prosthetic hernio-
plasty (HP) vary widely and depend on the expertise
of the centre where the operations were performed,
the size of the studied sample, and the chosen tech-
nique of plastic hernia repair, and features driving pa-
tients in the postoperative ward period [3, 9, 14].

Using synthetic prostheses (various types of mesh)
instead of merely suturing the defect leads to a notable
reduction in the rate of hernia recurrences [ 11], regard-
less of where the mesh is placed. Mesh is recommended
for all types of planned hernioplasty in the treatment
of midline VH [23]. The most common of the open
HP procedures is a retromuscular sublay technique for
VH repair. The most studied laparoscopic technique is
surgery with intraperitoneal mesh placement (IPOM)
[12]. Laparoscopic HP for VH shows a shorter hospi-
tal stay compared to open surgery and a lower risk of
wound infection, but the duration of complete patient
recovery and long-term quality of life indicators are
comparable [ 19, 24, 25]. At the same time, laparoscopic
HP has advantages over open surgery in terms of qual-
ity of life in the early postoperative period [3].

However, it remains unclear how suture or non-
suture repair of an aponeurosis defect influences the
structure and frequency of postoperative complica-
tions, as well as hernia recurrence rate after laparo-
scopic and open HP. Three randomised controlled
studies [8, 18, 22] involving 488 patients with postop-
erative VH demonstrated a slightly higher recurrence
rate after IPOM without hernia suturing (10 %) than
after open sublay (6 %). However, no statistically sig-
nificant difference was found. There is also no data
on patient satisfaction with the cosmetic result of the
operation or the functional capabilities of the anterior
abdominal wall [23]. It is unknown how the propor-
tion of postoperative complications, such as seromas
and hematomas, varies with the method of diagnosis
in the early postoperative period.

OgJECTIVE — to study the structure and incidence
of postoperative complications, as well as the fre-
quency of hernia recurrences after the use of open
and laparoscopic HP for VH.

Materials and methods

General characteristics of patients

A prospective multicenter study was conducted with
the participation of 482 patients with VH (primary
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ventral and incisional ) who underwent various types
of elective HP. The study was conducted at the clini-
cal base of the Department of General Surgery No. 2
of Bogomolets National Medical University, in the
Kyiv City Clinical Hospital No. 3 and the «Leleka»
Medical Centre, from September 2011 to June 2024.
The average age was 56.84 + 14.32 years. There were
275 (57.0 %) women and 207 (43.0 %) men.

The criteria for inclusion in the study were as fol-
lows: the age of patients from 18 to 90 years, referral
for the treatment of an uncomplicated VH, com-
pensated concomitant somatic pathology, perform-
ing the operation in the elective order, consent to
the possible performance of laparoscopic HP with
intraperitoneal placement of the mesh, with and
without suturing of the hernia defect.

The exclusion criteria from the study were as fol-
lows: age of patients under 18 or over 90 years, referral
for treatment of complicated VH, including pinched
VH, decompensated concomitant somatic pathol-
ogy, performing the operation in an urgent order, cat-
egorical refusal to perform a possible laparoscopic HP
with intraperitoneal placement of the mesh, with and
without suturing of the hernia defect, subxiphoid or
suprapubic location of the hernia defect.

Patients were divided into two groups, compara-
ble in terms of age, sex, and hernia size distribution.
Group 1 included 250 (51.9 %) patients who under-
went open HP and was divided into 2 subgroups:
subgroup 1a — open HP using the sublay technique
(n=243; 50.4 %), and subgroup 1b — open HP us-
ing the IPOM technique (n=7; 1.5 %). All patients
in Group 1 underwent suturing of the hernia defect
before the mesh placement.

Group 2 included 232 (48.1 %) patients who un-
derwent laparoscopic HP according to the IPOM
technique. They were also divided into subgroups:
subgroup 2a — laparoscopic IPOM without sutur-
ing the hernia defect (n=81; 16.8%), subgroup
2b — laparoscopic IPOM with suturing the hernia
defect (n=108; 22.4 %), and subgroup 2c¢ — laparo-
scopic IPOM+ with open suturing of the hernia de-
fect (n=43; 8.9 %). Detailed patient characteristics
are presented in Table 1.

The operation technique

All patients underwent HP and mesh placement. In
all cases, the size of the mesh was chosen based on
the calculation that the edge of the hernial defect
should be covered by the mesh by at least 5 cm. The
operations were performed under general combined
anesthesia.

In subgroup 1a, patients underwent open HP us-
ing the sublay method, where a light macroporous
polypropylene mesh was placed retromuscularly
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Table 1. Demographic and pre-operative data

Characteristics n=482
Women 275 (57.0%)
Men 207 (43.0 %)
Age, years 56.84 £14.32
Body mass index, kg,/m? 31.12£4.70
ASA score

I 135 (28.0 %)

I 330 (68.5 %)

111 17 (35%)

v 0
Obesity 201 (41.7%)
Smokers 105 (21.7 %)
Type of hernia

Primary ventral 279 (57.9 %)

Incisional 203 (42.1 %)

Note. Categorical variables are presented as the absolute number
and percentage, while quantitative indicators are presented

as M£SD.

ASA — American Association of Anesthesiologists

preperitoneally, and the hernial defect was sutured
with separate nodal sutures. If necessary, the wound
was drained, according to Redon.

In subgroup 1b, herniotomy, mobilisation of the
edges of the hernial defect, and viscerolysis, if neces-
sary, were performed. After that, a composite mesh
with an anti-adhesive coating was placed intraperi-
toneally, with fixation in at least 8 points by separate
transaponeurotic sutures, followed by suturing of the
aponeurosis defect with a continuous suture with
non-absorbable double monofilament thread 1—0.

In Group 2, after installing trocars and creating
a pneumoperitoneum, the abdominal cavity was re-
vised, and viscerolysis, if necessary, was performed.
The location of the hernial defect and the presence
of other aponeurosis defects were determined, and
the area for mesh placement was prepared. In sub-
group 2a, the hernia defect was not sutured; a com-
posite mesh with an anti-adhesive coating was
placed intraperitoneally. The mesh was fixed to the
anterior abdominal wall with transaponeurotic su-
tures at 4 points, then with tackers using the «dou-
ble crown» technique. In subgroup 2b, the hernia
defect was sutured with separate knotted transapo-
neurotic sutures before the mesh was placed. Then,
the installation and fixation of the mesh were car-
ried out similarly to subgroup 2a. In subgroup 2c,
after viscerolysis, deflation of the pneumoperito-
neum was performed. If necessary, excision of excess
skin and an old postoperative scar was carried out.
It was followed by open suturing of the aponeurosis
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defect with a continuous suture and a non-dissolv-
ing double thread 1—0. Then, the laparoscopic stage
was continued with the placement and fixation of
the mesh, similarly to subgroup 2a.

Control of the patient’s discharge from

the hospital and postoperative follow-up

In order to prevent the development of complica-
tions and provide a standardised assessment of the
patient’s condition and the possibility of discharge
from the hospital, we developed a control checklist
(Table 2), which included the data of the patient’s
objective examination and their subjective feelings
about the possibility of self-care for their needs. In
order to assess satisfaction with the cosmetic effect
of the operation and the functional capabilities of
the anterior abdominal wall, we added separate sec-
tions to the above checklist. We also entered infor-
mation about the patient’s follow-up check-ups at
intervals of 2 weeks, 1 month, 6 months, and 1 year
after surgery. In addition to the objective examina-
tion of the postoperative wound, the patients un-
derwent an ultrasound examination of the anterior
abdominal wall and organs of the abdominal cavity
during follow-up examinations.

Given the lack of a specialised standardised ques-
tionnaire for assessing patient satisfaction with the
cosmetic result after hernia repair [4, 5], we used the
Customer Satisfaction Research Index as a basis for
a satisfaction score (CSAT), based on which the level
of satisfaction was evaluated from 1 to 5, where 1 —
very dissatisfied, 2 — not satisfied, 3 — neutral result,
4 — satisfied, 5 — very satisfied. During follow-up ex-
aminations starting 1 month after the operation, pa-
tients were additionally interviewed about their per-
formance of their daily tasks, physical exercises, and
work duties with or without restrictions.

The main criteria for discharging a patient from
a hospital were as follows: absence of hyperthermia;
self-service of one’s needs without the help of medi-
cal personnel; lack of need for injectable forms of
analgesics (pain level below 5 when moving accord-
ing to a visual analogue scale); percutaneous oxygen
saturation above 92 % without additional oxygen
support; consent to hospital discharge.

Taking into account the risk of developing surgi-
cal infections in the wound, especially in the condi-
tions of using a synthetic implant, before discharge
from the hospital, all patients were instructed about
the symptoms of inflammatory complications, in
case of which it is necessary to urgently contact
the attending physician. Such symptoms includ-
ed an increase in body temperature above 37.5°C,
pain in the area of the postoperative wound, swell-
ing and/or redness of the skin, the appearance of
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Table 2. Checklist of patient discharge from the hospital and control follow-up

No Indicator Possible assessment

Indicator for hospital discharge

The patient’s own assessment of their condition

1 Pain level according to the VAS scale 0—10 <5
2 Nausea and/or vomiting Present/Absent Absent
8 Abdominal bloating Present/Absent Absent
4 Feeling hungry 0—10 0—10
5 Feeling thirsty 0—10 0—10
6 Departure gases Present/Absent Present
7 Defecation (stool) Present/Absent Present
8 General weakness 0—10 <5
9 Satisfaction with the effect of cosmetic surgery 1—5 1—5
10 Do you want to go home? Yes/No Yes
11 The need to wear a postoperative bandage Yes/No Yes/No
The doctor’s objective assessment of the patient’s condition
2 Thedictve it conion g e o
i3 P o atuon ke o100
14 Body temperature 35.5—41°C 35.5—37.5°C
15 Availability of drainage Yes/No No
16 The need to use narcotic analgesics Yes/No No
17 The need for injectable forms of analgesics Yes/No No

Assessment of the patient’s condition during control follow-up

18  Postoperative complication (if detected, detail) Present/Absent Present,/Absent
19  Recurrence of hernia Present/Absent Present,/Absent
20  Satisfaction with the effect of cosmetic surgery 1—5 1-5

27 Carrying out daily tasks, physical exercises, With restrictions/ With restrictions/

work duties

Without restrictions Without restrictions

Note. VAS — visual analogue scale. The numbers represent the intensity of the subjective patient’s feelings, where O is the lowest

intensity and 10 is the highest intensity.

secretions from the wound, and seepage of the ban-
dage on the wound during the day with the need for
its urgent replacement. All patients were instructed
on the rules of post-operative wound care at home,
methods of treating the wound with an antiseptic,
and changing bandages.

During the patient’s follow-up check-ups, in ad-
dition to the physical examination, an ultrasound
examination of the anterior abdominal wall was
performed in order to collect data on the develop-
ment of local complications and hernia recurrence.
If complications were detected, they were evaluated

12

according to the Clavien-Dindo classification [7]
and seromas according to the Morales-Conde clas-
sification [16].

Statistical analysis

The data were analysed with the statistical package
IBM SPSS Statistics Base (version 22). All results
were considered statistically significant at a val-
ue of p<0,05. Quantitative data are presented as
mean * standard deviation (SD), unless otherwise
stated. The normality of the data distribution was
checked using the Shapiro-Wilk test (p > 0,05).
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Results and discussion

At the time of discharge from the hospital, all pa-
tients from both groups met the requirements speci-
fied in the checklist (see Table 2). The overall in-
cidence of complications after prosthetic ventral
hernia hernioplasty was 15.6 %. In Group 1, compli-
cations occurred in 76 (21.2 %) patients after open
hernioplasty. In Group 2, after laparoscopic hernio-
plasty with intraperitoneal mesh placement, com-
plications were observed in 23 (9.9 %) patients. The
detailed structure and frequency of complications
for each of the subgroups are presented in Table 3.
All the complications we noted were related to
Grades 1—III b according to the Clavien-Dindo
classification. In both groups, there were no fatali-
ties. In subgroup 1a, 2 (0.8 %) patients experienced
suppuration of the mesh (deep SSI) during the first
2 months after open hernioplasty sublay, which was
classified as Grade I1I b. In both cases, the first stage
of treatment involved attempting to preserve the
mesh using VAC therapy, but due to its failure, the
patients underwent a re-operation icluding mesh
excision. In subgroup 1a, 4 (1.6 %) patients with he-
matomas in the early postoperative period required
partial wound revision, and hematoma drainage,
therefore we assigned these cases to Grade Illa.

O.Y. Ioffe et al.

We assigned Grade II to patients who underwent
a puncture of the liquid formations (seroma and
hematoma) under ultrasound control and received
antibacterial drugs. We classified patients who un-
derwent only a puncture into Grade 1.

We did not observe any complications during HP,
including intra-abdominal bleeding, intestinal wall
damage, etc., in both groups. In Group 2, there were
no conversion cases, which we explain by the indi-
vidualised approach in the selection of candidates for
laparoscopic HP, especially with large hernia defects.

All patients were advised to limit physical ac-
tivity on the abdominal muscles for 1 month after
surgery. All patients in Group 1, subgroups 2a and
2¢ were recommended to wear a postoperative ban-
dage for at least 1 month from the moment of sur-
gery. Bandage compression of the anterior abdomi-
nal wall in the area of the previous location of the
hernial defect reduces the risk of seroma develop-
ment [27]. 76 % of patients in Group 1 and 42 % in
Group 2 expressed a desire to wear a postoperative
bandage at the time of discharge, explaining this by
reducing the severity of the pain syndrome.

In the early postoperative period, before dis-
charge from the hospital, all patients underwent
a control ultrasound examination. At discharge,

Table 3. Structure and incidence of complications, recurrence of ventral hernia after open

and laparoscopic hernioplasty

Group 1

Group 2

Statistics
Postoperative complications 1a 1b %2 % % according to
(=243)  (n=7) (n=81)  (n=108)  (n=43)  Publications
Clavien — Dindo classification
Grade I 22(9.0%) 1(14.3%) 7(8.7%) 9(8.3%) 2 (4.6 %)
Grade 11 24(9.9%) 0 0 4(3.7%) 1(2.3%)
Grade I11a 4(1.6%) 0 0 0 0
Grade ITIb 2(0.8%) 0 0 0 0
Grade IVa/b 0 0 0 0 0
Seroma 28 (11.5%) 1(14.3) 5(6.2%) 12 (11.1 %) 0 0.5—78 %
Hematoma 14 (5.7 %) 0 0 0 2 (4.6 %) 0—4.8%
Superficial SSI 6(2.5%) 0 0 0 1(2.3%) 3.1-10.8%
Deep SSI 2(0.8%) 0 0 0 0 1.5%
Urinary infection 2(0.8%) 0 0 1(0.9%) 0 0—21%
Intestinal paresis 0 0 0 0 0 0—16%
Intestinal obstruction 0 0 0 0 0 0.5—1%
Postoperative bulging 0 0 2(2.5%) 0 0 1.3—21.5%
Intraoperative complications 0 0 0 0 0 2—8%
Recurrence 3(1.2%) 0 1(1.2%) 1(0.9%) 0
Note. SSI — surgical site infection.
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both groups showed no signs of fluid accumulation
in the thickness of the anterior abdominal wall,
which could be subject to puncture. 2 weeks after
the operation, 43 (17.2 %) patients with fluid for-
mations in the mesh area and in the thickness of the
anterior abdominal wall were found in Group 1 —
43 (17.2%) and in Group 2 — 19 (8.2 %) patients
(p=0.004). Simultaneously, Group 1 experienced
a frequency of seroma of 11.6 % and hematoma of
5.6 %, while Group 2 experienced a frequency of
7.3 % and 0.9 %, respectively. A statistically signifi-
cant increase in the frequency of hematoma devel-
opment was observed after open HP techniques in
comparison to laparoscopic ones (p=0.004). The
frequency of seroma detection was comparable
(p=0.148), which is consistent with the results of
most publications comparing these methods [3].
In all cases, the formations were punctuated and
evacuated under ultrasound control, of which in
Group 1, eight (3.2 %) patients and in Group 2,
three (1.3 %) patients required a repeated punc-
ture one month after the operation. In Group 1, the
maximum volume of evacuated fluid was 100 ml,
while in Group 2, it was 50 ml.

According to the Morales-Conde classification,
we should assign all cases of observation of punc-
tured seromas under ultrasound control to type
IV — large seromas that require puncture — in or-
der to reduce symptoms (pain, discomfort). How-
ever, in only one case, a patient from subgroup 1a
experienced minor discomfort in the area of the
postoperative wound. In all other cases, the patients
had no complaints; seromas were visualised during
ultrasound examination of the anterior abdominal
wall and were not observed longer than 3 months
after the operation. In Group 1, the purpose of the
puncture was to avoid suppuration of the wound,
taking into account the open technique of perform-
ing HP, whereas in Group 2, it was to prevent pos-
sible protrusion and detachment of the mesh by free
fluid that accumulated between the mesh and the
parietal peritoneum. Therefore, we consider these
cases not as complications but as incidents, classify-
ing them into types I (n=>52) and IT (n=11). The
issue of defining seroma as a complication of surgery
and delineating the terms and feasibility of their
puncture remains debatable [6, 15].

In the first 5 years of our study, 5 (2.2 %) patients
underwent laparoscopic hernioplasty, a composite
mesh was used for intra-abdominal placement with an
anti-adhesive coating on both sides. In 2 out of 5 pa-
tients, we observed the development of seroma in the
early postoperative period. Later, in connection with
the withdrawal of this mesh from production, we used
only mesh with a one-sided anti-adhesive barrier.
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The frequency of infectious complications was
significantly higher in Group 1 after open opera-
tions (3.2 %) compared to laparoscopic ones (0.4 %)
(p=0.041). Based on the results of the analysis of 5
randomised controlled trials, a similar trend was ob-
served in the prevalence of SST after open operations
(10.8 %) over laparoscopic operations (3.1 %), but the
difference in indicators did not reach statistical sig-
nificance [23]. In the period of up to 14 days after the
operation, local redness and swelling of the wound
edges were observed in 6 patients after HP sublay in
Group 1 and in 1 patient after [POM+ hernioplasty in
Group 2. The patient in Group 2 had obesity and type
IT diabetes. In all cases, after ultrasound examination
of the wound area, the situation was considered a su-
perficial infection without mesh involvement. There
was no need for re-hospitalisation. Against the back-
ground of oral administration of broad-spectrum an-
tibiotics for 5—10 days and local treatment with an-
tiseptics, the signs of inflammation regressed and the
wounds healed by primary tension.

The frequency of urinary tract infection after
surgery was comparable in both groups (p=0.952),
with 0.8 % after open surgery and 0.4 % after lapa-
roscopic HP, and did not exceed the frequency of
0—2.1 % according to the literature [20, 21].

Prolapse or postoperative bulging was detected
in 2 (2.25%) patients in subgroup 2a after lapa-
roscopic IPOM without mesh suturing. Accord-
ing to Liang et al., postoperative bulging occurs in
21.5% of patients after laparoscopic surgery and in
1.3 % after open VH repair [13]. The development
of postoperative bulging did not require repeated
surgical intervention. An ultrasound examination
of the anterior abdominal wall ruled out a possible
hidden recurrence of the hernia.

During the entire observation period, we found
5 (1.04%) patients with hernia recurrences,
3 (1.2 %) after open hernioplasty and 2 (0.9 %) af-
ter laparoscopic, with no statistically significant
difference between groups (p=10.936). In all cases,
when interviewing the patient, there were episodes
of sharp physical exertion in the anamnesis. In
Group 1, after open suturing of the hernia using the
sublay technique, out of 3 cases of recurrence, in one
case, superficial infection of the wound occurred in
the early postoperative period. In Group 2, in one
case, a relapse developed 11 months after the opera-
tion against the background of excessive physical
exertion in a 65-year-old woman with a postopera-
tive ventral hernia L 3- L 4 of more than 10 cm who
was initially treated with IPOM and transcutane-
ous suturing of the hernia defect. During the repeat
operation, the capacity of the applied sutures of
the aponeurosis was diagnosed, but the edge of the
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aponeurosis of the oblique muscles of the abdomen
was torn off, resulting in the formation of a hernial
defect near and below the eliminated previous one,
with the migration of the lower edge of the mesh
into the hernial sac. Therefore, a partial resection of
the mesh that migrated into the hernia sac was per-
formed. It was followed by open suturing of the apo-
neurosis with the placement of an additional mesh
laparoscopically using the IPOM+ technique. In
the second case, the relapse developed after laparo-
scopic IPOM without suturing of the hernial defect
above the upper edge of the mesh. Consequently, re-
laparoscopy was performed. The procedure includ-
ed suturing of the aponeurosis defect and prosthetic
hernioplasty of IPOM with a larger mesh.

According to S. Olmi et al., independent risk factors
for hernia recurrence are mesh coverage of a defect of
less than 4 cm, use of resorbable fixation devices, mesh
bulge, and infection, as well as patient-related factors
such as advanced age and type of lateral iliac hernia
L3 [17]. In our study, after laparoscopic operations,
the first case of relapse exhibited three of the factors
listed above, while the second case had 2.

We did not observe a statistically significant in-
crease in the recurrence rate in subgroup 2a after
IPOM without suturing of the hernia defect (1.2 %)
compared to subgroup 2b with suturing (0.9 %)
(p=0.59). Itis worth noting that 51 (63 %) patients
in this subgroup were over 65 years old. According
to the surveys conducted during follow-up exami-
nations one year after IPOM without suturing the
aponeurosis defect, the rate of performing daily
tasks, physical exercises, and work duties without
restrictions was 93.9 %, with restrictions 6.1 %, and
was comparable to the similar indicator in patients
in subgroups 2b and 2¢, who underwent TPOM
with suturing the aponeurosis defect. According to
the data from separate randomised controlled trials,
suturing of a hernia defect shows advantages over
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the technique of TIPOM without suturing of a her-
nia. But the result of the meta-analysis by S. Jeong
et al. testifies to the effect of the closure of fascial
defects only on the level of seroma formation [10].
While the meta-analysis of A. Tandon et al. dem-
onstrates significantly fewer adverse hernia-site
events [26]. Therefore, we consider it a priority to
perform hernia defect suturing in patients of work-
ing age when the benefits of restoring the function
of the anterior abdominal wall outweigh the prolon-
gation of the duration of the surgical intervention
and the increase in anesthetic risk.

Satisfaction with the cosmetic effect of the opera-
tion during the entire observation period was 5%
higher in Group 2 after laparoscopic hernioplasty
than in Group 1 after open hernioplasty. 97.9 % of
patients were interviewed one month after the op-
eration, 69.5 % after 6 months, and 29.2 % after one
year. Detailed indicators of the level of satisfaction
with the appearance of the anterior abdominal wall
are presented in Table 4.

In Group 1, satisfaction with the cosmetic effect
after open HP did not statistically differ between
subgroups when performing the operation using the
sublay technique and open TIPOM in all observation
periods (2 weeks — p=0.881; 1 month — p=0.675;
6 months — p=0.69; 1 year — p=0.913). In subgroup
1a, there were 2 cases where patients rated the cos-
metic effect as «2 points — unsatisfied». In both of
these cases, the patients were diagnosed with mesh
suppuration and the postoperative wound was heal-
ing by secondary tension. Similarly, during the entire
observation period, the highest satisfaction with the
cosmetic effect in Group 2 was recorded in subgroup
2b after laparoscopic IPOM with suturing of the her-
nia defect (p <0.05). The indicators for subgroups 2a
and 2c after IPOM without suturing the defect and
IPOM+ were lower than for subgroup 2b (p<0.01),
but comparable to each other (p=10.10).

Table 4. The level of patient satisfaction with the cosmetic effect of surgery after open and laparoscopic

ventral hernia repair (M+SD)

Group 1 Group 2
Period after
surgery 1a 1b 2a 2b 2c
(n=243) (n=7) (n=81) (n=108) (n=43)

2 weeks 4.39£0.64 4.43+0.54 4.69+0.52 4.96%0.19 4.54+0.63
n=243 n=7 n=_81 n=108 n=43

{ month 4.33+0.65 4.43+0.54 4.69+0.52 4.96=0.19 4.54+0.63
n =240 n=7 n=_81 n=108 n=43

6 months 448 +0.56 4.57+0.54 4.46+0.50 497+0.17 4.67+0.48
n=153 n=7 n=69 n=70 n=36

{ vear 4.53+0.50 4.50+0.55 4.38+0.49 50£0 4.65+0.49

Y n=61 n=6 n=34 n=23 n=17
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Summarising the results of our study, it is worth
noting that the frequency of wound infection can be
reduced by using laparoscopic HP techniques. Open
surgical interventions can lead to a higher frequen-
cy of inflammatory complications from the wound
and hematomas. The frequency of reccurence after
open and laparoscopic HP is comparable.

In our study, there is a limitation regarding the
duration of follow-up for most patients at one year.
The longest follow-up time was 4 years in 6 patients
who underwent laparoscopic surgery (IPOM). In
3 out of 4 patients, the aponeurosis defect was not
sutured. In all 6 cases, mesh migration, hernia recur-
rence, or other complications were not observed in
the late postoperative period.

Given the low rate of hernia recurrence and com-
plications, as well as the limited sample of patients,
we did not take into account the effect of different
types of tackers on the treatment outcome. More-
over, the indicators of complications depending on
the size of the hernial defect were not considered
separately. In order to study the influence of certain
factors related to the HP technique on the struc-
ture and frequency of complications and the level
of relapses, it is advisable to continue research on
a larger sample of patients with a follow-up period
of more than one year.

Conclusions

The open sublay and laparoscopic IPOM HP pro-
cedures have a comparable recurrence rate of VH
(p>0.05). Non-suturing of the aponeurosis de-
fect after laparoscopic IPOM in patients with VH
did not result in an increase in the total number
of complications or the percentage of recurrence
(p>0.05). Laparoscopic IPOM+ hernioplasty al-
lows for reliable elimination of the hernia defect and
demonstrates high patient satisfaction with the cos-
metic effect of the operation. Laparoscopic IPOM
with hernia suturing shows significantly higher pa-
tient satisfaction with the appearance of the ante-
rior abdominal wall compared to other laparoscopic
HP techniques. The use of ultrasound diagnostics
during planned postoperative examinations allows
for more accurate diagnosis of complications and
hernia recurrence and increases the detection rate
of such complications as seromas and hematomas,
including clinically insignificant ones, thus increas-
ing the number of punctures. An individual-person-
alised approach to choosing a method of surgical
treatment, taking into account the risk factors for
the development of complications, and conducting
planned examinations after surgery using ultra-
sound diagnostics is promising for further research.
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ITicigonepariifidi yCKIaJHEHHS TA PENUANUB I'PYLKI ITiCIIA
3aCTOCYBAHHA Pi3HUX METO/iB XipypriYHOIO YINIHBAHHA
BEHTPAIbHUX I'PUXK

0.10. Iodpde, T. B. Tapaciok, M. C. KpuBomnycrog, O. II. Crenienko

Harionanbuuit meauunnit yaisepeuret imeni O. O. Boromosbiis, Kuis

ITporesyBanpHa repuiomwactuka (ITl) seHTpaibHux rprok (BID) acoLitoeTses i3 27 9% yCKIaAHEHDb T4 3 37 % peLu-
JINBY I'PYDKi 3AJIEKHO BiJJ METOJIMKW BUKOHAHHA. BUKOPUCTAHHA JIAITAPOCKOIIIYHUX METOAIB I'TI jae 3MOry CKOpo-
THUTU TPUBAICTb NEPEOYBAHHA TALIEHTA B CTALLIOHAP] T4 3HU3UTH PU3UK PAaHOBOI iH(ekuii. [ani moao nepesaru
JIATTAPOCKOTIIT HaJl, BiJKPUTOIO METO/MKOIO 34 MTOKA3HUKAMHU PELWMBY T4 iHINMWX BUJIB YCKIAJHEHb 3HAYHO BiJl-
PisHAIOTHCA. KOHTPABEPCIMHUMU € PE3YIBIATU NOPIBHAHHA Pe3ynsraTis I'T] 3/6€3 yIMBaHHA IPHKOBOTO JIE(EKTY.

MeTa — BUBYUTHU CTPYKTYPY T4 YACTOTY HICIAONIEPALIMHUX YCKIAJTHEHD, YACTOTY PEU/IMBIB I'PYIKI TTiC/IA 3ACTO-
CYBAaHHA BiIKPUTOI T4 J1ar1apOCKOIiYHOT I'TI rprek nepeHboi Y€PeBHOL CTiHKU.

Marepiay Ta MeTogu. [IpOBE/ICHO MYJIBIMLICHTPOBE IPOCIIEKTUBHE JTIOC/I/PKEHHS HA KITHIYHUX 633X Kadenpu
3arabHOI Xipyprii Ne 2 HarionaibHOro MejmgHoro yHisepeurery im. O. O. BoroMosnblid i3 3amydeHnam 482 naitieH-
TiB i3 BIL [lepsunHi BI' 6y y 279 (57,9 %) nauieHTis, nicasonepaniiiai BI' —y 203 (42,1 %). IatienTis posaimum Ha
JIBi I'PYIIH, HOPIBHAHHI 33 BIKOM, CIIBiIHOIIEHHAM CTATEM T4 PO3IOAIOM 34 po3MipoM rprki. I'pyna 1 — 250 (51,9 %)
MALEHTIB, IKUM 3ACTOCOBYBIM BiIKpUTi MeToau ITI 3 yimmBaHHAM Ae(EKTY alIOHEBPO3Y: Hiirpyma 1a — Binkpura
sublay (243 (50,4 %)), minrpymna 18 — Bigkpura IPOM (7 (1,5 %)), rpyna 2—232 (48,1 %) narjienTy, IKUM NPOBOJMIIA
marapockorniyny ITI 32 metoankoro IPOM: miarpyra 2a — IPOM 6e3 yinmBaHH: iepexry arnoHeBposy (81 (16,8%)),
niarpyna 28 — IPOM 3 ymmBaHHAM aedeKry aroHeBposy (108 (22,4 %)), nigprymna 2¢ — IPOM+ 3 yIIMBaHHAM
J1eEKTyY alIOHEBPO3Y BIIKPUTO (43 (8,9 %)). KOHTPO/IBbHI OIVIAM NTALIEHTIB, OLIIHKY HASIBHOCT] YCK/I4JHCHB, PELI/IN-
BY T4 OITiHKY 33/I0OBOJICHOCTiI KOCMETUYHUM €(hEKTOM OTIePALIil [IPOBO/IMIIN Yepes 2 THIK, 1 Ta 6 Mic, 1 pik.
Pe3yapraTy. 3arajbHa 9aCTOTA PO3BUTKY YVCKIAHEHD TTicCas BUKOHAHHS [T1 BT craHoBwma 15,6 %, micis Bif-
KpuTOi sublay — 21,2 %, micis tanapockorniyioi IPOM — 9,9 %. Vci BUnajiku yCKkinaJHeHb Hasiexanu 1o I — IIIb
crynens 3a kacudikaniero Knas'e-dingo. JleTaIbHHUX HACTIIKIB B 000X Ipynax He 6yy10. Y rpymi 1 gacTora cepoM
cranoswia 11,6 %, rematom — 56%,y rpyri 2 — 7,3 Ta 0,9 % BinmosiiHO. BUSIBICHO CTATUCTUYHO 3HAYYIIE TTi/T-
BUIIIEHHA YACTOTU POZBUTKY I'€MATOM IIC/IA BiTKpUTUX MeTOIB I'TI mopiBHAHO 3 mantapockoniyHumu (p=0,004),
TOJ SIK 4aCTOTA BUABJICHHS CEpOM OyJ1a NOPiBHAHHOIO (p=0,148). HeymuBaHHs Ae(EKTY AIIOHEBPO3Y IIOPiBHSA-
HO 3 YIIUBAHHAM Yy IALi€HTiB 3 BI' npu manapockoniyHin Metoauui IPOM He npu3BOAWIO 10 3POCTAHHA 3aI'd/Ib-
HOI KUIBKOCTi YCK/IQJIHEHD TA YACTOTU PO3BUTKY peruausy (p>0,05). Jlamapockomniynui IPOM 3 ymmBaHHAM
I'PMOKi ACOIIOBABCA i3 CTATUCTUYHO 3HAYyHIO (P <0,05) GUILIIOIO 33/J0BOJICHICTIO MAIIEHTOM BUIJIA/LY IIEPEIHbOL
4ePEBHOI CTIHKU NOPIBHAHO 3 iHIMMMH MeTogamu I'TL

BucHOBKH. BUKOHAHHS BiIKpUTOI sublay Ta sanapockoniyHoi IPOM I'TI noka3asao HOPIiBHIHHY YaCTOTY PO3-
BUTKY pernausy BI' (p>0,05). YacToTa pO3BUTKY iH(PEKIHINHUX YCKIQJIHEHD Td TEMATOM CTATUCTUYHO 3HAYYILO
BUIIA [IiCJIA BIAKPUTUX ONEPALili ITOPiBHAHO 3 y1antapockoniynumu (p=0,041 ta p=0,004 BiaoBigHO).

K1ro40Bi CJI0Ba: BEHTPAIbHA TPUIKA, TC/IAONEPALHA IPYIKA, YITUBAHHA I'PHKI, CiTKA.
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OBJECTIVE — to assess the quality of life (QOL) of patients with chronic slow-transit constipation (CTC) accord-
ing to the PAC-QOL (Patient Assessment of Constipation Quality of Life) questionnaire, as well as the effective-
ness of conservative therapy.

MATERIALS AND METHODS. The study included 246 patients with chronic (more than 5 years) slow-transit con-
stipation (CSTC group) and 70 patients without CSTC (reference group). These individuals were examined
and treated in the clinics of Bogomolets National Medical University from 2014 to 2023. The onset of chronic
slow-transit constipation often occurred at an average age of 22.2+0.8 years (from 1 year to 67 years) and lasted
20.2%0.7 years (from 5 to 53 years). The average duration of the delayed passage of stool was 9.4 +0.3 days (from
3 to 22 days). All patients received an adjusted course of conservative treatment according to the Rome guide-
lines. The nosospecific PAC-QOL questionnaire was used to evaluate the patients’ quality of life on their initial
visit and 6—8 months after conservative therapy.

REsurts. During the initial assessment, the CSTC group had a mean score of 3.03+0.56 on the «Physical Discom-
fort» subscale, while the reference group had a mean score of 1.19+0.29. On the «Psychosocial Discomfort» sub-
scale, the CSTC group had a mean score of 2.21+0.52 compared to 0.84 +0.18 in the reference group. The mean
score for the «Worries and Concerns» subscale was 249+041 in the CSTC group and 0.77 £0.24 in the reference
group. The mean score for the «Satisfaction» subscale was 3.31+0.43 in the CSTC group and 0.86+0.28 in the
reference group. The PAC-QOL questionnaire total score was 2.63£0.26 in the CSTC group and 0.87+0.12 in the
reference group (p<0.001 for all). After conservative treatment, the PAC-QOL scores improved by an average of
40.4+20.0% (to 0.68—2.71 points). The cluster analysis revealed that after the course of conservative therapy, the
PAC-QOL questionnaire scores formed three distinct clusters: Cluster [—0.68—1.39 points (49.2 % of patients),
Cluster II—1.40—1.99 points (17.5% of patients), and Cluster III—2.0—2.8 points (33.3 % of patients). These
clusters represent good, satisfactory, and unsatisfactory results.

ConcLusions. The PAC-QOL questionnaire revealed a statistically significant decline in QOL in patients with
CSTC (2.63+0.26 points compared to 0.87 +0.12 points in the reference group). Modern conservative treatment
improved quality of life in 49.2 % of cases. 17.5 % of cases showed a satisfactory result, while the remaining ones
exhibited insignificant or no improvement. Other treatment options, including surgery, should be considered for
patients who do not respond to conservative therapy.
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Chronic  constipation affects approximately
10—15% of the population and is one of the most
common gastrointestinal diseases that are treated
in primary and secondary care [12]. It negatively
affects quality of life (QOL) and is associated with
a significant healthcare burden [16].

The term <«constipation» is used to describe
symptoms associated with difficulties in defeca-
tion. These include infrequent bowel movements,
hard or lumpy stools, excessive straining, a feeling
of incomplete evacuation or blockage, and, in some
cases, the use of manual manoeuvres to facilitate
evacuation [11]. Symptoms can be acute when they
typically last less than a week and are caused by di-
etary and/or lifestyle changes (e.g., reduced fibre
intake, reduced physical activity, stress, toileting in
unfamiliar surroundings) [15]. In contrast, chronic
constipation is usually characterised by symptoms
that persist for at least 3 months [3].

The Rome criteria of the fourth revision classify
chronic constipation disorders into four subtypes:
(a) functional constipation (FC), (b) irritable bow-
el syndrome with constipation (IBS-C), (¢) opioid-
induced constipation (OIC), (d) functional bowel
movements, including inadequate defecation pro-
pulsion and dyssynergic bowel movements [18].

The initial approach to the treatment of these
disorders is the same, consisting of diet, lifestyle
changes, and the use of standard over-the-counter
laxatives. If the treatment is ineffective, additional
therapy is prescribed based on the subtype [1, 2,
6—10, 13, 22].

According to a large meta-analysis of 45 popu-
lation-based surveys covering 261,040 adults, the
global prevalence of chronic constipation is esti-
mated at 14 % (95 % confidence interval, 12—17 %)
[21]. Chronic constipation is more common in
women, the elderly, and people with lower socio-
economic status [5]. However, it can be argued that
due to considerable heterogeneity between stud-
ies, caused by differences in sample size, duration
of symptoms, definition criteria, and methods used
to collect symptom data, the prevalence of chronic
constipation worldwide is uncertain. Large studies,
including large multinational collaborative studies
with a common research methodology, are needed
to clarify this. Recent data from a cross-population
survey in three countries using a modern diagnos-
tic questionnaire according to the Rome IV criteria
showed that the prevalence of chronic constipation
is approximately 9 %, with ~6 % being FC and the
remaining cases being IBS-C and OIC, which oc-
cur with equal frequency [17]. A global epidemio-
logical study of functional gastrointestinal disor-
ders is ongoing. The prevalence of functional bowel
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movement disorders in the population is not known,
as the diagnosis requires laboratory tests. In tertiary
care centres, half of the cases of chronic constipa-
tion are not registered due to the absence of clear
statistical information [3].

Patients usually have a long history of CSTC,
most of it dating back to childhood. The disease is
progressive in nature. It is characterised by numer-
ous courses of conservative therapy with ambiguous
(variable, unpredictable) effectiveness. CSTC nega-
tively affects the QOL of patients, but there is a lack
of research on this issue. The studies mainly used
The Short Form-36 (SF-6) questionnaire, which is
not nosospecific [19]. Only a few studies have been
devoted to the assessment of QOL in patients with
chronic constipation using the nosospecific PAC-
QOL (Patient Assessment of Constipation Quality
of Life) questionnaire, without focusing on the prob-
lem of CSTC. There is also a lack of information on
the impact of conservative therapy on the QOL of
people with CSTC, according to the PAC-QOL scale.

OBJECTIVE — to assess the quality of life (QOL)
of patients with chronic slow-transit constipation
(CTC) according to the PAC-QOL (Patient Assess-
ment of Constipation Quality of Life) questionnaire,
as well as the effectiveness of conservative therapy.

Materials and methods

The study included 246 patients with chronic
(more than 5 years) slow-transit constipation
(CSTC group) and 70 patients without CSTC (ref-
erence group). These individuals were examined
and treated according to the Rome criteria in the
clinics of Bogomolets National Medical University
from 2014 to 2023 [3, 19].

The study groups did not differ statistically sig-
nificantly in terms of sex ratio, mean age, and body
mass index. Women predominated in both groups:
233 (94.7 %) in the CSTC group and 65 (92.9 %) in
the reference group (p=0.554). The mean age was
42.8 and 41.5 years, respectively (p=0.458). The
body massindex was 22.7 = 4.2 and 22.2 + 2.0 kg/m?,
respectively (p=0.424).

According to the anamnestic data, constipation
occurred at different ages, on average at 22.2+0.8
years (from 1 to 67 years), the duration of the dis-
ease before the visit to the clinic was on average
20.2+0.7 years (from 5 to 53 years), and the de-
layed passage of stool before admission to the clinic
was 9.4 0.3 days (from 3 to 22 days). Stool con-
sistency according to the Bristol Stool Form Scale
corresponded to type I in 152 (61.8%) patients,
type 2 in 63 (25.6 %), type 3 in 21 (8.5 %), type 4 in
7 (2.8 %), and type 51in 3 (1.2 %).
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Before seeking medical assistance in our clinic, all
patients received permanent conservative therapy,
which gradually lost its effectiveness. 236 (95.9 %)
patients used a high-fibre diet, 237 (96.3 %) used
pharmacological agents, and 183 (74.4%) used
cleansing enemas.

The nosospecific PAC-QOL questionnaire was
used to evaluate the patients’ quality of life on
their initial visit and 6—8 months after an adjusted
course of conservative therapy.

The original English version of the Patient As-
sessment of Constipation Quality of Life (PAC-
QOL, © PAC-QOL, 2005 Mapi Research Trust,
all rights reserved) is a questionnaire that is often
used to assess the impact of chronic constipation on
QOL and daily activities using a simple structure
and scoring system. It was developed and validated
by R. Marquis et al. in 2005 [14]. The PAC-QOL
questionnaire has been translated into different lan-
guages and validated in many countries. We used
the PAC-QOL questionnaire to improve the clinical
assessment of constipation in patients.

The PAC-QOL questionnaire contains 28 items
grouped into 4 subscales: worries and concerns (11
items), physical discomfort (4 items), psychosocial
discomfort (8 items), and treatment satisfaction
(5 items). A five-point Likert response scale rang-
ing from 0 (not at all /never) to 4 (strongly/all the
time) is used over a 2-week period (a higher score
indicates a worsening of QOL due to constipation).
The total score and scores for each subscale were
calculated according to the original PAC-QOL
document. The test took 10—14 minutes to com-
plete [14].

All patients received conservative treatment ac-
cording to the Rome criteria [3, 13], taking into ac-
count drugs licensed in Ukraine.
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Statistical analysis was performed using IBM
SPSS Statistics, V 22. Discriminant statistics were
calculated. The data were assessed for normality
using the Shapiro-Wilk test. Mean values are pre-
sented as M £ SD. Categorical data were expressed
as numbers (%). Comparison of mean values of
quantitative variables was performed using the
Student’s t-test for data whose distribution does
not differ from normal; for data whose distribu-
tion differs from normal, comparison of variables
was performed using the Wilcoxon-Mann-Whitney
U-test. To identify groups of similar objects, a two-
stage cluster analysis was performed. A comparison
of relative values was performed using Pearson’s y?
test. The null hypothesis of equality of variables was
rejected at p<0.05.

Results

Despite the fact that patients with CSTC had
a long history of conservative treatment, when they
came to the clinic, they had unsatisfactory QOL
indicators for all subscales of the PAC-QOL ques-
tionnaire, which significantly exceeded the refer-
ence ones. Thus, according to the Physical Discom-
fort subscale (Fig. 1), the mean score in the CSTC
group was 3.03 + 0.56 (from 1.5 to 4.0 points), while
in the reference group it was 1.19+0.29 (from 0.25
to 1.75 points, p<0.001).

According to the Psychosocial Discomfort sub-
scale (Fig. 2), the mean score in the CSTC group
was 2.21 +0.52 (from 1.13 to 3.38 points), while in
the reference group it was 0.84 +0.18 (from 0.5 to
1.38 points, p<0.001).

According to the Worries and Concerns subscale
(Fig. 3), the mean score in the CSTC group was
2.49+0.41 (from 1.55 to 3.45 points), while in the
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Figure 1. Distribution by the mean score of the Physical Discomfort subscale in the CSTC group (A)
and the reference group (B) before the course of conservative therapy
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Figure 2. Distribution by the mean score of the Psychosocial Discomfort subscale in the CSTC group (A)
and the reference group (B) before the course of conservative therapy
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Figure 3. Distribution by the mean score of the Worries and Concerns subscale in the CSTC group (A)
and the reference group (B) before conservative therapy
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Figure 4. Distribution by the mean score of the Satisfaction subscale in the CSTC group (A)
and the reference group (B) before conservative therapy
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Figure 5. Distribution by the total PAC-QOL questionnaire score in the CSTC group (A) and the reference

group (B) before conservative therapy

reference group it was 0.77 £ 0.24 (from 0.36 to 1.45
points, p<0.001).

According to the Satisfaction subscale (Fig. 4),
the mean score in the CSTC group was 3.31 £0.43
(from 2.20 to 4 points), while in the reference
group it was 0.86 = 0.28 (from 0.20 to 1.60 points,
p<0.001).

The total PAC-QOL questionnaire score (Fig. 5)
averaged 2.63 +0.26 in the CSTC group (from 1.93
to 3.29 points) and 0.87+0.12 in the reference
group (from 0.61 to 1.18 points, p<0.001).

After conservative treatment, a decrease in the
PAC-QOL questionnaire score was noted in all pa-
tients by an average of 40.4 + 20.0 % (Table 1, Fig. 6).

According to the PAC-QOL questionnaire and
all its subscales, the mean values of QOL indicators
after the course of conservative treatment were sta-
tistically significantly better than before treatment

3,03
2,49
2,19 2,21
1,49
1,33
1,19
D / D /
Physical Psychosocial Worries and
discomfort discomfort concerns

(p<0.001 for all), but worse than the corresponding

indicators in the reference group (p <0.001 for all).
After conservative treatment, there was signifi-

cant variability in the mean scores for all subscales

Table 1. Score reduction on the PAC-QOL
questionnaire and its subscales
after conservative treatment

Variable Mean * StD Min—Max
Physical discomfort 29.0+20.9 0.0—88.9
Psychosocial discomfort 31.7+19.2 0.0—66.7
Worries and concerns 45.9+28.0 -31.6..+96.2
Satisfaction 47.8%22.2 14.3—94.7
PAC-QOL 40.4+20.1 3.7—69.9
3,31
2,63
1,73
N 1,57
CSTC group
0,86 0.87 B Before treatment
I After therapy
L [0 Reference group
Satisfaction PAC-QOL

Figure 6. Average scores of quality of life indicators before and after treatment in the CSTC group

and in the reference group
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Figure 7. Distribution of the average score on the
PAC-QOL questionnaire in patients in the CSTC
group after a course of conservative therapy

and the PAC-QOL questionnaire. In particular, the
total score on the PAC-QOL questionnaire ranged
from 0.68 to 2.71 (Fig. 7).

It is noteworthy that only 86 (35 %) patients had
mean values of the total PAC-QOL score within the
reference values (from 0.61 to 1.18).

The cluster analysis revealed that after conserva-
tive therapy, the PAC-QOL questionnaire scores
formed three distinct clusters with a good silhouette
measure of connectivity and cluster separation: Clus-
ter I — 0.68—1.39 points; Cluster 1T — 1.40—1.99
points; and Cluster III — 2.0—2.8 points. This in-
dicates that conservative treatment has a different
impact on QOL. In 121 (49.2 %) patients, the total
score on the PAC-QOL questionnaire belonged to
the first cluster, in 43 (17.5%) to the second cluster,
in 82 (33.3 %) to the third cluster, which may corre-
spond to good, satisfactory, and unsatisfactory results.

1. M. Leshchyshyn et al.

This variability in the results of conservative
treatment was recorded for all subscales of the PAC-
QOL questionnaire (Table 2).

Thus, the PAC-QOL questionnaire revealed that
modern conservative treatment improved quality of
life in 49.2 % of cases. 17.5 % of cases showed a sat-
isfactory result, while the remaining ones exhibited
insignificant or no improvement.

Discussion

Conservative treatment of patients with FC should
alleviate certain symptoms and improve QOL, but
for some patients with CSTC who already have ex-
tensive experience with conservative treatment and
still seek help, modern conservative treatment regi-
mens do not always have the desired effect.

Using the PAC-QOL questionnaire, we analysed
the QOL of patients with CSTC before and after
conservative treatment. We did not find informa-
tion on the use of this questionnaire in patients with
CSTC to compare the results of conservative treat-
ment with baseline.

The authors used various questionnaires to assess
the severity of constipation [20, 23]. In particular, in
2015, an article was published in which the authors
used the PAC-QOL and SF-36 questionnaires to
analyse patients with chronic FC and IBS-C accord-
ing to the Rome III criteria. The PAC-QOL ques-
tionnaire was filled out by 43 patients (14 % with
IBS-C, 37% with FC, and 49 % with unclassified
constipation) and the SF-36 questionnaire was filled
out by 93 patients (23 % with IBS-C, 27 % with FC,
and 51 % with unclassified constipation) [19].

The SF-36 questionnaire showed that pa-
tients with IBS-C had a worse quality of life com-
pared to the groups of people with functional and

Table 2. Results of cluster analysis of the PAC-QOL questionnaire after a course of conservative

treatment (Min—Max)

Variable Cluster I Cluster IT Cluster III
0.25—1.75 2.00—2.75 3.00—-3.75
Physical Discomfort
n=85(34.6%) n=112 (455%) n=49 (19.9%)
0.75—1.38 1.50—2.00 2.13—2.88
Psychosocial Discomfort
n=128 (52.0%) n=83(37.7%) n=35(14.2%)
. 0.90—1.09 1.27—1.82 1.91-2.64
Worries and Concerns
n=124 (50.4 %) n=44(17.9%) n=78(31.7%)
. . 02—1.4 1.6—2.2 24—34
Satisfaction
n=104 (42.3%) n=76(30.9%) n=66(26.8%)
0.68—1.39 1.40—1.99 2.0—-2.8
Total

n=121(49.2%)

n=43(17.5%) n=82(33.3%)

General Surgery 3azansuaxipypeis © 2024 ¢ Ne2 (9)
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Figure 8. Distribution of patients by absolute
decrease in the total score on the PAC-QOL
questionnaire after a course of conservative
therapy

unclassified constipation. Statistically significant
differences were found on the fatigue/energy scale
between patients with IBS-C and patients with
functional constipation in favour of the latter
(41.67 £3.386 vs. 55.20 +4.383; p=0.0221) and on
the pain scale between patients with IBS-C and pa-
tients with unclassified constipation (49.64 = 5.290
vs. 63.62 +£3.673; p=0.0362).

The PAC-QOL questionnaire also showed worse
results in patients with IBS-C than in patients with
FCintermsofthephysical component (10.00 + 1.125
vs. 4.938 +0.8086; p = 0.0029), psychosocial compo-
nent (14.33 % 2.704 vs. 7.438 + 1. 469; p = 0.0278),
concerns and worries score (17.33£4.410 vs.
9.375+£1.494; p=0.0379), treatment satisfac-
tion (16.50£0.4282 vs. 10.31 +1.440; p=10.0180),
and overall PAC-QOL score (2.077+0.2704 vs.
1.146 £0.1391; p=0.0034) [19].

In 2017, Italian gastroenterologists provided
data on patients with FC, IBS-C, and unclassified
constipation who received various conservative
therapies using the Bristol Scale, the Patient As-
sessment of Constipation Symptoms (PAC-SYM),
and the PAC-QOL questionnaires. The authors
concluded that patients with IBS-C had worse
QOL than those with FC and unclassified constipa-
tion, according to all questionnaires [4].

Unfortunately, we have not found any articles in
the literature that provide data on QOL determi-
nation by the PAC-QOL questionnaire in patients
with CSTC before and after conservative treatment.

According to our data, QOL in patients with
CSTC is significantly impaired. During the ini-
tial assessment, the CSTC group had a mean score
of 3.03+0.56 on the «Physical Discomfort» sub-
scale, while the reference group had a mean score
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of 1.19+0.29. On the «Psychosocial Discomfort»
subscale, the CSTC group had a mean score of
2.21£0.52 compared to 0.84 £ 0.18 in the reference
group. The mean score for the «Worries and Con-
cerns» subscale was 2.49 =0.41 in the CSTC group
and 0.77+0.24 in the reference group. The mean
score for the «Satisfaction» subscale was 3.31 +0.43
in the CSTC group and 0.86 + 0.28 in the reference
group. The PAC-QOL questionnaire total score was
2.63£0.26 in the CSTC group and 0.87 =0.12 in the
reference group (p<0.001 for all). After adjusted
conservative therapy, only 86 (35 %) patients regis-
tered a total score on the PAC-QOL questionnaire
that reached the limits of reference values (from
0.61 to 1.18). If the QOL of all patients is assessed
using cluster analysis, the proportion of patients
with relatively good results is 49.2 %, with insig-
nificant or no improvement — 33.3 %. The original
article [14] suggests that the effect of conservative
treatment should be assessed by a reduction in the
PAC-QOL score, with a decrease of 0.5 in the total
score considered a minimally significant improve-
ment. According to this assessment, 69 (28.0 %) pa-
tients had insignificant or no improvement (Fig. 8).

Assessment of the outcome by the value of the
change in the indicator has a disadvantage, since
even with a significant change, the absolute value
of the indicator may remain high and indicate poor
QOL. A comparison of QOL indicators in patients
with CSTC with reference values, in our opinion,
more clearly assesses their condition, but this re-
quires additional research.

The fact that after prolonged pretreatment, pa-
tients came to the clinic with unsatisfactory PAC-
QOL scores compared to the reference group, and
in 33.3% of them, they remained at this level after
therapy adjusted according to the Rome guidelines,
indicates the complexity of the problem and the het-
erogeneous nature of the disease. Other treatment
options, including surgery, should be considered for
patients who do not respond to conservative therapy.

Conclusions

The PAC-QOL questionnaire revealed a statisti-
cally significant decline in QOL in patients with
CSTC (2.63£0.26 points compared to 0.87 £0.12
points in the reference group).

Modern conservative treatment improved qual-
ity of life in 49.2 % of cases. 17.5 % of cases showed
a satisfactory result, while the remaining ones ex-
hibited insignificant or no improvement.

Other treatment options, including surgery,
should be considered for patients who do not re-
spond to conservative therapy.

General Surgery 3azansuaxipypein © 2024 ¢ Ne2 (9)
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AKICTB JKUTTA XBOPHUX i3 TPUBAIMMU ITOBLUIBHOTPAH3UTHUMHU
3aropamu 3a onuTyBaIbHUKOM PAC-QOL
T4 €(PEKTUBHICTh KOHCEPBATUBHOI TepaIlii

I. M. Jlemmus, JI. 0. Mapkyaas, O. 1. Oxoupbka, I1. JI. buk
Hamionanpuuit meguanmii yaisepcuret imetii O. O. Boromoubigs

Mera — BU3HAYUTH SKICTb )kUTTA (JK) XBOPUX i3 XPOHIYHUMHU NOBUIBHOTPAH3UTHUMHU 3artopaMu (XITT3) 3a
onutyBanbHUKOM PAC-QOL (Patient Assessment of Constipation Quality of Life Questionnaire) Ta edexrus-
HICTb KOHCEPBATHUBHOI TEPATTIi.

Martepianu Ta MeToaHU. YV TOCTDKEHHS OYJIO 3ATyIeHO 246 XBOPUX i3 TPUBAIO ICHYIOUUMHE (TIOHA]] 5 POKIB)
HOBUIbHOTPAH3UTHUMU 3an10paMu (rpyna XITT3) Ta 70 manienris 6e3 XITT3 (pedepenTHa rpyria), O6CTERKEHUX
i IPOJIKOBAHUX HA 0a3aX KIiHIK HarnioHanpHOro MeanyHoro yHisepcurery iMmeHi O. O. BOroMosblid B IIEPIO,
32014 1o 2023 p. XpOHiuHi ITOBIIbHOTPAH3UTHI 3aII0PU BUHHMKAIU B CEPEHBOMY B (22,2 +0,8) poKy (Biz1 1 poky
710 67 pOKiB), Ta icayBanu (20,2+0,7) poxy (Bi 5 10 53 POKIB). 3aTPUMKA BUIIOPOKHEHHST CTAHOBHIIA B CEPE/I-
HbOMY (9,4£0,3) 1061 (Big 3 10 22 71i6). YCi XBOPi OTPUMAIH BiIKOPUTOBAHE KOHCEPBATUBHE JIIKYBAHHA 3TiJJHO
3 PUMCBKMMHU PEKOMEHJALIAMU. AKICTb KUTTA XBOPUX OLIHIOBAIM 34 HO30CHENM(PIYHUM ONUTYBATLHUKOM
PAC-QOL 11i1 9ac mepIroro Bi3UTy Ta TC/s KyPCy KOHCEPBATUBHOI Tepartii yepe3 6—8 mic.

PegynbraTH. [1if yac nepmoro Bisuty cepefniit 6an y rpyni XI1T3 3a cybmkanon «PizsudHui JUCKOMQPOPT>
cratosus (3,03%0,56), y pedeprTHilt rpymi — (1,19£0,29), 32 cybimkanoo «[ ICHXONIOriYHHI AUCKOMPOPT> —
BiAnosigHO (2,21+0,52) Ta (0,84+0,18), 32 cyOmKano «IPUBOXKHICTb T4 3aHENOKOEHHI>» — (2,49+041) i
(0,77£0,24), 3a cybmKanon «3a10BONIEHICT — (3,31+0,43) Ta (0,86%0,28), 3arabHUIT G 32 OITUTYBAIIb-
HHKOM PAC-QOL — (2,63+0,206) i (0,87£0,12) (yci p<0,001). ITic/Is1 KOHCEPBATUBHOI'O JIKYBAHHS TTOKA3HH-
K1 onuTyBaabHUKa PAC-QOL mominmmmcs B cepearaboMy Ha (40,4 +20,0) % (o 0,68—2,71 6ana). 3rigHo
3 KJIACTEPHUM aHAIi30M ITOKA3HHUKK ONUTYBA/IbHUKA PAC-QOL micisa KypCcy KOHCEPBATHUBHOI TEPAIlii MaJIU TPH
Kracreput: neprmit — 0,68—1,39 6ana (49,2 % xsopux), gpyruit — 1,40—1,99 6ana (17,5 % XBOpHUX), TpETiit —
2,0—2,8 6ana (33,3 XBOPHX), IO MOKE BiJITIOBIATH JOOPUM, 33J0BUIBHHUM i HE33/JOBUIbBHUM PE3Y/IBTATAM.
BucHOBKMH. YV xBOpUX i3 XITT3 3riJHO 3 MOKa3HUKAMH ONUTYBAIbHUKA PAC-QOL CTATUCTUYHO 3HAYYIIO IOTip-
mvacst SDK ((2,63 +0,26) 6ama nopiBastHO 3 (0,87 £0,12) 6ama B pedeperTHii rpyrii). CydacHe KOHCEPBATUBHE
JIKYBAHHA CYTTEBO MO0 DKy 49,2 9% sunaikis. 3a0BUILHHNA PE3YJIBIAT JOCATHYTO B 17,5 9% BUIIA/IKIB, TO/I
SIK'Y PEIITi BUMA/IKIB 33PEECTPOBAHO CIAOKUH €(PEKT 460 Bi/ICYTHICT NOMMNIIEHHS. Y XBOPUX i3 PE3UCTEHTHICTIO
JIO KOHCEPBATUBHOI TEPAIi CJIifl PO3IVIAHYTH iHII METOAM JIIKYBAHHS, 30KPEMA OIIEPATUBHE BTPYYAHHSL

KIro49oBi C/10Ba: XPOHIYHHNA MTOBITBHO-TPAH3UTHHUNA 34I10D, AKICTb XKUTTS XBOPHUX, ONUTYBAILHUK PAC-QOL,
KOHCEPBATUBHA TE€PAIlis, PE3Y/IBIaTH.
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1 Leshchyshyn IM, Markulan LY, Okhotska OI, Byk PL. Quality of life in patients with chronic slow-transit constipation according to the PAC-QOL questionnaire and the effectiveness
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OBJECTIVE — to determine the factors affecting the dynamics of the neurological status in the postoperative
period in patients with intramedullary spinal cord astrocytomas (SCA) in order to improve the results of their
surgical treatment.

MATERIALS AND METHODS. Between 2010 and 2019, we conducted a retrospective study on the surgical treat-
ment outcomes of 39 SCA patients operated on at the SI “Romodanov Neurosurgery Institute of the National
Academy of Medical Sciences of Ukraine”. The age of the patients ranged from 19 to 67 years, with an average
age of 41.4 years. Out of the total, 25 patients (64 %) were men and 14 patients (36 %) were women. We observed
cervical localization in 11 (28 %) clinical cases, thoracic localization in 25 (64 %), and conus medullaris in 3 (8 %).
All patients underwent a comprehensive clinical and instrumental examination using magnetic resonance imag-
ing with intravenous enhancement, computed tomography, and spondylography. The dynamics of neurological
symptoms were evaluated using the modified McCormick before surgery, at the time of the patient’s hospital
discharge, and during follow-up examinations.

Resurts. Total removal of SCA was performed in 7 (18 %) patients, subtotal in 25 (64 %), and partial in 7 (18 %).
Pilocytic astrocytoma (PA) (World Health Organisation (WHO) grade I) was detected in 19 (49 %) patients, dif-
fuse astrocytoma (DA) (WHO grade IT) in 17 (43 %), and anaplastic astrocytoma (AA) (WHO grade IIT) in 3 (7 %).
Partial regression of neurological symptoms was noted in 29 (74 %) patients, the neurological status remained at
the preoperative level in 6 (15 %) patients, and a slight increase in the neurological deficit was noted in 4 (10 %)
patients. Age <60 years is significantly more frequently associated with the growth of PA, while age > 60 years
is significantly more frequently associated with the growth of AA. The duration of anamnesis (< 1 year and > 1
year) and the degree of radicality of the operation were identified as significant factors that can influence the
neurological status in the late postoperative period, mainly in patients with PA and DA. However, such factors as
tumour location and the degree of infiltration of nearby structures are not statistically significant. AA is associated
with an unfavourable prognosis across all important criteria.

Concrusions. The most important determinants of SCA prognosis are preoperative and postoperative neuro-
logical condition, resection extent, and histological grade. Patients with minor neurological damage at the time
of surgery, those under the age of 60, and those with highly differentiated SCA had the greatest surgical treatment
outcomes. Assessment of the preoperative neurological status and determination of the histological type of the
tumour are important factors in choosing the optimal surgical tactics, which can improve treatment outcomes
and the quality of life in SCA patients.
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intramedullary spinal cord astrocytomas, surgical treatment, neurological symptoms.
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Primary spinal cord tumours overage about 4—8 %
of all central nervous system tumours [1, 2, 5, 29].
Depending on the location, they are divided into
extradural, intradural extramedullary, and intra-
medullary [2, 7, 8]. The share of intramedullary spi-
nal cord tumours (IMSCT) does not exceed 20 %
among all primary spinal cord tumours, while in
children, IMSCT occurs two times more commonly
than in adults. Spinal cord gliomas in adults account
for 90 % of all IMSCT, and their histology is mainly
represented in 60 % of cases by ependymomas and
in 30 % of cases by astrocytomas [2, 5,7, 8, 13]. Less
common types of IMSCT are hemangioblastomas
(3—8%), primary lymphomas of the Central Ner-
vous System (CNS) (0.5—2.0 %) etc. [5, 7—10].

Intramedullary spinal cord astrocytomas (SCA)
account for approximately 30 % of all primary IM-
SCT in adults, and up to 60 % of all IMSCT in chil-
dren [1, 8]. The prevalence of SCA in the popula-
tion is about 0.045—0.22 per 100,000. For example,
in the USA, approximately 136 SCAs are diagnosed
annually [3, 8, 10, 11, 28]. A predominant localiza-
tion of SCA is in the cervical and thoracic parts of
the spinal cord. Unlike brain astrocytomas, most in-
tramedullary SCAs are highly differentiated histo-
logical variant pilocytic astrocytomas (PA) (World
Health Organisation (WHO) grade I') and fibrillary
diffuse astrocytomas (DA) (WHO grade II) [16].
PA has a prevalence in all age groups but is signifi-
cantly more commonly diagnosed in children and
somewhat more often in young and middle-aged
adults, while DA is most commonly found in adults
(5). In elderly and senile patients >65 years, ana-
plastic astrocytomas (AA) (WHO grade IIT) and
not otherwise specified (NOS) astrocytoma have
significantly higher levels than in more younger
groups (5) [1, 5, 9].

The past decades have seen an increasing inter-
est in identifying the genomic profile of SCA [12,
13, 28]. Detection of target genes or biomarkers can
improve the prognosis of the disease and treatment
strategies and may represent novel targets for indi-
vidual or genetic therapy. The WHO classification
of CNS (2016, 2021) included molecular markers
and defined new subtypes of IMSCT based on ge-
netics [16, 17, 28, 35].

The choice of optimal tactics for surgical treat-
ment of intramedullary SCA is an urgent problem
in modern neurosurgery, given the small prevalence
of this pathology and its unsatisfactory functional
consequences in the postoperative period [1, 2, 13,
23, 24, 26]. The effectiveness of radio- and chemo-
therapy for the treatment of SCA is limited [1, 4,
14]. But new investigations in the sphere of gene
mutations in IMSCT can open new opportunities in

28

targeted therapy. The diagnosis of IMSCT, mainly
SCA, includes a detailed clinical and neurological
examination, magnetic resonance imaging of the
spine and spinal cord (MRI) with intravenous en-
hancement, computed tomography (CT), less often
spondylography, and neurophysiological examina-
tion [4, 14, 20]. The further choice of treatment
tactics depends on several factors: clinical picture,
histogenesis of the tumour, anatomical localization,
etc. Surgical removal is the primary method of SCA
treatment, primarily for treating grade I—II astro-
cytomas [1, 9, 10, 23, 24, 26]. Adjuvant therapy in
the postoperative period can improve the results of
SCA treatment after partial removal of the tumour
and in the case of recurrences and multifocal lesions,
but its effectiveness needs clarification [12, 28].

Surgical tactics must be optimised, as the lack of
generally accepted recommendations for the manage-
ment of SCA patients, despite their low prevalence,
leads to mostly unsatisfactory treatment outcomes.

OBJECTIVE — to determine the factors affecting
the dynamics of the neurological status in the post-
operative period in patients with intramedullary
spinal cord astrocytomas in order to improve the
results of their surgical treatment.

Materials and methods

Between 2010 and 2019, we conducted a retrospec-
tive study on the surgical treatment outcomes of 39
SCA patients operated on at the SI «Romodanov
Neurosurgery Institute of the National Academy
of Medical Sciences of Ukraine». The age of the
patients ranged from 19 to 67 years, with an aver-
age age of 41.4 years. Out of the total, 25 patients
(64 %) were men and 14 patients (36 %) were wom-
en. Anamnesis ranged from 2 months to 3.3 years
(average term — 18 months). We observed cervical
localization in 11 (28 %) clinical cases, thoracic in
25 (64 %), and conus medullaris in 3 (8 %).

The dynamics of neurological symptoms were
evaluated using the modified McCormick Scale
(MMS) before surgery, at the time of the patient’s
hospital discharge, and during follow-up examina-
tions (Table 1) [5].

Neurovisualization included MRI with intra-
venous enhancement (in all observations), CT in
7 (18 %) patients and spondylography in 7 (18 %)
patients. Contrast was used in order to differentiate
SCA from other types of ITSC and demyelinating
diseases. The level of tumour extension was clas-
sified into less than three involved segments and
three or more segments.

Grosstotal removal (GTR) of SCA was performed
in 7 (18 %) patients, subtotal (SR) in 25 (64 %),

General Surgery 3azansuaxipypein © 2024 ¢ Ne2 (9)



Table 1. Modified McCormick scale for evaluation
of neurological functions in spinal cord diseases

Grade Neurological status

I Intact neurologically, normal ambulation,
minimal dyesthesia

I Mild motor or sensory deficit, functional
independence

I Moderate deficit, limitation of function,
independent with external aid
Severe motor or sensory deficit, limited

v .
function, dependent

v Paraplegia or quadriplegia, even with

flickering movement

and partial removal /biopsy (PR) in 7 (18%). To
prevent the damage to functionally important areas
of the spinal cord, electrophysiological monitoring
was performed — the recording of somatosensory
evoked potentials (SEPs) and, in some cases, motor
evoked potentials. Intraoperative ultrasonography
was performed to clarify the boundaries and local-
ization of SCA.

According to the WHO Classification (2016)
[16] PA (WHO grade T) was detected in 19 (49 %)
patients, fibrillary DA (WHO grade IT) in 17 (43 %),
and AA (WHO grade III) in 3 (8 %). According to
the International Classification of Diseases for On-
cology, 3rd edition (ICD-0-3), the following histo-
logical codes were detected: 9421/1 (pilocytic as-
trocytoma), 9420/3 (fibrillary diffuse asctocytoma),
and 9401 /3 (anaplastic astrocytoma). 18 (46 %) pa-
tients received adjuvant therapy (radiation and che-
motherapy) according to the established protocols
[28]. In all patients, catamnesis was present from 2
months to 2 years (M £ 9 months).

The exclusion criteria were defined as the age of
patients < 18 years, non-intradural intramedullary
astrocytomas, unknown clinical status before and
after surgery, non-surgical treatment, unknown
WHO grade, not a primary tumour, and no active
follow-up.

Statistical analysis

Statistical analysis was carried out using the Fisher
extract test to compare the factors of age, duration
of anamnesis, location of the tumour, histology, ex-
tent of resection, MMS grades in pre- and postop-
erative periods and during late follow-up etc. We
didn’t analyse survival rates due to the small num-
ber of cases. Statistical analysis was performed us-
ing IBM SPSS Statistics 22 for Windows 10. Statis-
tical significance was defined as p <0.05.

General Surgery 3azansuaxipypeis © 2024 ¢ Ne2 (9)
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Results

Neurological outcomes

The mean duration of symptoms was 18 months,
with a range from 2 months to 3.5 years. 20 (51 %)
patients were operated on during the first year from
the appearance of the first symptoms of the disease;
within 1 to 2 years, 13 (33 %) patients; within 2 to 3
years, 3 (8 %) patients, and with a disease history of
more than three years, 3 (8 %) patients.

During the preoperative assessment of patients’
neurological status using the MMS, it was estab-
lished that 1 (2 %) patient could be assigned to the
I grade of neurological status, 25 (64 %) to the II
grade, 9 (24 %) to the III grade, 3 (8 %) to the IV
grade, and 1 (2 %) to the V grade. During the preop-
erative examination, the median MMS score was 2.4.
Patients with IV and V grades were > 60 years old.

A complex neurological examination of SCA pa-
tients revealed that local pain was the most com-
mon symptom in 34 (87 %) patients of different
age groups. Sensory disorders were observed in
30 (77 %) patients and were manifested mainly by
paresthesias, hypoesthesias, and dysesthesias of the
conductive and segmental types in the early stages
of the disease. Movement disorders in the form of
limb paresis of varying severity were diagnosed in
35 (87 %) patients. Functional disorders of the pel-
vic organs in combination with urinary frequency
or incontinence were detected in 26 (67 %) patients
and observed, mainly in the late stages of the dis-
ease, except for tumours of conus medullaris.

Postoperatively, we classified neurological out-
comes as good in patients with grades I—IIT and poor
in patients with grades IV and V. A 1—2 point regres-
sion of neurological symptoms was considered an im-
provement, and changes of more than 2 points com-
pared to the initial status were considered statisti-
cally significant. The more objective dynamics of neu-
rological symptoms were observed at the time of dis-
charge from the hospital. 29 (74 %) patients showed
partial regression of neurological symptoms, with
grade I'in 2 (5 %) and grade I1in 27 (69 %). 6 (15 %)
patients maintained their neurological status at the
preoperative level (grade I1T), while 4 (10 %) patients
experienced a slight worsening of their neurologi-
cal deficit (grade I1I in 2 and grade TV in 2). There
were no fatal cases. The median MMS postoperative
period was 2.3. At the late follow-up, 33 (87 %) pa-
tients improved their neurological status: up to grade
I — 6 (15%), up to grade II — 24 (62 %), and up to
grade IIT — 3 (8%). 6 (15%) patients showed no
changes (4 patients — grade I11, and 2 patients- grade
IV). Persistent motor and sensory disturbances, par-
ticularly pelvic organ dysfunction, are unfavourable
prognostic factors for functional recovery even with
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Figure 1. The dynamics of the neurological status of
SCA patients in pre- and postoperative periods
according to the MMS

successful SCA removal. The median MMS at the
late follow-up was 2.1 (Fig. 1).

Minimal changes in the median MMS grades of
the neurological status in the pre-postoperative pe-
riods and during late follow-up (2.4; 2.3; 2.1 respec-
tively) are due to the severity of the pathology and
changes within the groups, for example, an increase
in the number of patients who can be attributed to
grade I according to MMC in the late follow-up.

An interesting trend emerged during the evalu-
ation of the dynamics of neurological symptoms
according to the MMS scale in patients with SCA
of different histological types in the pre- and post-
operative periods. Thus, statistically significant im-
provement of the neurological status was detected
in patients with PA in the late follow-up period in
comparison with the preoperative period: increas-
ing the number of patients with grade I according
to MMS and decreasing the number of patients
with grade IT MMS (from 5 % to 25 % vs. from 90 %
to 70 %; Fisher test: p=0.00009). And statistically
significant improvement of the neurological status
was detected in patients with DA in the late follow-
up period in comparison with the preoperative pe-
riod: increasing the number of patients with grade
IT according to MMS and decreasing the number
of patients with grade 11T MMS (from 47 % to
65 % vs. from 41 % to 29 %; Fisher test: p=10.0334)
(Table 2).

Radiological findings

Neurovisualization included: MRI with intrave-
nous enhancement (in all observations), CT in
7 (18 %) patients, and spondylography in 7 (18 %)
patients. Contrast was used in order to differenti-
ate SCA from other types of IMSCT and demyelin-
ating diseases. The level of tumour extension was

Table 2. Dynamics of the neurological status of patients with different histological types

of spinal cord astrocytomas

Period MMS Grade Fishetr’s exact
I | I v A est

Pilocytis astrocytoma (Grade I; n=19)

Preoperative 1(5.3%)* 17 (89.4 %) 1(5.3%) 0 0

Postoperative 2 (10.5%) 17 (89.4 %) 0 0 0 p=0.00009

Late follow- up 5(26.3%) 13 (68.4 %) 1(5.3%) 0 0

Diffuse astrocytoma (n=17)

Preoperative 0 8 (471 %) 7 (41.2%) 2 (11.8%) 0

Postoperative 0 10 (58.8 %) 7 (41.2%) 0 0 p=0.0334

Late follow- up 1(5.8%) 11 (64.7 %) 5(29.4 %)** 0 0

Anaplastic astrocytoma (n=3) ***

Preoperative 0 0 1(33.3%) 1(33.3%) 1(33.3%)

Postoperative 0 0 1(33.3%) 2 (66.7 %) 0

Late follow- up 0 0 1(33.3%) 1(33.3%) 1(33.3%)

Note. * Comparing the cases with PA of MMS grade I and MMS grade II in preoperative and late follow-up periods.
“Comparing the cases with DA of MMS grade II and MMS grade III in preoperative and late follow-up periods.
“* Because of the small number of cases with anaplastic astrocytoma, they were excluded from the statistical analyses.
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classified into less than three involved segments
and three or more segments.

All patients underwent MRI pre- and post-opera-
tively. The MRI results revealed that all patients had
spinal cord expansion due to SCA. According to the
literature, astrocytoma and ependymoma are isoin-
tense or hypointense in T1 imaging and hyperintense
in T2 imaging [4, 5, 25]. These tumours are well visu-
alised after the introduction of a contrast agent, but
a more intense accumulation of contrast is observed
in astrocytoma. Unlike ependymoma, SCA is charac-
terised by indistinct edges of the neoplasm, less het-
erogeneity, and a tendency towards eccentric growth.

Anatomo-topographical and morphological
characteristics of SCA

Cervical localization was observed in 11 (28 %)
clinical cases, thoracic in 25 (64 %), and conus
medullaris in 3 (8%). A poor preoperative MMS
score was detected in 2 (5 %) patients with tumours
at the cervical level, in 1 (2 %) patient with a tho-
racic tumour, and in 1 patient with a tumour in the
area of conus medullaris. Post-operatively, the score
was clinically but not statistically improved in 7
of all 11 cervical cases (64 %), 14 of all 25 thoracic
cases (64 %), and 1 case with a tumour of the conus
medullaris. The poor neurological status was in 1
patient with a tumour at the cervical level and 1 pa-
tient with a tumour in the area of conus medullaris.

In tumour extension, less than 3 segments were
involved in 28 (70 %) cases, and 3 or more segments
were involved in 11 (28 %) cases. Preoperatively,
25 (64 %) cases with less than 3 segments received
a good score, while 3 (8 %) cases with more than 3
segments received a good score. Postoperatively, all
28 (70 %) patients with less than 3 involved seg-
ments improved, while 3 (8 %) patients with 3 or
more involved segments received good scores.

Surgical outcomes
The goal of surgical treatment is the total, subto-
tal, or partial removal of intramedullary tumours,
achieving internal decompression of the spinal cord,
and creating favourable conditions for further radi-
ation treatment or chemotherapy [16]. The opera-
tion must be performed before severe, irreversible
symptoms of spinal cord damage have developed.
GTR was achieved in 7 (18%) cases, ST in
25 (64 %) cases, and PR in 7 (18 %) patients. Dur-
ing operations, we followed the next surgical tactics.
Peculiarities of surgical technique. Surgical
treatment of SCA aimed to remove the spinal cord
tumour, establish the histogenesis of the tumour,
and improve the neurological status of the pa-
tients. Electrophysiological monitoring was used
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to prevent damage to functionally essential areas of
the spinal cord — the registration of SEPs and, in
some cases, motor-evoked potentials. Intraopera-
tive ultrasonography ensured the identification of
neoplasm boundaries and their localization. All pa-
tients underwent the procedure in the prone posi-
tion under general anaesthesia. A microscope was
used to examine the tissue, and an ultrasonic aspira-
tor for maximally atraumatic tumour removal.

Before the operation, the limits of surgical ac-
cess were determined according to the preoperative
MRI data, taking into account the localization of
the solid part of the tumour, the area of spinal cord
edema, and cystic areas. Laminectomy was per-
formed in the projection of the solid component of
the neoplasm. The dura mater was dissected linear-
ly along the solid part of the tumour and separated
from the sides with sutures (Fig. 2A4). Taking into
account the displacement and rotation of the spinal
cord in the presence of SCA, the posterior median
sulcus was identified by determining the exit zones
of the right and left posterior roots. Large vessels in
the myelotomy projection were displaced laterally,
and small vessels were coagulated. After dissection
of the meninges, atraumatic 7/0 sutures were ap-
plied, and traction was performed using ligatures.
Using a microscope, a posterior median myeloto-
my was conducted in the projection of the tumour
(Fig. 2B). The length of the myelotomy was evalu-
ated segment by segment. In 25 observations, it cor-
responded to 3—4 segments, in 8 to 1—2 segments,
and in 6 to more than four spinal cord segments. In
the presence of cysts at the poles of the tumour, they
were drained, which subsequently greatly facilitat-
ed the removal of the solid part. At the same time,
the cystic-solid variant was observed in 21 (54 %),
and the solid variant was observed in 18 (46 %) pa-
tients. Cysts were located at the poles of the solid
part in 15 patients. There were cysts above the solid
part in 3 patients and below in 2 patients. Subse-
quently, the tumour was removed by fragmenta-
tion and aspiration using bipolar microcoagulation
and an ultrasonic aspirator until the boundaries
between the tumour tissue and intact parenchyma
appeared in the spinal cord. In the case of infiltra-
tive growth of the tumour and the absence of clear
borders between the tumour and the substance of
the spinal cord, the operation was limited to the
removal of the central mass of the tumour. With
a sharp decrease in the amplitude and an increase
in the latency of the SEPs, the surgical intervention
was stopped due to the threat of deepening the neu-
rological deficit.

Hemostasis was achieved by washing the bed of
the removed tumour with saline and H,O, tapes and
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Figure 2. Intraoperative photos of the stages of intramedullary anaplastic astrocytoma removal
at the level of Th8-Th10 vertebrae in a 49-year-old male. Explanation in the text

using Surgicel strips on the surface of the meninges.
The soft meninges were sutured with knotted sutures
with 9/0 atraumatic sutures, and the dura was mated
with continuous sutures with 6,/0 sutures. Soft tissues
were hermetically sutured layer by layer (Fig. 2C, D).

For 24 (61.5 %) patients, intra-operative neuro-
monitoring was used, which included assessments
of D-wave integrity, somatosensory responses, and
motor evoked potentials. This monitoring is crucial
for ensuring a safe tissue resection during surgery.
Technical difficulties accounted for the absence of
neuromonitoring in 15 (38.0 %) cases of the total.

Patients with acute neurological deterioration or
those showing signs of surrounding spinal cord tis-
sue involvement on spinal MRI typically received
steroids preoperatively.

Early post-operative complications occurred in
4 (10 %) cases: 2 (5%) cases experienced cerebro-
spinal fluid leak at the cervical level where dural
grafts were used; 1 (2%) case had a post-operative
haematoma with a volume of up to 20 ml, which was
treated conservatively; and 1 (2 %) case had Esch-
erichia coli meningitis and a low Th10 level. The
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patients experiencing cerebrospinal fluid leaks were
treated prophylactically with lumbar drains. The
case of meningitis was managed with antibiotics
and the re-insertion of a lumbar drain.

18 (46 %) patients who underwent partial and
subtotal resection received adjuvant therapy (radi-
ation (47.6 + 3.3 Gy) and chemotherapy) according
to the established protocols [2, 13].

Late outcomes
An objective prognostic criterion for the results of
SCA treatment is the severity of the neurological
status in the pre-and postoperative periods. Typical-
ly, the worsening of neurological symptoms is noted
in the early postoperative period, and the recov-
ery of functions continues for several months after
surgery. Low-differentiated SCAs (grades 1111V
have an unfavourable prognosis. Usually, the neu-
rological status does not improve after surgery, and
the radicality of tumour resection does not affect the
patients’ quality of life or overall survival (Fig. 3, 4).
According to the literature, the overall survival
rate after surgery for malignant anaplastic SCA

General Surgery 3azansuaxipypein © 2024 ¢ Ne2 (9)
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Figure 3. Presurgical T1-weighted (A) and enhanced T2-weighted (B) MRI images of a spinal cord anaplastic

astrocytoma (WHO grade III) on the Th8-Th10 level in a 49-year-old male with symptoms of numbness

and weakness in both lower limbs

Figure 4. Postsurgical T1-weighted (A) and enhanced T2-weighted (B) MRI images of a spinal cord

anaplastic astrocytoma (WHO grade III) on the Th8-Th10 level in a 49-year-old male 3 weeks after subtotal

removal. Clinical symptoms without improvement

does not exceed 6—8 months in adults and 13
months in children. The overall survival of patients
with PA was 22 months, with DA — 18 months, and
with AA — 6 months. In patients who underwent
combined treatment with radiation and chemo-
therapy, overall survival increased to 2—5 months
[15, 18—23, 25]. In our study, catamnesis was pres-
ent from 2 months to 2 years (£ 9 months) in all

General Surgery 3azansuaxipypeis © 2024 ¢ Ne2 (9)

patients. Tumour recurrence occurred in 4 (10 %)
cases during the first 6 months after surgery. We
didn’t analyse the survival rate due to the small
number of cases, but statistical analysis was car-
ried out using the analysis of variables to compare
the factors of age, duration of anamnesis, location
of the tumour, extent of resection, MMS grades
in pre- and postoperative periods and during late
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Table 3. Clinico-radiological features of 39 intramedullary spinal cord astrocytomas

Pilocytis astrocytoma

Diffuse astrocytoma Anaplastic astrocytoma

Variable n=19 =17 n=3* Fisher’s exact test
Age, years
<60 (n=31) 19 (100 %) 12 (70.6 %) 0 p=0.00000
>60 (n=38) 0 5(29.4 %) 3 (100 %)
Gender
Male (n=25) 9 (474 %) 13 (76.5%) 3 (100 %) p=0.00003
Female (n=14) 10 (52.6 %) 4(23.5%) 0
Duration of anamnesis
<1 year (n=20) 7(36.8%) 10 (58.8 %)** 3 (100 %)
1—2years (n=13) 8 (42.1%) 5(29.4%) 0 p=10.00286
2—3 years (n=3) 2(10.5%) 1(5.8%) 0
>3 years (n=3) 2(10.5%) 1(5.8%) 0
Tumour location
Cervical 10 (52.6 %) 10 (58.8%) 1(33.3%)
Thoracic 7 (36.8%) 7 (41.2%) 1(33.3%)
Conus medullaris 2(10.5%) 1(33.3%)
Infiltration
Well-delienated 7(36.8%) 5(29.4 %) 0
p=0.167
Infiltrative 10 (52.6%) 11 (64.7%) 3(100%)
No data 2 (10.5%) 1(5.8%) 0
Extent of surgical resection
Gross total resection 4(21.1%) 2 (11.8%) 0
p=0.00000
Subtotal resection 12 (63.2 %) 6 (35.3%) 1(33.3%)
Partial /biopsy 3 (15.8%)*** 9(52.9 %) 2 (66.7 %)

Note * Because of the small number of cases with anaplastic astrocytoma they were excluded from the statistical analyses

both with the category «no data».

* Comparing anamnesis< 1 year and > 1 year in patients with piloctic astrocytoma and diffuse astrocytoma.
** Comparing partial/biopsy and more radical surgical resection (gross total and subtotal resection) in patients with piloctic

astrocytoma and diffuse astrocytoma.

follow-up, etc. in patients with different histologi-
cal types.

In our study, age <60 is significantly more fre-
quently associated with the growth of PA, while
age>60 years is significantly more frequently
associated with the growth of AA (Fisher test:
p=0.00000). We also observed a higher prevalence
of DA in males compared to females, but there was
no significant difference in the incidence of PA (76 %
and 23 % vs. 47 % and 52 %; Fisher test: p=0.00003).
We also noted a significant difference between the
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duration of anamnesis<1 year and >1 year in pa-
tients with PA and DA (Fisher test: p=0.00003).
As for the degree of radicality of the operation, we
revealed a significant difference between the num-
ber of patients who underwent partial removal /
biopsy or more radical surgical resection (gross to-
tal and subtotal resection) in patients with PA and
DA (85% and 15 % vs. 47 % and 53 %; Fisher test:
p=0.00000). However, such factors as tumour loca-
tion and degree of infiltration of nearby structures
were not statisticaly significant (Table 3).
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Disscussion

Summarising the data from the literature and our
results, it should be noted that SCA is a complex
pathology for early diagnosis and treatment tactics.

Patients’ age has an essential prognostic value in
SCA patients [3, 8, 13]. It is important to directly
understand the age-adjusted incidence of SCA per
100,000 of people in the population. Thus, according
to the comprehensive epidiological review of SCA in
the USA, the peak incidence of SCA was observed
in the 0—19-year-old age group, while the lowest
level was observed in the 20—34-year-old age group
for males and in the 35—44-year-old age group for
females [28]. The second peak was observed in the
75—84-year-old age group without significant prev-
alence of sex, with the next decreasing level of inci-
dence in the >85-year-old age group [28]. Multiple
studies have shown that old age is associated with
a worse prognosis, but we must analyse this tendency
in the context of the prevalence of initially poor over-
all and recurrence-free survival in patients older than
65 years in whom AA is mainly diagnosed. So, the du-
ration of the remission period is longer in young pa-
tients than in elderly patients due to the prevalence
in <60-year-old patients with PA and DA, which are
associated with a more favourable prognosis.

It was established that high-grade tumours had
poor neurological outcomes. This finding may be
due to the fact that high-grade tumours tend to infil-
trate normal spinal cord tissue. High-grade tumours
require pre- or post-operative radiotherapy, which
could result in poor functional outcomes [28]. Pre-
operative radiotherapy may cause radiation-induced
myelopathy and/or myelitis and compromise the
spinal cord microvasculature, which leads to spinal
cord ischaemia and severe neurological symptoms.

SCA can be well enhanced on contrast MRI of
the spine, which improves distinction between
more common solid and less common cystic types
of the tumour, which are usually more malignant
[31—34]. SCA characterised mainly by infiltrative
growth, which limits the radicality of their removal
and is a reason for possible recurrences, except for
juvenile pilocytic SCA [3, 12, 34].

The surgical management protocol for SCA is not
absolutely clear [15, 18, 19, 31]. Surgery for low-
grade astrocytomas should be aimed at total resec-
tion to preserve neurological function and improve
ealy and late outcomes. The correlations between
the resection volume and the risk of recurrence still
need to be studied [26, 27, 30, 31]. To determine
the radicality of the surgical intervention, an MRI
is performed in the early postoperative period since
intraoperative visual control of tumour removal is of-
ten not full. Taking into account the peculiarities of
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the growth of SCA, it should be noted that residual
tumour elements may also be present in cases of ab-
sence of the tumour according to the MRI data and
visual total removal of SCA during surgery [2, 4, 31].

Modern microsurgical techniques, intraopera-
tive electrophysiological monitoring, and ultraso-
nography increase the volume of plan resection and
ensure atraumatic removal of the tumor. Differenti-
ated surgical tactics in SCA consist of the following
positions: adequate operative access depending on
the location of the tumour, limiting the resection
zone in the absence of clear boundaries between the
SCA tissue and the intact parenchyma of the spinal
cord, and changes in the SEP indicators. In the case
of infiltrative growth of the tumour, surgical inter-
vention was limited to the partial removal of SCA.

Thus, our study established that the results of
surgical intervention in patients with SCA are di-
rectly related to the preoperative neurological con-
dition, the patient’s age, and the tumour’s histologi-
cal structure. Preoperative neurological status, per-
sistent motor and sensory disturbances, and pelvic
organ dysfunction are the determining predictors
of postoperative functional outcomes in SCA. The
best results of the surgical treatment were observed
in patients with SCA with minimal neurological
deficit at the time of surgery, in patients younger
than 60 years old, and with highly differentiated
SCA. In patients with pronounced clinical symp-
toms, surgery should be performed as early as pos-
sible (just after the tumour is detected).

Conclusions

The most important outcome predictors of SCA
are the preoperative and postoperative neurologi-
cal condition, extent of resection, and histological
grade. The best surgical treatment results were ob-
served in patients with minimal neurological deficit
at the time of surgery, in patients younger than 60
years, and with highly differentiated SCA.

Age <60 years is significantly more frequently as-
sociated with the growth of PA, while age > 60 years
is significantly more frequently associated with the
growth of AA. The duration of anamnesis (< 1 year
and > 1 year) and the degree of radicality of the op-
eration were identified as significant factors that can
influence the neurological status in the late postop-
erative period, mainly in patients with PA and DA.
However, such factors as tumour location and the
degree of infiltration of nearby structures are not
statistically significant. AA is associated with an un-
favourable prognosis across all important criteria.

Therefore, in patients with pronounced clinical
symptoms of any histological type of SCA, surgery
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should be performed as early as possible after the
tumour is detected.

Assessment of the preoperative neurological sta-
tus and determination of the histological type of the
tumour are important factors in choosing the opti-
mal surgical tactics, which can improve treatment
outcomes and the quality of life in SCA patients.
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3HAa4YEeHHS KIiHiKO-MOP(QPOIOTiYHUX OCOOIUBOCTEN
ACTPOIUTOM CIIMHHOI'O MO3KY Y BUOOPi XipypriyHOi TAKTUKN
O.1. Tposin !, A. B. Mypascbkuii 2, M. O. Mapymenko !, M. B. Xuwkusx

! Haujonanpuuii meanunnii yuisepeuter imeni O. O. Boromosbis, Kuis
2 HauioHa/ibHUi yHiBEpCUTET 0XOPOHU 340poB’st Yipainu imeni I1. JI. Illynuka, Kuis
3V «Incruryt Heiipoxipyprii imeni akaz. A. I1. Pomoganosa HAMH Ykpaiuu, Kuis

Mera — BUM3HAYWTH YUHHUKHY, IO BIUIMBAIOTb HA JUHAMIKY HEBPOJIOIIYHOI'O CTATYCY B IiC/IAOICPALIIHNINI
epios y NaLieHTiB 3 iIHTpaMeayIAPHUMU ACTPOLUTOMAMU CIIMHHOI'O MO3KY (ACM) U1 IOJIIIIIIEHH PE3YJIBIa-
TiB IX XipypriYHOIO JIiKyBaHHA.

Marepiagau Ta MeTOaH. [TPOBE/ICHO PETPOCTIEKTUBHE IOCI/KEHHS PE3Y/IBTATIB XipYPridHOro JiKyBaHHS 39
xBopux 3 ACM, npoonepoBaHux y IV «IHCcTuTyT Herpoxipyprii iMeHi akaz, A.T1. Pomoganosa HAMH Vkpainu»
y 2010—2019 pp. Bik martienTiB — Bii 19 10 67 pokiB (cepe/Hirt Bik — 41,4 poky). Cepe/t MarlieHTiB mepeBaska-
7M1 9OJTOBIKH (64 %). PiCT MyX/IIMHYU B IMAMHOMY Bi/UIUTI CTUHHOTO MO3KY CriocTepirascst B 11 (28 %) BUMaIKax,
y IpyAHOMY — y 25 (64 %), y AULTHII MO3KOBOI'O KOHyCa — V 3 (8 %). YciM marieHTaM IpoBEICHO KOMIUIEKCHE
KJIIHIKO-IHCTPYMEHTAIbHE OOCTEXEHHS 3 BUKOPUCTAHHAM MATHITHO-PE30OHAHCHOI TOMOI'PA(ii 3 BHYTPIIIHBO-
BEHHUM IIi/ICHJIEHHAM, KOMITIOTEPHOI TOMOI'padii, cnonaunorpadii. JInHaMiKy HEBPOJIOIiYHOI CUMIITOMATHKH
OLLIHIOBAIMN 32 MOJU(]DIKOBAHOIO HIKAI0I0 McCormick Scale 10 onepariii, py BUNKMCYBAHHI XBOPOI'O 3i CTAILiO-
HApYy Ta IIij] 9aC KOHTPOJIbHUX OITIAIB.

Pesynprary. TotanbHe BUugaicHHss ACM BUKOHAHO v 7 (18 %) XBOpHX, CyOTOTATBHE — v 25 (64 %), 9aCTKOBE —
y 7 (18%). ITinonurapna acrporuroma (BOO3 grade I) Bussiena B 19 (49 %) XBOpHX, AU(PY3HA ACTPOLIUTOMA
(BOO3 grade II) — y 17 (43 %), anarutactuaHa acrporroma (BOO3 grade III) — y 3 (8%). V 29 (74 %) XxBOpHX
3aPCECTPYBATIA YACTKOBHUIT PEIPEC HEBPOJIOTIYHOI CUMITTOMATHKH, ¥ 6 (15 %) — HEBPOJIOTIYHMI CTATYC 3AJTH-
IIUBCA HA JoonepaririHomy piBHi, y 4 (10 %) — HE3HAYHE HiJICUIEHHS HEBPOJIOT{YHOrO Aedinuty. ITinonurapHi
ACTPOIUTOMU CTATUCTHUYHO 3HAYYIIC YACTINIC POPMYIOTHCS Y MAIHEHTIB BiKOM < 60 POKIB, TO/I SIK AHATLTACTUYHI
ACTPOIUTOMU — Y IAIIEHTIB BIKOM > 60 pOKiB. CTATUCTUYHO 3HAYYIIIMMU YNHHUKAMH, SIKi MOYKYTb BIUTUBATH Ha
HEBPOJIOITYHUM CTATYC Y BiJAAICHUN ITiC/AONEPALIIMHUN [IEPIO, IEPEBAKHO B IIALIEHTIB i3 ITJIOLUTAPHUMU T4
JU(PY3HUMU ACTPOLIUTOMAMH €: TPUBATICTb aHAMHEZY (< 1 pOKy T2 > 1 pOKy) i CTYIiHb PaIMKAIBHOCT] ONeparti,
4 TaKi YMHHUKH, IK PO3TAITYBAHHS IyXJIMHU T4 CTYHiHb iH(UIBIpaLii NPHUIETTIUX CTPYKTYP, CTATUCTUYHO HE3HA-
4qyIi. AHAIUIACTUYHA ACTPOLIMTOMA ACOLIIOETHCA 3 IIOI'AHUM IIPOIHO30M 34 BCIMA KIIOYOBUMU YMHHUKAMU.

BrcHOBKH. HallBAOXIMBIIMMY NPEAUKTOPAMHU HACIAKIB ACM € JoonepaniiHui i nicsonepaniiiHui HEBpO-
JIOTTYHUM CTATYC, CTYIiHb PAJIMKAIIbHOCTI OIlepaltii Ta ricToyIoriynmi TyIl. Harkpaii pe3y/israti Xipypriaaoro
JIKYBAHHA CIIOCTEPITra/Iv B MALIEHTIB i3 MiHIMAJIbLHMM HEBPOJIOTTYHUM JeMIilIMTOM Hd MOMEHT OIlEPAIiii, B OCiO
BiKOM /10 60 POKIiB T4 XBOPHX i3 BUCOKOAU(MEPEHIIIHOBAHNMHI IHTPAMEAYIPHUMHU acTporrroMamu. OIfiHKa
JIOOIIEPALITHOTIO HEBPOJIOTIYHOI'O CTATYCY TAd BU3HAYEHHA ICTOJIOTTYHOIO TUITY IYXJIMHU € BAKIUBUMU YHH-
HHKAMH JIJI1 BUGOPY OIITUMAJILHOI XipypriyHOT TAKTUKH, YPAXYBAHHSA AKUX JTACTb 3MOTY IHOJIIIIITATYU PE3YIBIATH
JIIKyBAHHA T4 AKiCTb )KUTTA XBOPHX 3 ACM.

KIr0o40Bi cJ10Ba: iHTpamMeyisapHi ACTPOIIUTOMU CIIMHHOT'O MO3KY, XipypridyHe JiKyBaHHsI, HEBPOJIOTiYHA CHMII-
TOMATHKA.
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The results of surgical treatment of paraesophageal hernias indicate a high recurrence rate, from 15 % to 66 %,
with an average follow-up period of 12 to 40 months. The main options for repairing the defect of the esopha-
geal hiatus in the presence of paraesophageal hernia are crurorraphy and mesh-reinforced crurorraphy. Both
methods have their own advantages and disadvantages. The criteria for choosing a method have not been
specified.

OBsjECTIVE — to develop a differentiated approach to the surgical treatment of paraesophageal hernias, taking
into account the size of the esophageal hiatus, and to determine its effectiveness.

MATERIALS AND METHODS. The study included 157 patients who were operated on for paraesophageal hernias.
They were divided into two groups. The patients in both groups did not exhibit any statistically significant dif-
ferences in terms of mean age, body mass index, sex ratio, type, frequency of complaints, or results of the endo-
scopic and radiological examination.

In Group I, hiatoplasty was performed using crurorraphy (61 (38.9 %) patients). In this group, the threshold val-
ues of the esophageal hiatus dimensions were calculated using the developed device and methodology, which
allowed predicting hernia recurrence during the follow-up period of up to 18 months. In Group II (96 (61.1 %)
patients), the hernioplasty technique (crurorraphy or mesh-reinforced crurorraphy) was chosen on the basis of
the obtained threshold values.

Resurrs. In Group I, the mean hiatal surface area was 86.8+18.2 mm? (53 to 161 mm?) and the width of the
esophageal hiatus was 29.3+ 3.3 mm (24 to 38 mm). In Group I, they were 95.6+23.2 mm? (51 to 212 mm?) and
31.1+3.7 mm (24 to 43 mm), respectively. The threshold hiatal surface area, at which the probability of recur-
rence after crurorraphy was > 50 %, was 90 mm? (AUC — 0.926 (95 % confidence interval — 0.827—1.000), with
a sensitivity and specificity of 87.5% and 97.8 %, respectively. The width of the esophageal hiatus was measured
at a cut-off point of 32 mm (AUC — 0.864 (95 % confidence interval — 0.733—0.995), with a sensitivity and
specificity of 75.0 % and 78.0 %. In Group II, posterior crurorraphy was performed in the case of a hiatal surface
area <90 mm? and a distance between the crura diaphragmatis < 32 mm. In other cases, mesh-reinforced cruror-
raphy was conducted. The recurrence rate in Groups I and IT was 26.2% and 7.3 % (p=0.001).

Concrusions. The device and methodology that have been developed are capable of measuring the dimen-
sions (length, width, and area) of the esophageal hiatus intraoperatively. These measurements can be taken for
the entire area within the esophageal hiatus contour, independent of its shape, even when using laparoscopic
methods. The study found that there was a probability of recurrence after crurorraphy > 50 % when the threshold
hiatal surface area was 90 mm?, and the width of the esophageal hiatus was 32 mm. A differentiated approach to
hiatoplasty involves using crurorraphy for hiatal surface areas <90 mm? or distances between the crura diaphrag-
matis <32 mm. For larger hiatal surface areas or widths, mesh-reinforced crurorraphy is indicated. This approach
has resulted in a significant reduction in the recurrence rate from 26.2 % to 7.3 % (p=0.001) and has prevented
complications associated with the use of implants for up to 18 months after surgery.
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paraesophageal hernia, hiatal surface area, crurorraphy, allohernioplasty, recurrence, prediction, surgical tactics.
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In 1954, N.R. Barrett published a fundamental
work in which he proposed to classify acquired hia-
tal hernias into 4 types according to their anatomi-
cal characteristics [8]:

Type 1 hernias are sliding hiatal hernias in
which the gastroesophageal junction (GEJ) mi-
grates over the diaphragm. The stomach remains in
its normal longitudinal position, with the fundus lo-
cated below the gastroesophageal junction.

Type II hernias are true paraesophageal her-
nias. The gastroesophageal junction remains in the
normal anatomical position, while part of the gas-
tric fundus is adjacent to the esophagus through the
diaphragmatic hiatus.

Type IIT hernias are a combination of types
I and II, with both the esophagus and the gastric
fundus bulging through the hiatus. The gastric fun-
dus lies above the gastroesophageal junction.

Type IV hernias are distinguished by the pres-
ence of a structure inside the hernial sac other than
the stomach, such as the omentum, colon, or small
intestine.

It is believed that more than 95 % of diagnosed
hiatal hernias are type I. More than 90 % of type
II—1IV hernias are type III, and the least common
is type 11 [24].

Regardless of the access method (laparotomy,
laparoscopy, or thoracotomy), surgical treatment
for paraesophageal hernias entails opening the her-
nial sac, reducing the hernia contents back into the
abdominal cavity, and excising the sac [44] without
exposing the crura diaphragmatis [2, 14]. It also in-
volves complete mobilisation of the oesophagus 360°
to the level of the lower pulmonary veins, hiatoplas-
ty, fundoplication, or the Collis gastroplasty [38].

The results of surgical treatment of paraesopha-
geal hernias indicate a high recurrence rate due to
failure of hiatoplasty, from 15% to 66 %, with an
average follow-up period of 12 to 40 months [6, 16,
23, 29, 31, 35]. The main options for repairing the
defect of the esophageal hiatus are crurorraphy and
mesh-reinforced crurorraphy. Both methods have
their own advantages and disadvantages. The cri-
teria for choosing a method have not been specified.

OBJECTIVE — to develop a differentiated approach
to the surgical treatment of paraesophageal hernias,
taking into account the size of the esophageal hia-
tus, and to determine its effectiveness.

Materials and methods

The study included 157 patients who were operated
on for paraesophageal hernias. The research consist-
ed of two stages. The first stage involved evaluating
the impact of the size of the esophageal hiatus on
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the incidence of hernia recurrence over an extended
period after crurorraphy, as well as the justification
for using allografts. We measured the width of the
esophageal hiatus (the maximum distance between
the crura diaphragmatis), the length (from the cru-
ral adhesion at the bottom to the upper border of
the hernia defect), and the hiatal surface area.

The second stage included the study of the long-
term results of hernioplasty using a differentiated
approach to cruroplasty, developed on the basis of
the data obtained during the first stage of surgical
treatment.

Group I included 61 (38.9 %) patients who re-
ceived treatment at the first stage, while Group 1T
included 96 (61.1 %) patients who underwent treat-
ment according to a differentiated approach.

The long-term results of the operations were
monitored for up to 18 months. Radiological esoph-
agogastrography with barium sulphate was used.

The dimensions of the esophageal hiatus were
measured after the contents of the hernial sac were
reduced into the abdominal cavity and the esopha-
gus was mobilised. In open operations, we used the
modified method presented by H. E. Batirel et al. [9].
The esophageal hiatus was photographed against
a 10 mm long standard, and the image was transferred
to a computer screen with a millimetre grid scaled to
the standard. The hiatal surface area was calculated
in square millimetres, and the length and width of the
esophageal hiatus were measured in millimetres.

During laparoscopic interventions, intraopera-
tive measurement of the dimensions of the esopha-
geal hiatus was performed using a designed device
[42] and the corresponding software (Fig. 1).

All patients in both groups underwent endoscop-
ic and radiological examinations.

The endoscopic examination was performed us-
ing a Fujinon EG 760-R fibrogastroduodenoscope
under intravenous sedation (propofol) in the pa-
tient’s left side position. The endoscope measured
0.92 cm in diameter. The cardinal sign of a hiatal
hernia was the presence of gastric mucosa above the
crural impression by more than 2 cm.

The X-ray examination was performed using the
Winscope Plessart EX8 universal X-ray system
with remote control (Toshiba). The examination
included a polypositional examination of the direct,
lateral, and oblique anterior and posterior projec-
tions in the upright position and Trendelenburg po-
sition, followed by an examination of the initial up-
right position with normal breathing, deep breath-
ing, and the Valsalva manoeuvre.

The study was conducted in compliance with
the Declaration of Helsinki [46]. The study pro-
tocol was approved by the ethics committee of
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Figure 1. Location of the laparoscopic instrument
scale in the hiatal area (the hiatal surface area —
9.43 mm?, the length of the esophageal hiatus —
48 mm, and the width of the esophageal hiatus —
27 mm): 1 — esophageal hiatus contour; 2 — esophagus;
3 — instrument scale; 4 — right crura diaphragmatis;

5 — left crura diaphragmatis

Table 1. Group characteristics

Variable gf(::ili; ((};(lug 61)1
Age, years 52.3+109  54.1+£101
Male 25(41.0%) 34 (354%)
Female 36 (59.0%) 62 (64.6 %)
Body mass index, kg,/m? 268+2.5 274+27
Disease duration, months 58.6+49.5 59.3+53.7
Heartburn 35(57.4%)  51(53.1%)
Chest pain 20 (32.8%) 40 (41.7%)
Belching 27 (44.3%) 41 (42.7%)
Nausea 38(62.3%) 55(57.3%)
Hoarseness 26 (42.6%) 45 (46.9%)
Cough 12(19.7%)  24(25.0%)
Dysphagia 21 (344%)  32(33.3%)
Hiceups 11(180%)  21(21.9%)
Odynophagia 11(18.0%) 13 (13.5%)
Vomiting 10 (164%) 19 (19.8%)
Feeling of fullness after meal 21 (34.4%) 36 (37.5%)
Weight loss 15(24.6%)  25(26.0 %)
Arrythmia 19(31.1%) 34 (354%)
Dyspnea 20(328%) 28(29.2%)
Allp>0.05.
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Bogomolets National Medical University (protocol
No. 160 of September 26, 2022).

According to the X-ray examination, hernia re-
currence (anatomical recurrence) was defined as the
migration of the gastroesophageal junction above
the diaphragm. We distinguished the displacement
of the gastroesophageal junction as <2 cm and
>2 cm.

At the first stage, laparotomy was used in
27 (44.3 %) patients, laparoscopy in 18 (29.5 %),
and thoracotomy in 16 (26.2%). At the second
stage, the operation was performed using a laparo-
scopic approach.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics. Discriminant statistics were calculated. The
mean values are presented as the arithmetic mean and
standard deviation (M £SD). A comparison of the
mean values of quantitative variables was performed
using the Mann-Whitney U-test or Student’s t-test,
depending on the distribution of the variable. Relative
values were compared using Pearson’s 3 test.

Binary logistic regression analysis was performed
to determine the probability of an event occurring de-
pending on the values of the variable. ROC analysis
was used to assess the quality of classification models.

The null hypothesis of equality of variables was
rejected at p <0.05.

Results

The patients in both groups did not exhibit any sta-
tistically significant differences in terms of mean
age, body mass index, sex ratio, type, or frequency
of complaints (Table 1).

There was also no statistically significant differ-
ence between the groups in terms of instrumental
research indicators (Table 2).

In Group I, the average length of the esopha-
geal hiatus was 54.8+54 mm (46—65 mm), the
width of the esophageal hiatus was 29.3+3.3 mm
(24—38 mm), and the hiatal surface area was
86.8 = 18.2 mm? (53— 161 mm?).

Within 18 months, anatomical recurrence was re-
cordedin 16 (26.2 %) patients, including 10 (16.4 %)
patients with a gastroesophageal junction >2 cm
above the diaphragm and 6 (9.8 %) patients with
a gastroesophageal junction from 1 to 2 cm.

The recurrence rate did not depend on the surgi-
cal approach (p=0.703) (Table 3).

Univariate bivariate logistic regression analysis
showed a statistically significant dependence of re-
currence rate on the area and width of the esopha-
geal hiatus.

General Surgery 3azansuaxipypein © 2024 ¢ Ne2 (9)



Table 2. Results of the endoscopic
and radiological examination

. Group I Group 11
Variable (n=61) (n=96)
Endoscopic examination
Esophagitis 40 (65.6%) 58 (60.4%)
Erosive esophagitis, stage*® 36 (59.0%)  53(55.2%)

A 6(167%)  6(11.3%)

B 16 (44.4%)  21(36.9%)

C 10 (27.8%)  20(37.7%)

D A(11.1%)  6(11.3%)
Erosive gastritis 10 (16.4%) 19 (19.8%)
Peptic ulcer 6(9.8%) 8(8.3%)
Cameron’s ulcer 2(3.3%) 6 (6.3%)
Radiological examination
Reducibility

Non-reducible hernia 48 (78.7%) 80 (83.3%).

Partially reducible hernia 13 (21.3%) 16 (16.7 %)
Hernia size

Cardiofundal hernia 34(55.7%) 66 (68.8%)

Subtotal hiatal hernia 26 (42,6 %) 27 (28,1)

Total hiatal hernia 1(1,6%) 3(31%)
All p > 0.05.

* According to the LA Classification System.

Table 3. Hernia recurrence rate depending
on the access method

Surgical access method Total number Recurrence
Laparotomy 27 6(22.2%)
Laparoscopy 18 6 (33.3%)
Thoracotomy 16 4(25.0%)
Total 61 16 (26.2%)
1
> 0.8
=
% 0.6
-~
S 04
2y
0.2
0
8 9 10 1
Width, mm
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The cut-off point at which an increased probabil-
ity of recurrence was predicted depending on the
hiatal surface area (> 0.5) was 90 mm? (Fig. 2).

The test proved to be effective, as evidenced
by the area under the ROC curve (AUC) of
0.926 (95 % confidence interval (CI) — 0.827—1.0)
(Fig. 3). The sensitivity was 87.5 % and the speci-
ficity was 97.8 %.

The cut-off point for predicting an increased
probability of recurrence based on the width of the
esophageal hiatus (> 0.5) was 32 mm (Fig. 4).

The test was effective (AUC — 0.864 (95%
CI—0.733—0.995) (Fig.5). The sensitivity was
75.0 % and the specificity was 78.0 %.

According to the logistic regression analysis, the
length of the esophageal hiatus did not statistically
significantly affect the recurrence rate.

1
Sensitivity 87.5
0.8 Specificity 97.8
2 0.6 -
2
£
»n 0.4
0.2
0+ : : : :
0 0.2 0.4 0.6 0.8 1
Specificity

Figure 3. ROC curve for predicting the probability
of recurrence at a hiatal surface area of 90 mm?

0.8
0.6
0.4
0.2

Probability

2.4 2.7 3.0 3.3 3.6 3.9
Width, mm

Figure 2. Probability of hernia recurrence
depending on the hiatal surface area
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Figure 4. Probability of hernia recurrence
depending on the width of the esophageal hiatus

41



O.Y. Ioffe et al.

1
0.8 -
Sensitivity 75.0
Specificity 78.0
= 061
=
»n 04
0.2 -
0+ : : : :
0 0.2 0.4 0.6 0.8 1
Specificity

Figure 5. ROC curve for predicting the probability of
recurrence at a width of 32 mm

In the regression logistic binary analysis of the two
variables «the hiatal surface area» and «the width of
the esophageal hiatus», only «the hiatal surface area»
was an independent prognostic factor for the occur-
rence of hernia recurrence. The null hypothesis’s er-
ror concerning the coefficient for the indicator «the
width of the esophageal hiatus» is p=0.07.

Taking into account the data obtained from the
analysis of results in Group 1, we used a differenti-
ated approach to hernioplasty in Group II. It con-
sisted of reducing the hernia into the abdominal
cavity, mobilising the esophagus at least 3 cm below
the diaphragm, and intraoperatively determining
the dimensions of the esophageal hiatus according
to the developed methodology. In the case of a hia-
tal surface area <90 mm? and a distance between
the crura diaphragmatis < 32 mm, posterior cruror-
raphy was performed. In the case of a hiatal surface
area >90 mm? and /or a distance between the crura
diaphragmatic > 32 mm, posterior crurorraphy was
reinforced with a U-shaped mesh (Parietex Com-
posite Mesh, Polyester with Absorbable Collagen
Film, Covidien) with dimensions of 90 x 80 mm.
The mesh was fixed to the crura diaphragmatis us-
ing a stapler (Endo Universal 65 Auto Suture (Uni-
versal Hernia Stapler) 12.0 x 4.0 mm, Covidien).
All patients underwent a Nissen fundoplication.

For the required indications, 40 (41.7%) pa-
tients underwent posterior crurorraphy, whereas
56 (58.3 %) received mesh-reinforced crurorraphy.

Although the area and width of the esophageal
hiatus in Group II were larger than in Group I:
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95.6+23.2 mm? (51 mm? to 212 mm?) ver-
sus 86.8+18.2 mm? (53 mm? to 161 mm?) and
31.1£3.7 mm (24 mm to 43 mm) versus 29.3 £ 3.3
mm (24 mm to 38 mm), the number of recurrences
within 18 months was significantly lower (7 (7.3 %)
versus 16 (26.2 %), p=10.001). At the same time, in
patients who received crurorraphy, recurrence oc-
curred in 2 (5.0 %) instances versus 5 (8.9 %) cases
with mesh (p=10.465).

In Group II, the gastroesophageal junction was lo-
cated > 2 cm above the diaphragm in only 2 (2.1 %)
patients and at a distance of 1 to 2 cm in 5 (5.2 %).

During the 18-month follow-up, no mesh-related
complications were detected.

Thus, a differentiated approach to selecting the
cruroplasty method for paraesophageal hernia
treatment, which is based on the dimensions of the
esophageal hiatus and the personalised use of im-
plants, dramatically reduced the recurrence rate
12—18 months after surgery.

Discussion

Cruroplasty is an integral part of the surgical treat-
ment of paraesophageal hernias and the main pre-
ventive measure against recurrence. Various op-
tions for closing the defect of the esophageal hiatus
have been described, including the reduction of the
crura diaphragmatis with sutures, which are mainly
placed behind the esophagus (posterior cruror-
rhaphy), mesh implantation (absorbable or non-
absorbable), and combinations of crurorraphy with
mesh implantation [1, 4, 32, 39, 43].

The use of crurorraphy was associated with a high
recurrence rate. Thus, according to P.A. Le Page
et al,, after 455 operations for paraesophageal hernias,
mainly using crurorrhaphy (in 94 %), the rate of ana-
tomical recurrence (< 2 cm and >2 c¢m) in the period
up to 1 year was 13.7 %, in 5—10 years — 40.1 %, over
10 years — 50.0 %, and the recurrence rate (> 2 cm)
was 3.4 %, 9.5 %, 13.8 % and 25.0 %, respectively [28].

Many studies have reported a decrease in the her-
nia recurrence rate after hernioplasty with implants
compared to crurorraphy in short-term follow-up
[19, 20, 25, 37].

Subsequently, it was shown that the additional
use of mesh compared to crurorraphy reduces the
recurrence rate at different times of the postopera-
tive period to 0.8—9 % versus 22.2—26 % without
mesh [7], to 12.1% versus 20.5% [34], to 3.7%
versus 6 % [41], and in the case of giant hernias, to
35 % versus 77 % [ 33].

At the same time, implantation of a foreign body in
the area of the esophageal hiatus, along with enhanc-
ing the stability of hernia defect closure, can have
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negative consequences (wrinkling, mesh migration,
infection (abscesses, fistulas), cardiac tamponade,
erosion of the aorta, esophagus or stomach, esopha-
geal stenosis, severe dysphagia, fibrous reaction that
can complicate a new esophageal surgery), so some
surgeons refrain from using mesh even in giant para-
esophageal hernias [10, 15, 18, 17, 25, 34, 37, 40)].

Recently, a number of multicentre prospective
studies and meta-analyses have been conducted
that have not found statistically significant differ-
ences in the recurrence rate after crurorraphy com-
pared with mesh-reinforced crurorraphy, although
in most of them the recurrence rate was lower in
the case of mesh, but the difference was not sta-
tistically significant [5, 13, 36, 45]. For example,
a meta-analysis in 2024, which included 34 studies
(6 randomised clinical trials, 25 retrospective stud-
ies and 3 prospective cohort studies) and included
2170 patients after laparoscopic treatment of hiatal
hernia, found the following recurrence rates: after
crurorrhaphy — 20.8 %, after absorbable mesh re-
inforcement — 20.6 %, after non-absorbable mesh
reinforcement — 13.7%. The average follow-up
period was 25.8+ 16.4 months, 28.1 +13.8 months
and 30.8 + 15.3 months, respectively [27]. The Bra-
zilian Society for Abdominal Wall Hernias notes in
its guidelines for the management of patients with
large paraesophageal hernias that the use of non-ab-
sorbable prostheses effectively prevents anatomical
recurrence in the short-term follow-up, but long-
term evidence is still lacking [11].

Thus, the question of indications for the use of
mesh in paraesophageal hernias remains open and
requires further research.

F. A. Granderath et al. first implemented the idea
of performing mesh-reinforced crurorraphy at spe-
cific sizes of the hiatal surface area [21]. They devel-
oped an intraoperative method for calculating the
hiatal surface area, which in hiatal hernias was on
average 50.92 mm?, and divided patients into three
categories. The authors suggested crurorraphy for
patients with a hiatal surface area up to 40 mm?,
from 40 to 80 mm? — reinforcement with 1—3 cm
mesh, >80 mm? — tension-free cruroplasty using
the in-lay technique with ePTFE mesh.

0. 0. Koch et al. also determined the average hia-
tal surface area in patients undergoing laparoscopic
hiatoplasty (according to the method of E A. Gran-
derath et al.), which was higher than in the previous
study — 81.9 mm? (from 56.1 to 160.9 mm?). Ac-
cording to the authors, the esophageal hiatus with
an area of at least 56.0 mm? should be indicated for
mesh hiatoplasty [25].

V. V. Grubnik et al. [22] used ANOVA analysis of
variance to determine the threshold hiatal surface
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area for mesh-reinforced crurorraphy. The area was
measured using the method developed by F A. Gran-
derath et al. The authors divided hernias into three
categories: <100 mm? (small hernias), 100 to
200 mm? (large hernias), and >200 mm? (giant her-
nias). For additional mesh applications, the threshold
area was > 100 mm?. In the case of a hiatal surface area
of 100—200 mm?, a light, partially absorbable mesh
was suggested, and in the case of a hiatal surface area
> 200 mm?, a non-absorbable mesh was used accord-
ing to the original method [22]. Dispersion analysis
does not directly allow determining the threshold
values (in this case, the hiatal surface area) for a par-
ticular situation (in this case, the probability of recur-
rence), but it does allow confirming the correctness
of the selected threshold levels, which the researchers
determined based on their own experience.

To determine the impact of the measurements of
the esophageal hiatus on the incidence of paraesoph-
ageal hernia recurrence and to justify the indications
for mesh use, we developed a device and method for
calculating the size (Iength, width, and surface area),
including in the case of laparoscopic access. This
method is more accurate than other intraoperative
methods (the method developed by E A. Granderath
et al. and the estimation of the hiatal surface area by
the size of a rhombus [11]) because it considers the
entire area within the esophageal hiatus contour, re-
gardless of shape. Binary logistic regression analysis
was used to calculate the thresholds, which allows
us to estimate the probability of recurrence at any
size of the hiatal surface area available in the study.
The test was evaluated for its sensitivity and speci-
ficity using the ROC curve. In the examination of
61 patients who underwent crurorraphy for esopha-
geal hernia, the mean value of the hiatal surface area
was 86.8+18.2 mm? (from 53 mm? to 161 mm?),
which approximately corresponds to the findings
presented by O. O. Koch et al. [25]. In the period up
to 18 months after surgery, anatomical recurrence
was recorded in 16 (26.2%) patients, including
10 (16.4 %) patients with a gastroesophageal junc-
tion >2 cm above the diaphragm and 6 (9.8 %) pa-
tients with a gastroesophageal junction from 1 to 2
cm above the diaphragm.

The cut-off point at which an increased probabil-
ity of recurrence was predicted depending on the
hiatal surface area was 90 mm? (AUC 0.926 (95 %
CI 0.827—1.0); sensitivity and specificity were
87.5 % and 97.8 %, respectively). This hiatal surface
area value is larger than that reported by F. A. Gran-
derath et al. [21] and O. O. Koch and et al. [25], but
smaller than that found by V. V. Grubnik et al. [22].
Another important factor in recurrence was the
width of the esophageal hiatus, with a cut-off point
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of 32 mm (AUC — 0.864 (95% CI: 0.733—0.995),
the sensitivity and specificity were 75.0% and
78.0 %, respectively.

In a prospective group (96 patients), we evalu-
ated a differentiated approach to hiatoplasty for
up to 18 months. In the case of a hiatal surface area
>90 mm? or a distance between the crura diaphrag-
matis > 32 mm, the posterior crurorraphy was rein-
forced with a U-shaped mesh (Parietex Composite
Mesh, Polyester with absorbable Collagen Film,
Covidien) with dimensions of 90 x 80 mm. In other
cases, posterior crurorraphy was performed. In this
group, the recurrence rate was statistically signifi-
cantly lower (7.3% vs. 26.2% in the crurorraphy
group, p=0.001). No complications associated with
the use of implants were recorded in any case.

Thus, the acquired data suggest that this type of
mesh can be effectively used in hiatoplasty proce-
dures for patients with paraesophageal hernias with
a hiatal surface area >90 mm? or a distance between
the crura diaphragmatis>32 mm. In other cases,
crurorraphy is appropriate.

Conclusions

The device and method that have been developed are
capable of measuring the dimensions (length, width,
and area) of the esophageal hiatus intraoperatively.
These measurements can be taken for the entire area
within the esophageal hiatus contour, independent
of shape, even when using laparoscopic methods.

Among patients with paraesophageal hernias who
underwent crurorraphy, the recurrence rate within
18 months was 26.2 %. In 10 cases (16.4 %), the gas-
troesophageal junction was located more than 2 cm
above the diaphragm, while in 6 cases (9.8 %), it was
positioned 1 to 2 cm above.

The study found that there was a probability
of recurrence after crurorraphy>50% when the
threshold hiatal surface area was 90 mm? (AUC
0.926 (95% CI 0.827—1.0), with a sensitivity and
specificity of 87.5% and 97.8 %, respectively. The
cut-off point based on the width of the esopha-
geal hiatus was 32 mm (AUC 0.864 (95% CI
0.733—0.995), with a sensitivity and specificity of
75.0 % and 78.0 %, respectively.

A differentiated approach to hiatoplasty involves
using crurorraphy for hiatal surface areas <90 mm?
or distances between the crura diaphragmatis
<32 mm. For larger hiatal surface areas or widths,
mesh-reinforced crurorraphy is indicated. This ap-
proach has resulted in a significant reduction in the
recurrence rate from 26.2 % to 7.3 % (p=0.001) and
has prevented complications associated with the
use of implants for up to 18 months after surgery.
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Xipypriute JiKyBaHH apae3o@dareaibHuX Irpux i3
BUKOPHUCTAHHAM JTU(PEPEHIIHOBAHOIO IiJIXOAY 10O
r€pPHIOIUIACTUKH

0.10. Ioppe !, T. A. Tapacos !, JI. 0. Mapkyaan !, M. M. Baripos 2

! Hantionambuuit meguunuii yuisepeuter imeni O.0. Boromoubiis, Kuis

2 HauioHa/ibHUi yHIBEpCUTET OXOPOHU 340poB’st Yipainu imeni I1. JI. Illynuka, Kuis

PesynsraTy XipypriaHoro JlikyBaHH: rapaesodareansHux rprok (ITEDN) acomiloroThes 3 BUCOKOIO YaCTOTOIO PELN-
JUBIB (Biz1 15 % 10 66 %) Ipy cepeITHOMY TIEPIOfIi crtocTepeskeHHs B 12 10 40 mic. OCHOBHI METOTUKY YCYHEHHST
JedexTy cTpaBoxigHoro orsopy giadparmu (COM) nipu INEI' — mosHa kpypopadia (1K) Ta IIK 3 apMyBaHHAM
LIBiB CITYACTUM iMIUIAHTATOM MAIOTh IIEPEBAI Td HEJOMKU. Kpurepiis BUOOPY METO/ly HE PO3POOICHO.

Merta — po3pobuTH AUhEPEHLIMOBAHNN MiIXi/ 1O XiPpypPrivHOrO JKyBaHHSA Mapac30(MarcaIbHUX I'PIDK 3 ypa-
XYBAHHAM IAPAMETPIB CTPABOXIiIHOIO OTBOPY AidpparMu T BUSHAYUTH HOIO €(PEKTUBHICTD.

Marepiaau Ta MeTogH. [IpooneposaHo 157 xBopux i3 INEL, AKX pO3NOALUIIIN Ha /IBi IPYIIH. XBOPi 060X Ipyn
CTATUCTUYHO 3HAYYIIO HE BiPI3HAINCA 34 CEPEIHIM BiKOM, iHAEKCOM MACU Tila, CIiBBIIHOIIEHHAM CTATEH,
XAPAKTEPOM i 4ACTOTOIO CKAPI, IIOKA3HHUKAMU €HJOCKOIIYHOI'O Td PEHTICHOJIONTYHOIO AOCIDKEHHA. Y I'PYI
I rractuky CO/L 3aiticHioBau 32 goromoroio HIK (61 (38,9 %) xBopwuit). V 11l rpyiti pO3PAXOBYBAIN 3 BUKO-
PUCTAHHAM PO3POOIEHOrO MPUCTPOIO i METOJUKN MOPOTrOBi 3HAUeHHA napaMmerpis CO/, sKi JaBanu 3MOry
CIIPOTHO3YBATH PEIIU/INB I'PIKI 32 TIePiogt criocTepeskeHts 10 18 mic. V rpyri 11 (96 (61,1 %) XBOPHX) METOUKY
repuiomtactuku (11K a60 apmysanss: 1K ciTKOI0) 0O6Upaty Ha Mi/ICTABi OTPUMAHUX TOPOI'OBUX 3HAYEHD.
Pesyapraru. Cepentst mwioma COJL y rpymi 1 cranosuwna (86,8+18,2) mm? (Big 53 mo 161 MmM?), mmpuna
CO, — (29,3%3,3) MM (Bix 24 1o 38 mm), y rpymi Il — BigmosigHao (95,6+23,2) mm? (Bix 51 10 212 Mm?) T2
(31,1£3,7) mMm (Big 24 no 43 mm) BignosigHo. IToporosa mioma CO/I, 3a AKOI MMOBIPHICTb PELUAUBY ITiC/IA
HIK >50%, — 90 mm? (AUC — 0,926 (95 % posipumnit intepsan — 0,827 —1,000), 4yTaUBICTh i CHCIM(IIHICTD
TecTy — BigmosinHo 87,5 Ta 97,8 %), Ta mmpunaa COJ i3 Toukomo BiaciucHs 32 mm (AUC — 0,864 (95 % nosi-
punii inrepBan — 0,733—0,995), uymuBicTh i cnenudiyHicTs Tecty — 75,0 Ta 78,0%). ¥V rpymi 11 y pasi moni
COJ1<90 mm? Ta BigcTani Mixk HixkKamu jiadpparmMu < 32 MM BUKOHYBaIU 33/1HI0 [IIK, B iHmux Bumazkax [IIK
aApPMyBIU CITYACTUM IMIUTAHTATOM. YacToTa peruausiB y rpymax I Ta Il cranoswa 26,2 17,3 % (p=0,001).

BucHOBKH. PO3p0O6/I€HUI NIPUCTPIN i METOIMKA PO3PAXyHKY HapamerpiB CO/l, 30KpemMa B pasi JIanapOCKO-
II{YHOI'O JOCTYITY, A€ 3MOT'Y iHTPAOIIEPALIMHO BPAXyBATH ILUIOILY B MEXaX KOHTYPYy CO/l HE3AIEXKHO Biff IOTO
dopmH, a Takox JTOBXUHY i mupuHy CO/I, IToporosa mioma CO/, 32 1K01 UMOBIpHiCTh penuausy mmiciss HIK
niepesurye 50 % — 90 mm?, mupuna COJl — 32 MM, JludepeHrtiirioBanmtt miaxiz 1o wiactuku COJI nepen6avae
BukoHanHs e [IK y pasi oot COJl < 90 Mmm? 260 BificTaHi MK HPKKAMU /iiadpparmu < 32 MM, 2 TAKOK APMY-
BaHHs [IK ciTKOIO0 y BUIIaJKy po3Mipis 1oiri CO/l a60 HOoro MIMpUHHU, O NEPEBUIIYIOTh 3a3Ha4eHI. LIei mixiy
JIaB 3MOT'Y 3MEHIINUTH YACTOTY PEUUAUBIB i3 26,2 10 7,3 % (p=0,001) Ta YHUKHYTU YCK/IA/[HEHB, [IOBSI3AHUX i3
BHUKOPUCTAHHAM iMIUIAHTATIB, IIPOTATOM 18 MiC ITiC/1a onepartii.

Ki1r0490Bi ci1oBa: napacsodarcaabHa I'PKa, IJIOMA CTPABOXIIHOIO OTBOPY JiadpparMuy, mosHa Kpypopadis,
AJIOIEPHIOIVIACTHKA, PEIU/IUB, IIPOTHO3YBAHHS, XipypriyHa TaKTHUKA.

FOR CITATION

1 Joffe OY, Tarasov TA, Markulan LY, Bagirov MM. Differentiated approach to hernioplasty of paracsophageal hernias. General Surgery (Ukraine). 2024:(2);38-46. http://doi.org/10.30978/
GS-2024-2-38.
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Sarcopenic obesity (SO) is a functional and clinical condition that is characterised by the simultaneous existence
of sarcopenia and excess adipose tissue. This condition may be one of the pathogenetic factors for chronic
venous disease (CVD) of the lower extremities and chronic venous insufficiency (CVI), due to impaired muscle
venous pump function. Furthermore, obesity is considered a risk factor for these conditions.

OBJECTIVE — to investigate the association of sarcopenia and sarcopenic obesity with the severity of chronic
venous disease in postmenopausal women.

MATERIALS AND METHODS. The study included 117 postmenopausal women who were divided into two
groups: Group I — 87 (74.4 %) women with CVD, and Group II—30 (25.6 %) women without any signs of CVD.
Within Group I, two subgroups were distinguished based on the class of CVD as defined by the CEAP clas-
sification system. Subgroup IA consisted of 45 women (51.7 %) with CVD classes 1 and 2, which correspond
to compensated chronic venous insufficiency (CVI). Subgroup IB included 42 women (48.3 %) with CVD
classes 3, 4, and 5, indicating subcompensated or decompensated CVIL. The measurement of fat and lean mass
was conducted using dual-energy X-ray absorptiometry with the Hologic device (Discovery W1, USA, 2015).
The presence of sarcopenia was determined by the skeletal muscle assessment index ASM /height2, where ASM
is the total appendicular skeletal muscle mass of the legs and arms. Sarcopenia was diagnosed when the value
of ASM/height2 was < 6.0 kg/m? The diagnosis of SO was made in patients with sarcopenia and a body mass
index > 25 kg/m?.

Resurts. The mean age of women was 67.32£9.12 years (46—86 years), the mean body mass index was
29.1£6.0 kg/m? (184—50.1 kg/m?), and BMI/height2 was 6.72+0.864 kg/m? Women in Group I had lower
values of BMI/height2 (6.63+0.72 kg/m?) than women in Group II (6.97+1.0 kg/m? p=0.056). Sarcopenia
was detected in 27 (23.1%) women, and SO in 17 (14.5%). There was no statistically significant difference
between the groups in the frequency of sarcopenia: in Group I, 5 (16.7 %) women had sarcopenia, in Group I —
22 (25.3%), (p=0.334). The proportion of patients with SO in Group I was statistically significantly larger com-
pared to Group II — 184 and 3.3 % (p=0.044). There was an increase in the proportion of women with sarcope-
nia and SO with increasing severity of CVL: 8 (17.8 %) patients in subgroup IA and 14 (33.3 %) in subgroup IB had
sarcopenia (p=0.095), and 4 (8.94 %) and 12 (28.6 %) had SO, respectively (p=0.018).

ConcLusions. Postmenopausal women with CVD were more likely to have SO (184 %) compared to patients
without CVD (3.3 %, p=0.044). Postmenopausal women with subcompensated and decompensated CVI were
more likely to have SO (12 (28.6 %)) than women with compensated CVI (4 (8.94 %, p=0.018, odds ratio 6.54,
95 % confidence interval 0.83—51.58). Menopausal women with CVD were more likely to have sarcopenia and
had a higher incidence of subcompensated and decompensated CVI compared to women without sarcopenia,
but the difference was not statistically significant.

KEYWORDS
postmenopausal women, chronic venous disease, chronic venous insufficiency, sarcopenia, sarcopenic obesity.
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Sarcopenia is defined as a progressive and gener-
alised loss of muscle mass and strength [22]. It is
accompanied by physical inactivity, decreased mo-
bility, a slow gait, poor physical endurance, falls,
fractures, and mortality [3].

Sarcopenia more often affects the elderly, but
a progressive decrease in muscle mass begins at the
age of 40, and after 50 years, muscle mass decreases
by 1—2 % annually [18].

At the same time, ageing and physical inactivity
contribute to an increase in fat mass, in particular
visceral fat [21].

Sarcopenic obesity (SO) is defined as a function-
al and clinical condition characterised by the simul-
taneous loss of skeletal muscle mass and function as
well as excess adipose tissue [30]. The incidence of
SO is growing rapidly, mainly due to the ageing of
the population worldwide and the current obesity
epidemic. The prevalence of SO in people aged 20
to 80 years is 0.8 % to 22.3 % in women and 1.3 % to
15.4 % in men [12], and increases with age [29, 10].

SO is a more severe condition than both obesity
and sarcopenia alone, as it is associated with a higher
risk of cardiovascular disease, decreased bone min-
eral density, and all-cause mortality [15, 23, 24, 32].

It is generally recognised that one of the causes of
chronic venous disease (CVD) and chronic venous
insufficiency (CVT) is a disruption of the so-called
«venous pump», which functions through the con-
traction of the deep muscles of the lower extremi-
ties. It is logical to assume that sarcopenia and SO
may be one of the pathogenetic factors of venous
pump dysfunction and the occurrence of CVD and
CVI, especially in older people. After all, it has been
shown that women with CVD in the oldest group
have higher values of body weight, BMI, total body
fat, and lower body fat [13]. In addition, there is evi-
dence that old age, obesity, and muscle weakness are
independent factors in deep vein thrombosis [26].
However, the association of sarcopenia and SO with
CVD has not yet been studied.

OBJECTIVE — to investigate the association of sar-
copenia and sarcopenic obesity with the severity of
chronic venous disease in postmenopausal women.

Materials and methods

The study was performed at the Chebotarev Insti-
tute of Gerontology of the National Academy of
Medical Sciences of Ukraine, NAMS of Ukraine.
The study involved 117 postmenopausal women.

The patients were divided into two groups.
Group I included 87 (74.4 %) women with CVD,
and Group II included 30 (25.6 %) women without
any signs of CVD.

48

Within Group I, two subgroups were distin-
guished based on the class of CVD as defined by the
CEAP classification system.

Subgroup IA consisted of women with CVD
classes 1 and 2 without CVI or with compensated
CVI. Subgroup IB included women with CVD
classes 3, 4, and 5, indicating subcompensated or
decompensated CVI.

Subgroup IA included 45 (51.7 %) women, and
subgroup IB included 42 (48.3 %), as presented in
Table 1.

The diagnosis of CVD was made on the basis of
symptoms and a clinical and ultrasound (if neces-
sary) examination of the lower extremities. All
patients were examined by vascular surgeons. De-
mographic (age and gender) and anthropometric
(weight, height, body mass index — BMI) charac-
teristics were collected.

To assess CVD, we used the CEAP classification
[7]. The COs category, according to the CEAP clas-
sification (no deficiency or obstruction), was deter-
mined after excluding other possible causes of the
symptoms.

BMI was calculated as the ratio of body weight
(kg) to height (m)? (WHO, 1998). Obesity was di-
agnosed when the BMI exceeded 30 kg/m?. Women
were divided into three categories based on their
BMI: Category I — with normal body weight (BMI
18.5—24.9 kg/m?); Category II — with overweight
(BMI 25.0—29.9 kg/m?); and Category III — with
obesity (BMI over 30.0 kg/m?).

The measurement of fat and lean mass was con-
ducted using dual-energy X-ray absorptiometry
with the Hologic device (Discovery WI, USA,
2015). [Dual-energy X-ray absorptiometry (DXA)
with Hologic (Discovery W1, USA, 2015)].

The presence of sarcopenia was determined by the
skeletal muscle assessment index — ASM /height?
[1], where ASM is the total appendicular skeletal

Table 1. Distribution of patients in subgroups
based on the severity of CVD according to the
CEAP scale [7]

CVD class Subgroup IA Subgroup IB Total

1 36 (41.4%) - 36 (41.4%)
2 9(10.3%) - 9(10.3%)
3 - 23(264%) 23(26.4%)
4 - 16 (184%) 16 (18.4%)
5 - 3(34%) 3(3.4%)
Total A5(517%) 42(483%)  87(100%)
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Figure 1. Distribution of women by age

muscle mass of the legs and arms. Sarcopenia was
diagnosed when the value of ASM/h? was less than
6.0 kg/m? [17]. The diagnosis of SO was made in
patients with sarcopenia and a BMI of more than
25 kg /m? [14].

Statistical analysis was performed using IBM
SPSS Statistics, V 22. Discriminant statistics were
calculated. Mean values are presented as M = SD.
A comparison of the mean values of quantitative
variables was performed using the Mann-Whitney
U-test or Student’s t-test, depending on the distri-
bution of the variable. Relative values were com-
pared using Pearson’s chi-square test. Odds ratios
(OR) with 95% confidence intervals (95% CI)
were calculated to assess the association between
factors and disease occurrence.

The null hypothesis of equality of variables was
rejected at p <0.05.

Results
The average age of menopausal women was
67.32 £9.12 years (from 46 to 86 years), as present-
ed in Fig. 1.

Women in both groups did not differ in the mean
age of 65.63+8.17 years versus 67.91£9.39 years
in Group I and Group II, respectively, p=0.240.

Table 2. Distribution of patients by gerontological
age categories in groups

Group I Group 1T Total

Figure 2. Distribution of patients by ASM/ht?

There was also no difference between the groups in
the distribution of age categories, p=0.382, as pre-
sented in Table 2.

There were no differences in anthropometric data
between the study groups (Table 3).

The groups did not differ in BMI categories,
p=0.199, as seen in Table 4.

The skeletal muscle assessment index averaged
6.72 +0.864 kg /m? (Fig. 2).

Table 3. Anthropometric characteristics
of women in the study groups

Variable Group I Group II

Body weight, kg 2255 - 11255:;) 222 - 11251';1
et cm (1154967—i1 ?65) (11%00'3—i1 ?53)
BMIkg/m? (fgf—iS%i) (125;2%?1)

Note. Variables are presented as M+SD (min—max).
The difference between Group I and Group II is statistically
insignificant (p>0.05) for all variables.

Table 4. Distribution of women by body mass index
categories in groups

Group I Group II Total

BMI, kg/m? (n=87) (n=30) (n=117)

Normal weight, o5 6 100y 6(200%) 29 (248%)

Age, years (0=87) (n=30) (n=117) 18.5—24.9
o 0, o, o O i ht, o, o, o,
4659 2(253%)  11(367%)  33(282%)  Overveiel 25(287%) 14 (46.7%) 39 (33.3%)
60—74 7 E25%)  9@00%)  46@393%)
esity, o o o
75-85  28(322%)  10(333%)  38(325%)  over30.0 39 (448%)  10(333%) 49 (41.9%)
General Surgery 3azamsnaxipypeia * 2024 « Ne2 (9) 49
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Women without CVD (Group I) had lower
mean ASM/ht? values (6.63+0.72 kg/m?) than
patients with CVD (Group IT) (6.97 £ 1.0 kg/m?),
but this difference was not statistically significant
(p=0.056).

In general, sarcopenia was detected in 27 (23.1 %)
women, and SO in 17 (14.5%). There was no sig-
nificant difference in sarcopenia frequency between
the groups. Thus, in Group I, 5 (16.7 %) women had
sarcopenia, and in Group I1—22 (25.3 %), p=0.334.
At the same time, a significantly larger propor-
tion of patients with SO was observed in Group I
(18.4 %) compared with Group 11 (3.3 %), p=0.044,
as presented in Table 5.

There was also an increase in the proportion of
women with sarcopenia and sarcopenic obesity with
increasing severity of CV1, as seen in Table 6.

Thus, out of 87 women with CVD, sarcope-
nia was diagnosed in 22 (25.3%): 8 (17.8%) with
compensated CVI and 14 (33.3 %) with sub- and
decompensated CVI, p=0.095. Sarcopenic obesity
was detected in 16 (18.4 %), including 4 (8.94 %)
with compensated CVI and 12 (28.6 %) with sub-
and decompensated CVI, p=0.018.

Thus, in menopausal women, the risk of CVD is
increased in the presence of sarcopenia and sarcope-
nic obesity compared with women without sarcope-
nia and SO: OR 1.69; CI10.578—4.96 and OR 6.54;
CI0.828—51.58, respectively.

Table 5. Frequency of sarcopenia and sarcopenic
obesity in the study groups

. Group I Group II Total
Varible g7y (n=30) (n=117)
Sarcopenia 22 (25.3 %) 5(16.7%) 27 (23.1%)
Sarcopenic o ORG o
obesity 16 (18.4%) 1(33%) 17 (14.5%)

Note. The difference from Group I is statistically significant
(p<0.05).

Table 6. Incidence of sarcopenia and sarcopenic
obesity in Group I depending on the severity
of CVI

Subcompensated/
Variable Compfnsated decompensated Tﬁtal
(n=45) (n=30) (n=87)
Sarcopenia 8 (17.8%) 14(333%)  22(25.3%)
Sarcopenic 0 0/ \# 0
obesity 4(8.94 %) 12 (28.6 %) 16 (18.4 %)

Note. The difference from the patients with compensated CVI is
statistically significant (p <0.05).

50

Women with CVD in the presence of sarcope-
nia and sarcopenic obesity have an increased risk
of sub- and decompensated CVI compared with
women without sarcopenia, and SO: OR2.38;
CI10.877—6.433 and OR 4.20; CI 1.234—14.29.

Discussion

Chronic venous diseases of the lower extremities
are one of the most discussed medical problems.
In Western countries, approximately 3% of total
healthcare costs are associated with venous diseas-
es, which occur in 25—30 % of women and 10—40 %
of men [9, 20, 25]. Among the well-known risk fac-
tors for CVD are age, gender, genetic factors, sed-
entary lifestyle, sedentary work, nutritional aspects
(consumption of large amounts of meat food), etc.
[16, 28, 31]. Data on the link between obesity and
CVD are still considered controversial. A number of
studies have reported a significant correlation be-
tween BMI and clinical severity, according to the
C-category of the Clinical, Anatomical and Patho-
physiological (CEAP) classification [11]. Daniels-
son et al. found a significant association between
clinical severity, according to CEAP category C,
and BMI [4]. In a study of the San Diego popula-
tion, increased waist circumference was associated
with cardio-vascular diseases in men and women,
and increased body weight was a risk factor for mild
cardio-vascular diseases, although only in women.

According to Musil D et al., multiple linear re-
gression showed that age (p<0.0001) and BMI
(p=0.049) are independent predictors of the clini-
cal grade of CVI and CEAP clinical grade of CVD
(p<0.0001) and are significant predictors of the de-
gree of epiphasic venous reflux [19].

Eskici H et al. used multivariate logistic regres-
sion analysis to find that high levels of visceral obe-
sity affect clinical complaints in patients with CVI
(class C0-C3) [8].

A study of 1116 patients with CVD showed that
CVD categories (CEAP C) were significantly asso-
ciated with overweight and obesity [27],

In contrast, a French epidemiological study
found no association between CEAP category
C and obesity [1].

S. Demir et al. assessed the association between
the severity of venous insufficiency and body mass
index in patients referred for Doppler ultrasound
and found no association of BMI with the severity
of CVI[5].

In 2015, Iranian researchers investigated the
incidence of CVD in 197 female hairdressers aged
18—68 years, which was 47.7 %. In this study, no
significant association was found between CVD

General Surgery 3azansuaxipypein © 2024 ¢ Ne2 (9)



and participants’ body weight. However, CVD was
significantly correlated with patient age (OR 1.08;
95% CI1.03, 1.13); family history of cardio-vas-
cular diseases (OR 1.99; 95 % CI1.03, 3.82), blood
pressure (OR 4.41; 95 % CI 1.63, 11.90), and stand-
ing time (OR 2.34; 95 % CI11.05, 5.22) [6].

In our study, we hypothesised that one of the risk
factors for CVD and CVI may be not so much over-
weight or obesity, but rather so-called sarcopenic
obesity. SO combines the negative effects of both
excess weight and the weakness of the muscle ve-
nous pump due to sarcopenia. To our knowledge, no
similar studies have been conducted. The cohort of
patients included in the study was limited to post-
menopausal women, which is a drawback. Also, in
this study, we did not examine other risk factors for
CVD, such as comorbidities, including osteoporo-
sis, osteoarthritis and back pain, which were present
in these women.

The results of the study showed that in meno-
pausal women, SO increases the chance of develop-
ing CVD by 6.4 times compared to women without
SO (OR6.54; C10.828—51.58).

Women with CVD in the presence of SO have
a 4.2-fold increased chance of developing sub- and
decompensated CVI compared to women without
SO: OR4.20; C11.234—14.29.

Thus, in menopausal women, the risk of CVD is
increased in the presence of sarcopenia and sarco-
penic obesity compared to women without sarcope-
nia and SO: OR 1.69; CI10.578—4.96 and OR 6.54;
C10.828—51.58, respectively.

Women with CVD in the presence of sarcope-
nia and sarcopenic obesity have an increased risk
of sub- and decompensated CVI compared with
women without sarcopenia and SO: OR2.38,
C10.877—6.433 and OR 4.20, C11.234—14.29.

These findings may be important for improving
CVD prevention by not only reducing body weight
but also preventing muscle loss, especially in the
lower extremities. At the same time, it is necessary
to further investigate this aspect of the problem
by including a more diverse sample of individuals
across different age groups and genders.

Conclusions

Menopausal women with CVD were more likely to
have SO (18.4 %) compared to those without CVD
(3.3%) (p=0.044).

Menopausal women with CVT in the stages of
sub- and decompensation were more likely to suf-
fer from SO (12 (28.6 %)) than women with com-
pensated CVI (4 (8.94%)), p=0.018; OR6.54;
CI10.828—51.58.
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Postmenopausal women with CVD were more
likely to have sarcopenia and had a higher incidence
of sub- and decompensated CVI compared with
women without sarcopenia, but the difference was
not statistically significant.
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CapKoIleHiYHE OKUPIHHA TA TAKKICTD XPOHIYHOI'O
3aXBOPIOBAHHS BEH Y )KiHOK Y IIOCTMEHOI1Ay3i

I. O. Kocrpomin, O. B. Bana6an, P. B. Ton3sa

Hamionampanit megnanamii yaiBepeureT iMeHi O. O. boromosbigs

Capxoneniune oxupinnsa (CI1O) — (PyHKIHOHATBHUI | KIHIYHUI CTAaH, IO XapPaKTEPU3YEThCS OJHOYACHUM
icayBaHHAM capkoneHii (CIT) Ta HaUIMIIKOM KUPOBOI TKAHUHU, MOXKE OYTH OJHUM i3 TATOT€HETUYHUX YHH-
HUKIB XPOHIYHOI'O 3aXBOPIOBAHHA BEH (X3B) HIDKHIX KiHIIIBOK i XPOHIYHOI BEHO3HOI HEJIOCTATHOCTI (XBH)
4epes MOPYLIECHH Ais/IbHOCTI M’130BOI BEHO3HOI IIOMIIH Ta O’KMPiHHS, SIKE TAKOK BBAKAIOTb YMHHUKOM PUBUKY.

MeTa — BU3HAYUTU 3B 130K MK CAPKOIICHIEIO i CAPKOIIEHIYHUM OKUPIHHAM T4 TsUKKICTIO XPOHIYHOI'O 3aXBO-
PIOBAHHSA BEH Y XKiHOK Y IIOCTMEHOIIAY3a/IbHUH I1EPIOL.

Marepiagau Ta METOAH. Y NOCTIIPKEHH OYJIO 3aydeHO 117 KIHOK y HOCTMEHOITAY3i, AKMX PO3NOJUIIA HA
JBi rpymit: rpymy | — 87 (74,4 %) kinok 3 X3B, rpymry II — 30 (25,6 %) skiHOK 6e3 03Hak X3B. V rpyri I Bugitmmm
JBi miarpymu 3a kmacoMm X3B BianosinHO 10 wracudikarii CEAP: IA — 45 (51,7 %) xiHok i3 X3B 1 Ta 2 xmacy
(xomnencosana XBH), IB — 42 (48,3 %) »kinku 3 ki1acom X3B 3,4 1a 5 (CyOKOMIIEHCOBAHA 460 IEKOMITIEHCOBAHA
XBH). JKupoBy Ta HEKHPOBY MACY BUMiPIOBAIM METO/IOM JJBOXCHEPIECTUYHOI PEHTTEHIBCbKOI 46COPOI1ioMETPil
3a gonomorolo Hologic (Discovery W1, CIIA, 2015). HagsHicTb CIT BU3HAYAIN 32 iHIEKCOM OLIIHKH CKEJIETHUX
M’s13iB AMM/3picT?, ic AMM — 11e cymMapHa arneHANKY/SIPHA M'SI30Ba MaCa Hir Ta pyK. CapKOIIeHIO liarHOCTY-
BaJIM TIPU 3HAYCHHI TTOKa3HUKA AMM /3picT? <6,0 kr/M? [liarHo3 CI1O yCTaHOBMIOBAIN B TAIieHTOK i3 CIT T2
ireKcoM Macu Tima > 25 kr/m>.
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PesynpraTu. CepeiHiit Bik jKiHOK CTaHOBUB (67,32+9,12) poky (46—86 POKIB), CCpEIHiit iHICKC MaCcH Tiia —
(29,1£6,0) kr/m? (18,4—50,1 kr/m?), AMM/3pict? — (6,72£0,864) kr/m? JKiHku rpymnu | Maiu MEHII 3HAYEH-
st AMM /3pict? ((6,63+0,72) Kkr/m?), HiK skiHku rpymu 11 ((6,97 +1,0) kr/m?, p=0,056). CapKOIICHis BUSBICHA
y 27 (23,1 %) xinok, CIIO — y 17 (14,5 %). He 6y70 CTATUCTUYHO 3HAYYIIOI Pi3HUII MK I'PyIaMHU KiHOK 32
gacrororo CIL B rpymi I CIT manu 5 (16,7 %) iHoK, y rpymi Il — 22 (25,3 %), (p=0,334). Yactka xBopux i3 CI1O
B Ipymi I 6y/1a CTaTUCTUYHO 3HAYYIIO OLIBIIOI0 TOPIBHAHO i3 Tpynoro II — 18,4 Ta 3,3 % (p=0,044). BingznayeHo
30ibIIeHHA YaCcTKU »kiHOK i3 CIT i CITO 3i 36inbmennam TsekkocTi XBH: CIT 6yna y 8 (17,8 %) nariieHToK y mif-
rpymi 1A Ta B 14 (33,3 %) y nigrpyi IB (p=0,095), CI1O — y 4 (8,94 %) Ta 12 (28,6 %) Bimnosinto (p=0,018).
BucHoBKH. JKinku B MeHonaysi 3 X3B wacrime mamm CITO — (18,4 %) nmopiBHAHO 3 mMarjieHTKamu 6e3 X3B
(3,3 %, p=0,044). >Kinku B Menonaysi 3 XBH B cTaii CcyOKOMITEHCALii Ta AEKOMIIEHC ALl YACTIIIE CTPAKIAIN HA
CITO (12 (28,6 %)), HiX *KiHKH 3 KOMITEHCOBaHOIO XBH (4 (8,94 %, p=0,018, BiHOIIEHHS MIaHCiB — 6,54, 95 %
Josipunii intepsan — 0,83—51,58. JKinku B Mmenonaysi 3 X3B uacrime xsopim Ha CIT i Manu OUIbITy 4acTOTy
CYOKOMITEHCOBAHOI T4 JEKOMIIEHCOBAHOI XBH noOpiBHAHO i3 »kinkaMmu 6e3 Cl1, ase pisHuig 6yna CTaTUCTUYHO
HE3HAYYIIOH.

K1r090Bi C/10Ba: JKiHKU ITiCIs MEHOIIAY3W, XPOHIYHI 3aXBOPIOBAHHS BEH, XPOHIYHA BEHO3HA HEOCTATHICTD,
CAPKOIIEHIA, CAPKOIIEHIYHE OKUPIHHA.
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Chronic non-healing wounds (CNHW) are very common and often incorrectly treated, the morbidity and associated
costs of chronic wounds management highlight the need to implement wound prevention and treatment concepts.

OBJECTIVE — to evaluate the possibility of different metal nanooxide polymer nanofilms use for CNHW” local
treatment.

MATERIALS AND METHODS. The study design is based on evaluation of various types of dressing materials consid-
ering their option for use in CNHW local treatment. Samples of biodegradable polymer films (with an optimal
composition of gelatin, polyvinyl alcohol, lactic acid, glycerin and distilled water) saturated with nanoparticles
of several oxides with expected antibacterial and pro-regenerative feature — nZnO, nMgO in concentrations
of 1%, 5%, and 10 % were used in the study of antimicrobial action and substance release profiling. Quarterly
ammonium antiseptic decamethoxin 0.02 % was used for control.

REesuLrs. Obtained data shows that polymer based biodegradable films incorporating optimal component com-
position (gelatin, polyvinyl alcohol, lactic acid and glycerin) enriched with 5% and 10 % zinc nanooxide have
potent antimicrobial activity against both gram-positive and gram-negative microorganisms, the most common
causative agents of CNHW’s. The ion release capacity analysis showed that the Zinc impregnated wound-healing
biodegradable polymer film gradually releases the active substance in a time dependent manner, and the nano-
sized particles of nanoZinc oxide are released from the polymer composition faster than ordinary zinc oxide.

Concrusions. Complex natural biodegradable polymer based nanofilms are composite materials impregnated with
metal nanooxides showing high potential in local treatment of chronic non-healing wounds. Polymer film with 5 %
nanoZnO showed up to the 58 % higher antimicrobial activity, comparable or exceeding the one of quarterly ammo-
nium compound decamethoxin. Furthermore, nanoZnO impregnated polymer films compared to standard ZnO
impregnated polymer films showed up to 63.2 % faster substance release profile with rapid and more unified curve.
KEYWORDS

chronic wound, ulcer, treatment, metal nanooxide, polymer nanofilm, antimicrobial activity, biofilms.
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Chronic non-healing wounds (CNHW) are those
that do not progress through a normal, and timely se-
quence of repair, and one of the most common chronic
conditions today impacting lifestyle and health status
of millions worldwide [1]. They are very common and
often incorrectly treated, the morbidity and associat-
ed costs of chronic wounds management highlight the
need to implement wound prevention and treatment
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concepts [3]. The mainstay of CNHW treatment is
the TIME concept, which includes Tissue debride-
ment, Infection control, Moisture balance, and Edges
of the chronic wound [2, 9]. Following these common
approaches are addressed, treatment may be focused
on specific to the ulcer type features [7, 19].

More than 70 % of patients with diabetes mel-
litus (DM) suffer from various complications of
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diabetes, among which the most common is diabet-
ic foot syndrome or diabetic foot syndrome (DFS),
which is a complex of morpho-functional and
pathogenetic changes in the tissues of the lower ex-
tremities against the background of diabetic micro-
and macroangiopathy. neuropathy, osteoarthropa-
thy [11]. In the majority of patients with DFS,
CNHW of the foot and lower leg are registered,
which in almost half of the cases ends in forced
amputations [4, 10].

CNHW are commonly associated with metabol-
ic, regulatory and vascular conditions. In addition
to DFS, another important types of CNHW are ve-
nous, arterial and pressure ulcers, which are slightly
less common but similarly poses a great risk for the
respective patients in terms of morbidity, mortality
and various complications. High levels of disability
and mortality determine the medical and socio-eco-
nomic significance of the disease [12, 19].

According to the existing recommendations, the
general principles of treatment of patients with
CNHW [1, 3] include compensation and normal-
ization of metabolism, including carbohydrate and
lipid violations, correction and compensation of or-
gan dysfunctions, detoxification; rational systemic
and local etiotropic antibacterial therapy; elimina-
tion/correction of angio- and neuropathy, unload-
ing (immobilization) of a limb; reduction of oedema
and ischemia; timely necessary and adequate surgi-
cal intervention; local treatment of a chronic wound
(ulcers or other defects of covering and soft tissues),
vascular resuscitation. The role of local CNHW’s
treatment is preserved throughout decades as ma-
jority of these patients have multiple comorbidities
and high risk for development of complications,
making high-scale surgical interventions dangerous
and ineffective [2].

Hitherto, there are significant differences in the
interpretation of many aspects of the treatment
of patients with CNHW, especially regarding the
choice and phasing of surgical interventions, se-
lection of local therapies, debridement techniques
and selection of remedies. At the current stage, op-
posing views on surgical activity in CNHW have
been formed. On the one hand, the implementation
of radical interventions already at the beginning of
the development of purulent-necrotic processes,
which is justified by the expected inevitability of
further pathological changes progression, on the
other hand, the maximum limitation of interven-
tions, and selection of merely conservative ap-
proach, which is justified by the high risk of their
complications [1, 2, 7]. As a result, there is a high
risk of unjustified choice of methods and stages
of surgical treatment in patients with CNHW,

General Surgery 3azansuaxipypeis © 2024 ¢ Ne2 (9)

V.P. Polovyi et al.

especially in terms of selecting the local procedures
and measures [18].

The above determines the need to develop an in-
dividualized approach to local surgical treatment of
patients with CNHW.

OgjecTIVE — to evaluate the possibility of dif-
ferent metal nanooxide polymer nanofilms use for
CNHW’ local treatment.

Materials and methods

The study design is based on evaluation of various
types of dressing materials considering their option
for use in CNHW local treatment and was fully
compliant with acting national and international
legislation in bioethics. Following the study, it may
act as a background for selecting the proper dressing
materiel for individualized treatment of CNHWs.

Samples of biodegradable polymer films (with an
optimal composition of gelatin, polyvinyl alcohol,
lactic acid, glycerin and distilled water) saturated
with nanoparticles of several oxides with expected
antibacterial and pro-regenerative feature — nZnO,
nMgO in concentrations of 1%, 5%, and 10 % were
used in the study of antimicrobial action. Quar-
terly ammonium antiseptic decamethoxin 0.02 %
samples (n=>5) were used for control. The study of
antimicrobial activity was carried out by standard
solid media disk diffuse method (by inoculating
the surface of an agar plate with bacteria isolated
from clinical material). The inhibition zone in mm
was calculated after 24 hrs. of cultivation in ther-
mostat at temperature 36 °C. Ninety clinical strains
of microorganisms that are most often isolated
in 98 patients’ wounds content: . aureus MSSA
(n=10), S. aureus MRSA (n=10), S. epidermidis
MSSE (n=10), S. haemolyticus MRSH (n=10),
S. pyogenes (n=10), E. coli (n=10), P. aeruginosa
(n=10), C. freundii (n=10), Candida spp. (n=10).
Five samples of each tested polymer films were used
for obtaining more statistically valid results.

Study of the substance release capacity of bio-
degradable polymer films (n=5, each type, respec-
tively) was performed spectrophotometrically or
using the colorimetric test system with a sensitivity
of 0.1—5mg/1[17].

The raw digital data obtained in the study was
processed by the variation statistics method in MS
Excel software. Student’s t-test was used to test
whether the difference between two groups is statis-
tically significant or not. The frequency characteris-
tics of the investigated indicators (n, %), the average
values (mean — M) of the variability estimates of
the quantitative indicators (mean square deviation)
and the average error (m) were calculated.
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Results and discussion

Testing the activity of polymer films saturated with
antibacterial agents against clinical strains of mi-
croorganisms showed that the highest antimicrobial
effect was observed in films impregnated with deca-
methoxin, as expected, taking into account its topi-
cal antimicrobial activity. The results of the study
(Fig. 1) indicate the size of microorganism’s sup-
pression using the 5% concentration of zinc nano-
oxide in a biodegradable film base. This type of film
has the widest spectrum of antimicrobial activity
and effectively suppressed the growth of all tested
strains of microorganisms, especially emphasizing
S. pyogenes, coagulase-negative cocci (including
the methicillin-resistant strain of S. haemolyticus),
as well as Candidae spp. The nano-sized zinc oxide
films showed their acceptable antimicrobial poten-
tial in relation to all tested taxonomic group of op-
portunistic microorganisms. However, tested films
with magnesium nanooxide introduced into the
polymer base showed no significant antimicrobial
activity (not shown in the diagram).

The overview of biofilm’s antimicrobial efficacy
is presented in the table. Zones of microorganisms’
growth inhibition (mm) under the influence of films
with zinc nanooxide to some extent increased in ra-
tio to its concentration.

The best antimicrobial effect against resistant
MSSE and MRSH was observed in 5% ZnO films.
Whereas, B-hemolytic S. pyogenes was found to be
the most sensitive of all ZnO film samples, especially
at concentrations of 1 % and 5 %. Regarding polyresis-
tant P. aeruginosa, all studied nanofilms showed minor
but only a bacteriostatic influence. The antimicrobial

S. aureus MRSA

S. aureus MSSA

E. coli

Candida spp.

C. freundii

S. hemolyticus

S. epidermidis M SSE
S. pyogenes ‘ : : : : |

0 5 10 15 20 25

Retention zone, mm

Figure 1. Efficacy of 5% ZnO antimicrobial action
against most common CNHW pathogens.
Data shows respective growth retention zone’s sizes

activity of the 5% and 10 % ZnO nanofilms was com-
parable to decamethoxin. A 5% ZnO impregnated
nanofilm showed top activity against E. coli, whilst
two times weaker antimicrobial effect was observed in
films impregnated with 10 % magnesium nanooxide.
Obtained data shows that polymer based biode-
gradable films incorporating selected component
composition (gelatin, polyvinyl alcohol, lactic acid
and glycerin) enriched with 5% and 10 % zinc na-
nooxide have potent antimicrobial activity against
both gram-positive and gram-negative microorgan-
isms, the most common causative agents of CNHW’s.
Expectedly, based on the literature data [4] the
speed of Zn?" ions release from the films significant-
ly increased when using its nanoform. Only dur-
ing first 5—15 minutes of test standard ZnO film
showed comparable release of ions. The most re-
markable difference between samples was observed
during 30— 1140 minutes of exposure (Fig. 2).

Table. Comparison of antimicrobial action of tested biofilms

Pathogen DKT 1% ZnO 5% Zn0O 10 % ZnO 1% MgO 5% MgO 10 % MgO
S.aureus MSSA  1429+021 978+0.17* 11.49+0.35% 11.98+033% 645+0.63*¢ 632+017¢¢ 6.01+0.31%
S.aureus MRSA 1365025 1147+0.84* 10.90+046* 10.53+0.18 - - -

S. epidermidis MSSE 13.87+1.10 1539+0.46* 17.90+0.77% 15.78=0.60% - - -
i‘d}l’{“sel’{”dym“s 15814077 617+0.37% 16.23+0.32% 1543+0.55¢ - - -

Str. pyogenes 2096+0.68 23.08+042* 2460+0.11% 1821+063%¢ - -

E. coli 892+047 888+027 1164+016* 940106 6.63+064%¢ 683+015% 7.01:+042%¢
P, aeruginosa [1020£036] - [9.46£0.18]  [9.83%0.20] - - -
Citrobacter freundii  4.82+0.67 14.33£0.79* 15.48+0.23* 11.00+0.43*& = = =
Candida 11604036 977+034 1213=089* 13.20=0.67% - - -

Note. DKT — decamethoxin (control). Values in square brackets mean presence of bacteriostatic effect only.
* The difference from the control (decamethoxin) is statistically significant (p <0.05).

#The difference compared to 1% ZnO film is statistically significant (p <0.05).

& The difference compared to 5% ZnO film is statistically significant (p <0.05).
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Figure 2. Time-dependent comparison of 5% ZnO
and 5% nanoZnO ions release from polymer films

The ion-release capacity analysis showed that
the Zinc impregnated wound-healing biodegradable
polymer film gradually releases the active substance
in a time dependent manner, and the nano-sized par-
ticles of nanoZinc oxide are released from the poly-
mer composition faster than ordinary zinc oxide.
This phenomenon may have both positive and nega-
tive interpretations as longer release may decrease
the number and frequency of dressings, alleviating
iatrogenic wound trauma, however, faster release of
ions let achieving of higher drug concentration and
better, and more reliable antimicrobial action.

Adequate management of chronic non-healing
wounds remains challenging both in terms of preva-
lence and complexity [10]. In recent decades, con-
siderable progress has been achieved in understand-
ing the background of wound healing, and creating
novel approaches for their treatment [1, 6].

Whereas explosive volumes of studies and re-
lated publications may be found, and the develop-
ments of hundreds of dressing and therapy options
became available, the issue is far from being solved.
Moreover, existing database sometimes cause con-
fusions due to different research approaches used in
different studies, making extrapolation and use of
data problematic [5].

The efficacy of the complex gelatin-containing
polymer films use as carriers of therapeutic agents
has been previously mentioned in literature [2,
4, 15]. Available sources [16] indicate that on the
basis of natural biodegradable polymers combined
with active substances the composite materials
with specified substance release properties can be
created [12, 21], and metal nanooxides are well re-
leased from the polymer carrier, which significantly
increases the effectiveness of CNHWSs’ local treat-
ment applying a smaller dose of drug [17, 18].

In this study we have confirmed well established
data concerning zinc containing [2, 13, 14, 20]
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polymer film efficacy. However, it remained unclear
whether different zinc concentrations could have
demonstrated significant variations in antimicro-
bial activity. Moreover, this is one of the first stud-
ies to introduce and explore nanoforms of polymer
films dedicated to CNHW treatment. Therefore, it
was shown that 5 % zinc as a nanoZnO is preferable
emphasizing its higher antimicrobial effect and ion-
releasing potential.

The limitations of the study include compara-
tively small dataset in terms of its size and in vitro
character of the methodical approach. Further clini-
cal studies of nanoZnO polymer films use may ac-
curately accomplish this study.

Conclusions

Complex natural biodegradable polymer based
nanofilms are composite materials impregnated
with metal nanooxides showing high potential in
local treatment of chronic non-healing wounds.
Polymer film with 5 % nanoZnO showed up to the
58 % higher antimicrobial activity, comparable or
exceeding the one of quarterly ammonium com-
pound decamethoxin. Furthermore, nanoZnO
impregnated polymer films compared to standard
ZnO impregnated polymer films showed up to
63.2 % faster substance release profile with rapid
and more unified curve.
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HOKIiHiYHA OIIiHKA iHAUBIYAJIbHOI'O HiAXOAY JO JIHIKYBAHHA
XPOHIYHUX TPUBAJIO HE3ATOIOBAHUX PAH
B.II. IToanoguii !, O. 5. Ionamok 2, P. 1. Cugopuyk !, I. B. Illeredontiok !, JI. I. Cugopuyk !

! ByKOBUHCHKMI fepkaBHUIT MeandHKil yHiBepenTeT, YepHiBIi
2 Ipano-DpanKiBCbKIMIA HALIOHAIBHUIT MEMYHUI YHIBEPCUTET

Xponiuni Hesarowsani panu (XHP) gyxe mommpeHi Ta 9aCTO HENPABWIBHO JIKYIOTBCHA, 3aXBOPIOBAHICTD
i NOB’s13aHi 3 IIYM BUTPATH HA JIIKYBAHHS XPOHIYHUX PAaH IiZIKPECIIOIOTh HECOOXi/IHICTD BIIPOBA/PKEHHS KOHIICTI-
il IPOPUIAKTUKH Ta JIIKYBAHHS PAH.

Mera — OLIHUTH MOXJINBOCTI BUKOPHUCTAHHS PI3HHUX MICIIEBUX METOJUK i 3aCO6iB y JlikyBaHHI XHP.
Marepiagau Ta MEeTOAH. [I13a11H JOC/DKEHHA IT'PYHTYETBCS HA OLiHII Pi3HUX THIIB NIEPEBA3YBAIbHUX MATE-
piaiiB 3 ypaxyBaHHAM X MOXJIMBOCTi BUKOPUCTAHHSA IIPU MiCLIEBOMY JIiKyBaHHiI XHP. 3pasku 6i0pO3KIajHIX
HOJIiIMEPHUX IUIBOK (3 OIITUMAJIbHUM CKJIAIOM JKEJIATHUHY, IIOJBIiHIIOBOI'O CIIUPTY, MOJIOYHOI KUCIOTH, ITIiLIEPU-
HY T4 JUCTUIBOBAHOI BO/IN), HACUYEHUX HAHOYACTUHKAMU KJIBKOX OKCH/IiB 3 OUiKyBAHOIO aHTHOAKTEPiaIbHOIO
Ta IIPOPETEHEPATUBHOIO BIACTUBICTIO — NZnO, NMgO y KOHLIEHTPaLifax 1 %, 5 % Ta 10 %, 6y/11 BAKOPHUCTAHI /I
BUBUYEHHA aHTUMIKPOOHOI Aii Ta TPOMIIIO BUBLIBHEHHA JiI0Y01 PEYOBUHU. /|11 KOHTPOIIO BUKOPHUCTOBYBAIN
YETBEPTUHHO AMOHIEBUI AHTUCETITHK JIeKaMeTOKCHH 0,02 %.

PesyapraTn. OTpHUMaHi JJaHi CBi4aTh, IO GIOPO3KIAAHI IJIIBKH HA MTOJIIMEPHIN OCHOBI 3 ONTUMAaJIbHUM KOM-
IMOHEHTHUM CKJIAIOM (PKEJIATUH, MOJIBIHIIOBUNA CIIUPT, MOJIOYHA KUCJIOTA T4 ITHLEPHH), 36aradeHi 5 % Ta 10 %
HAaHOOKCHU/IOM IIMHKY, JEMOHCTPYIOTb TTOTYKHY aHTUMIKPOOHY JiIO SIK IIOJ0 I'PAMIIO3UTUBHUX, TAK i IpaMHe-
FATUBHUX MIKPOOPIraHi3MiB, HAMOUIBII OMUPEHUX 30yHHKIB XHP. AHaIi3 34aTHOCTI 1O BHUBUIBHEHHS iOHIB
ITOKA34B, 110 POCOYEHA [MHKOM PAaHO3arOI0BAIbHA 6i0PO3KIAHA MOMIMEPHA TUIBKA TTOCTYIIOBO BUBLIBHSAE
AKTUBHY PEYOBUHY 3AJIEKHO BiJ] 4aCy, 4 HAHOPO3MiPHI YaCTUHKN HAHOOKCHY LIMHKY BHBUIbHAIOTBCA 3 I1OJIi-
MEPHOI KOMITO3UILii IITBU/IIIE, HiXK 3BUYANHNI OKCHUJL, [TUHKY.

BucHOBKH. KOMIUICKCHI NpUpOHi GIOpO3KIaAaHi HAHOIUIIBKM HA4 OCHOBIi IOJIMEPIB — I1€ KOMITO3UIIiFHI
MAaTEPian, IMPOCOYEHI HAHOOKCHU/IAMH METAJIIB, AKi MAIOTh BUCOKUI MOTEHILIAJI U1 MiCIIEBOTO JIIKYBAHHS XPO-
HIYHUX PaH, IO HE 3aroI0I0ThCs. [ToniMepHa IiiBKa 3 5 % HaHOZNO MOKA3a/1a HAUBUIIY aHTUMIKPOOHY AKTUB-
HICTB, TOPIiBHAHHY 400 TAKY, IO MNEPEBUIIYE YETBEPTUHHO AMOHIEBY CIIONIYKY — JIEKAMETOKCHUH. Kpim TOTO,
HOJIIMEPHI IJIiBKY, TPOCOYEH] HAHOZNO, NOPIBHAHO 3i CTAHJIAPTHUMH HOJIIMEPHUMU IUTiIBKAMU, TPOCOYEHUMU
ZnO, TOKA3aJI1 KPAIMI TPO(LIb BUBUIbBHEHHS PEYOBUHM 3 MIBUJIIIOIO TA GLIBII YHi(PIKOBAHOIO KPHUBOIO.
KIro49oBi ¢;10Ba: XPOHiYHA PaHa, BUPA3KA, JIKYBAHHS, HAHOOKCH/]T METAJTY, IOJiIMEPHA HAHOIUIIBKA, AaHTHMIiK-
POOHA AKTUBHICTD, 6iOTUTiBKA.
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The internal hernia is a typical complication after laparoscopic Roux-en-Y gastric bypass surgery. In most cases,
there are chronic symptoms that only lead to a diagnostic laparoscopy during the diagnostic exclusion proce-
dure. Less common is acute internal hernia with devastating pain, ileus symptoms and even the development of
intestinal gangrene. Although this case describes a typical constellation, it posed a particular challenge because it
resulted in mesenteric lemniscate-like torsion through the Petersen pouch.

CASE PRESENTATION. A 29-year-old patient presented to our emergency department with abdominal pain, com-
plained of sudden epigastric pain that lasted overnight, and radiated into the back with a permanent belching
every 10 seconds. Four weeks ago, the patient received an abdominoplasty, complaining of postprandial nausea,
meterorism and constipation afterwards. 19 months ago, a Roux-en-Y gastric bypass with a weight of 109 kg and
a body mass index of 42.6 kg/m? was done. The current body weight was 60 kg and the body mass index was
234 kg/m?. After focused assessment with sonography for trauma and the detection of dilated intestinal loops,
an abdominal computer tomography (CT) was performed. Radiologically, the suspicion of mesenteric malrota-
tion was confirmed. The SWELL (CT-graphic swirl sign, excess weight loss > 95 %, liquid in abdomen CT scan)
score was positive with a CT-graphic swirl sign and an excess weight loss of 108.9 % (> 95 %), no chylus or ascites.
We discussed an immediate, necessary diagnostic laparoscopy. Based on the ileocoecalpol, it was not possible to
establish a proper assignment of the detached gastrointestinal tract. The exploration of the sigmoid colon as the
only fixed point revealed that this was a complete fixed twisting of the right intestinal part with a twist of the
caecum into the right upper abdomen through the Petersen space. This necessitated a laparotomy to manually
cancel Bernoulli’s lemniscate-like loop and perform a mesenteric defect suture of the mesenteric space of Brolin
and the Petersen space with a non-absorbable suture. The intestinal loops and patient recovered quickly. The
dismission was on the 4th post-operative day.

Concrusions. The internal hernia after gastric bypass remains a diagnostic challenge despite advances in imag-
ing. Due to the increasing number of patients undergoing bariatric surgery, this differential diagnosis must always
be considered in the case of abdominal complaints. In addition to the excess weight loss of >95 %, this case
shows that a recent abdominoplasty can also provoke an internal hernia.

KEYWORDS

internal hernia, Roux-en-Y gastric bypass, adipositas, bariatric surgery, mesenteric defect, mesenterial closure,
Petersen pouch, Brolin pouch, coecum mobile, Lemniscate, Bernoulli.
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The proximal Roux-en-Y gastric bypass was
first performed in 1966 by Edward E. Mason and
Chikashi Ito, inspired by weight loss after gastrec-
tomies [28]. Over the years, this process has been
modified. One change that formed the basis for the
procedure carried out today was the modification
in 1991, according to Wittgrove and Clark [44]. He
postulated the laparoscopic implementation and
formation of a small gastric pouch. Nowadays, there
are various techniques and variants that affect the
essential components of this procedure and the rate
of development of an internal hernia [19]. In eighth
registry report of 2023 of International Federation
for the Surgery of Obesity and Metabolic Disorders
(IFSO), with 24 participating countries and a total
of 480,970 bariatric registered procedures, Roux-
en-Y surgery for obesity continues to account for
30 % of all bariatric surgeries performed worldwide,
making it the second most common procedure af-
ter sleeve gastrectomy [21]. As a rule, an antecolic
alimentary and a biliopancreatic loop are formed,
which pass into the common channel via a foot-
point anastomosis [42].

The internal hernia is defined by a passage from
an intestinal loop through a hernia gap or space, the
so-called Petersen space formed by the antecolic
alimentary loop and transverse colon and mesen-
teric Brolin space by jejunojejunostomy [22, 34]. It
continues to be a typical early and long-term com-
plication after laparoscopic Roux-en-Y gastric by-
pass surgery. A recent multicenter study from 2023,
which evaluated data from 46,918 patients from
2005 to 2015 from the New York SPARCS (State-
wide Planning and Research Cooperative System)
database, was able to determine a cumulative inter-
nal hernia rate of 4.8 % within 3 years. The cumula-
tive rate at the end of the thirteenth year was 12 %.
In the end, however, a declining incidence could
also be found in the course of the last few years of
the study [11]. A large Norwegian cohort study was
able to work out a rate of 11 % within 5 years [1]. If
there is a preoperative history of smoking, the haz-
ard ratio of 2.3 is significantly higher than for non-
smokers [6].

The clinical symptoms of an internal hernia can
vary greatly [9, 42]. Asymptomatic, intermittent,
and chronic subacute symptoms make diagnosis
and suspected diagnosis even more difficult.

In most cases, there are chronic symptoms that
only ultimately lead to a diagnostic laparoscopy in
the diagnostic exclusion procedure. Here, postpran-
dial symptoms and colicky pain often occur early.
These move into the left upper abdomen and can
then also be accompanied by regurgitation and vom-
iting, usually clear fluid [23]. It is not uncommon for
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patients to report that, depending on their position
in the lying position, the symptoms are decreasing.
In many cases, these are transient and can progress
to an acute stage with sometimes devastating pain,
with the manifestation of ileus symptoms up to the
development of intestinal gangrene and peritonitis.

There are various attempts to classify the inter-
nal hernia. They are based on the time of the first
operation, early or late onset of the symptoms and
time of consecutive surgery, extent of the obstruc-
tion, anatomical pathways through the mesenteric
defects and affected loops alimentary, biliopancre-
atic and common channel in the sense of the ABC
classification (A — alimentary, B — biliopancreatic,
C — common channel) [7, 13, 18, 29]

Computed tomography has a sensitivity of
63—92 % and is therefore the most important imag-
ing diagnosis [2, 45]

The so-called mesenteric swirl is the most spe-
cific sign and is easy to see when quickly scrolling
the individual axial but also not negligible sagittal
computer tomography (CT) images [20, 27].

If both the swirl sign and the so-called mushroom
sign occur [38], which is created by a mushroom-
shaped configuration through hernated small intes-
tine loops with pneumatic stool contents, the sensi-
tivity and specificity can be slightly increased [27].
Chylous ascites, enlarged mesenteric lymph nodes,
mesenteric edema and venous congestion with the
development of splenomegaly can be indirect signs
of chronic recurrent torsion with twisting and ob-
struction of the mesenteric vessels [4]. Other signs
may include the hurricane eye sign, the small bowel
behind the superior mesenteric artery, and right-
sided anastomosis [10].

However, if acute ileus signs or small intestinal
obstruction are missing, diagnosis by CT is more
difficult and does not seem to be suitable for the
clarification of intermittent complaints or internal
hernias, so only an exclusion laparoscopy is useful
in order to avoid fatal complications [20]. Valid
predictive scores for an internal hernia result from
a CT-graphic swirl sign (SWirl), excess weight
loss >95 %, and detection of ascites (free Liquid),
the so-called SWELL (SWirl, excess weight loss
>95 %, liquid in abdomen CT scan) score [15]. In
consideration of 5 further clinical signs — the U- or
C-shaped loop, beak sign, and fat notch sign — and
two clinical signs of neutrophilia and abdominal
tenderness, the rate of negative laparoscopies can be
significantly reduced and the need for laparoscopy
is given [15, 26].

The surgical treatment of the internal hernia
continues to be a challenge and is associated with
considerable risks [3, 30]. In-hospital treatment
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pathways and surgical standards help avoid typical
pitfalls [23]. In our clinic, an anti-Trendelenburg
position is performed with spread legs for the sur-
geon and a slightly retracted upper body with legs
bent in the beach chair position. If an internal her-
nia is suspected, both arms are attached in order
to explore the small intestinal loops starting from
the ileocoecal pole. In our clinic, the capnoperito-
neum is created through the Veress needle via Palm-
ers Point. This is because massive weight loss with
melted visceral fat and a condition after an abdomi-
noplasty are not uncommon. Then a 12 mm trocar
is placed in the left upper abdomen for instrument
change and tobacco pouch suture with a camera-
guided atraumatic optic trocar. Another 10 mm tro-
car is placed in the middle abdomen supraumbili-
cally, and a 5 mm trocar in the right upper abdomen
and left upper abdomen. The incision at Palmers
Point is used by another 5 mm trocar. These posi-
tions allow a change of position, confirmation of the
diagnosis, retorsion of the intestine and closure of
the mesenteric defects. For closure, a continuous
slowly absorbable suture is now used in our clinic.
Lesions of the small intestine during instrumental
exploration, fixed intestinal loops due to the hernia
gaps, contact vulnerability, lack of capnoperitone-
um possibility and reliable overview of dilated small
intestine loops make conversion necessary in some
cases [23, 29].

Case presentation

Patient information

A 29-year-old patient presented with devastating
abdominal pain in our emergency room. She com-
plained of sudden epigastric pain that lasted over-
night, radiated into the back and had been perma-
nent since the morning hours. It was noticeable
that the patient showed a permanent belching of
air every 10 seconds. She reported that she had had
problems with bowel movements since an abdomi-
noplasty a month ago and repeatedly suffered from
severe meteorism and belching, especially postpran-
dial. In the surgical history, there was a condition
after laparoscopic proximal Roux-en-Y gastric by-
pass surgery with an initial weight of 109 kg, which
corresponded to a body mass index (BMI) of 42.6
kg/m? with a height of 160 cm. At that time, the pa-
tient already had arterial hypertension, urinary in-
continence and hirsutism as obesity-associated co-
morbidities. During the last pregnancy, the patient
developed insulin-dependent gestational diabetes.
The primary surgery was performed 19 months ago
as a laparoscopic placement of a proximal gastric
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bypass according to Roux-en-Y with a 100 cm ali-
mentary channel and 100 cm biliodigestive channel,
an antecolic antegastric with a 60 mm side-to-side
jejunojejunostomy and a 30 mm linear gastrojeju-
nostomy stapleranastomosis. A suture for mesenter-
ic defects was not used as the clinic’s own standard.

The adminoplasty 4 weeks ago was performed at
a weight of 60 kg and a BMI of 23.4 kg/m? The
weight loss was 45 % and the excess weight loss was
108.9 %.

Physical examination

The abdomen was peritonitically tense in the clini-
cal examination and could hardly be examined.
Under parenteral Novalgin and Dipidolor infusion,
asoft lower abdomen was now present, but still peri-
tonitically tense upper abdomen. Auscultatory, no
peristalsis or elevated bowel sounds could be heard.

Diagnostic

The focused assessment with sonography for trauma
showed partially dilated intestinal loops. Laboratory-
chemically, no leukocytosis, no C-reactiv protein and
lactatdehydrogenase elevation were shown, the creat-
inkinase and electrolytes were normal. Thrombocyto-
sis with 392 platelets/nl (normal value: 140—360/nl),
a slight glutamat-pyruvat-transaminase/alanin-ami-
notranferase increase of 38 U/L (norm 10—35 U/L)
and a lipase increase of 77 U/L (norm <60 U/L)
were conspicuous, the cholestasis parameters, renal
retention parameters and coagulation were within
the normal range. An abdominal CT was performed if
an internal hernia was suspected.

Radiologically, the suspicion of a mesenteric mal-
rotation with venous outflow disorder in the sense of
avolvulus was confirmed (Fig. 1—3). In previous gas-
tric bypass surgery, an internal hernia was considered
a differential diagnosis without evidence of a hol-
low organ perforation. A swirl sign and a beak sign
were depicted. Ascites as the third parameter of the
SWELL score could not be documented. A massive
edematous mesenteric root with congested vessels
filling the entire ventrodorsal space of the abdomen
was striking.

Therapy

We discussed an immediate, necessary diagnostic
laparoscopy. Intraoperatively, the finding of an in-
ternal hernia was confirmed (Fig. 4, 5). The intes-
tinal loops were extremely vulnerable to contact,
the mesentery was edematously bloated with par-
tial fibrinous sweating, and the venous vessels were
congested. Portions of the alimentary channel were
already purple in color. As a rule, exploration of
the small intestine in internal hernia is carried out
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Figure 1. Abdominal computer tomography.

The arrows mark the left transverse colon, which
tapers behind the mesenteric root (distended
colon = head, narrowed colon =beak of the bird),
the asterisk marks the torqued coecum mobile in
the right upper abdomen

Figure 2. The arrows mark the massively edematous
torqueted mesenteric root, which occupies
the entire abdominal space

from the ileocoecalpole, but here an unusual picture
emerged. The appendix was on the «wrong» side fac-
ing away and the coecum was relatively high in the
right upper abdomen. The exploration of the typi-
cal gaps was impossible due to the massive swelling
and fixed parts of the intestine that could not be
repositioned. Only an exploration of the sigmoid
colon revealed that this was a complete twisting of
the common channel, ileococal area with attached
right hemicolon and middle transverse through the
Petersen space, as the left transverse colon suddenly
dived towards Treitz and no longer continued to-
wards the liver. The right hemicolon seemed to em-
brace the alimentary channel, which also passed pro-
portionately through the mesenteric defect. It gave
the impression that someone took the ileocaecal pole
with the common channel, guided it through the Pe-
tersen pouch, took parts of the alimentary channel
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Figure 3. Swirl sign and congested mesenteric
vessels. The arrows indicate the mesenteric twist,
when scrolling through the CT images, the swirl
sign becomes clearer

Figure 4. The forceps mark the ischemic livid
twisted alimentary loop, the arrows mark
the submersible left transverse colon behind
the mesenteric root with the formation

of the typical beak sign

Figure 5. The asterisk marks the mesenteric edema,
the arrows mark the mesocolic lemniscate-like
twist through the Petersen gap with narrowing

of the «natural> passage of the left hemicolon
retrograde of the alimentary loop, which is enclosed
by the right hemicolon and common channel
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with it and put it over the right flexure in front of the
mesentery of the transverse colon and right hemico-
lon, so that the coecum came to rest in the right up-
per abdomen in a correspondingly twisted manner.
This necessitated a laparotomy to manually cancel
the lemniscate-like loop and perform a closure of the
mesenteric defect of Brolin and the Petersen pouch
with a non-absorbable tobacco pouch suture. The
intestinal loops recovered quickly. The postopera-
tive course was without complications. The patient
was able to leave the clinic on the 4th post-operative
day with a proper diet build-up and well-being.

Discussion

The caecum mobile refers to a fixation anomaly
with a misalignment of the coecum. The normal po-
sition of the caecum is the result of rotation, mesen-
teric fixation, and descensus due to growth in early
childhood. In the absence of growth, the cecal pole
can be located in a cranial direction, both ventrally
or dorsally, as well as medially or laterally. If longer
sections are insufficiently retroperitoneally fixed,
a coecum mobile or an ascending mobile colon de-
velops, which can ultimately lead to volvulus.

The term «volvulus» comes from the Latin volv-
ere, which means «to turn». This condition has been
described for thousands of years, as have rudimen-
tary therapies. The first written documentation and
therapy recommendation of the volvulus with the
full picture of the acute abdomen was discovered in
the Ebers Papyrus, an almost 19-metre-long, over
3600-year-old papyrus scroll from the 16th century
BC, which the egyptologist Georg Ebers acquired
in Luxor in 1873 and brought to Leipzig. It is the
only completely surviving medical manuscript of
antiquity (Eb 296 (52, 1—51, 7)) and describes the
suffering of a patient with an intestinal obstruction
caused by a worm-like twisting of the intestine [37].

The incidence of colonic volvulus varies consider-
ably around the world. In Western Europe and the
USA, only about 5 % or less suffer from it. In the so-
called «volvulus belt> (Middle East, Africa, the In-
dian subcontinent, Turkey, and South America), vol-
vulus is the cause of intestinal obstruction in up to
75 % of cases [12, 16, 32]. Coecum mobile is usually
asymptomatic and is described in autopsies in 11 %
of cases [35, 41]. The occurrence of a mobile colon,
including the transverse, is much rarer. Coecumvol-
vulus is responsible for about 1.0—1.5% of intesti-
nal obstructions and about 10—40 % of all colonic
volvulus cases and thus occurs significantly less than
sigmoid volvulus [33]. The coecum volvulus can be
divided into an axial ileocoelic volvulus (90 % of cas-
es) and an upturned coecum volvulus (10 % of cases,
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«cecal bascule»). In the case of the patient, there was
also a lack of suspension of the transverse colon. This
congenital anomaly is very rare and is similar to Chi-
laiditi syndrome [5, 31].

The therapy of the coecum mobile and colon as-
cendens was discussed in detail as early as 1908 [8,
43]. Numerous cases were reported by the German
surgeon Prof. Wilms, who worked at the University
Hospital Basel, and processed by means of radio-
grams [43]. Various methods up to a cirrharmonica-
like gathering with non-absorbable sutures of the
caecum and colon ascendens have been described
as early as the early 20th century [14]. A conserva-
tive treatment of volvulus was already described by
Hippocrates [5]. He recommended blowing air into
the intestine and inserting a 10-finger-long supposi-
tory. Endoscopic treatment is not expedient, as the
length of the colon and the closed abdominal wall
prevent the intestine from straightening. Thus, only
surgical therapy such as coecopexy, hemicolectomy,
coecostoma and colostomy can be considered. In the
present case, however, it was not the mobile hemi-
colon that was the cause of the disease, but rather
the Petersen pouch after proximal Roux-en-Y gas-
tric bypass. The question of whether or not to have
a primary mesenteric defect closure seems to have
been clarified in bariatric surgery. Many retrospec-
tive analyses and prospective registry data indicate
that the probability of developing an internal her-
nia in the course of life is so high that the respec-
tive authors recommend a defect closure of both the
mesenteric gap of the jejunojejunostomy, so-called
Brolin gap, and the gap between the raised alimen-
tary jejunal loop, Treitz’s ligament and transverse
colon, so-called Petersen pouch after laparoscopic
Roux-en-Y gastric bypass surgery. The assump-
tion is based on the analysis of retrospectively and
prospectively evaluated patient data sets [25, 40].
However, if one takes into account the complete sci-
entific evidence, this contrasts with a meta-analysis
from 2020, which determines a low incidence but
documents an increased number of small bowel ob-
structions that cannot be attributed to an internal
hernia [17]. Two other prospectively randomized
studies found no difference between the primary
closure and non-closure groups in the three-year
and five-year follow-ups [36, 39]. Likewise, all stud-
ies show prolonged surgical time and a higher in-
stant postoperative complication rate due to the
mesenteric defect closure [24, 40].

So, the truth seems to lie in the middle. One study
finds smoking to be an independent factor in the de-
velopment of an internal hernia, while other stud-
ies suggest a higher incidence in pregnant women,
which can be explained by the change in the spatial
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conditions of the intestinal loops and growing uter-
us in the abdomen. Expert opinions recommend not
doing any sports or strenuous activities for three
months after surgery in order to avoid increased
abdominal pressure and thus the formation of an
internal hernia. Others recommend the regular cut-
ting of the omentum majus in order to use this as
a space seal.

Each centre should therefore go its own way.
A first step would be to avoid a Roux-en-Y gastric
bypass; a second step would be to check the surgi-
cal technique; and a third step would be to perform
defect closure in high-risk patients such as smokers
and young women who want to have children. The
fourth step would be the choice of suture material
and seam technique for the defect closure. A recom-
mendation as to which closure technique should
be chosen continuously — single button sutures,
tobacco pouch sutures, absorbable, non-absorbable
sutures, or clips — cannot be answered by the cur-
rent state of studies. In our case, we chose a non-
absorbable tobacco pouch suture to close the Pe-
tersen and Brolin gaps. A hernia recurrence has not
occurred so far.

Conclusions

The detection of an internal hernia continues to
be a challenge. It also helps to develop an internal
standard and recommendations for action in pa-
tients with abdominal complaints after proximal
Roux-en-Y gastric bypass. In diagnostic imaging,
CT examination continues to be the most sensitive
means of detecting an internal hernia. In this case, it
is advisable to discuss the images with the radiolo-
gists, point out the typical signs, and review them
retrospectively again after revision surgery.

Due to the formation of centers and sometimes
complex course of the internal hernia, it is not un-
common (40—52 %) for false negative findings to be
described in CT scans [3]. Therefore, the attending
surgeon should not hesitate to strive for a diagnos-
tic laparoscopy, according to the law of the Rhenish
saying «Isch hab’ da so ein Jefiihl> («I have such
a feeling»).
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BHyTpilTHA rprka 3 JIEMHICKATOIIOIIOHUM IEPEKPYTOM OPHIKi

iC/Id IIYHTYBAHHA IIUTYHKA 32 Py.
KiniHiyHHUI BUITA/IOK

C.R. D. Demtréder!, H. Agarius!, T. H. Le?, P. Kirchmeyer!,
D. Utz!, U. Giger-Pabst?, D. Dajchin!

! JTlikapust Cs. Maprina, Jioccensnopd, Himeuunna
2 Jlikapus Mapien, [Toccenbaopd, Hiveaunna

3 VuiBepcureT IpukIanuux Hayk, lroccenpnopd, Himeuanma

BHyTpimHs rproka € TUIIOBUM YCKIQTHEHHAM MiC/Is JIATAPOCKOIIYHOrO IIYHTYBAHHSA TUTYHKA 324 Py, ¥V 6i1bI110C-
Ti BUNIJIKIB € XPOHIYHI CUMITTOMH, SIKi € MiICTABOIO /I IPOBEJICHHS JIAIIAPOCKOIII JIMIIIE I 3AIIEPEUYCHHS
JliarHOo3y. Pimie TpamsieTscss rocTpa BHYTPIIIHA I'PIDKA i3 BUPA3HUM 6O0JILOBUM CUHIPOMOM, CUMIITOMAMU
KHIITKOBO{ HEITPOXiJHOCT] Ta HABiTb PO3BUTKOM I'AHI'PEHU KUIIEYHUKA. ONUCAHUN BUNA/IOK OYB OCOOIHUBUM
BUKJIMKOM, OCKLJIBKM NIPU3BIB JIO JIEMHICKATONOAIOHOIO (BiCIMKOIIO/IIOHOTO) EPEKPYTY OPIDKi KPi3hb MIPOCTIp
ITeTrepcena, Xoua nepeoir OyB TUIIOBUM.

Onuc KWIiHIYHOTO BUIAAKYy. [TarieHTKa, 29 pOKiB, NOCTYNH/IA Y BiIICHHS HEBIIK/IATHOT JOIIOMOI'H 3i CKap-
raMU{ HA PAIITOBUI 6iIb B €MIracTpii MPOTATOM HOUI 3 ippalialli€lo B CIIHUHY, IO CYIPOBOPKYBABCS PETYypriTarii-
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€10 KOxHi 10 ¢. YOTUPH THKHI TOMY MAIiEHTKA IIEPEHECIA A00MIHOIUIACTUKY. [TiC/Is1 OIEPATUBHOIO BTPYYAHHS
CKAPKWIACA Ha HYyJOTY IiC/IA BXUBAHHA DKi, METEOPU3M i 3a1opu. BigoMo, mo 19 Mic ToMy HaLieHTLi 3 MacOIO
Tina 109 Kr Ta iHAEKCOM Macu Tina 42,6 Kr/m? 6y/10 BUKOHAHO IIYHTYBAHHsI IIUTYHKA 32 Py, [ToTOYHA Maca Tima —
60 xr, iHgexc macu tima — 23,4 kr/m?. [icis nposeneHsst FAST-coHorpadii Ta BUSBICHHST PO3ITUPCHHS TICTCIb
KHUIIEYHUKA 6y/I0 BUKOHAHO KOMITIOTEPHY TOMOTIPadilo 4EPEBHOI TOPOKHUHU. PEHTTEHOIOT{YHO M TBEPIKE-
HO MiJO3Py MOAO0 ME3EHTEPiaIbHOL MambpoTarii. OniHka 3a mKano SWELL 6yna no3dutusHOIO 3 KT-03HaKOI0
3aBUXPEHHS, HAJIUIIKOBA BTPATA MACHU TTa cTaHOBHIA 1089% (> 95 %), 6€3 xinycy ¥ acuuty. IIpuiHATO
PillIEHHA IIPO HETAUHE IPOBEACHHA AiaIrHOCTUYHOI JIAIAPOCKOIIiL. Ha IifiCcTaBi U1eOeKaIbIIOCKOLT He BAAIOC
BCTAHOBUTH IIPABWIBHOI JIOKAII3Allil BiJpHUBY IMUIYHKOBO-KHIIKOBOI'O TPAKTY. JOCHPKEHHA CUIMONOAIOHOT
KHIIKA SIK €AMHOI (PIKCOBAHOI TOUKU ITOKA34JIO, IO 1€ OYB MOBHUI (DIKCOBAHUMI 3aBOPOT IPABOI YACTUHU
KHIIKY i3 33BOPOTOM CJLIIOI KMIIKU B IIPABY BEPXHIO YACTUHY *KHUBOTA KPi3b npoctip Ilerepcena. Lle 3ymoBuio
HEOOX{THICTb IPOBEJEHHS JTATIAPOTOMIT I PyYHOT'O YCYHEHHS JIEMHICKATONIOAIOHOI 11eTti bepHysuli Ta yiu-
BAHHA Je(EKTy OPIKI ME3EHTEPiAILHOIO IIPOCTOPY bposina Ta npocTtopy Ilerepcena MOBHUM MaTEPIAIOM,
IO HE PO3CMOKTYETBCA. [TallieHTKa MIBUKO BiTHOBU/IACA TA Oy/Ia BUMIHCAHA HA 4-Ty 100y MiCiIs onepartii.

BHCHOBKH. BHYTPIlIHA I'PHKA ITIC/IA IMIYHTYBAHHA IMUIYHKA € JiarHOCTUY

HOIO ITPOGIEMOIO MONPU JIOCATHEHHS B I'AJTy3i Bi3yani3aliiHUX METO/IB JiarHOCTUKH. Y 3B13KY 3i 30LIbIIEHHAM
KUJIBKOCT] MAIi€HTIB, AKi NOTPEOYIOTh OAPiaTPUYHOIO XipypriyHOrO JIKYBAHHSA, LIEH JUMEPEHITIMHNIN JiarHO3
3aBXK/IU CJIi/T YCTAHOBIIOBATH 32 HASIBHOCTI A6/JTOMiHAIBHUX CKapr. KpiM BTpaTH HA/TUIIKOBOI MACH Tina (> 95 %),
LEI BUIT/IOK ITOKA3YE, IO HEIOJABHE ITPOBEAECHHA A0JOMiHOILUIACTUKN TAKOXK MOYKE CIIPUYHMHHUTU BHYTPIIIIHIO
TDIDKY.

KiIxo49oBi c;10Ba: BHYTPIIIHA I'PUKA, HIYHTYBAHHS IIUIYHKA 32 Py, oxkupiHHsA, 6apiaTpyuyHa Xipypris, aedexr
OproKi, 3aKpUTTA OpYEKi, poctip Ilerepcena, npocrip bpoiina, coecum mobile, JleMHickaTa bepHyui.
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The patient underwent primary breast augmentation at a different clinic. Two years later, the implants were
replaced with larger breast implants (500 ml each). Three months after the procedure, inflammation of the right
and left mammary glands occurred, which led to the removal of both implants. The patient was 24 years old
when the surgery took place. She underwent a preoperative examination in accordance with the standards set by
the Ministry of Health of Ukraine. The patient came to us for breast augmentation, correction of mammary gland
contour imperfections, and management of postoperative scars. Round-shaped and moderate-profile implants
were selected. Implant parameters: width 13 cm, projection 4.4 cm, implant texture — microtexture, volume 400
ml. We placed the implants in the retropectoral space, and used the dual-plane method for cavity formation. The
surgical procedure lasted for a total of 140 minutes. The duration of the patient’s hospitalisation was one day. No
drains were used. The scars on the abdomen were also corrected and fixed in the projection of the inframam-
mary fold. No complications occurred in the postoperative period. The patient received antibiotic therapy and
took nonsteroidal anti-inflammatory drugs. Postoperative wound management was carried out. We prescribed
compression underwear for the patient to wear for two months after surgery.

Mammoplasty is a commonly performed procedure in plastic surgery. It aims to produce predictable and agreed-
upon aesthetic outcomes for the patient while maintaining a low rate of complications by adhering to modern
surgical standards. The patient experienced complications that led to a significant scarring process. The pec-
toralis major muscle had a significant deformity, and the tissue showed scarring. The lack of muscle elasticity
complicated the implant placement, leading to specific challenges throughout the operation. The occurence of
complications following mammoplasty invariably has a lasting impact on the capsule’s formation and increases
the risk of developing both early and late postoperative issues.

KEYWORDS
mammoplasty, breast augmentation, implant replacement.
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Breast augmentation surgery is one of the most
common surgeries, with 1,892,777 surgeries per-
formed worldwide in 2023. Two major aspects con-
tributed to this scenario: the large number of plas-
tic surgeons and the availability of various implant
manufacturers [19, 11].

Numerous studies have been conducted on the ad-
verse effects of silicone implants on breast tissue and
approaches to addressing these problems [11]. Various
indicators and methods can be used to select the ideal
implant in terms of design, shape, and volume, includ-
ing operative accesses, breast shape and contour, and
nipple-areolar complex (NAP) position [12, 14].

General Surgery 3azansuaxipypeis © 2024 ¢ Ne2 (9)

Infectious complications after augmentation
mammoplasty are rare, estimated to occur at a rate
of 2—3% [23].

About two-thirds of infectious complications
emerge in the early postoperative period, while oc-
casional cases of remote infectious complications
developing years or even decades after surgery have
been reported [25].

Infectious complications are more common after
breast reconstructive surgery with implants com-
pared to primary breast augmentation |3, 4, 21].

The major risk factors for infectious complica-
tions associated with breast implant placement
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have not been thoroughly evaluated in prospective
studies with long-term follow-up. The most signifi-
cant determining factors have been identified as the
surgical technique, the patient’s general condition
and the type of surgical intervention. Breast recon-
struction after mastectomy and radiation therapy
for breast cancer are particularly associated with an
increased risk of infectious complications [7, 20].

The cause of infection in women with implants is
difficult to determine, but potential sources include
a contaminated implant, contaminated saline, the
patient’s skin, or milk ducts, as described in many
studies where cultures were taken at the time of im-
plant placement [27].

Late infection usually results from secondary
bacteremia or an invasive procedure performed
elsewhere in the body. Diagnostic and treatment
strategies are provided and the importance of peri-
operative surgical prevention of remote infectious
complications is discussed. The modern hypothesis
about the possible role of normal microflora or sub-
clinical infection in the occurrence of capsular con-
tracture is also considered [9, 15—17, 24].

Anamnesis

Patient V., was born in 1999, was 24 years old at the
time of surgery, and weighed 63 kg. She underwent
primary augmentation mammoplasty in 2018 at the
age of 19. Alergan implants in a round shape with
a volume of 375 ml were placed.

Four years later (2023), the patient wanted to re-
place the implants with larger breast implants. She
felt pain, discomfort, and changes in the aesthetic
appearance of the mammary glands.

Figure 1. Deformation of mammary gland contours
after placement of 500 ml implants
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On March 30, 2023, she underwent placement of
Mentor implants in a round shape with a volume of
500 ml. Fig. 1 presents the deformation of the mam-
mary gland contours.

Three months after surgery, the patient reported
a seroma on the right side and partially on the left
side, along with pain and severe discomfort in the
mammary glands. She had an elevated body tempera-
ture, and her chest became hot to the touch. The clin-
ical signs progressed, and, in August 2023, a breast
implant replacement surgery was conducted. The
procedure included the removal of implants and the
insertion of drains. According to the patient, the in-
traoperative visualisation of an intramuscular hema-
toma in the pectoralis major muscle and an inflam-
matory process supported the surgeon’s decision.

Within two months after the operation, there
was an inflammatory process in the suture area, fol-
lowed by suppuration and long-term, considerable
discharge from the drains.

In November 2023, hypertrophied scars appeared
on the skin of the anterior abdominal wall, lower
than the inframammary fold.

In 2024, the patient contacted us to discuss the
possibility of correcting these complications. An op-
eration was planned and carried out to reconstruct
the pocket cavity for implants, increase the volume
of mammary glands, manage scars, and relocate
them to the projection of the inframammary fold.

At the preoperative examination and after agree-
ing on the desired volume of the mammary glands
with the patient, it was decided to place round-
shaped and moderate-profile breast implants. The
implants had a width of 13 cm, which was deter-
mined by anthropometric tests, a projection of
4.4 cm, and Mesmo microtexture implant coating
by Polytech Health and Aesthetics GmbH.

Before the operation, the patient had thickened
scars around the areolas, their contours were un-
clear, and they were 4 to 7 mm wide. The scars from
the previous surgical intervention were noted in the
area of the abdomen, receding (at the most distant
point) from the true inframammary fold by 5 cm to
the right and 4 c¢m to the left. They were atrophic,
measuring 4 to 8 mm wide, and tightly soldered to
the body.

The contour of the mammary glands was clear,
with a pronounced inframammary fold; the medial
part was narrowed and deformed. The cleavage area
at the level of the nipples was 8 cm, and at the level
of the inframammary fold, it was 11.5 cm, as seen
in Fig. 2A. When the pectoralis major muscles were
contracted, the deformation of the contours of the
mammary glands and their displacement laterally
were noted, as seen in Fig. 2B, where white arrows

General Surgery 3azansuaxipypein © 2024 ¢ Ne2 (9)
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Figure 2. The patient’s condition before the reconstruction: without contraction of the pectoralis major
muscles (A) with contraction of the pectoralis major muscles, which causes retraction and deformation

of the internal contour of the mammary glands (B)

mark the area of animation due to the pectoralis ma-
jor muscles being strained.

The operation was performed under general an-
esthesia using local anesthesia (physiological solu-
tion 200 ml + lidocaine 10 % 4 ml + Bupivacaine 20
ml). The surgical procedure lasted for a total of 140
minutes. The duration of the patient’s hospitalisa-
tion was one day. The preoperative marking of the
patient is shown in Fig. 3.

After hydropreparation, the scars located on the
anterior abdominal wall were excised. The dissec-
tion was conducted towards the inframammary
fold. A planar dissection was performed, carefully
selecting folds to ensure the proper contour of the
mammary glands in the future. Further dissection
was carried out in the retromammary space. The
hard scars from the previous surgical procedure
were dissected in the retromammary space up to
the level of the nipples.

The pronounced scar process posed technical dif-
ficulties during the isolation of the pectoralis major
muscle’s edge. The muscle exhibited scarring, had
a fibrous structure, and lacked elasticity. We formed
a cavity to place the breast implants in the retro-
pectoral space, then made vertical incisions in the
scarred muscle due to its unelastic caudal part. The
cavity was tamponed with Ceftriaxone antibiotic
solutions. On both sides, the dissection and breast
implant placement planes were symmetrical. On the
left side, within the retropectoral space, there were

General Surgery 3azansnaxipypein © 2024 ¢ Ne2 (9)

remaining fragments of the previous implant capsule
located in the central part of the retropectoral space.
The capsule had dimensions of 5x4 cm, no addi-
tional inclusions, and a thickness of approximately
2 mm. We successfully removed it. After removing
tamponing napkins, repeated hemostasis was per-
formed. In such cases, we wash the implant cavity

Figure 3. Preoperative marking of the patient
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with a solution of Tranexamic acid at a concentra-
tion of 100 mg/ml. We used a Keller Funnel 2 to in-
sert the implants in the prepared cavity.

No drains were used. The true inframammary
fold was fixed in the correct position. The inframa-
mmary fold’s fixation point was cranial to the lower
part of the incision, as shown in Fig. 4.

A decision was made to extend the incision in or-
der to align it with the inframammary fold in order
to excise excess skin in the medial and lateral parts

Figure 4. The position of the caudal part
of the postoperative scar in relation
to the inframammary fold

of the incision. The caudal part of the incision was
not extended to the level of the inframammary fold.
Instead, a dissection of the caudal part was carried
out in a plane deeper than the superficial fascia.
In the central part, the dissection was 10 cm long,
which was enough to reposition the caudal part of
the scar to the desired level of the inframammary
fold. Since the caudal part of the incision was 25 cm
and the cranial part of it measured 13 cm, the wound
was sutured by absorbable suture poleglactine 3-0.

The correction of the scars around the areolas
was not carried out due to a pronounced tension
in this area, which could cause the development of
non-cosmetic scars in the future. The patient was
prescribed compression underwear.

The surgery lasted for a total of 140 minutes. The
patient was hospitalised for a duration of one day
and thereafter discharged for outpatient treatment.
Prior to discharge, an ultrasound examination was
performed, which revealed the absence of any fluid
accumulation in the implant cavity.

In the future, examinations were conducted at
intervals of 3—4 days. Pronounced postoperative
swelling was noted for a period of 9—15 days. Im-
mediately after the operation, a photo fixation of
the obtained result was carried out. Fig. 5 shows the
patient in a lateral projection immediately after the
surgical procedure.

On the 5th day, up to 5 ml of fluid was detected
around the implant on the right side, along with
a localised hematoma measuring 4 ml in volume in
the medial part of the mammary gland on the right
side, namely in the retromammary space. Eight days
after conservative treatment, a repeated ultrasound

Figure 5. The patient’s condition immediately after the operation
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Figure 6. The patient’s condition on the 8th day after surgery

examination did not reveal any free fluid in the area
of surgical treatment. Fig. 6 shows the patient’s
condition on the 8th day after surgery.

The sutures were removed on the 14th day after
surgery. An ultrasound study was conducted after 14
days to assess for any abnormalities, but no pathol-
ogy was detected. The follow-up examination was
made one month later. The implants were positioned
symmetrically, and the neckline exhibited a sym-
metrical, clear contour without any deformities. The
shape of the mammary glands was symmetrical, cor-
rect, and non-deformed. The implants showed mini-
mal animation due to slight lateral displacement,

which did not cause any changes in the mammary
gland contour. The inframammary folds aligned
with the location of postoperative scars. There was
no skin deformation on the abdomen.

The main complication in the early postopera-
tive period was impaired skin sensitivity in the area
between the areola and the inframammary fold.
However, this condition improved and returned
to normal over a span of 2 months. The hematoma
in the retromammary space, with a volume of 4 ml,
cleared without complications and did not change
the contour. No further accumulation of fluid
around the implants occurred. No signs of purulent

Figure 7. The patient’s condition one month after surgery

General Surgery 3azansnaxipypeis © 2024 ¢ Ne2 (9)
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Figure 8. The patient’s condition three months after
surgery

inflammation were observed in the incision area
(0%). Fig.7 shows the patient’s condition one
month after surgery.

Three months after surgery, the patient reported
complete satisfaction with the outcome. The breasts
exhibited optimal symmetry, with the folds align-
ing with the position of the scars. The scars healed
without any signs of inflammation. Fig. 8 shows the
patient’s condition three months after surgery.

Discussion

Augmentation mammoplasty is one of the most
common cosmetic surgeries, and the most common
method of breast reconstruction after mastectomy is
tissue expansion followed by implant implantation.
Despite this, reoperation rates of up to 15% and
approximately 21 % for implant-based reconstruc-
tions have been documented. Therefore, strategies
to reduce early postoperative and long-term com-
plications are extremely important. In particular,
the important prevention of contamination and the
formation of further biofilms that cause the forma-
tion of capsular contracture are critically important
[8, 22, 26].

Certain methods are employed to prevent bac-
terial contamination of the implant and biofilm
formation. These include administering antibiotic
prophylactic doses, avoiding periareolar incisions,
selecting appropriate implant coverage, perform-
ing surgery in the double or subpectoral plane,
sealing nipple films, irrigating implant cavities
with a triple antibiotic solution, or PVP-I, and us-
ing plastic medical sleeves for implant placement
[1,2, 18,28, 29].
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Prior to any invasive percutaneous procedure, it
is standard practice to decontaminate the skin us-
ing antiseptics. While there is ongoing debate about
the most effective preoperative skin antiseptic to re-
duce the risk of surgical site infections (SSI), sur-
geons worldwide have traditionally used PVP-I as
the most commonly used antiseptic.

PVP-I, commonly known as «betadine», is a wa-
ter-soluble compound obtained from the combina-
tion of polyvinylpyrrolidone and molecular iodine.
PVP-I preparations, which are most often used in
surgery, are a scrub and an aqueous solution and are
one of the best methods of skin treatment during
aesthetic breast surgery, as proven by a number of
studies [5, 6].

Although strict adherence to rigorous aseptic and
antiseptic protocols is maintained, there is still a pos-
sibility of contamination of the implants or the cre-
ated cavity by S epidermidis located at the wound
edges during the placement of the implant [10].

Conclusions

Mammoplasty is one of the most common opera-
tions in plastic surgery. It aims to produce predict-
able and mutually agreed-upon aesthetic outcomes
with the patient. When performed in accordance
with established surgical standards, this procedure
has a low incidence of complications.

The operation requires adherence to stringent asep-
tic and antiseptic protocols. The presence of infectious
complications suggests a violation of these norms.

Correcting postoperative complications necessi-
tates a proficient and highly qualified surgical team
with superior technical skills. During the postopera-
tive period, it is extremely important for the patient
to follow all recommendations in order to minimise
the occurrence of any complications.
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KiriHiyHUI BUIT4JOK BTOPUHHOIL AyIMEHTALiTHOL
MAaMOIUIACTUKHU iC/I1 BUAATIEHHS IOIIEPEIHbOI'O iIMIUIAHTATY

O. IManuyk "' 2, €. Mouenp !, K. Tanbnepin

I Mennunnii nienrp «Jlikomens, Kuis

2 Haujonasbuuii Mmegmunuii yaisepcurer iM. O.0. Boromoanbisa, Kuis

[TarienTKa Oy/1a IIEPBUHHO IPOOINIEPOBAHA B iHININ KIiHil. By/lI0 IPOBEACHO NEPBUHHY AyTMEHTALIIFHY MAMO-
IUIACTHKY. Yepe3 2 pOKU IMIUIAHTATU 3aMiHWIN Ha OinbIIME 06’eM, BiH CkiIas 1o 500 mii. Yepes 3 Mic micist
3aMiHU IMIUIAHTATIB BUHHKIO 3aI1AJIEHHS [IPABOI T4 JIiBOI MOJIOYHOI 34JI03H, 1110 IIPU3BEIIO JI0 BUJAIEHHS 000X
iMrutanTarie. Ha MOMEHT Hamoi onepartii namieHTi 6y1o 24 poku. O6CTeXeHa B IepeionepaliiiHomMy nepi-
ofi 32 cragaapramyu MO3 Vkpainu. JJo HaC 3BEpHY/IACH 3 OLKAHHAM 30UIBIINTH OO’eM IPYACH, CKOPUTI'YBATU
JepopmMaliiro KOHTYPYy MOJIOYHUX 34103, BUIIPABUTH IiC/I0NEPallifiHi pyoLii. Byso nifgibpano Kpyriii iMIuIaHTy,
cepeHbO1 POoeKLii [TapaMeTpu iMIUIaHTATiB: IUPUHA 13 cM, IPOEKLiA 4.4 CM, TEKCTYpPA IMIUIAHTATY — MiKpPO-
TEKCTYpa, 00’eM 400 MJI. IMIUIAHTATH BCTAHOBJIIOBAINCSA B PETPOIIECKTOPAIBHUI MPOCTIP, 3ACTOCOBYBAIACS
TEXHIKa (POPMYBAHHS NOPOKHUHMU YIS IMIUIAHTIB 110 MeToay Dual-plane. Oniepaniis Tpusana 140 xs. [TanieHTRKa
rnepebysaia 'y CraiioHapi ogHy A00Y. IpeHaXi B HOPOKHUHY iMIUIAHTIB HE BCTAHOB/IIOBAINCS. OTHOYACHO OYJI0
IIPOBE/ICHO KOPEKILiIO PyOIiB Ha sKUBOTI Ta (PiKCaLlisl IX B IPOEKILIO iH(ppamaMMmapHOL ckiajku. [licisionepa-
LiMHUI NIEPiof] NPOXOAUB 6€3 YCKIAHEHD. [TalieHTKa OTPHUMYyBaId AHTUOIOTUKOTEPAITIIO TA IPUMAId HECTE-
POIHI NPOTU3AIIbHI TIpenapaTy. [IpOBOJINCS NEPEB’SI3KU HiC/IoIEpalifiHuX paH. KoMmnpeciriny 6i1m3ny
MAIiEHTKA HOCWIA 2 MIC TTiCJIA OTIE€PAartii.

MamOIIaCcThKa — O/iHA 3 HAUIIOIMMPEHIIINX OIEePaIliil B IVIACTUYHIN Xipypril, AKa Aa€ 3MOTYy JOCAITU IIePe/l-
6a4YyBAHMX i y3rOJUKEHUX 3 ITALIEHTOM €CTETUYHHX PE3Y/IBIATIB, 4 TAKOX IIPU JJOTPUMAHHI BCIX HOPM Cy4adCHOT'O
BHUKOHAHHs OIlepallii Ma€ HU3bKUM PiBEHb PO3BUTKY YCKIAJHEHD. YCKIAAHEHHS, 1110 BUHUK/IN Y HAI[IEHTKA T4
3YMOBWIA HEOOXIiIHICTh BUJAJIEHHA iMIUIAHTATIB, CHPUYUHWIN BUPLKEHUI PyOLIEBHI IIPOLIEC. BeTMKUM rpyz-
HUN M’s13 OyB 1e(POPMOBAHUI, TKAHHHA MOI'0 pyoLIeBO 3MiHEHA. 1le He 1aBaso oMy 3MOI'H PO3TAIYBATUCS JJIs1
BCTAHOBJIEHHA iMILIAHTATY, IJO CTBOPIOBAIO IIEBHI TPYAHOII HA onepariil. YCKIaJHEHHA, AKi BUHUKAIOTD ITiCJIsg
MAMOIUIACTHUKH, 3aBXK/IU MAIOTh BiJAJIEHUH BILUIUB HA (DOPMYBAHHs KAIICY/IN T4 Ii/IBUIYIOTh PU3HUK PO3BUTKY
PaHHIX Ta BiAJAIEHNX HiCIAONIEPALIMHNX YCKIAJHEHD.

Kirogo0Bi cJ;1oBa: MAMOIUTACTHKA, 30UTBITIEHHS MOJIOYHUX 34J103, 3AMiHA iIMIUTAHTATIB MOJIOYHHUX 347103,
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The review of foreign publications resulted in a generalisation of medical reports on the pathological changes of
the gastrointestinal tract in burn disease. Burn disease produces an immediate reaction in all organs and systems,
which are not always able to maintain homeostasis and frequently suffer pathophysiological and morphologi-
cal damage. One of those target systems is the gastrointestinal tract. Only in very rare cases do severe (mainly
electrical) burns cause direct injury to the abdominal cavity organs, thus resulting in a very severe clinical course
and high mortality. Patients of all ages who have experienced a burn injury have an increased overall risk of
developing gastrointestinal diseases, which include pathology of the esophagus, stomach, and intestines, as well
as lesions of the gallbladder, biliary tract, and pancreas. With a burn area of 40—95 %, 5.7 % of the victims were
diagnosed with pathology of the abdominal organs. Among them, 26.0 % had an abdominal catastrophe (infarc-
tion or perforation), 37.0 % had bleeding from the upper parts of the gastrointestinal tract, 32.0 % had paralytic
intestinal obstruction, and 5.0 % developed pancreatitis and acute necrotizing cholecystitis. Large burns are usu-
ally associated with a significant decrease in splanchnic perfusion. After severe burns, intestinal ischemia and
hypoxia disrupt the intestinal epithelial barrier and enteric bacterial translocation, leading to serious complica-
tions such as systemic inflammatory response syndrome, sepsis, and multiple organ failure. Peritonitis or gastro-
intestinal bleeding accounted for 88.2 % of deaths among patients with gastrointestinal dysfunction. In general,
gastrointestinal dysfunction was more common in patients with inhalation injuries, burn shock, large burn areas,

and high analgesic requirements.
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According to the results of statistical research by
the Institute for Health Metrics and Evaluation
(Washington), Ukraine has one of the highest rates
of burn mortality in the world (4.55 per 100 thou-
sand), second only to ten countries in the post-Sovi-
et area and the African continent, which emphasises
the relevance of combustiological research in the
country. Burn disease (BD) produces an immediate
reaction in all organs and systems, which are not al-
ways able to maintain homeostasis and frequently
suffer pathophysiological and morphological dam-
age. One of those target systems is the gastrointes-
tinal tract (GIT). [50, 54].

Only in very rare cases do severe (mainly elec-
trical) burns cause direct injury to the abdominal
cavity organs, thus resulting in a very severe clini-
cal course and high mortality [16]. Therefore, our
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review focused on the mediated damaging dynamic
effect of burn stress / shock and BD on the diges-
tive system in general and its specific components,
leading to the emergence of severe life-threatening
syndromes and conditions.

Burn patients of all ages who have experienced
a burn injury are at increased risk for gastrointesti-
nal disease, including:

esophageal, gastric, intestinal lesion;

noninfectious enteritis and colitis;

gallbladder, biliary tract, and pancreatic lesion.

The pediatric burn cohort had higher rates of hos-
pitalisation and length of hospital stay than patients
with abdominal pathology without burns [4, 50].

Stress ulcers are a well-known clinical phe-
nomenon with a variety of features, ranging
from asymptomatic superficial lesions and occult

75



O.V. Kravets et al.

gastrointestinal bleeding to overt clinically signifi-
cant blood loss. Disruption of the intestinal barrier,
where the mucosal glycoprotein is destroyed by in-
creased concentrations of refluxed bile salts or ure-
mic toxins, often leads to ulcer formation. Stress-
induced hyperproduction of gastric acid due to
increased secretion of gastrin is also likely [21, 24,
32]. Ulcers caused by burn stress / shock are mostly
seen in the acid-producing regions of the body and
the pyloric part of the stomach, but they can also be
located in the antrum and duodenum [24, 32, 56].
Burn shock leads to splanchnic hypoperfusion and
ischemia of the gastric mucosa, causing its atrophy,
reduced ability to neutralise hydrogen ions, and im-
paired healing [8, 38, 56]. Initially, it can manifest
itself in the form of erosive gastritis, starting with
asymptomatic superficial lesions [24, 32, 37].

J. Swan (1823) first demonstrated the relation-
ship between skin burns and damage to the GIT mu-
cous membrane [41]. T. B. Curling (1842) described
acute duodenal ulcers (which later became known
as Curling’s ulcers) in a group of burn patients [13,
42, 56]. Stress-induced gastritis can be called:

diffuse mucosal damage;

stress ulcer;

hemorrhagic gastritis;

erosive gastritis;

Curling’s ulcer;

Cushing ulcer.

What they have in common is the presence of
multiple surface erosions, beginning in the proximal
acid-secreting part of the stomach and spreading
distally. Cushing ulcers develop in BD as a result of
damage to the central nervous system. Morphologi-
cally, Cushing ulcers are single and deep, can affect
the esophagus, stomach or duodenum, emerge with-
in a few hours after the injury, and appear as wedge-
shaped hemorrhages on the mucous membrane with
superficial necrosis. If these erosions continue to
progress and spread to the submucosa, significant
life-threatening bleeding may result [9, 24, 32, 51].
Most cases of Curling’s ulcers in the current litera-
ture are secondary to severe thermal burns. There is
a known casuistic case of their formation as a result
of sunburn [21]. The risk of ulceration was higher
in patients with burn area over 20 % total body sur-
face area (TBSA) compared to patients with burn
area less than 20 % TBSA (odds ratio 4.31). In ad-
dition, the incidence of ulcers was higher in patients
with epigastric pain compared to patients without
this symptom (odds ratio 4.55) [24, 56]. In burn pa-
tients with TBSA no less than 70 %, the frequency
of Curling’s ulcer was 40 % [8]; the risk of their de-
velopment increased significantly under sepsis or
septic shock [24, 50].
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According to the diagnostic criteria for symp-
toms related to the gastrointestinal tract in BD, the
dysfunction of the digestive system is characterised
as follows [56]:

flatulence: intestinal noise decreases, and food
intolerance persists for more than 5 days;

stress ulcer: gastric fluid aspirated through
a gastric probe macroscopically has bloody impuri-
ties, and gastroendoscopically, the gastric mucosa is
affected by erosions and ulcers;

severe stress ulcer: blood loss exceeds 800 ml
within 24 h;

change in the intestinal microbiota: gram-neg-
ative E. coli are amplified, and the bacillus/coccus
ratio is greater than 10: 1;

suspected systemic infection is confirmed after
exclusion of the primary focus of the wound surface,
pulmonary infection, and catheter-related sepsis.

Although stress ulcers can lead to perforation, this
occurs with an incidence of less than 1 % [21, 24, 32].
Prevention of stress ulcers with the help of proton
pump blockers, histamine-2 (H2)-receptors and early
enteral nutrition has significantly reduced the inci-
dence of Curling’s ulcer and the frequency of its com-
plications in recent decades [8, 9, 15, 23, 38, 39, 56].

Abdominal compartment syndrome
In patients with large burns, there is a significant risk
of increased intra-abdominal pressure (IAP) in the
presence of thermal damage to the abdominal cavity
and capillary leak syndrome due to the systemic in-
flammatory response and aggressive fluid replacement
[31]. The abdominal cavity has a certain tolerance for
increased intraperitoneal volume without any marked
increase in IAP, the increase of which does not neces-
sarily cause abdominal compartment syndrome (ACS).
The higher the TAP and the more trigger factors, the
greater the risk of developing ACS [19, 53]. An increase
in TAP causes progressive hypoperfusion and ischemia
of the intestine and other peritoneal and retroperito-
neal structures. The effect of IAP is not limited to the
organs of the internal abdominal cavity but directly or
indirectly affects each of the organ systems (dysfunc-
tion of the pulmonary, cardiovascular, kidney, liver,
central nervous and gastrointestinal systems) [53].
ACS is a severe complication of BD with a mor-

tality rate of (40—100) %. The percentage of burns
on the total surface of the body is the main risk fac-
tor for the development of ACS:

the prevalence of intra-abdominal hyperten-
sion reached 53 % in burn patients with TBSA over
15 % [48];

ACS develops in every second patient with
TBSA over 20% in adults and with TBSA over
25 % in children;
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with TBSA over 60 %, ACS occurs always;
morbidity in adults is higher than in children
[7, 18,19, 22, 31, 48, 52, 53].

A recent systematic review demonstrated that
the infusion volume in particular was directly re-
sponsible for the development of ACS and was
associated with 97 % mortality with TBSA over
60 % [53]. The development of ACS in a burn pa-
tient undergoing infusion therapy is quite difficult
to identify [37]. Active fluid resuscitation in BD
causes capillary leak syndrome and exacerbates
splanchnic edema, which increases intestinal per-
meability, bacterial translocation, and elevated TAP.
In patients with burn shock, it is necessary to try
to quickly restore microcirculation using the mini-
mum amount of fluid. Liquid resuscitation is usu-
ally used for BD, according to the Parkland formula
4 ml/Percentage of the total body surface per 1 kg
within 24 h.

Due to diffusion and estimated compartment
volumes, it is assumed that approximately two-
thirds of the infused crystalloid solution enters the
interstitial space [22, 44].

Both insufficient and excessive amounts of in-
jected fluid lead to dysfunction of organs and tis-
sues and the development of multiple organ failure
syndrome (MOFS). An infusion volume of no less
than 250 mL/kg administered within the first 24h
is a major risk factor for ACS. In case of fluid over-
load, splanchnic edema increases the intraperito-
neal volume, and the abdominal wall is stretched to
such a degree that further stretching becomes im-
possible. Combined with a systemic inflammatory
response, this can lead to significant capillary leak-
age and diapedesis of fluid into the abdominal cav-
ity (edema and ascites). The elasticity of the tissues
of the abdominal wall decreases, which is associated
with circular burns of the abdomen or chest (den-
sity of the burn scab). As a result, the ability of the
abdomen to distend is limited, the critical point of
the TAP growth is reached with a smaller increase in
the intraperitoneal volume, and ACS can occur with
smaller infusion volumes [2, 7, 19, 22, 26, 28, 53].
ACS is characterised by organ failure as a result of
a long-term rise in IAP over 20 mm Hg |26, 29, 48].

The phenomenon of capillary leakage contributes to:

ischemia-reperfusion injury;

release of vasoactive substances;

interstitial edema;

activation of free radical oxidation.

Secondary intra-abdominal hypertension usually
develops within 48 h of a burn, and ACS usually oc-
curs with septicotoxemia. Patients with inhalation
poisoning from combustion products have an in-
creased risk of fluid sequestration [19, 31].
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With TBSA less than 20 %, the prevalence of
ACS is estimated at (4.1—17.0) %, with (65—75) %
of the patients having a further risk of developing
intraperitoneal hypertension without organ dys-
function [2, 19].

Elevated TAP leads to certain systemic distur-
bances [19, 22, 31]:

over-upward displacement of the diaphragm,
cardiac and pulmonary compression, decreased ve-
nous return, and subsequently hypoxemia, hyper-
capnia, atelectasis, and ventilation/perfusion mis-
match;

renal vasoconstriction, activating sympathet-
ic innervation and the renin-angiotensin system;
oliguria at an TAP over 15 mm Hg, and anuria at an
IAP of no less than 30 mm Hg; in burn patients, the
kidneys are particularly vulnerable to damage asso-
ciated with elevated IAP, and 69.9 % develop acute
kidney injury (AKI); the average period of devel-
opment of AKI is about 3 days; individual analysis
of the risk factors for AKI determined the relation-
ship between the IAP, the use of glycopeptides and
Vasopressors;

decreased perfusion of the intestinal mucosa
at an TAP of 10—20 mm Hg; disturbed blood flow
through the abdominal and superior mesenteric ar-
teries at an TAP of no less than 40 mm Hg;

compression of the mesenteric veins, impairing
drainage and aggravating ACS, ultimately leading
to further intestinal hypoperfusion, decreased intra-
mural pH, and worsening lactic acidosis. Released
inflammatory cytokines activate capillary perme-
ability, which increases edema and IAP. This is a vi-
cious cycle in which swelling leads to hypoperfusion
of tissues, which, in turn, increases their swelling.

Careful monitoring of the TAP is recommend-
ed for every burn patient receiving an infusion of
250 ml/kg or more [53]. It is advisable to measure
IAP every 2—4 h with TBSA at no less than 20 %
[19]. TAP can be measured using an intraperitoneal
catheter or indirectly by measuring pressure in the
rectum, stomach, inferior vena cava, or bladder. The
most acceptable and practical method is the regis-
tration of the TAP in the bladder. Physiological TAP
ranges from 5 to 7 mm Hg. High systemic arterial
pressure can maintain the perfusion of abdominal
organs even in conditions of elevated IAP. Deter-
mination of abdominal perfusion pressure (APP)
according to the formula

APP =mean arterial pressure (MAP) — TAP
is considered the best marker of perfusion of abdom-
inal organs. Patients with TAP less than 10 mm Hg
have no risk of developing ACS, while those with
IAP no less than 25 mm Hg mostly develop it, and
abdominal perfusion pressure less than 60 mm Hg
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is associated with higher mortality after initiation
of ACS [22, 53].

Clinicians should anticipate the risk of potential
intestinal ischemia under ACS with the complica-
tion of late intestinal obstruction and recognise
that the final pathological consequences of ischemic
damage may occur many months after the first epi-
sode of ACS [22]. The TBSA percentage is directly
correlated with ACS. The combination of:

AKI;

positive (daily and cumulative) fluid balance;

high TAP;

high extravascular lung fluid index (EVLWT);

low APP
indicates a negative prognosis [45].

ACS can be treated using fluid resuscitation with
continuous venous dialysis and ultrafiltration [17].
The current management of ACS consists of:

decompression laparotomy using temporary ab-

dominal closure techniques, including the Bo-
gota pouch;

skin closure over open fascia;

using Wittmann patch and vacuum techniques.

These methods are reliable, but temporary [28].
A circular burn of the abdominal area creates
a tourniquet effect, and an urgent decompression
escharotomy of the abdominal wall ensures a rapid
decrease in the TAP. This improves ventilation, he-
modynamic parameters, and oxygen exchange and
can reduce mortality and treatment times. If simple
escharotomy and decompression necrectomy do
not lead to a decrease in the IAP, laparotomy de-
compression is performed [39, 53]. Fascial closure
within 48 hours was associated with improved
survival compared with later fascial closure [36].
The survival rate of burn patients with ACS after
laparotomy is quite low (only 16 %). Better results
can be achieved by following the strategy of im-
mediate laparotomy and early fascial closure [36].
Although decompression laparotomy can save the
lives of many patients with ACS, this procedure is
associated with significant complications. Intes-
tinal-cutaneous or intestinal-atmospheric fistula
occurs in (2—45) % of patients after laparotomy
and open abdomen. These fistulas are quite dif-
ficult to repair, and in about 40 % of cases, they
can lead to electrolyte imbalance, hypotrophy,
and death [28].

Decrease in splanchnic perfusion

Large burns are usually associated with a significant
decrease in splanchnic perfusion. In animal model
studies, mesenteric blood flow typically decreases
shortly after burn injury by more than 50 % after
burn at TBSA equal 40 %. This is associated with
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an increase in the resistance of mesenteric vessels,
which is due to the action of [5]:
- vasoactive mediators:

1) angiotensin II;

2) vasopressin;

3) vasoactive intestinal polypeptide 4;

inflammatory mediators released from affected

tissues:

1) thromboxanes;

2) leukotrienes.

Burns lead to a significant decrease in blood flow
in the small intestine, which subsequently leads to
intestinal mucosal dysfunction and villus tip isch-
emia [23]. Patients with burns have a high risk of
developing ischemic enterocolitis (IE) in the im-
mediate post-burn period. If intestinal pneumato-
sis is identified radiographically, diagnostic efforts
should attempt to identify ischemia and necrosis,
as these cause high mortality. IE is a rare condition
characterised by gas formation in the gastrointesti-
nal tract; its treatment and prognosis depend on the
specific cause. The true incidence of ITE is unknown,
as most cases are asymptomatic. In burn patients,
IE has an incidence of 0.5% at clinical diagnosis;
however, postmortem studies show that up to 50 %
of burn patients have some degree of ischemic bowel
injury. No patient developed IE earlier than 7 days
after the injury [3].

Acute mesenteric ischemia (AMI) is a rare, se-
vere complication of BD with a high mortality rate,
the incidence of which is 1% to 2 %. The main re-
ported cause of AMI is a non-occlusive one, which
is consistent with the hypothesis of intestinal perfu-
sion limitation in the early phase of shock [29, 50].
Burn patients are at risk for intestinal ischemia due
to massive fluid shifts, cardiac output limitations,
and decreased regional organ perfusion due to re-
duced intravascular volume. In addition, there are
reports that early enteral nutrition may play a fixed
role in the development of intestinal ischemia after
a severe burn injury [3].

Violation of the perfusion of the intestines, kid-
neys, and other internal organs leads to rapid liver
and kidney failure, intestinal ischemia, and a de-
crease in the diaphragm mobility [14]. After a se-
vere burn, blood flow is redistributed in favour
of vital organs such as the heart and brain, due to
which the blood flow to the intestine is noticeably
reduced. Intestinal ischemia and hypoxia disrupt
the intestinal epithelial barrier with subsequent en-
teric bacterial translocation, greatly contributing to
the development of systemic inflammatory response
syndrome, sepsis, and multiple organ dysfunction
syndrome, which are common causes of burn mor-
tality [15]. Hypercatabolism in BD is combined
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with a decrease in regional oxygen delivery to a lev-
el insufficient to meet the metabolic needs of the
intestine. Burn-induced intestinal ischemia leads
to oxidative stress and hypoperfusion, resulting in
limited nutrient supply [23, 29].

The initial response is intraperitoneal vasodilata-
tion, but prolonged ischemia leads to vasoconstric-
tion with redistribution of blood flow away from the
splanchnic organs, which persists even after normal-
isation of intestinal blood flow. Venous congestion
can lead to gut dysoxia and hypoperfusion, especial-
ly in the presence of right ventricular dysfunction.
This early damage can lead to changes in intestinal
integrity and can induce bacterial translocation
from the lumen with the activation of systemic in-
flammatory pathways. Redistribution of blood flow
also occurs at the microcirculatory level [29].

Recently, parameters of hemodynamics and use of
catecholamines were not evaluated as potential trig-
gers of AMI in BD [50]; only TBSA and sepsis were
identified as potential risk factors, including severe-
ly burned patients with different study designs [29].
After a severe local thermal injury, approximately
25 % of all patients develop ulcers, bleeding, sponta-
neous perforations, and acute mesenteric infarction,
which is the most severe complication. The most
common causes of acute intestinal ischemia are:

arterial embolism;

arterial thrombosis;

venous thrombosis;

non-occlusive disease.

Although there is no precise data on the incidence
and consequences of acute intestinal necrotizing isch-
emia in patients with severe burns, this complication
is well known in specialised burn centres [47]. Burn
patients with massive intestinal infarction have over
75 % mortality. Non-occlusive mesenteric ischemia is
the most frequent cause of gastrointestinal infarction
in burn patients compared to other ones, in which
acute mesenteric ischemia is the result of occlusive
mesenteric ischemia in 80 % of cases [3].

In the general population, acute mesenteric isch-
emia is found in only 1 % of patients with acute ab-
domen; most often, its cause is embolism and throm-
bosis in the area of the mesenteric vascular bed. In
almost all cases, the upper mesenteric artery is af-
fected; less often, the abdominal trunk and lower
mesenteric artery. Only about 20 % of all cases of
acute mesenteric infarction are caused by non-oc-
clusive mesenteric ischemia (NOMI). In all cases of
NOMI, there is a drop in perfusion in the area of
the mesenteric arteries, which leads to hypoperfu-
sion and necrosis of the intestine. Decreased mesen-
teric blood flow may be caused by hypotension, de-
creased cardiac output, vasospasm of the mesenteric
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arteries, or sepsis. Diagnosis of this vascular emer-
gency in severely burned victims who are unable to
report pain or nausea is difficult, so it is not surpris-
ing that this dramatic event is diagnosed in only
0.5 % of living patients. At autopsy, the diagnosis of
acute mesenteric infarction increases to [29, 48, 50]:

2% — in children;

7 % — in adults.

In critically ill patients, the feasibility of physi-
cal examination is uncertain; increased abdominal
distension, peritoneal symptoms, or hematochezia
require radiological evaluation [3]. The develop-
ment of metabolic acidosis and increased serum lac-
tate may also play a role as early markers of NOMI.
Mortality and the risk of NOMI are higher among
patients with high lactate levels and severe base
deficiency. In this case, relapse of acidosis after suc-
cessful resuscitation of burn shock combined with
significant pneumatosis within 48 hours is an indi-
cation for urgent surgical intervention [3].

Disruption of the intestinal epithelial barrier
and enteric bacterial translocation

After severe burns, intestinal ischemia and hypoxia
lead to disruption of the intestinal epithelial barrier
and enteric bacterial translocation (EBT), leading
to serious complications such as [15]:

systemic inflammatory response syndrome;

sepsis;

multiple organ failure.

Increased permeability of the intestinal mucosa
and decreased expression of junctional complex pro-
teins in the intestinal epithelium were observed af-
ter a significant burn. Cystic fibrosis transmembrane
conductance regulator (CFTCR) is a protein that
participates in the transport of chlorine ions across
cell membranes and is widely expressed in epithelial
cells. The function and expression of CFTCR in the
intestinal epithelium after a severe burn are inhibit-
ed by hypoxia. The mutation causes a protein defect,
a genetic disorder, and cystic fibrosis affecting the
lungs, pancreas, liver, kidneys, and intestines [15].

The clinical picture of the intestinal form of cys-
tic fibrosis is manifested by secretory insufficiency.
Patients complain of dryness in the mouth, which is
due to the increased viscosity of saliva. Putrefactive
processes are activated in the intestine with flatu-
lence and cramp-like pain, mostly in the epigastric
area, which is due to insufficient duodenal neutrali-
sation of gastric juice. This can cause the develop-
ment of duodenal ulcers or the formation of small
intestinal ulcers. Hepatomegaly is caused by cho-
lestasis; there is a high risk of developing [15]:

intestinal obstruction;
secondary urolithiasis and pyelonephritis;
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disaccharidase deficiency and latent diabetes due
to damage to the insular apparatus of the pancreas.

One of the mechanisms underlying the patholog-
ical process is excessive inflammation in the small
intestine. Loss of CFTCR by the intestinal epithe-
lium leads to increased release of proinflammatory
cytokines, including interleukin-1f (IL-1B) and
interleukin-8 (IL-8). In addition, tumour necro-
sis factor o (TNF-a), IL-1B, and IL-8 are known
to promote denaturation of tight junction proteins
(ZO-1, occludin) and induce increased intestinal
barrier permeability, which may lead to intestinal
inflammation, which becomes the source o a f sys-
temic inflammatory response. In vitro studies of
intestinal cells have shown that mitogen-activated
protein kinase signalling is an important modulator
of intestinal inflammation. Pentoxifylline attenu-
ates burn-induced intestinal permeability and sub-
sequent intestinal inflammation [6, 15]. Increased
permeability of the mucous membrane of the GIT
as a result of a burn occurs due to:

a decrease in tight junction proteins in the in-
testinal epithelium;

increased apoptosis of intestinal cells;

impaired cell proliferation.

These effects also lead to inhibition of intestinal
barrier function and bacterial translocation. A de-
crease in splanchnic blood circulation causes isch-
emia-perfusion injury of the intestines and sepsis [44].

Fibrous changes, mediated by the inflammatory
state after a severe burn, contribute to a decrease in
peristalsis of the small intestine [49]. Proliferation
of smooth muscle cells correlates with poor tissue
compliance. The proliferation of smooth muscle cells
leads to the activation of the secretion of extracellu-
lar matrix (ECM) proteins. In inflammatory bowel
disease, fibrous remodelling with the deposition of
excess ECM proteins causes disturbances in colonic
motility and absorptive function [49]. A number of
studies have demonstrated that vitamin D3 exerts
a protective anti-inflammatory effect on the intesti-
nal epithelial barrier and prevents IE [15].

Syndromes of general gastrointestinal
dysfunction
A severe burn is accompanied by inhibition of gas-
tric emptying and contractility of the antrum, il-
eum, and colon [40, 43, 49]:
- global suppression of GIT motility is observed al-
ready 24 hours after the burn;
the rate of gastric emptying decreases by 37—42 %
after a burn already 6 h after the injury;
small intestinal motility is reduced by 24—42 %
after 6 h;
colonic motility is reduced by approximately 34 %.
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In critical burns, there are a number of syndromes
of general gastrointestinal dysfunction, which in-
clude [44, 48]:

- delayed defecation;

opioid-related bowel dysfunction;

acute colonic pseudo-obstruction.

In the gastrointestinal system, a burn leads to:

increased gastric secretion;

decreased intestinal peristalsis;

decreased absorption of nutrients;

increased permeability of the GIT mucosa;

bacterial translocation;

increased TAP.

It also increases the likelihood of mucosal ulcer-
ation and gastrointestinal bleeding. These effects
cause constipation, sepsis and ACS [35, 44, 48]. In
BD, 45.4% of patients developed gastrointestinal
dysfunction with various problems, including [48]:

gastrointestinal bleeding or ulcers in 30.2 % of

patients;

nausea and vomiting in 22.1 %;

delayed defecation in 43.0 %;

abdominal distension in18.1 %

diarrhea in 5.4 %.

Gastrointestinal dysfunction was involved in
88.2 % of deaths if it manifested as gastrointestinal
bleeding or nausea and vomiting, but if functional
symptoms such as constipation and /or diarrhea did
not predominate. In general, gastrointestinal dys-
function was more common in patients with [48]:

inhalation injury;

burn shock;

large burn area;

high opiate requirement.

Constipation in burn patients is very common
and multifactorial in its etiology. A high prevalence
(36.1 %) of late defecation (absence of defecation
within 6 days after hospitalisation in the intensive
care unit) in critically ill adult patients with ther-
mal injury was described. Late defecation may re-
flect global gastrointestinal motility dysfunction, as
demonstrated by more frequent episodes of consti-
pation after the first defecation, feeding intolerance,
and total parenteral nutrition [44].

Gastrointestinal-related sepsis and MOFS may
still occur, even if the initial GIT dysfunction is rela-
tively mild and reversible. These effects may be re-
lated to dysbacteriosis, with the overgrowth of harm-
ful bacteria due to disruption of the normal intestinal
barrier and / or altered immune response [48].

Dysfunction of the GIT leads to acute colonic
pseudo-obstruction (ACPO), which is also known
as Ogilvie syndrome. Acute non-toxic megacolon is
a functional obstruction of the lower parts of GIT;
first described by W.H. Ogilvie (1948) in burn
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patients [11], it is a rare state characterized by acute
dilatation of the colon in the absence of mechanical
obstruction. This manifestation of intestinal pseu-
do-occlusion is associated with several etiological
factors [29, 38, 48, 50]. Burns and antipsychotic
drugs have been identified as risk factors. Opiates,
such as fentanyl, are the drugs most commonly im-
plicated in Ogilvie syndrome; their effect on intesti-
nal transit is diverse:

increasing the tone of the ileocecal and anal

sphincters;

reducing the peristalsis of the small and large in-

testines;

reducing the sensitivity to stretching;

changing the defecation reflex.

All these factors contribute to the slowing of
transit and lead to constipation.

Ogilvie syndrome is a more serious complication
than those that can develop in some patients after
the use of opiates. Sedatives, such as midazolam,
can also disrupt intestinal motility through inhi-
bition of vagal tone. Studies of patients receiving
analgesia with benzodiazepines have demonstrated
abnormalities in intestinal motor activity, including
increased contractions, which may lead to pseudo-
obstruction syndromes. These abnormalities were
reversible after drug discontinuation [25]. The in-
cidence of this syndrome ranges from 0.5 to 1% in
burn centres in patients with more than 15 % of the
body surface affected by burns [25, 33]. Functional
obstruction leads to a colonic reflex that impairs
motility and increases dilation.

ACPO is characterised by [50]:

massive distension of the colon in the absence of

mechanical obstruction (80—90 %);

abdominal pain and hypertympanism (80 %);

nausea and / or vomiting (60 %);

constipation (40 %);

fever (37 %),

and also by tachycardia and leukocytosis.

Analgesics and sedatives used in burn patients
may also be associated with this state and are
thought to be secondary triggers for vagal depres-
sion [33]. The course of ACPO in burn patients is
significantly different and often more complicated
than in abdominal ones without thermal injuries
[12]. The clinical picture of ACPO is often vague,
no sign is pathognomonic for the disease. Abdomi-
nal bloating, with or without pain, is the most
common symptom. These patients often have con-
stipation, although the ability to defecate or pass
gas is preserved in 40 % of patients [12]. Contrast-
enhanced abdominal tomography is the ideal imag-
ing study to evaluate a possible site of occlusion or
complication [33].
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Patients with Ogilvie syndrome are usually treat-
ed conservatively if the diameter of the distended
bowel is less than 12 ¢m and there is no evidence
of intestinal ischemia or perforation. The treatment
is carried out with the help of a nasogastric and
transrectal probe for decompression within 48—72
hours along with correction of hydroelectrolyte im-
balance, withdrawal of sedatives and treatment of
infections. Conservative treatment during the first
two to six days is effective in (83—96) % [33]. In
case of deterioration or expansion of the intestine
by more than 12 c¢m, medical or surgical treatment
is indicated. Intravenous administration of neostig-
mine, which is a reversible acetylcholinesterase in-
hibitor that indirectly inhibits muscarinic receptors
and promotes colonic motor activity, has been rec-
ommended [12, 33]. Bowel perforation is the most
serious complication of HPTC, the risk of which
increases significantly with the duration of bowel
distention. General guidelines indicate that a ce-
cal diameter over 9 cm is abnormal, and a diameter
over 12 cm is at high risk of perforation. The thin-
walled cecum is the least adapted to a sharp increase
in intraluminal pressure (according to Laplace law)
[12]. Ulceration and necrosis of the colon in burn
patients are rare and usually occur in the cecum
with the formation of stercoral peritonitis with
a negative prognosis. The risk of perforation in-
creases with age and is higher in men [5, 25]. Among
the complications [20, 35, 37]:

26 % of patients had an abdominal catastrophe

(mfarctlon / perforation);

37 % had bleeding from the upper parts of the

GIT,;

32 % had paralytic intestinal obstruction;

5 % developed pancreatitis and acute necrotizing

cholecystitis.

Small bowel intussusception is a rare clinical
state in BD with symptoms of intestinal obstruc-
tion such as:

abdominal pain;

vomiting;

rectal bleeding;

food intolerance.

It requires an emergency laparotomy to eliminate
intestinal obstruction; otherwise, ischemia, necro-
sis, and intestinal perforation may develop [25, 46].

Violation of the GIT barrier function is an impor-
tant initiator and stimulator of the systemic inflam-
matory response syndrome, sepsis, and MOFS in
BD [54]. The functionality of the gastrointestinal
barrier can be impaired along with increased intes-
tinal permeability and subsequent translocation of
bacteria/endotoxins through:

autophagy in the visceral organs;
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expression of tight junction proteins and inflam-

matory cytokines;

disruption of the gut microbiota;

low blood flow;

septic shock;

administration of catecholamines;

stress of the endoplasmic reticulum,

mucosal atrophy;

lack of enteral nutrition.

A disturbed intestinal epithelial barrier is respon-
sible for systemic inflammatory response syndrome,
sepsis, multiple organ dysfunction syndrome, and
other severe complications [58]. The translocation
of endotoxins from the intestine has been identi-
fied as a factor in mortality [30]. An increase in the
growth of intestinal bacteria after a burn injury has
been noted as a result of decreasing intestinal immu-
nity, hypoperfusion, and impaired intestinal motil-
ity. An increase in intestinal permeability has been
documented for several hours to several days after
burn injury, allowing intestinal bacteria to enter ex-
traintestinal sites (mesenteric lymph nodes, liver,
and lungs). The process recurs when additional trig-
gers of intestinal hypoperfusion occur (blood loss,
sepsis). The faecal microbial communities of healthy
people are dominated by the following families:

Bacteroidaceae;

Lachnospiraceae,

Ruminococcaceae.

Faecal samples from patients with burn injuries
show a marked decrease in the relative abundance
of these three families, but a dramatic increase in
the relative abundance of Enterobacteriaceae [10].

Diarrhea often occurs in BD, which is explained
by a violation of intestinal integrity and dysbac-
teriosis. The prevalence of nosocomial diarrhea in
BD was 120/10 thousand, and 21 % of these were
caused by C. difficile infection [54]. Soluble fibre
can improve intestinal barrier function and prevent
bacterial translocation. Soluble fibre is rapidly fer-
mented by commensal bacteria and produces short-
chain fatty acids [34, 55].

The hypermetabolic response to burn injury is
highest among critically ill patients [1]. In patients
with burns, gastrointestinal stasis leads to impaired
digestion and absorption; this increases concern
about protein nutrition, increasing the burden on
the kidneys [27]. As a result of insufficient nutri-
tion, the intestinal mucosa is damaged (autophagy),
which leads to bacterial translocation and gram-
negative sepsis [39]. In the early stage of BD, intes-
tinal adynamia may occur, with a high risk of acute
gastric ulceration, which can be reduced by early
enteral feeding aimed at maintaining body weight
and endocrine homeostasis [3, 37, 39, 40, 43].
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Dysphagia of various degrees was found in
27.78 % of people; its risk factors include [57]:

- TBSA over 18 %;

older age;

head and face injuries;

the presence of inhalation trauma.

Patients with a single residual gastric volume of
no less than 250 mL were classified as having gas-
trointestinal motility disorders. There are three
main problems with enteral nutrition [39, 40]:

gastric ulcer;

intestinal obstruction;

mucosal damage.

Post-pyloric administration of nutritional mix-
tures is a modern standard method of enteral feed-
ing [3, 43]. Parenteral nutrition should be used
selectively for specific conditions such as paralytic
ileus, pancreatitis, intestinal obstruction, or con-
traindications to enteral feeding, as it is associated
with a higher rate of infection due to prolonged ac-
cess to central veins [39]. A combination of [13]:

early optimal infusion resuscitation;

early initiation of enteral nutrition (within

24—48 hours after injury);

prevention of gastric ulcers;

use of prokinetic drugs;

avoidance of NSAIDs and steroids

allows, in most cases, to prevent gastrointestinal

dysfunction in patients with severe burns.

Conclusions
Unfortunately, very little attention is paid to the
pathophysiology of the digestive system in case of
skin burns in available domestic literary sources.
Based on the analysis of foreign publications,
we conducted a certain generalisation of medical
reports on the pathological changes of the GIT in
burn disease.
The authors hope that the collected information
will be useful for combustiologists, gastroenterolo-
gists, and doctors of other specialties.
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[TaTo@i3i0sI0risa NUIYHKOBO-KUIITKOBOI'O TPAKTY
IIPU OIIiKOBi¥ XBOPOO6I
0. B. Kpaseup, B. B. €xanos, B. B. TopOyHioB

JlHITpOBCHKNIT epKaBHIH MeTNIHIN YHIBEPCUTET

Ha ocHOBi aHani3y 3apyOoiKHUX MYOMiKalliid TPOBEJEHO Y3araJIbHEHHS MEAUYHUX IMOBIJOMJIEHD MO0 MATO-
JIOT{YHUX 3MiH HUIYHKOBO-KHIIKOBOrO Tpakty (IIKT) mpu omikosift XxBOpo6i. OmikoBa XBOpOOa Bifj CAMOTO
IIOYATKY CYIIPOBOLKYETHCA HEI'AMHOIO PEAKIIICIO BCiX OPIdHiB TAd CUCTEM, SAKi HE 3ABXKIU 344THI I TPUMYyBATU
TOMEOCTA3 i 371eOUIBIIOro HAOYBAIOTh MATOMI3i0NIOTUHUX T4 MOP(OIOTiYHUX YIIKOAKEHD. JIO TAKUX OPraHiB-
mimeneit HanexuTs HIKT. Jlumte B ayske PiAKiCHUX BHUIMAJKAX TOKKI (IEPEBAKHO €JIEKTPUYHI) OMIKU CIIPHUYU-
HAIOTb TIPAMY TPABMY OPTaHiB YEPEBHOI MOPOKHUHH, SIKA CYIIPOBODKYETBCS TSHKKUM KIHIYHUM MEPEOirom
TA BUCOKOIO JICTAJILHICTIO. ITalieHTU BCiX BIKOBUX I'PYII, sIKi IICPEHEC/IN OMIKOBY TPABMY, MAIOTh MiIBUILICHIHA
3araJIbHUA PUBUK PO3BUTKY LIUIYHKOBO-KHUIIKOBUX 3aXBOPIOBAHD (IIATOJIOTIO CTPABOXO/Y, LIUIYHKA, KAIICYHU-
K4, YPKEHHS )KOBYHOTI'O MiXypa, J)KOBYHHUX IUIAXIB i MiANLTYHKOBOI 31031). [Ipu tiomi oniky 40—95 %y 5,7 %
MOCTPKAUIUX GY/IO AIATHOCTOBAHO MATOJIOTIIO OPraHiB YePEBHOT MOPOKHUHH, CCPell HUX y 26,0 % BUHUKIA
adpominanbHa KaTactpoda (indapkr/nepgopariis), y 37,0 % — kpoBoTeua 3 BepxHix Biginis KT, y 32,0 9% —
MAPLTUYHA KUIIKOBA HEIPOXIiAHICTD, Y 5,0 % — IIAHKPEATUT TAd ITOCTPUHA HEKPOTUYHUN XOIEHUCTUT. Benuki
OITiKM 323BHYal1 ACOLIOIOTHCS 3i 3HAYHUM 3HIDKEHHAM CIUIAHXIYHOI nepy3ii. [IeMis KUIevyHnKa Ta rinokcis
HiCJIS TSDKKOTO OMIKY CHPHYUHSAIOTH OPYIIEHHS KUIIKOBOI'O EMITENTAIbHOTO 6ap’epa Ta EHTEPAIbHOT OaKTEPi-
JIHOI TPAHCJIOKALLiL, IO IPU3BOAUNTD 10 CEPHO3HUX YCKIAJHEHb — CUHIPOMY CUCTEMHOI 3AI1a/IbHOI BiATIOBI/,
CENCHUCY, TOIOPraHHOI HeJOCTATHOCTI. Jucdynkiia KT cnpuanHmia 6;M3bKo 88,2 9% cMepTEH, SKIIO BOHA
YCKIAHIOBAJIACS IEPUTOHITOM 460 NIUTyHKOBO-KHIIIKOBOIO KPOBOTEUEIO. 3aranom Auchynkiis KT 6yi1a Oinbin
IHOIIMPEHOIO B IMALIEHTIB 3 IHIAALIMHOIO TPABMOIO, OIIIKOBHUM IIOKOM, BEJIMKOIO IUVIOIIEIO OIIKYy T4 BUCOKOIO
HOTPEHOIO B 3HEOOMIOBAIBHUX PEHAPATAX.

K1ro49oBi c10Ba: JIiKyBaHH:A, OIVIA, OIIIKOBA XBOPOOA, MATOMi31010Tis, IITYHKOBO-KUIIIKOBUH TPAKT.
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