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BIOGRAPHIES   Біографії

Mykola Mykhailovych Amosov was born on De-
cember 6, 1913, in the village of Olkhovo, Olkhovo 
Volost, Cherepovets County, Novgorod Province, 
into a poor peasant family. His mother, Yelyzaveta 
Kyrylivna, worked throughout her life as a midwife at 
a medical center in Vilkhovo. His father participated 
in World War I and returned from German captiv-
ity in 1919. After some time, his father left the fam-
ily, and from then on, his mother became his primary 
support. After completing the eighth grade, Amosov 
attended a woodworking technical school and, upon 
graduating in 1932, worked for three years as a me-
chanic at a power plant in a lumber mill. During this 

period, he developed an interest in designing various 
mechanisms and innovative devices. Lacking tech-
nical knowledge, Amosov enrolled in the All-Union 
Correspondence Industrial Institute. He further pur-
sued his academic ambitions by entering the Arkhan-
gelsk Medical Institute, where he completed a two-
year program in his first year. He advanced rapidly, 
finishing the second year and proceeding directly to 
the third year, which provided his initial exposure 
to clinical medicine, including patient care. From 
his fourth year, Amosov began teaching at the para-
medic school and studied a wide range of disciplines, 
including ophthalmology. He graduated from the 
medical institute with honours, receiving only two 
grades of «four». In August 1939, Amosov began his 
surgical career in a traumatology clinic. In February 
1940, he passed his final exams and defended his di-
ploma project with excellence at the All-Union Cor-
respondence Industrial Institute, receiving an engi-
neering diploma. Amosov became a certified doctor 
and engineer almost simultaneously.

Amosov worked at an interdistrict hospital in 
Cherepovets, where he served as the interim head 
of the surgical department, overseeing 50 beds. 
Over time, his responsibilities expanded to include 
teaching anatomy and physiology at the paramedic 
school. Under his leadership, the surgical depart-
ment experienced notable progress, with patients 
undergoing planned operations. Remarkably, dur-
ing his year of service in Cherepovets, there were 
no patient fatalities.

At the beginning of World War II, Amosov was ap-
pointed as the head of the surgical department and 
leading surgeon at the field mobile hospital No 2266, 
holding the rank of military doctor of the third rank. 

http://doi.org/10.30978/GS-2025-4-5

Mykola Amosov: 
engineer, surgeon, and world-class thinker
Mykola Mykhailovych Amosov (1913 — 2002) was an outstanding Ukrainian surgeon, cardiac surgeon, world-
class scientist and innovator. Born into a poor peasant family, he developed an early interest in both technology 
and medicine, ultimately obtaining degrees in engineering and medicine. During World War II, Amosov served as 
a leading surgeon in a front-line hospital, where he improved methods for treating gunshot wounds and estab-
lished the basis for his PhD research. After the war, he worked in Bryansk and Kyiv, quickly becoming a leading 
specialist in thoracic surgery. Amosov founded the first department of thoracic surgery in Ukraine, introduced 
an artificial blood circulation device, performed pioneering heart operations, and developed innovative valve 
prostheses. As director of the Institute of Cardiovascular Surgery, he elevated the institution to a leading position 
in Europe. Concurrently, he headed the department of biocybernetics, contributed to the modeling of physi-
ological and mental processes, and developed the first autonomous robots. Mykola Amosov died in 2002, leaving 
a substantial scientific and humanistic legacy.

617(092)
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Faced with a high volume of wounded soldiers, he 
worked daily from eight in the morning until two 
the following morning. As Amosov later recalled, «if 
they had said earlier that such a thing was possible, 
I would not have believed that it was possible to with-
stand such a load».

While stationed at the front, Amosov systemati-
cally acquired expertise in treating gunshot fractures 
of the limbs and introduced modifications to existing 
medical techniques. Notably, he enhanced the surgical 
approach for gunshot injuries to the knee joint, and 
this innovation became the foundation of his PhD 
research, «Primary treatment of knee joint wounds», 
which he wrote daily during his limited rest periods 
between operations. Beginning in March 1943, the 
hospital expanded its focus to include the treatment 
of chest injuries, during which Amosov again imple-
mented novel, proprietary methods.

By undertaking considerable personal risk, 
Amosov initiated lung resection procedures, a prac-
tice that would later contribute to his international 
recognition. In early January 1944, he reached a sig-
nificant personal milestone when he married Lydiia 
Denysenko, a senior nurse and junior lieutenant.

After his demobilization in December 1946, 
Amosov assumed the position of head of the main 
operating room at the M. V. Sklifosovsky Institute. 
However, despite his strong aspiration to continue 
surgical practice, he was not permitted to perform 
operations. Dissatisfied with these limitations, he 
chose to resign from the position.

In February 1947, Amosov received an invitation 
to take up the position of regional surgeon and head 
of the surgical department at Bryansk Regional Hos-
pital. His wife, Lydiia, was appointed as the senior 
operating room nurse. Reflecting on his own experi-
ences, Amosov stated, «The Bryansk years – from 
1947 to 1952 – were the brightest in my life. There, 
I felt surgical happiness, friendship with my subordi-
nates. Later, this was no longer the case». As a former 
front-line surgeon, he also remarked, «The war made 
me a surgeon. But Bryansk made me a real surgeon».

In November 1951, a major surgical conference 
took place in Kyiv. By that time, Amosov had per-
formed hundreds of operations for pulmonary pa-
thology and had completed a draft of his doctoral 
dissertation. After his presentation, Amosov re-
ceived an invitation from Alexander Samoilovych 
Mamolat, director of the Scientific Research In-
stitute of Tuberculosis named after Academician 
F. G. Yanovsky, to join the institute. The move to 
Kyiv was expedited because Mykola Mikhailovich’s 
wife had entered the Kyiv Medical Institute.

In November 1952, Mykola Amosov and his wife, 
Lidiia, moved to Kyiv. Amosov was appointed to 

lead a newly established thoracic surgery clinic. He 
defended his doctoral dissertation entitled «Pneu-
monectomy and lung resection in tuberculosis».

Subsequently, the rector of the Kyiv Medical In-
stitute, Terentii Yakovlevych Kalinichenko, invited 
Amosov to head the Department of Surgery within 
the Sanitary and Hygienic Faculty. While students 
appreciated Amosov’s lectures, his commitment to 
rigorous academic standards occasionally resulted 
in unsatisfactory exam scores for some. At that time, 
none of the clinic employees had seen or performed 
the surgical interventions introduced by Amosov. 
Interest in cardiac surgery was growing rapidly, and 
in 1955, he performed a commissurotomy for mitral 
stenosis under local anesthesia. Recognizing the ne-
cessity of endotracheal anesthesia combined with 
artificial lung ventilation, Amosov was compelled to 
acquire expertise in anesthesiology. In 1955, through 
his tireless organizational efforts, Amosov founded 
the first department of thoracic surgery in Ukraine at 
the Kyiv Institute of Advanced Training of Doctors, 
which he headed. The department of anesthesiology 
was later separated from this unit. The year 1956 
marked a significant personal milestone for Amosov 
with the birth of his long-awaited daughter, Katia, 
on February 8. In the autumn of 1957, Amosov was 
delegated to the International Surgical Congress in 
Mexico. The most consequential aspect of this trip 
was his observation of an operation utilizing an ar-
tificial circulatory system. Amosov recognized that 
the advancement of cardiac surgery depended on the 
adoption of modern general anesthesia techniques 
and artificial circulatory systems. In Kharkiv, an ar-
tificial circulatory system was designed at one of the 
local factories. By the end of 1958, the first attempt 
to use this system in the operating room was made, 
with success achieved on the third attempt.

In 1958, Amosov published his seminal work, «Es-
says on Thoracic Surgery», which became an essen-
tial reference for both thoracic and general surgeons.

In 1959, Amosov maintained an exceptionally de-
manding schedule, performing 150 to 200 operations 
annually, preparing lectures for cadets, participating 
in surgical society meetings, supervising student dis-
sertation defenses, and delivering presentations at 
conferences, congresses, and conventions.

In 1962, Amosov spent one month in the USA 
studying advancements in cardiac surgery. It marked 
the beginning of his specialization in this field. In 
1963, he first performed the mitral valve prosthesis 
procedure for heart defects.

In 1965, Amosov reported his experience with the 
successful implantation of hemispherical heart valve 
prostheses in patients with small left ventricles, for 
whom spherical prostheses could not be used. That 
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same year, he became the first in the world to design 
and implement an antithrombotic heart valve pros-
thesis. Amosov developed a number of innovative 
surgical techniques for treating heart defects.

At the end of 1969, Amosov was elected a full 
member of the Academy of Sciences of Ukraine. In 
1976, a significant event took place in his profession-
al life. The clinic under his leadership moved to a new 
building with 350 beds, necessitating an increase in 
surgical interventions. In 1982, the clinic performed 
2,000 operations, including 600 procedures utilizing 
an artificial blood circulation apparatus.

In 1983, the cardiac surgery clinic of the Kyiv Re-
search Institute (RI) of Tuberculosis and Thoracic 
Surgery was reorganized as the Kyiv Research In-
stitute of Cardiovascular Surgery of the Ministry of 
Health of Ukraine. In 1993, it became the Institute 
of Cardiovascular Surgery of the Academy of Medical 
Sciences of Ukraine, now known as the National In-
stitute of Cardiovascular Surgery named after M. M. 
Amosov of the National Academy of Medical Sciences 
of Ukraine. Naturally, Amosov was appointed as the 
first director of the newly established R&D Institute.

Beginning in 1984, Amosov experienced health 
problems and was diagnosed with heart block. In 
January 1986, he received a pacemaker in Kaunas. 
On December 6, 1988, upon reaching his 75th birth-
day, Amosov made a difficult decision to resign from 
his position as director of the R&D Institute of Car-
diovascular Surgery.

In addition to his surgical work, Amosov focused 
on contemporary issues in biological, medical, and 
psychological cybernetics. From 1959 to 1990, he 
headed the Department of Biological Cybernetics at 
the Institute of Cybernetics of the National Academy 

of Sciences of Ukraine. Under his leadership, funda-
mental research was conducted on heart self-regula-
tion systems, the development of machine diagnostic 
methods for heart diseases, the creation of a physio-
logical model of the «internal environment of the hu-
man organism», computer modeling of basic mental 
functions, and some socio-psychological mechanisms 
of human behaviour. These contributions received 
national and international recognition. During the 
1960s and 1970s, he also participated in the research 
and design of artificial intelligence systems. Together 
with colleagues at the Institute of Cybernetics, he 
developed the world’s first autonomous robots con-
trolled by an artificial neural network.

In 1996, the progression of Amosov’s aortic valve 
defect became evident. However, he continued to 
work at the computer. In 1999, following a decline in 
his health, Amosov underwent surgery performed by 
Professor Reiner Körfer in Germany, during which 
a biological aortic valve was implanted, and two 
coronary artery shunts were placed. After the op-
eration, Amosov resumed his professional activities 
and continued to write. However, age-related dis-
eases progressed, particularly ischemic heart disease, 
which led to a myocardial infarction and his death 
on December 12, 2002, at the age of 90. He was bur-
ied at Baikove Cemetery in Kyiv.
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Микола Амосов: інженер, хірург і мислитель світового рівня
Ю. П. Цюра, М. С. Кривопустов

Національний медичний університет імені О. О. Богомольця, Київ

Микола Михайлович Амосов (1913 — 2002) — видатний український хірург, кардіохірург, учений і нова-
тор світового рівня. Народився в бідній селянській родині, рано захопився технікою та медициною, 
отримавши одночасно дипломи інженера й лікаря. Під час Другої світової війни працював провідним 
хірургом фронтового шпиталю, де вдосконалив методи лікування вогнепальних поранень і заклав осно-
ву своєї кандидатської дисертації. Після війни працював у Брянську та Києві, швидко ставши провідним 
фахівцем із торакальної хірургії. Амосов створив першу в Україні кафедру грудної хірургії, запровадив 
апарат штучного кровообігу, виконав одні з перших у світі операцій на серці та розробив унікальні кла-
панні протези. Як директор Інституту серцево-судинної хірургії він перетворив його на провідний євро-
пейський центр. Паралельно очолював відділ біокібернетики в інституті кібернетики, займався моделю-
ванням фізіологічних і психічних процесів, створенням перших автономних роботів. Помер у 2002 році, 
залишивши величезний науковий і гуманістичний спадок.
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Duodenal injuries represent some of the most com-
plex and prognostically challenging types of abdom-
inal trauma, particularly in combat settings. This 
complexity arises from the organ’s deep anatomical 
position and its close anatomical and functional as-
sociations with the pancreas, biliary tract, and major 
blood vessels. Despite prompt surgical intervention, 
duodenal injuries are frequently accompanied by 
a high rate of postoperative complications, such as 

suture failure, recurrent peritonitis, sepsis, and mul-
tiple organ failure [1, 7, 9].

The current literature indicates that isolated duo-
denal injuries are relatively uncommon, accounting 
for only 10 – 20 % of cases; the majority of patients 
present with combined injuries. Duodenal injury is 
most frequently associated with concurrent injuries 
to the liver, spleen, small intestine, pancreas, and tho-
racic organs, which significantly complicates both 

OBJECTIVE – to assess the impact of an enhanced staged surgical management algorithm, stratified by levels of 
care, on postoperative complications and mortality in combat-related duodenal injuries.

MATERIALS AND METHODS. This prospective study included 51 military personnel with gunshot-induced duodenal 
injuries. Patients were assigned to an experimental group (n = 28) treated according to a newly developed algo-
rithm and to a control group (n = 23) managed with a conventional approach. The groups were comparable with 
respect to age, injury mechanism, duodenal injury severity, overall injury severity, and peritonitis characteristics. 
Both parametric and nonparametric methods were used in the statistical analyses.

RESULTS. Isolated duodenal injuries accounted for 13.7 % of cases, while multiple injuries were present in 86.3 %. 
In the experimental group, 82.1 % of patients received staged care across levels II, III, and IV, with complex recon-
structive and combined surgical interventions such as duodenal diverticulization with gastroenteroanastomosis, 
pancreaticoduodenectomy, and percutaneous transhepatic cholecystostomy (biliary decompression) primarily 
performed at level IV care following stabilization. In the control group, the staged model was implemented in 
only 26.1 % of cases, while in the remaining cases, the main volume of surgical intervention was performed at level 
II care. A length of stay of less than 1 day at level II care was observed in 94 % of the experimental group, compared 
with 5 % of the control group (p = 0.001). The experimental group demonstrated significantly lower rates of duo-
denal suture failure (7.1 % vs. 52.2 %, p = 0.001), peritonitis (17.9 % vs. 47.8 %, p = 0.022), sepsis (17.9 % vs. 60.9 %, 
p = 0.002), and relaparotomies for recurrent peritonitis (14.2 % vs. 60.9 %, p = 0.007). Mortality was 13.4 % in the 
experimental group and 39.1 % in the control group (p = 0.043). The mean hospital stay was significantly shorter 
in the experimental group (18.2 ± 7.1 days) compared to the control group (29.3 ± 8.1 days; p < 0.001).

CONCLUSIONS. The enhanced staged surgical management algorithm for combat-related duodenal injuries sig-
nificantly decreases the incidence of severe postoperative complications, relaparotomy rates, length of hospital 
stay, and mortality.
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diagnosis and the selection of optimal surgical strate-
gies. The concurrence of duodenal and pancreatic in-
juries is recognized as a significant factor contributing 
to adverse postoperative outcomes [7, 11, 20].

A further complicating factor is the high incidence 
of early intra-abdominal contamination. Bile leaks 
and peritonitis develop in the initial stages of duode-
nal injury, and any delay in controlling contamination 
sources accelerates the progression of infectious and 
inflammatory complications as well as the systemic 
inflammatory response. Therefore, timely surgical 
intervention, appropriate determination of interven-
tion scope, and effective patient routing across levels 
of care are critical considerations [10, 18].

Current guidelines for managing abdominal trauma 
and duodenopancreatic injuries advocate for the appli-
cation of damage control surgery principles, with clear-
ly defined treatment stages. However, implementing 
these principles in combat environments remains chal-
lenging, and standardized protocols for staged surgical 
management that account for the resources available 
at each level of care are not widely adopted. This situ-
ation can result in either excessively aggressive early 
interventions or delays in achieving adequate control 
of injury and contamination [6, 16, 19].

Consequently, identifying optimal organization-
al and tactical strategies to reduce postoperative 
complications and mortality in patients with duo-
denal injuries remains a key priority. Assessment 
of a staged surgical management algorithm, which 
enables adaptation of the scope and type of surgical 
intervention based on the patient’s clinical status 
and available medical resources, is consistent with 
current approaches to the management of severe ab-
dominal trauma [5, 6, 8, 13].

OBJECTIVE – to assess the impact of an enhanced 
staged surgical management algorithm, stratified by 
levels of care, on postoperative complications and 
mortality in combat-related duodenal injuries.

Materials and methods
This prospective study involved 51 male military 
personnel who sustained duodenal injuries from 
shrapnel (46 cases, 90.2 %) or bullets (5 cases, 
9.8 %) during active duty between 2014 and 2025. 
The research was conducted at the National Mili-
tary Medical Clinical Center of the «Main Military 
Clinical Hospital» and the Military Medical Center 
of the Southern Region.

Based on treatment strategies, wounded indi-
viduals were divided into two groups. The experi-
mental group comprised 28 patients (54.9 %) who 
received care in accordance with the developed 
algorithm. The control group included 23 patients 

(45.1 %) who received standard medical care with-
out the proposed recommendations.

The developed algorithm required strict adher-
ence to the prescribed volume and sequence of 
medical care at specific levels of medical support. It 
incorporated principles of damage control surgery 
and advanced surgical approaches (Fig. 1).

Level II care
DIAGNOSTIC PROCEDURES

 · Assessment of the general condition of wounded 
individuals.

 · Determination of blood group and Rh factor, per-
formance of necessary laboratory tests.

 · Assessment of the nature, size, and localization of 
gunshot entrance and exit wounds.

 · Emergency ultrasound examination within the 
scope of the FAST protocol.

 · Abdominal X-ray in two projections; if the equip-
ment is available and the wounded individual is 
stable, computed tomography.

 · Laparocentesis using the «wandering catheter» 
method or Tupfer revision of the abdominal cavity.

 · Diagnostic video-assisted laparoscopy – accord-
ing to indications and if appropriate equipment 
is available.

SURGICAL MANAGEMENT

 · Suturing of the duodenal injury.
 · In case of duodenal perforation or rupture, clip-

ping of the edges of the damaged area with man-
datory decompression of the stomach.

 · Bleeding control by suturing, ligation, or coagu-
lation of blood vessels.

 · Gauze tamponade of the abdominal cavity (tam-
ponade with hemostatic gauze or a combination 
of methods).

Level III care
DIAGNOSTIC PROCEDURES

 · Assessment of the general condition of wounded 
individuals after evacuation.

 · Laboratory tests.
 · Comprehensive ultrasound examination of the 

abdominal organs.
 · X-ray of the abdomen and other anatomical ar-

eas – according to indications.
 · Multi-spiral computed tomography.
 · Video-assisted endoscopic examinations in the 

required volume.
 · Diagnostic video-assisted laparoscopy – accord-

ing to indications.

SURGICAL MANAGEMENT

At level III, care for duodenal injuries focuses on 
stabilization. This stage involves correcting vital 
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MARCH – algorithm for pre-medical and tactical medical care; SI – shock index; HR – heart rate; CT – computed tomography

Figure 1. Diagnostic and treatment algorithm for medical support in cases of combat-related duodenal injury 



11General Surgery   Загальна хірургія  •  2025  •  № 4 (15)

I. P. Khomenko, P. O. Shkliarevych

functions and conducting further examinations us-
ing all available technical resources, followed by 
evacuation to level IV care. When indicated, pro-
grammed relaparotomy is performed according to 
damage control surgery principles. This procedure 
includes complete hemostasis and ultrasound-guid-
ed percutaneous transhepatic cholecystostomy.

Level IV care
DIAGNOSTIC PROCEDURES

 · Assessment of the general condition of wounded 
individuals after evacuation to level IV care.

 · Comprehensive laboratory tests.
 · Ultrasound examination of the abdominal 

 organs.
 · X-ray of the abdomen and other anatomical ar-

eas – according to indications.
 · Multi-spiral computed tomography.
 · Full-scale video-assisted endoscopic examina-

tions (ERCP-endoscopic retrograde cholangio-
pancreatography, fibrogastroduodenoscopy).

 · Diagnostic and dynamic video-assisted laparos-
copy (second look).

SURGICAL MANAGEMENT

At level IV care, the third phase of damage control 
surgery is initiated. If necessary, this phase may be 
divided into multiple staged interventions until the 
final surgical objective is achieved.

The scope of surgical intervention may include:
 · Duodenal diverticulization with the disconnec-

tion of the passage of gastric contents by form-
ing a precolonic gastroenteroanastomosis with an 
interintestinal anastomosis according to Brown 
(the length of the lead loop is 40 – 50 cm).

 · In case of destruction of the pyloroduodenal 
junction with damage to the D1 segment, forma-
tion of a duodenal stump using one of the appro-
priate methods, antrumectomy with the forma-
tion of a gastroenteroanastomosis on a long loop 
with a Brownian anastomosis.

 · In case of damage to the D2 segment of the 
III – IV grade, pancreaticoduodenal resection 
or duodenectomy with external drainage of the 
common bile duct and pancreatic ducts without 
the formation of anastomoses.

 · Indications for total pancreatectomy are massive 
gunshot injuries of the duodenum according to 
Moore III – IV, the development of pancreatic ne-
crosis, and complications in the form of recurrent 
erosive bleeding.

 · In case of damage to the D3–D4 segments, the 
formation of a duodenojejunal anastomosis is al-
lowed with the recommended passage of a fully 
perforated microirrigator through the cystic duct 

and duodenojejunal anastomosis into the divert-
ing loop of the small intestine.

 · In case of failure of the duodenal sutures, the use 
of the EndoVac system is effective.
In cases of intra-abdominal abscess formation 

(subdiaphragmatic or subhepatic) at level IV care, 
ultrasound-guided percutaneous drainage is rou-
tinely performed.

A key component of the algorithm is mandatory 
external decompression of the biliary tract, primar-
ily achieved through percutaneous transhepatic 
cholecystostomy (PTC) or choledochal drainage as 
described by Pikovsky.

The severity of duodenal injuries was assessed 
according to the classification of the American As-
sociation for the Surgery of Trauma (AAST Organ 
Injury Scale) [14]: grade I – hematoma, superficial 
injury; grade II – hematoma > 1 segment or partial 
defect; grade III – rupture < 50 % of the circumfer-
ence; grade IV – rupture  50 % of the circumfer-
ence, papilla damage; grade V – massive destruc-
tion, devascularization.

To assess the severity of peritonitis, the Mannheim 
Peritonitis Index (MPI) was used [12].

The severity of the combined injury was assessed 
using the New Injury Severity Score (NISS) scale, 
with patients further stratified by severity [2, 21]. 
The study was conducted in compliance with mod-
ern bioethical requirements. All study participants 
or their authorized representatives signed an in-
formed consent to participate in the study. Proto-
col No. 163 received approval from the local ethi-
cal commission of the Central Council for Military 
Medicine on 07.11.2022 at Bogomolets National 
Medical University.

Statistical analysis was conducted using IBM 
SPSS Statistics version 22.0.

For comparing two independent samples, the Stu-
dent’s t-test was used for normally distributed vari-
ables, and the Mann-Whitney U test was used for 
non-normally distributed variables. For dependent 
samples, the Wilcoxon T and Wilcoxon W tests were 
employed. Qualitative differences were assessed us-
ing the Chi-square test or Fisher’s exact test. 

Statistical significance was set at p < 0.05 for re-
jection of the null hypothesis of variable equality.

Results
The study groups were comparable with respect to 
basic baseline characteristics (Table 1).

The mean age of wounded individuals in the ex-
perimental group was 37.6 ± 9.7 years, while in the 
control group it was 39.6 ± 10.7 years; this differ-
ence was not statistically significant (p = 0.494). 
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Similarly, there was no significant difference in 
body mass index between the groups (24.5 ± 2.9 vs. 
24.4 ± 1.3 kg/ m2; p = 0.972).

Shrapnel wounds were the predominant injury 
type in both groups, accounting for 92.3 % in the 
experimental group and 87.0 % in the control group; 
this difference was not statistically significant 
(p = 0.481). The incidence of isolated and combined 
wounds was also comparable between the groups 
(p = 0.728), with combined injuries comprising over 
78 % in both groups.

The distribution of duodenal injury severity, as 
classified by the AAST scale, did not differ signifi-
cantly between the groups (p = 0.584). Grade II and 
III injuries accounted for the majority of cases, at 
64.3 % in the experimental group and 69.6 % in the 
control group. These findings indicate a predomi-
nance of moderate and severe injury morphology 
characteristics.

In both groups, the D2 segment was most fre-
quently affected, with rates of 57.1 % in the ex-
perimental group and 60.9 % in the control group; 
this difference was not statistically significant 
(p = 0.984). Lesions of segments D1, D3, and D4 
were less common and similarly distributed be-
tween the groups. Three patients sustained injuries 
to the papilla of Vater.

Among the 51 wounded individuals, only 
7 (13.7 %) presented with isolated duodenal injury. 
The remaining patients had duodenal injuries in 
combination with trauma to other organs and ana-
tomical structures (Table 2).

The organs most frequently affected concur-
rently with the duodenum included the diaphragm 
and liver (33.3 % each), the spleen (35.3 %), chest 
organs (33.3 %), the small intestine (27.5 %), and 
the pancreas (25.5 %). Colon injuries occurred in 
19.6 % of cases, kidney injuries in 15.7 %, and ma-
jor blood vessel injuries in 11.8 %. Bladder injuries 
were documented in 3.9 % of patients. There were 
no statistically significant differences between the 
groups regarding the frequency of injury to indi-
vidual organs (p > 0.05 for all).

The number of additional organs and structures 
of the abdominal cavity and extraperitoneal space 
affected (excluding duodenal injury) ranged from 0 
to 6 (Fig. 2).

The distribution of wounded individuals by the 
number of combined injuries did not differ signifi-
cantly between the groups (p = 0.573).

The mean injury severity score (NISS) for the 
total cohort was 21.8 ± 9.3 (range: 4 – 42), indicat-
ing predominantly severe and critical injuries. No 
statistically significant differences were observed 

Table 1. Baseline characteristics of wounded individuals and specific features of duodenal injuries

Parameter Experimental group (n = 28) Control group (n = 23) Total (n =51)

Age, years (M ± SD) 37.6 ± 9.7 39.6 ± 10.7 38.5 ± 10.1

Body Mass Index, kg/m2 (M ± SD) 24.5 ± 2.9 24.4 ± 1.3 24.5 ± 2.2

Wound

Shrapnel
Bullet

26 (92.3 %)
2 (7.7 %)

20 (87.0 %)
3 (13.0 %)

46 (90.2 %)
5 (9.8 %)

Isolated
Combined

5 (17.9 %)
23 (82.1 %)

5 (21.7 %)
18 (78.3 %)

10 (19.6 %)
41 (80.4 %)

Severity of duodenal injuries as classified by AAST

Grade I
Grade II
Grade III
Grade IV

7 (25.0 %)
5 (17.9 %)

13 (46.4 %)
3 (10.7 %)

5 (21.7 %)
8 (34.8 %)
8 (34.8 %)
2 (8.7 %)

12 (23.5 %)
13 (25.5 %)
21 (41.2 %)

5 (9.8 %)

Duodenal segment involved in the injury

D1 (pars superior)
D2 (pars descendens)
D3 (pars horizontalis) 
D4 (pars ascendens)

6 (21.4 %)
  16 (57.1 %)*

5 (17.9 %)
1 (3.6 %)

4 (17.4 %)
14 (60.9 %)
4 (17.4 %)
1 (4.3 %)

10 (19.6 %)
30 (58.8 %)
9 (17.6 %)
2 (3.9 %)

Note. * Three patients sustained injuries to the papilla of Vater.

The difference between compared and experimental group is statistically significant for all parameters (p > 0.05).
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between the groups in mean NISS values: 22.1 ± 8.3 
in the experimental group and 21.3 ± 10.6 in the 
control group (p = 0.762).

Comparative analysis of injury severity struc-
ture did not demonstrate statistically significant 
differences between the groups (p = 0.652). In both 
groups, patients with severe (NISS 16 – 24) and 
critical injuries (NISS  25) comprised the major-
ity, together representing 70.6 % of the total sample. 
Unsurvivable injuries (NISS  40) were identified 
in three patients (5.9 %) (Table 3).

At the initial assessment at designated lev-
els of care, bile leaks were observed in 21 patients 
(41.1 %): 10 (35.7 %) in the experimental group and 
11 (47.8 %) in the control group. No statistically 
significant difference was identified between the 
groups (p = 0.509).

Among patients with bile leaks, the volume of 
bile loss from the wound was up to 100 ml in 6 cases 
(28.6 %), 100 – 200 ml in 2 cases (9.5 %), 200 – 500 ml 
in 9 cases (42.9 %), and up to 1000 ml in 4 cases 
(19.0 %). There was no statistically significant differ-
ence between the groups for this indicator (p = 0.176).

Hemorrhagic shock was diagnosed in 21 patients 
(75.0 %) in the experimental group and 15 patients 
(65.2 %) in the control group (p = 0.218).

Peritonitis was diagnosed in all patients, with 
localized peritonitis in 7 cases (13.7 %) and gener-
alized (diffuse) peritonitis in 44 cases (86.3 %). Bili-
ary peritonitis was the predominant type based on 
exudate characteristics (88.2 %), while fecal perito-
nitis was identified in 6 cases (11.8 %).

The mean MPI in the total cohort was 19.8 ± 5.6 
(range: 10 – 34). According to MPI grading, mild 
peritonitis was present in 28 patients (54.9 %), 
moderate to severe in 22 patients (43.1 %), and se-
vere in only 1 patient (2.0 %). Comparative analysis 
showed no statistically significant differences be-
tween the groups in peritonitis prevalence, exudate 
characteristics, or mean MPI value (p > 0.05 for 
all), indicating comparable initial severity of intra-
abdominal infection in both groups (Table 4).

The surgical interventions were designed to ad-
dress the complications of duodenal injury as well 

Table 2. Associated injuries to organs and structures concurrent with duodenal trauma

Organs and structures Experimental group (n = 28) Control group (n = 23) Total (n =51)

Diaphragm 9 (32.1 %) 8 (34.8 %) 17 (33.3 %)

Liver 8 (28.6 %) 9 (39.1 %) 17 (33.3 %)

Pancreas 7 (25.0 %) 6 (26.1 %) 13 (25.5 %)

Spleen 7 (25.0 %) 11 (47.8 %) 18 (35.3 %)

Stomach 6 (21.4 %) 6 (26.1 %) 12 (23.5 %)

Small intestine 7 (25.0 %) 7 (30.4 %) 14 (27.5 %)

Large intestine 6 (21.4 %) 4 (17.4 %) 10 (19.6 %)

Chest 12 (42.9 %) 5 (21.7 %) 17 (33.3 %)

Kidney 4 (14.3 %) 4 (17.4 %) 8 (15.7 %)

Urinary bladder 2 (7.1 %) 0 (0.0 %) 2 (3.9 %)

Major blood vessels 2 (7.1 %) 4 (17.4 %) 6 (11.8 %)

Note. The difference between compared and experimental group is statistically significant for all parameters (p > 0.05).

Figure 2. Distribution of wounded individuals 
in the study groups according to the number of 
concomitant lesions in the abdominal cavity and 
extraperitoneal space, excluding duodenal lesions
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as associated pathological conditions resulting 
from the trauma.

Due to the staged approach to treatment, multi-
ple surgical interventions were performed on a sin-
gle patient at various levels of care. Table 5 presents 
the range of surgical interventions performed in 
each group, by evacuation stage.

Surgical interventions to address the complica-
tions of duodenal injury were primarily conducted 
during stage II. Specialized and delayed interven-
tions were performed at stage IV, whereas proce-
dures for concomitant injuries were carried out dur-
ing the early stages of treatment.

The number of surgical interventions per patient, 
excluding planned relaparotomies, ranged from 0 
to 7 (Fig. 3).

There was no statistically significant difference 
between the groups in the distribution of wounded 
individuals by the number of surgical interventions 
(p = 0.301).

Analysis of the distribution of wounded indi-
viduals by the level of care at which primary sur-
gical interventions were performed demonstrated 
substantial differences between the groups. In 
the experimental group, the majority of patients 
(82.1 %) underwent surgical interventions at the 
II, III, and IV levels of care, indicating the use of 
multi-level treatment strategies. Conversely, in the 
control group, this approach was implemented in 
only 26.1 % of cases. In the control group, 73.9 % of 
wounded individuals underwent all major surgical 
interventions at level II care, whereas only 14.3 % of 
patients in the experimental group did so (Table 6).

In the experimental group, a staged surgical ap-
proach was more frequently employed, with the major 
interventions transferred to specialized levels of care. 
In contrast, the control group primarily concentrated 
on the major surgical procedures at level II. Since 
both groups exhibited comparable initial injury se-
verity, these differences are significant for subsequent 

Table 3. Characteristics of patient groups by injury severity as classified by NISS

Parameter Experimental group (n = 28) Control group (n = 23) Total (n =51)

NISS score (M ± SD) 22.1 ± 8.3 21.3 ± 10.6 21.8 ± 9.3

Injury severity by NISS

Minor 4 (14.3 %) 2 (8.7 %) 6 (11.8 %)

Moderate 2 (7.1 %) 4 (17.4 %) 6 (11.8 %)

Severe 8 (28.6 %) 7 (30.4 %) 15 (29.4 %)

Critical 13 (46.4 %) 8 (34.8 %) 21 (41.2 %)

Unsurvivable 1 (3.6 %) 2 (8.7 %) 3 (5.9 %)

Note. The difference between compared and experimental group is statistically significant for all parameters (p > 0.05).

Table 4. Characteristics of patient groups based on peritonitis and MPI indicators

Parameter Experimental group (n = 28) Control group (n = 23) Total (n =51)

Localization
Localized
Generalized

4 (14.3 %)
24 (85.7 %)

3 (13.0 %)
20 (87.0 %)

7 (13.7 %)
44 (86.3 %)

Content
Biliary
Fecal

26 (92.9 %)
2 (7.1 %)

19 (82.6 %)
4 (17.4 %)

45 (88.2 %)
6 (11.8 %)

MPI score (M ± SD) 19.3 ± 4.7 20.4 ± 6.6 19.8 ± 5.6

MPI categories
Mild
Moderate 
Severe

16 (57.1 %)
12 (42.9 %)

0 

12 (52.2 %)
10 (43.5 %)

1 (4.3 %)

28 (54.9 %)
22 (43.1 %)

1 (2.0 %)

Note. The difference between compared and experimental group is statistically significant for all parameters (p > 0.05).
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Table 5. Classification of surgical interventions by levels of care

Type of surgery

Experimental group (n = 28) Control group (n = 23)

рEvacuation stage Evacuation stage

ІІ ІІІ IV ІІ ІІІ IV

Eliminating the complications of duodenal injury

Duodenal suturing 26 (92.9 %) 2 (7.1 %) 0 23 (100.0 %) 0 0 1

Duodenal diverticulization 1 (3.6 %) 0.360

Gastroenteroanastomosis after 
duodenal diverticulization 0 0 1 (17.9 %) 0 0 0 0.360

Duodenal diverticulization + 
gastroenteroanastomosis 2 (7.1 %) 0 4 (14.3 %) 0 0 1 (4.3 %) 0.078

Pancreatoduodenal resection 0 0 4 (14. %) 0 0 2 (8.7 %) 0.538

Pancreatectomy 0 0 1 (3.6 %) 0 0 0 0.360

Resection of the tail of the pancreas 0 0 4 (14.3 %) 5 (21.7 %) 0 0 0.487

Biliary decompression 6 (21.4 %) 1 (3.6 %) 21 (75.0 %) 0 0 1 (4.3 %) < 0.0001

Ultrasound-guided percutaneous 
transhepatic cholecystostomy 5 (17.9 %) 1 (3.6 %) 18 (64.3 %) 0 0 0 < 0.0001

Drainage of the common bile 
duct by Pikovsky method 1 (3.6 %) 0 3 (10.7 %) 0 0 1 (4.3 %) 0.235

Eliminating concomitant injuries

Liver suturing 8 (28.6 %) 0 0 9 (39.1 %) 0 0 0.426

Stomach suturing 5 (17.9 %) 1 (3.6 %) 0 6 (26.1 %) 0 0 0.696

Diaphragm defect repair 9 (32.1 %) 0 0 8 (34.8 %) 0 0 0.842

Splenectomy 7 (25.0 %) 0 0 11 (47.8 %) 0 0 0.090

Small bowel resection with 
anastomosis 3 (17.9 %) 2 (7.1 %) 7 (30.4 %) 0 0 0.292

Obstructive resection of the small 
intestine with clip placement 2 (7.1 %) 0 0 0 0 0 0.191

Entero-enterostomy after 
obstructive resection 0 0 2 (7.1 %) 0 0 0 0.191

Obstructive colon resection with 
clip placement 6 (21.4 %) 0 0 4 (17.4 %) 0 0 0.718

Ileotransversostomy after damage 
control colectomy 0 0 2 (7.1 %) 0 0 1 (4.3 %) 0.673

Final colostomy after damage 
control surgery 0 0 4 (14.3 %) 0 0 3 (13.0 %) 0.898

Kidney surgeries
Suturing
Resection
Nephrectomy 

4 (14.3 %)
3 (10.7 %)
1 (3.6 %)

0

0
0
0
0

0
0
0
0

4 (17.4 %)
2 (8.7 %)

1 (4.35 %)
1 (4.35 %)

0
0
0
0

0
0
0
0

0.782

Bladder defect repair 2 (7.1 %) 0 0 0 0 0 0.191
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Table 6. Distribution of wounded individuals 
by level of care at which major surgical 
interventions were performed

Stage of 
operation

Experimental 
group 

(n = 28)

Control 
group 

(n = 23)

Total 
(n =51)

II 4 (14.3 %) 17 (73.9 %) 21 (41.2 %)

ІІ – ІІІ 1 (3.6 %) 0 (0.0 %) 1 (2.0 %)

II – III – IV 23 (82.1 %) 6 (26.1 %) 29 (56.8 %)

Note. All wounded individuals were subsequently evacuated to 
level IV care. The table presents the stage at which the major 
surgical intervention occurred. Relaparotomies for postoperative 
complications performed at level IV care were excluded from 
this analysis.

Figure 3. Distribution of wounded individuals across 
groups by the number of surgical interventions, 
excluding suturing or clipping of the duodenum

Table 7. Postoperative complications, need for relaparotomy, mortality, and length of hospital stay 
in patients with duodenal injuries

Complications Experimental group 
(n = 28)

Control group 
(n = 23) p Total 

(n = 51)

Mortality 4 (13.4 %) 9 (39.1 %) 0.043 13 (25.5 %)

Failure of duodenal sutures 2 (7.1 %) 12 (52.2 %) 0.001 14 (27.5 %)

Peritonitis 5 (17.9 %) 11 (47.8 %) 0.022 16 (31.4 %)

Eventration 1 (3.6 %) 7 (30.4 %) 0.007 8 (15.7 %)

Sepsis 5 (17.9 %) 14 (60.9 %) 0.002 19 (37.3 %)

Abscess 7 (25.0 %) 11 (47.8 %) 0.090 18 (35.3 %)

Wound suppuration 14 (50.0 %) 16 (69.6 %) 0.158 30 (58.8 %)

Pancreatic necrosis 4 (14.3 %) 7 (30.4 %) 0.092 11 (22.9 %)

Erosive bleeding 2 (7.1 %) 4 (17.4 %) 0.258 6 (11.8 %)

Stricture of the hepatocholedochus 1 (3.6 %) 0 (0.0 %) 0.360 1 (2.0 %)

Multiple organ failure 4 (14.3 %) 9 (39.1 %) 0.043 13 (25.5 %)

Fistula 6 (21.4 %) 14 (60.9 %) 0.004 20 (39.2 %)

Biliary 2 (7.1 %) 6 (26.1 %) 0.064 8 (15.7 %)

Pancreatic 4 (14.3 %) 7 (30.4 %) 0.092 11 (22.9 %)

Nosocomial pneumonia 10 (35.7 %) 12 (52.2 %) 0.238 22 (43.1 %)

Number of patients who underwent 
relaparotomy for recurrent peritonitis 4 (14.2 %) 14 (60.9 %) 0.007 28 (54.9 %)

Number of relaparotomies for peritonitis
1
2
3
4

2 (7.1 %)
1 (3.6 %)
1 (3.6 %)
0 (0.0 %)

2 (8.7 %)
4 (17.4 %)
3 (13.0 %)
2 (8.7 %)

0.078
4 (7.8 %)
5 (9.8 %)
4 (7.8 %)
2 (3.9 %)

Length of hospital stay 18.2 ± 7.1 29.3 ± 8.1 < 0.001 23.2 ± 9.3
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analysis of how organizational strategies influence 
complication rates and treatment outcomes.

In the experimental group, 16 patients remained 
at the first stage of medical evacuation for less than 
1 day, while 1 patient remained for more than 1 day. 
In the control group, only 1 patient stayed less than 
1 day at this stage, whereas the remainder stayed for 
more than 1 day (p = 0.001).

Analysis of postoperative complication patterns 
demonstrated a significantly lower incidence of sur-
gical and septic complications in the experimental 
group (Table 7).

The experimental group exhibited a mortality 
rate of 13.4 %, which was statistically significantly 
lower than the 39.1 % observed in the control group 
(p = 0.043).

Duodenal suture failure occurred in 7.1 % of pa-
tients in the experimental group compared to 52.2 % 
in the control group (p = 0.001). It was associated 
with a significantly lower incidence of peritonitis in 
the experimental group (17.9 % vs. 47.8 %, p = 0.022). 
Additionally, the frequency of relaparotomies due to 
recurrent peritonitis was significantly lower in the ex-
perimental group (14.2 % vs. 60.9 %, p = 0.007).

Eventration (3.6 % vs. 30.4 %, p = 0.007), sepsis 
(17.9 % vs. 60.9 %, p = 0.002), and multiple organ 
failure (14.3 % vs. 39.1 %, p = 0.043) were all sig-
nificantly less frequent in the experimental group. 
Fistula formation also occurred significantly less 
often in the experimental group (21.4 % vs. 60.9 %, 
p = 0.004).

Complications, including intra-abdominal ab-
scesses, postoperative wound suppuration, pan-
creatic necrosis, erosive bleeding, and nosocomial 
pneumonia, were more frequently observed in the 
control group; however, these differences were not 
statistically significant (p > 0.05).

The hospital stay was significantly shorter in 
the experimental group than in the control group 
(18.2 ± 7.1 days vs. 29.3 ± 8.1 days, p < 0.001).

Discussion
Combat-related duodenal injuries represent some 
of the most severe forms of abdominal trauma, pri-
marily due to the organ’s anatomical and function-
al characteristics, as well as the high incidence of 
combined injuries and early contamination of the 
abdominal cavity. In this study, isolated duodenal 
injuries accounted for only 13.7 % of cases, whereas 
86.3 % had combined injuries, frequently affecting 
multiple organs and structures. This distribution 
aligns with contemporary data from both combat 
and civilian trauma series, where isolated duodenal 
injuries typically account for 10 – 20 % of cases, and 

combined thoracoabdominal injuries predominate 
[1, 7, 9, 15].

Accurate interpretation of the results depends on 
the homogeneity of the experimental and control 
groups with respect to key baseline characteristics, 
including age, body mass index, injury mechanism, 
duodenal injury severity (AAST scale), lesion lo-
calization, and overall injury severity (NISS). The 
mean NISS score was 21.8 ± 9.3, with no significant 
intergroup differences (p = 0.762), and the distribu-
tion across injury severity categories was compa-
rable. Therefore, observed differences in treatment 
outcomes can be attributed to variations in medical 
care tactics and organization, rather than initial pa-
tient heterogeneity.

The predominance of D2 segment injuries (ap-
proximately 60 % in each group) aligns with cur-
rent anatomical and clinical understanding, reflect-
ing the segment’s fixed position and its proximity 
to the pancreas and biliary tract. This localization 
contributes to the high incidence of duodenopan-
creatic injuries and complicates early surgical man-
agement of contamination and biliary leaks [4, 11, 
20]. In this study, pancreatic involvement occurred 
in 25.5 % of cases, consistent with current literature 
and directly associated with increased risk of suture 
failure and recurrent peritonitis.

The severity of patients’ clinical condition upon 
admission was evidenced by a high frequency of sys-
temic trauma manifestations: bile leaks occurred in 
42.9 % of cases, hemorrhagic shock in 65 – 80 %, and 
signs of peritonitis in all patients. Generalized bili-
ary peritonitis was predominant, with a mean MPI 
score of 19.8 ± 5.6, indicating mild to moderately 
severe peritonitis in most cases [10, 18]. The lack of 
intergroup differences in peritonitis characteristics 
further supports the comparability of initial condi-
tion severity.

The primary finding of this study is the confir-
mation of the critical importance of organized and 
staged surgical management of duodenal injuries. In 
the experimental group, most patients (82.1 %) re-
ceived staged surgical treatment across levels II, III, 
and IV, consistent with multilevel strategies and the 
damage control surgery concept. Conversely, in the 
control group, this approach was applied in only 
26.1 % of cases, with 73.9 % of patients undergoing 
major surgical interventions at level II care.

These differences indicate not only variations 
in patient routing but also fundamentally distinct 
strategies for managing contamination, biliary 
leaks, and physiological instability. Performing ex-
tensive surgical procedures at the early stage in cas-
es of severe combined trauma, as seen in the control 
group, restricts the application of damage control 
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surgery and contradicts current recommendations 
for duodenal injury management. In contrast, the 
staged approach in the experimental group allowed 
for the deferral of complex reconstructive proce-
dures until after patient stabilization, with these 
interventions performed in specialized level IV 
medical facilities, in accordance with international 
guidelines [6, 16, 19]. The disparity in duration of 
stay at level II care is notable: 94 % of experimental 
group patients stayed for less than 1 day, whereas 
95 % of control group patients stayed for more than 
1 day (p = 0.001). Given the presence of active con-
tamination and biliary leaks associated with duo-
denal injuries, such a delay in early treatment has 
a significant impact on clinical outcomes.

Recent studies have demonstrated that prolonged 
hospitalization of patients with duodenal injuries 
in settings with limited diagnostic and surgical re-
sources is linked to worsening peritonitis, increased 
bacterial burden, and higher risks of suture failure 
and septic complications [8, 16, 19]. The findings of 
this study are consistent with these observations and 
support the conclusion that reducing the duration of 
stay at level II is a key component of the improved 
surgical management algorithm, contributing to 
better clinical outcomes in the experimental group.

Although the number of surgical interventions 
per patient did not differ significantly between 
the groups, the distribution of surgical procedures 
across treatment stages varied. In the experimental 
group, complex reconstructive and combined inter-
ventions (duodenal diverticulization, gastroentero-
anastomosis, and pancreaticoduodenal resections) 
as well as biliary decompression were more fre-
quently performed at level IV care after patient sta-
bilization. This approach aligns with current recom-
mendations from the World Society for Emergency 
Surgery (WSES) and the Eastern Association for 
the Surgery of Trauma (EAST), both of which ad-
vise against performing complex reconstructions 
during periods of physiological instability [6, 13].

The experimental group undergoing PTC dem-
onstrated a significantly higher frequency of biliary 
decompression (p < 0.0001). According to recent 
literature, adequate biliary decompression is an 
essential factor in preventing duodenal suture fail-
ure, recurrent peritonitis, and septic complications, 
particularly in cases involving D2 segment damage 
and concurrent pancreatic trauma [5, 8, 11]. This 
aspect of the treatment algorithm likely contrib-
uted to the markedly lower incidence of duodenal 
suture failure observed in the experimental group 
(7.1 % vs. 52.2 %; p = 0.001).

The reduction in suture failure rates in the al-
gorithm group led to lower incidences of recurrent 

peritonitis, sepsis, eventration, multiple organ fail-
ure, and the need for relaparotomy. The proportion 
of patients requiring relaparotomy for recurrent 
peritonitis was four times lower in the experimental 
group (14.2 % vs. 60.9 %; p = 0.007), and multiple 
relaparotomies were more frequently observed in 
the control group. According to recent meta-anal-
yses, this sequence of complications is the primary 
predictor of mortality in duodenal injuries [16, 17].

The integral indicator of the improved algo-
rithm’s effectiveness was a significant reduction in 
mortality in the experimental group compared with 
the control group (13.4 % vs. 39.1 %, p = 0.043). Giv-
en the comparable initial injury severity between 
the groups, these findings indicate that the staged, 
algorithm-based approach, rather than the initial in-
tervention’s aggressiveness, is the key determinant 
of prognosis in combat-related duodenal injuries.

In summary, these findings support the current 
understanding that effective treatment of duodenal 
injuries relies on prompt contamination control, ear-
ly minimally invasive interventions, and the execu-
tion of complex reconstructive procedures following 
patient stabilization. The improved staged surgical 
management algorithm applied in the experimental 
group significantly reduced the incidence of severe 
complications, length of hospital stay, and mortality, 
underscoring its practical relevance for the manage-
ment of combat-related injuries.

Conclusions
In 86.3 % of cases, combat-related duodenal trau-
mas present as combined injuries. They are associ-
ated with a severe systemic response, as evidenced 
by elevated NISS scores 21.8 ± 9.3, peritonitis in all 
patients, and a high incidence of bile contamina-
tion (88.2 %).

The implementation of an improved staged sur-
gical management algorithm, incorporating early 
evacuation and major surgical interventions at spe-
cialized medical facilities, significantly enhances 
treatment outcomes. This approach reduces duo-
denal suture failure from 52.2 % to 7.1 %, recur-
rent peritonitis from 47.8 % to 17.9 %, sepsis from 
60.9 % to 17.9 %, and the need for relaparotomy 
from 60.9 % to 14.2 %.

The staged surgical management algorithm re-
sults in a substantial reduction in mortality (from 
39.1 % to 13.4 %) and shortens inpatient treatment 
duration. These findings underscore the critical 
importance of organizational and tactical strategies 
in managing combat-related duodenal injuries and 
support the adoption of this approach in military 
surgical practice.
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Поетапна хірургічна тактика лікування бойових 
ушкоджень дванадцятипалої кишки з урахуванням рівнів 
медичного забезпечення
І. П. Хоменко 1, П. О. Шкляревич 2

1 Українська військово-медична академія, Київ
2 Військово-медичний клінічний центр Південного регіону, Одеса

Мета — оцінити вплив удосконалення алгоритму поетапної хірургічної тактики лікування бойових 
ушкоджень дванадцятипалої кишки (ДПК) з урахуванням рівнів медичного забезпечення на частоту піс-
ляопераційних ускладнень і летальність.

Матеріали та методи. У проспективне дослідження було залучено 51 військовика з вогнепальними 
пораненнями ДПК. Пацієнтів розподілили на дві групи: основну групу (n = 28), в якій лікування здійсню-
вали за розробленим алгоритмом, і групу порівняння (n = 23), в якій застосовували стандартну тактику. 
Групи були порівнянними за віком, механізмом поранення, тяжкістю ушкоджень ДПК, тяжкістю поєдна-
ної травми та характеристиками перитоніту. Статистичний аналіз проводили з використанням параме-
тричних і непараметричних методів.

Результати. Ізольовані ушкодження ДПК мали місце в 13,7 % випадків, поєднані — у 86,3 %. В основній 
групі в більшості пацієнтів (82,1 %) хірургічне лікування проведено поетапно із залученням II — III — IV 
рівнів медичного забезпечення та виконанням складних реконструктивних і комбінованих втручань — 
дивертикулізації ДПК із гастроентероанастомозом, панкреатодуоденальної резекції, декомпресії жов-
чних шляхів (черезшкірної черезпечінкової холецистостомії) переважно на IV рівні після стабілізації 
стану пацієнтів. У групі порівняння така модель була реалізована лише в 26,1 % випадків, тоді як у решти 
поранених основний обсяг оперативного втручання виконували на II рівні. Перебування на II рівні понад 
однієї доби зареєстрували в 94 % пацієнтів основної групи та 5 % осіб із групи порівняння (p = 0,001). 
Частота неспроможності швів ДПК була значно нижчою в основній групі (7,1 і 52,2 %, p = 0,001), а також 
частота перитоніту (17,9 та 47,8 %, p = 0,022), сепсису (17,9 і 60,9 %, p = 0,002) та релапаротомій з приводу 
рецидивного перитоніту (14,2 і 60,9 %, p = 0,007). Летальність становила 13,4 % в основній групі та 39,1 % 
у групі порівняння (p = 0,043). Тривалість стаціонарного лікування була вірогідно меншою в основній 
групі ((18,2 ± 7,1) і (29,3 ± 8,1) доби, p < 0,001).

Висновки. Удосконалений алгоритм поетапної хірургічної допомоги при бойових пораненнях ДПК 
дає змогу вірогідно знизити частоту тяжких післяопераційних ускладнень, потребу в релапаротоміях, 
тривалість стаціонарного лікування та летальність.

Ключові слова: двенадцятипала кишка, бойова травма, тактика хірургії контролю ушкоджень, поетапна 
хірургічна тактика, поєднана абдомінальна травма, перитоніт, неспроможність швів, летальність.
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Anal fissure represents the second most prevalent 
disease of the anorectal region, accounting for 10 % 
to 15 % of visits to a proctologist [9, 12, 14]. An acute 
anal fissure is defined as a linear defect of the ano-
derm, typically accompanied by severe pain. This 
condition often leads to anal sphincter spasm due 
to irritation of its fibers, resulting in ischemia. This 
pathological cycle constitutes the key pathogenetic 
mechanism. Prolonged ischemia usually causes the 
development of a chronic anal fissure [5, 9, 12, 14].

Although this pathology is quite common, optimal 
management tactics remain limited. Current recom-
mendations for acute anal fissure management gener-
ally endorse the same methods, but the application 
process, specific indications, effectiveness evaluation, 
and criteria for therapy escalation are insufficiently 

defined. The primary therapeutic goals are to allevi-
ate anal sphincter spasm and restore adequate blood 
supply. Delayed therapy escalation or inadequate 
therapy are associated with an increased risk of chro-
nicity [2, 8, 13, 17]. It should be noted that predic-
tors of an unfavourable course of acute anal fissure 
include pain intensity, symptom duration for more 
than 4 weeks, severe spasm, and concomitant func-
tional disorders. At present, no guidelines support 
individualized treatment approaches.

According to the recommendations, standard con-
servative therapy includes stool regulation through 
a high-fiber diet, maintenance of water balance, sitz 
baths, and application of local anesthetic ointments. 
These measures promote healing in approximately 
60 % of patients with acute anal fissures [2, 13, 17]. 

OBJECTIVE – to evaluate the clinical efficacy of a personalized treatment algorithm for acute anal fissures based 
on a fissure chronicity risk scale compared with standard symptomatic therapy.

MATERIALS AND METHODS. This prospective non-randomized comparative study included 175 patients with acute 
anal fissure treated at the proctology department of Kyiv City Clinical Hospital № 18 between 2021 and 2024. The 
mean patient age was 39.29 ± 12.98 years. The study group received individualized treatment based on chronicity 
risk assessment, while the control group received standard symptomatic treatment. Efficacy was assessed by the 
rate of complete healing at week 4, pain dynamics on the VAS scale, and the incidence of chronicity.

RESULTS. The personalized treatment protocol resulted in a higher rate of complete healing compared to stan-
dard therapy (81.63 % versus 41.56 %, p < 0.001). The incidence of chronicity of anal fissures was lower in the 
study group (4.08 %) than in the control group (23.38 %). Patients in the study group achieved pain reduction of 
more than 50 % faster than those in the control group (6.1 ± 2.3 versus 12.8 ± 3.5 days). Side effects were observed 
in both groups, including local redness (11 % and 14 %), temporary incontinence (7 % and 0 %), and headache 
(0 % and 3 %).

CONCLUSIONS. The personalized protocol for managing acute anal fissures shows higher efficacy and significant-
ly improved clinical outcomes compared to standard conservative therapy. Implementation of this approach in 
clinical practice accelerates healing, reduces chronicity rates, and lowers early recurrence. Therefore, adoption of 
the proposed protocol is recommended.
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Early administration of topical calcium channel 
blockers or nitrates significantly accelerates healing 
and reduces the risk of chronic fissure development. 
However, these methods may be insufficient for pa-
tients at high risk of poor outcomes.

Therefore, there is a need to develop a personal-
ized treatment protocol that incorporates clinical 
predictors of unfavourable outcomes and facilitates 
the rational selection of therapeutic strategies.

OBJECTIVE – to evaluate the clinical efficacy of 
a personalized algorithm for the treatment of acute 
anal fissures based on a fissure chronicity risk scale 
compared to standard symptomatic therapy.

Materials and methods
This prospective non-randomized comparative 
study was conducted from 2021 to 2024 and includ-
ed 175 patients with acute anal fissures. Depend-
ing on the management approach, patients were 
divided into two groups. The study group (n = 98) 
received treatment according to the chronicity risk 
scale (Table 1), and the control group (n = 77) re-
ceived standard conservative therapy.

The  fissure chronicity risk (FCR) scale was used 
to stratify the risk of chronicity of acute anal fis-
sures. This scale includes five independent clinical 
factors with established pathogenetic significance: 

symptoms persisting for more than four weeks, in-
tense pain syndrome (> 7 on the Visual Analogue 
Scale (VAS)), severe sphincter spasm, presence of 
nocturnal pain, and a history of anal fissure recur-
rence. These indicators present the principal mech-
anisms underlying chronicity: anoderm ischemia, 
neuromuscular regulation disorders, and reduced 
reparative potential. Each criterion was assigned 
one point, as all indicators have comparable inde-
pendent prognostic value and reflect distinct as-
pects of the pathophysiology. The total FCR score 
was used to stratify patients and guide therapeutic 
escalation decisions. To confirm the predictive util-
ity of the FCR scale, an internal validation analysis 
was conducted. Patients were grouped according to 
their initial FCR score, and the frequency of chro-
nicity after treatment was recorded (Table 2). The 
observed distribution demonstrates a progressive 
increase in chronicity among patients with higher 
FCR scores, thereby supporting the scale’s internal 
validity and justifying treatment escalation in the 
subgroup with scores  3.

Symptoms lasting more than four weeks were 
interpreted as evidence of fibrotic changes at the 
fissure margins and persistent ischemia. A pain in-
tensity VAS > 7 was used to assess the severity of 
neurogenic spasm in the internal anal sphincter. Se-
vere sphincter spasm was identified as the primary 
mechanism sustaining ischemia and hindering tis-
sue repair. Nocturnal pain was considered indica-
tive of damage extending beyond defecation and 
was associated with more pronounced ischemia. 
A history of previous relapses suggested structural 
vulnerability of the anoderm and an increased risk 
of defect recurrence. Each of these five factors was 
assessed as equally influential in determining the 
likelihood of chronicity and was therefore assigned 
a weight of one point. The total FCR score was used 
to evaluate the overall risk and to guide decisions 
regarding therapeutic escalation.

Patients with 0 points received standard symptom-
atic therapy, while those with 1 – 2 points were addi-
tionally prescribed topical calcium channel blockers 
to reduce internal sphincter tone. Patients with a to-
tal score of  3 were considered a high-risk group in 
whom the pathogenetic cycle of «pain-spasm-isch-
emia» had already formed and required a more inten-
sive effect on the sphincter apparatus. In such cases, 
botulinum toxin injection was selected as the pre-
ferred method, providing reversible chemical sphinc-
terotomy, significantly improving blood supply to the 
anoderm, and facilitating effective fissure healing.

Topical calcium channel blockers were used 
in patients with an FCR score of 1 – 2. Nifedipine 
0.2 % ointment was applied 2 – 3 times a day in 

Table 1. Personalized fissure chronicity risk scale 

Criterion Points

Symptoms lasting > 4 weeks 1

Pain on the VAS > 7 1

Pronounced anal sphincter spasm 1

Nocturnal pain 1

History of fissure recurrence 1

Interpretation:

0 – standard therapy,

1 – 2 – topical calcium channel blockers,

 3 – botulinum toxin injections (30 – 50 U).

Table 2. Internal validation of fissure chronicity 
risk scale in our sample

Score Chronic cases after treatment 

0 (n = 14) 0

1 (n = 23) 1 (4.3 %)

2 (n = 31) 1 (3.2 %)

 3 (n = 30) 2 (6.7 %)
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a thin layer along the anal canal (1 cm from the 
anal ring) for 14 days. The choice between nifedip-
ine and diltiazem was based on the tolerability of 
previous treatments and individual patient sensi-
tivity. Both drugs are regarded as equally effective 
in reducing intrasphincteric pressure.

Patients with an FCR score of  3 received botu-
linum toxin type A (Botox®, Allergan) injections. 
The drug was administered at a dose of 20 – 30 units, 
evenly distributed in the internal anal sphincter. In-
jections were performed at two sites, corresponding 
to the 3 and 9 o’clock positions on the conventional 
clock face, to a depth of approximately 3 – 4 mm. 
This approach ensured a uniform reduction in 
sphincter pressure and minimized the risk of local 
excessive relaxation. The injection was performed 
under sterile conditions, without anesthesia or with 
minimal local anesthesia if necessary.

Inclusion criteria were as follows: diagnosis of 
acute anal fissure (symptom duration  6 weeks), pa-
tient age 18 – 65 years, a follow-up period of at least 
6 months, and provision of signed informed consent.

Exclusion criteria were as follows: diagnosis of 
chronic anal fissure (symptom duration  6 weeks), 
pregnancy, inflammatory bowel diseases, HIV, spe-
cific proctitis, previous calcium channel blocker or 
botulinum toxin therapy, and atypical anal fissures.

The clinical characteristics of the patients included 
in the study are presented in Table 3. Both groups 
were statistically homogeneous at the baseline with 
respect to age, sex, duration of symptoms, initial pain 
syndrome, severity of spasm, and distribution of high-
risk patients according to the FCR scale (all p > 0.2). 

Additionally, possible confounding factors such as 
concomitant anorectal diseases, defecation disorders 
(constipation or diarrhea), and previous episodes of 
acute anal fissures did not differ significantly between 
groups (p = 0.28; p = 0.83; p = 0.85, respectively). 
These findings confirm the clinical homogeneity of 
the study samples at the time of inclusion.

Treatment efficacy was assessed based on the fol-
lowing criteria: complete epithelialization at week 
4, pain syndrome dynamics, frequency of progres-
sion to chronic fissure, and early recurrence of fis-
sure. However, a preliminary assessment was per-
formed on day 14 to determine the need for therapy 
escalation. In cases where clinical improvement 
was  30 %, patients who received standard therapy 
alone were additionally prescribed calcium channel 
blockers; those receiving calcium channel block-
ers were escalated to Botox therapy; and those on 
Botox were considered for lateral internal sphinc-
terotomy (LIS), although this intervention was not 
included in the present study.

The follow-up period lasted at least 6 months. 
The median follow-up was 7 months (range: 6 – 12 
months), allowing assessment of both early and de-
layed chronicity.

Statistical analysis was performed using Med-
Stat software. Quantitative variables are presented 
as mean ± standard deviation (M ± SD), and cat-
egorical variables are presented as frequencies and 
their percentage distributions (n, %). Normality of 
quantitative data was assessed both graphically and 
using descriptive statistics.

Student’s t-test was used to compare the means 
of two independent groups. Categorical variables 
were analyzed using Pearson’s 2-test, and Fisher’s 
exact test was employed when expected frequencies 
in the cells were < 5. Differences in proportions of 
complete epithelialization were assessed using the 
2 test, with relative risk (RR) and its 95 % confi-
dence interval (CI) also calculated.

The dynamics of pain syndrome were analyzed 
using Student’s t-test for independent samples. The 
frequency of progression from acute to chronic fis-
sures was assessed by comparing proportions (2), 
with calculation of RR and odds ratio (OR). Sta-
tistical significance was defined as p < 0.05. No cor-
rection for multiple comparisons was applied, as the 
study had a predefined primary endpoint.

Results
Baseline characteristics of both groups were homoge-
neous with respect to age, sex, initial pain syndrome 
intensity, duration of clinical manifestations, and se-
verity of internal anal sphincter spasm (see Table 3).

Table 3. Clinical characteristics of patients

Indicator Study group 
(n = 98)

Control group 
(n = 77)

Age, years 37.83 ± 11.62 41.16 ± 14.39

Men 43 (43.9 %) 35 (45.5 %)

Duration of symptoms, days 8.7 ± 2.4 9.1 ± 2.6

VAS (baseline) 7.1 ± 1.2 7.0 ± 1.3

Severe spasm 37,8 % 33,8 %

FCR  3 30,6 % 28,6 %

Concomitant anorectal 
diseases, % 65.3 % 72.7 %

History of constipation or 
diarrhea 43.9 % 45.5 %

History of acute anal fissure 23.3 % 24.3 %

All p > 0.05.
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At week 4, a significantly higher frequency of 
complete epithelialization was observed in patients 
treated according to a personalized protocol, with 
80 patients (81.63 %) achieving this outcome. In 
contrast, only 32 patients (41.56 %) receiving stan-
dard therapy achieved healing at the same time 
point, representing nearly half the rate noted in 
the personalized protocol group. These findings 
indicate that a personalized management protocol 
based on risk assessment for anal fissure chronic-
ity improves healing effectiveness within a month, 
which is statistically significant (p < 0.001).

Given that the primary complaint is severe pain 
during defecation, it is essential to assess treatment 
effectiveness using an analog pain scale. Patients 
recorded pain intensity daily. To standardize the 
assessment, the number of days with a pain reduc-
tion exceeding 50 % was calculated. In the study 
group, this indicator was 6.1 ± 2.3 days, compared 
to 12.8 ± 3.5 days in the control group (p < 0.001). 
This statistically significant difference suggests 
that addressing anal sphincter spasm and ischemia 
is more effective than solely providing local analge-
sia. Early pain relief also prevents the development 
of defecation-related fear and reduces the risk of 
early recurrence of anal fissures.

During the first week of treatment, a reduction 
in anal sphincter spasm was observed in 71.43 % 
(70 patients) of the study group and 28.57 % (22 
patients) of the control group (p < 0.001). These 
results indicate that the absence of persistent tonic 
spasm facilitates faster healing and epithelialization.

In both groups, some patients required therapy 
escalation. Therefore, we conducted the initial as-
sessment of its necessity on day 14. In the personal-
ized protocol group, 9 patients (9.18 %) required es-
calation, with 5 receiving calcium channel blockers 
and 4 receiving botulinum toxin injections. In the 

control group, 21 patients (27.27 %) required esca-
lation. It should be noted that surgical intervention 
was indicated for 1 patient (1.09 %) in the study 
group and 9 patients (11.69 %) in the control group. 
These indicators are critical because they increase 
treatment costs, risk of side effects and complica-
tions, and prolong the patient’s incapacity.

Assessment of chronicity risk is essential in our 
study. A reduction in its score of  1 point on day 14 
was observed in 68 (69.39 %) patients in the study 
group and 21 (27.27 %) patients in the control 
group. At the same time, only 4.08 % (4 patients) 
of the study group developed chronic anal fissures, 
compared with 23.38 % (18 patients) in the control 
group p < 0.001. These findings confirm that timely 
intervention in the pathogenetic cycle is crucial for 
preventing chronicity. Chronic fissures require lon-
ger, more complex treatment and can significantly 
impair quality of life.

A comparative analysis demonstrated significant 
advantages of the personalized treatment algorithm 
over standard therapy for most clinical endpoints 
(Table 4). The probability of complete healing was 
almost twice as high with the personalized algorithm 
(RR 1.96), and the chances of treatment success were 
more than 6 times higher (OR 6.25). The incidence 
of chronicity was markedly lower in the personalized 
group (4.08 % vs. 23.38 %), with an RR of 0.17 (95 % 
CI 0.06 – 0.49). A trend toward reduced risk of ear-
ly recurrence was observed (RR 0.22), although 
the 95 % CI partially overlapped 1. Improvements 
in pathogenetic markers, specifically reduction in 
sphincter spasm and a decrease in FCR  1 point, oc-
curred significantly more often in the personalized 
group (RR 2.50 and RR 2.54, respectively). The per-
sonalized approach also reduced the need for therapy 
escalation (RR 0.34 (95 % CI 0.16 – 0.69)) and surgi-
cal intervention (RR 0.09 (95 % CI 0.01 – 0.67)).

Table 4. Therapy effectiveness indicators  

Indicator Study group 
(n = 98)

Control group 
(n = 77) р RR 

(95 % CI)
OR 

(95 % CI)

Complete healing at week 4 80 (81.6 %) 32 (41.6 %) < 0.001 1.96 (1.48 – 2.60) 6.24 (3.16 – 12.38)

Time to  50 % pain reduction, days 6.1 ± 2.3 12.8 ± 3.5 < 0.001 – –

Chronicity 4 (4.1 %) 18 (23.4 %) < 0.001 0.17 (0.06 – 0.49) 0.14 (0.04 – 0.43)

Early recurrence of fissure 2 (2.0 %) 7 (9.1 %) 0.036 0.22 (0.05 – 1.05) 0.21 (0.04 – 1.03)

Reduction of sphincter spasm on day 7 70 (71.4 %) 22 (28.6 %) < 0.001 2.50 (1.72 – 3.64) 6.25 (3.23 – 12.10)

Reduction of FCR  1 point by day 14 68 (69.4 %) 21 (27.3 %) < 0.001 2.54 (1.73 – 3.75) 6.04 (3.12 – 11.70)

Need for therapy escalation (Botox/medication) 9 (9.2 %) 21 (27.3 %) 0.002 0.34 (0.16 – 0.69) 0.27 (0.12 – 0.63)

Need for surgical intervention (LIS) 1 (1.0 %) 9 (11.7 %) 0.004 0.09 (0.01 – 0.67) 0.08 (0.01 – 0.63)
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During treatment, patients reported side effects 
in the form of local reactions to topical agents and 
headaches (Figure). However, the most notable, 
yet anticipated and manageable, adverse event was 
temporary anal gas incontinence, which occurred 
in 7 patients (7.14 %) after botulinum toxin injec-
tions in the study group. This mild, transient anal 
incontinence, primarily manifested by gas inconti-
nence, was reversible and disappeared within 1 – 3 
weeks without treatment. This effect is consistent 
with the expected temporary decrease in internal 
sphincter tone, which underlies the therapeutic ac-
tion of botulinum toxin.

In summary, the data indicate that the personalized 
protocol offers a clear advantage over conservative 
therapy. This superiority is reflected in greater reduc-
tions in spasm, pain, and chronicity, thereby support-
ing the pathogenetic validity of the algorithm.

Discussion
Most associations, including the American Society 
of Colon and Rectal Surgeons (ASCRS) and Asso-
ciation of Coloproctology of Great Britain and Ire-
land (ACPGBI), recommend conservative therapy 
(stool regulation, sitz baths, topical nitrates, calcium 
channel blockers, botulinum toxin), but do not offer 
a clear quantitative stratification of patients or an 
escalation algorithm [4, 5]. Our approach seeks to 
address this gap by systematizing actions and creat-
ing a precise algorithm for acute fissure treatment. 
Although international recommendations and 
meta-analyses provide a list of remedies, they lack 
specific guidance on the sequence and techniques 
for their use [1—3, 6, 8, 9, 15]. We offer an easy-to-
use scale to assess fissure chronicity, enabling indi-
vidualized treatment strategies. Importantly, the 
study groups did not have statistically significant 
differences in any of the key clinical or potentially 

confounding variables, including concomitant ano-
rectal pathology, defecation disorders, and a history 
of acute anal fissures. Therefore, the observed treat-
ment effects are unlikely to be attributable to differ-
ences in baseline patient characteristics.

Our findings are consistent with existing litera-
ture regarding the effectiveness of topical calcium 
channel blockers. Several studies and clinical guide-
lines support the administration of topical calcium 
channel blockers and nitrates for the treatment of 
acute anal fissures. A randomized study by Momayez 
Sanat et al. demonstrated that nifedipine achieved 
higher remission rates and faster pain relief than dil-
tiazem in patients with acute anal fissures [11]. An-
other randomized study found that 0.5 % nifedipine 
was more effective and better tolerated than 0.2 % 
glyceryl trinitrate in the treatment of acute fissures 
[1]. Although debate persists regarding the rela-
tive effectiveness of nitrates versus calcium channel 
blockers, meta-analyses by Sahebally et al. confirm 
that calcium channel blockers are both more effec-
tive and better tolerated [1, 8, 12, 15]. In our study, 
only calcium channel blockers were administered 
to patients with moderate risk (1 – 2 points on the 
FCR scale), while topical nitrate-based agents were 
not used. It can be assumed that, in this subgroup, 
the use of calcium channel blockers contributed to 
the high healing rate due to the rapid relief of anal 
sphincter spasm. These findings suggest that calci-
um channel blockers may be the first-line escalation 
for patients with moderate risk.

There is scientific debate regarding the use of 
botulinum toxin in the treatment of anal fissures, 
including questions about its effectiveness, opti-
mal injection site, and appropriate dosage [12, 16, 
17]. Most randomized controlled trials investigat-
ing botulinum toxin have focused on chronic anal 
fissures, where the drug serves as an alternative or 
adjunct to lateral internal sphincterotomy. The cur-
rent ASCRS and ACPGBI guidelines do not con-
sider botulinum toxin as a standard treatment for 
acute anal fissures, a position shaped by the histori-
cal context of the available evidence. Most of the 
existing randomized studies and meta-analyses on 
which these recommendations are based addressed 
the treatment of chronic fissures, as this was the 
main clinical problem requiring an alternative to 
surgical intervention [4, 5]. Botulinum toxin was 
practically excluded from studies of the acute phase, 
limiting its representation in the recommendations 
[7, 14]. The rationale for using botulinum toxin in 
acute anal fissures is its capacity to directly target 
the principal pathogenetic mechanism: pronounced 
tonic spasm of the internal anal sphincter, which in-
fluences anoderm ischemia and tissue repair rates.

Figure. Side effects observed in the study and 
control groups
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Unlike chronic fissures, in which pathomorpho-
logical changes are established, reducing sphincter 
tone during the acute phase can rapidly restore 
blood supply at a critical time, when complete 
healing without surgery remains possible. Notably, 
the use of botulinum toxin in the acute phase, spe-
cifically for high-risk patients, has been minimally 
explored in the literature, making this approach 
a novel contribution to the field. The present find-
ings demonstrate that targeted administration of 
botulinum toxin during the acute phase can sub-
stantially decrease the incidence of chronicity and 
reduce the need for surgical intervention.

In our study, botulinum therapy was adminis-
tered exclusively in high-risk patients (FCR  3) or 
those unresponsive to previous therapeutic stages. 
The findings confirm that an FCR score of  3 iden-
tifies patients with a high probability of acute anal 
fissures progressing to chronicity. The presence of 
prolonged symptoms, severe pain, sphincter spasm, 
nocturnal pain, and recurrent episodes indicates 
a pathological cycle of «pain-spasm-ischemia» that 
does not respond to standard conservative therapy. 
In these cases, topical calcium channel blockers 
provide insufficient antispasmodic effects, failing to 
restore blood supply to the anoderm and stop dis-
ease progression. Thus, the use of botulinum toxin in 
high-risk patients is not an additional option, but an 
essential component of a treatment strategy aimed 
at preventing chronic fissure development. These re-
sults are particularly significant given the low chro-
nicity rate observed in the study group. Early ad-
ministration of botulinum toxin in a clearly defined 
high-risk category may help avoid the need for lat-
eral internal sphincterotomy. The use of botulinum 
toxin during the acute phase in patients at elevated 
risk of chronicity aligns with and enhances current 
guidelines, thereby improving management for this 
clinically vulnerable population.

Under standard therapy, the rate of progres-
sion from acute to chronic anal fissures was con-
sistent with international statistics and amounted 
to 23.38 %. This therapy includes dietary modi-
fications, combination ointments, sitz baths, and 
symptomatic laxatives [1 – 3, 6, 8, 10]. Typically, 
pain reduction and partial remission occur as part 
of the natural disease course, without interfering 
with the chronicity risk assessment and the devel-
opment of a structured treatment algorithm. In 
contrast to conventional practice, which is often 
chaotic or overly conservative in the early stages, 
the proposed algorithm enables clinicians to select 
the most effective method for each patient imme-
diately. The assessment on day 14 plays a crucial 
role in preventing the prolongation of ineffective 

therapy, a primary contributor to chronicity in clin-
ical practice. This approach advances the manage-
ment of acute fissures toward personalized medicine 
by basing decisions on a formalized patient risk pro-
file. The obtained RR and OR values demonstrate 
that the personalized algorithm not only acceler-
ates healing but also modulates key pathogenetic 
mechanisms, including spasm, ischemia, and the 
risk of chronicity. The FCR and sphincter spasm 
indicators are particularly significant, as OR values 
exceeding 6 suggest a strong effect of the algorithm 
in disrupting the pathological cycle of «pain-spasm-
ischemia-chronicity». Low RRs for chronicity and 
the need for LIS confirm that early risk stratifica-
tion can prevent progression to chronic forms and 
reduce the need for surgical intervention. Thus, the 
personalized approach demonstrates both symp-
tomatic and substantial pathogenetic efficacy, dis-
tinguishing it from standard therapy.

However, this study has several limitations. First, 
the non-randomized design does not eliminate the 
possibility of systematic errors, despite comparable 
baseline characteristics across groups. Second, the 
findings are limited to data from a single center. 
Third, the study group included several treatment 
methods, depending on risk level, which complicates 
direct comparison. Consequently, further evaluation 
through additional randomized studies is warranted.

Conclusions
This study demonstrates that a personalized ap-
proach based on risk assessment for anal fissure 
chronicity can significantly improve treatment ef-
fectiveness compared to standard practice regimens. 
The proposed algorithm facilitates rational therapy 
selection and reduces the need for surgical inter-
vention. These findings provide a foundation for 
further randomized studies and multicenter valida-
tion of the chronicity risk assessment scale, which 
has the potential to change management strategies 
for acute anal fissures.
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Персоналізований алгоритм лікування 
гострої анальної тріщини: порівняння 
з традиційною симптоматичною терапією
Л. Грицак
Національний медичний університет імені О. О. Богомольця, Київ

Мета — оцінити клінічну ефективність персоналізованого алгоритму лікування гострої анальної тріщини 
з використанням шкали ризику хронізації тріщини порівняно із стандартною симптоматичною терапією.

Матеріали та методи. Проведено проспективне нерандомізоване порівняльне дослідження за участю 
175 пацієнтів із діагнозом «гостра анальна тріщина», які проходили лікування в проктологічному відді-
ленні КНП «Київська міська клінічна лікарня №18» протягом 2021 — 2024 рр. Середній вік пацієнтів ста-
новив (39,29 ± 12,98) року. Пацієнти дослідної групи отримували індивідуальне лікування відповідно до 
оцінки рівня ризику хронізації, пацієнти групи контролю — рутинне симптоматичне лікування. Оцінку 
ефективності проводили за частотою повного загоєння на 4-й тиждень, динамікою болю за візуальною 
аналоговою шкалою та частотою хронізації.

Результати. У пацієнтів, які отримували лікування згідно з персоналізованим протоколом, частота 
повного загоєння була вищою порівняно з тими, хто отримував стандартну терапію (81,63 і 41,56 % від-
повідно, p < 0,001). Частота хронізації анальної тріщини у дослідній групі становила 4,08 %, у контрольній 
групі — 23,38 %. Зменшення болю більше ніж на 50 % швидше досягалося в пацієнтів дослідної групи 
(через (6,1 ± 2,3) та (12,8 ± 3,5) дня). Побічні дії зареєстровано в дослідній та контрольній групах: місцеве 
почервоніння (11 і 14 % відповідно), тимчасову інконтиненцію (7 та 0 %), головний біль (0 і 3 %).

Висновки. Запропонований персоналізований протокол ведення пацієнтів із гострою анальною трі-
щиною продемонстрував вищу ефективність і значно кращі клінічні результати порівняно зі стандарт-
ною консервативною терапією. Його використання в клінічній практиці прискорює загоєння гострої 
тріщини, зменшує частоту хронізації та раннього рецидиву. Тому запропонований підхід доцільно впро-
вадити в клінічну практику.

Ключові слова: малоінвазивна проктологія, поєднана патологія, анальна тріщина, геморой, рубцеві 
деформації, перианальний рубець.
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Partial splenic artery embolization (PSE) induces 
predictable and clinically significant alterations in 
splenic and portal hemodynamics, which underlie 
its therapeutic efficacy in patients with portal hy-
pertension complicated by splenomegaly and hy-
persplenism [2]. Immediately after embolization, 
a marked reduction in arterial inflow to the spleen is 
observed, resulting in a significant decrease in splen-
ic perfusion. Doppler ultrasound assessment typi-
cally demonstrates reduced peak systolic velocity 
(PSV) and mean flow velocity in the splenic artery, 
accompanied by an increase in the resistive index 

(RI). These changes reflect an effective mechanical 
limitation of splenic arterial inflow and redistribu-
tion of blood volume within the splanchnic circula-
tion. At the venous level, PSE leads to a progressive 
decrease in splenic venous outflow, which contrib-
utes to a reduction in portal venous inflow. Several 
studies have reported a subsequent decline in portal 
vein diameter and flow velocity, indicating partial 
decompression of the portal system. This hemody-
namic unloading is considered one of the principal 
mechanisms by which PSE reduces portal pressure 
and lowers the risk of variceal bleeding. The extent 

Partial splenic artery embolization (PSE) is used in the management of portal hypertension to reduce splenic 
inflow. However, its hemodynamic impact in the secondary prophylaxis of esophageal variceal bleeding requires 
additional investigation.

OBJECTIVE –  to assess changes in splenic hemodynamics after PSE for secondary prevention of variceal bleeding.

MATERIALS AND METHODS. The study included 90 patients (mean age 49.5 years) with a history of variceal bleeding 
and splenomegaly (mean volume 781.6 cm3). Splenic hemodynamics were evaluated using Doppler ultrasound 
at baseline and 1 month after PSE. Splenic volume and complications were monitored for up to 12 months.

RESULTS. One month after PSE, splenic artery diameter decreased from 5.77 ± 1.20 to 4.72 ± 1.14 mm (p < 0.001). 
Peak systolic velocity declined (152.92 ± 50.35 to 89.77 ± 34.28 cm/s, p < 0.001), and end-diastolic velocity decreased 
(56.76 ± 21.93 to 38.18 ± 15.59 cm/s, p < 0.001). Both resistance (0.63 ± 0.08 to 0.58 ± 0.13, p < 0.05) and pulsatility 
indices (1.07 ± 0.24 to 0.95 ± 0.27, p < 0.01) reduced significantly. Splenic volume initially increased to 831.7 cm3 
due to edema but significantly decreased to 504.2 ± 209.8 cm3 by month 6 (p < 0.001), with this reduction sustained 
through month 12. Post-embolization syndrome was managed conservatively in 99 % of cases; one instance of 
splenic abscess occurred. Conversely, the sclerotherapy comparison group showed increased splenic volume.

CONCLUSIONS. PSE induces significant short-term attenuation of splenic arterial inflow and venous outflow, 
followed by a substantial reduction in splenic volume. It is an effective adjunct for secondary prophylaxis with 
a predictable safety profile. Future comparative studies using unified hemodynamic protocols are required.

KEYWORDS

portal hypertension, esophageal varices, secondary prophylaxis, partial splenic artery embolization, Doppler 
ultrasound, splenic vein.
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of these hemodynamic changes correlates with the 
embolized splenic volume. Patients undergoing em-
bolization of 50 – 70 % of the splenic parenchyma ex-
hibit a more pronounced reduction in splenic artery 
flow and portal venous inflow compared to those 
with limited embolization, while maintaining an ac-
ceptable safety profile [5]. Excessive embolization, 
however, may result in substantial ischemic changes 
without providing further hemodynamic benefit.

In the subacute and long-term periods, partial 
restoration of splenic blood flow is commonly ob-
served due to the development of collateral arterial 
circulation. Nevertheless, Doppler parameters usu-
ally remain significantly lower than baseline values, 
suggesting sustained modulation rather than com-
plete normalization of splenic hemodynamics. This 
persistent reduction in splenic inflow explains the 
durable improvement in hypersplenism parameters, 
particularly platelet and leukocyte counts.

From a pathophysiological perspective, PSE 
does not eliminate portal hypertension but instead 
modifies one of its major contributors–the hyperdy-
namic splenic circulation. By reducing splenic arte-
rial inflow, PSE decreases splenic sequestration and 
portal venous inflow, thereby exerting a dual benefi-
cial effect on both systemic hematologic parameters 
and portal hemodynamics.

OBJECTIVE – to assess short-term changes in splenic 
arterial and venous hemodynamics following partial 
splenic artery embolization performed for secondary 
prevention of esophageal variceal bleeding. 

Materials and methods

Study design and patients
This prospective observational study included 90 
patients who underwent PSE as a part of second-
ary prevention of esophageal variceal bleeding. All 
patients had a documented history of at least one 
episode of variceal hemorrhage prior to enrollment, 
with the number of bleeding episodes ranging from 
one to seven.

The study cohort consisted of 38 women and 52 
men, with a mean age of 49.5 years. Splenomegaly 
was present in all patients, with baseline splenic 
volume exceeding 300 cm3 in every case. The mean 
baseline splenic volume was 781.6 cm3, as assessed 
at the pre-intervention time point (0 months).

Doppler ultrasound assessment
Doppler ultrasound flowmetry was used to assess 
splenic arterial and venous hemodynamics before 
intervention and during follow-up. Examinations 
were performed by experienced operators using 

standardized protocols. The splenic artery was eval-
uated at the proximal segment, with measurements 
including vessel diameter, peak systolic velocity, 
end-diastolic velocity, time-averaged mean veloc-
ity, RI, and pulsatility index (PI). Volumetric blood 
flow was calculated based on vessel diameter and 
mean flow velocity (Fig. 1).

The splenic vein was assessed at the hilum or 
proximal segment, with measurements including 
vessel diameter, maximal and time-averaged mean 
flow velocities, and calculated volumetric blood flow.

Baseline Doppler measurements were obtained 
prior to embolization (0 months), and follow-up as-
sessments were performed at 1 month after the pro-
cedure. Additional volumetric and clinical follow-up 
was conducted up to 12 months post-intervention.

Partial splenic artery embolization technique
Partial splenic artery embolization was performed 
using a reductional technique under fluoroscopic 
guidance (Fig. 2, 3). Selective catheterization of the 
splenic artery was achieved via standard transfemo-
ral access. Embolization was targeted to achieve 

Figure 1. Doppler ultrasound flowmetry assessment: 
A. Splenic artery (AL) B. Splenic vein (VL). 
The image demonstrates the spectral Doppler 
waveform and the calculation of volumetric blood 
flow parameters in the splanchnic circulation

А

B



30 General Surgery   Загальна хірургія  •  2025  •  № 4 (15)

S. M. Kozlov, I. V. Kolosovych

partial devascularization of the splenic parenchyma 
while preserving a functioning splenic remnant. 
The extent of embolization was determined based 
on angiographic findings and clinical indications.

The extent of embolization was determined based 
on angiographic findings and clinical indications.

Outcome measures
The primary outcomes of the study were short-term 
changes in splenic arterial inflow and splenic venous 
outflow parameters assessed by Doppler ultrasound 
at 1 month after embolization. Secondary outcomes 
included changes in splenic volume during follow-up 
and the incidence of post-embolization syndrome.

Statistical analysis
Continuous variables are presented as mean ± stan-
dard deviation. Paired comparisons between base-
line and follow-up measurements were performed 
using appropriate statistical tests. A p-value of 
< 0.05 was considered statistically significant.

Results
The data presented in Table demonstrate a pro-
nounced hemodynamic effect of reductional PSE 
on the major vessels of the portal circulation.

At the arterial level, significant changes in splenic 
artery morphology and flow parameters were ob-
served as early as 30 days after the intervention. Sys-
tolic and diastolic splenic artery flow velocities and 
the effective vessel diameter decreased significantly 
from baseline values (p < 0.001; see Table).

Doppler-derived impedance parameters changed 
accordingly. Both the PI and RI showed significant 
reductions, reflecting attenuation of splenic arterial 
flow intensity following embolization (see Table).

Figure 2. Selective angiography of the splenic artery. 
The catheter is positioned in the proximal segment 
of the vessel prior to embolization

Figure 3. Angiographic result of partial splenic 
artery embolization. The image demonstrates the 
placement of embolization coils in the splenic 
artery, resulting in reduced distal perfusion

Table. Changes in splenic artery and vein Doppler parameters after partial splenic artery embolization

Parameter Before intervention 1 month after PSE p

Splenic artery

Diameter, mm 5.77 ± 1.20 4.72 ± 1.14 < 0.001

Peak systolic velocity, cm/s 152.92 ± 50.35 89.77 ± 34.28 < 0.001

End-diastolic velocity, cm/s 56.76 ± 21.93 38.18 ± 15.59 < 0.001

RI 0.63 ± 0.08 0.58 ± 0.13 < 0.05

PI 1.07 ± 0.24 0.95 ± 0.27 < 0.01

Splenic vein 

Diameter, mm 9.09 ± 2.57 7.15 ± 2.30 < 0.001

Maximal flow velocity, cm/s 34.08 ± 15.04 21.53 ± 7.87 < 0.001
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The reduction in arterial inflow to the spleen was 
followed by a corresponding decrease in venous out-
flow. As shown in Table, splenic vein hemodynamic 
parameters demonstrated a statistically significant 
(p < 0.001) and sustained decline throughout the 
postoperative observation period.

Maximal splenic vein flow velocity decreased from 
34.08 cm/s to 21.53 cm/s (–37 %), while time-aver-
aged mean velocity declined from 27.96 cm/s to 17.62 
cm/s (–37 %). Simultaneously, a reduction in splenic 
vein diameter was observed, resulting in a marked 
decrease in calculated splenic venous volumetric 
flow from 1.19 L/min to 0.39 L/min (–67.2 %).

For comparison, in the endoscopic sclerotherapy 
group, in which ultrasound examination was per-
formed using a limited protocol without Doppler 
flowmetry for vascular velocity assessment, an in-
crease in splenic vein diameter was observed at 1 
month after the procedure.

At 1-month follow-up, splenic vein diameter af-
ter PSE (7.15 ± 2.30 mm) was numerically smaller 
than that observed after endoscopic sclerotherapy 
(8.63 ± 2.79 mm and 9.88 ± 1.45 mm).

As an integral consequence of reduced splenic ar-
terial inflow and venous outflow, dynamic changes 
in splenic volume and the functioning parenchymal 
fraction were observed. Splenic volume increased 
from 781.6 cm3 prior to embolization to 831.7 cm3 
at 1 month of follow-up. Subsequently, a consis-
tent downward trend was noted up to the 12-month 
control point, with a statistically significant reduc-
tion observed from the 6-month follow-up onward 
(p < 0.001). The transient early increase in splenic 
volume was attributed to parenchymal edema associ-
ated with embolization-induced infarctions and the 
infarcted areas themselves. During further follow-up, 
infarct evolution and replacement by fibrous tissue led 
to a gradual reduction in splenic volume, typically ob-
served between 6 and 12 months after the procedure.

Clinically, splenic infarctions were accompanied 
by transient fever ranging from 37.5°C to 38.7°C 
and left upper quadrant pain radiating to the left 
clavicle, shoulder, or scapular region. These mani-
festations were interpreted as post-embolization 
syndrome (PES). In 99 % of cases, PES was success-
fully managed with nonsteroidal anti-inflammatory 
drugs in combination with antibiotic prophylaxis 
administered for 7 – 12 days. The occurrence of 
splenic infarctions and PES was not regarded as 
a postoperative complication, as exclusion of a por-
tion of the functioning splenic parenchyma repre-
sents the intended mechanism of PSE. Inadequate 
antibiotic prophylaxis was associated with second-
ary infection of splenic infarcts and abscess forma-
tion in one patient.

Discussion
In patients treated with endoscopic sclerotherapy, 
an increase in splenic volume was observed during 
short-term follow-up without evidence of splenic 
infarction. Mean splenic volume increased from 
724.2 ± 242.6 cm3 at baseline to 750.8 ± 165.1 cm3 at 
1 month after the procedure. This pattern differed 
from that observed after PSE.

The observed increase in splenic volume after 
sclerotherapy may reflect the progression of unfavor-
able portal hemodynamic changes associated with 
impaired venous outflow. However, given that ul-
trasound assessment in the sclerotherapy group was 
performed using a limited protocol without Doppler 
flowmetry, this observation should be interpreted 
with caution. This limitation highlights the need for 
further studies using a unified hemodynamic assess-
ment protocol across patient groups managed with 
different secondary prophylaxis strategies.

Although direct studies evaluating splenic hemo-
dynamic changes after endoscopic sclerotherapy are 
scarce, the relationship between portal hyperten-
sion, venous congestion, and splenomegaly is well 
established in the literature [1, 2, 5, 11]. Endoscopic 
sclerotherapy effectively controls variceal bleeding at 
the local level but does not directly modify splanch-
nic inflow or splenic venous return. As a result, portal 
venous congestion and splenic enlargement may per-
sist or progress, depending on baseline liver function 
and collateral circulation patterns [3, 7].

In contrast, PSE has been shown to reduce splenic 
arterial inflow and splenic venous return, thereby 
modulating portal hemodynamics [1, 4, 6]. In our 
cohort, early Doppler flowmetry demonstrated a pro-
nounced reduction in splenic artery velocities and ef-
fective vessel caliber at 1 month after PSE. This arte-
rial inflow reduction was paralleled by a concordant 
decline in splenic venous velocity and diameter, sup-
porting a mechanistic chain whereby reduced splenic 
arterial inflow leads to decreased splenic venous re-
turn and, consequently, a lower portal inflow burden.

From a pathophysiological standpoint, PSE 
should not be viewed as eliminating portal hyper-
tension but rather as targeting one of its major mod-
ifiable components–excessive splanchnic (splenic) 
inflow–with a plausible downstream effect on 
portal venous loading. Because direct portal pres-
sure measurements (e.g., hepatic venous pressure 
gradient) were not performed in the present study, 
any inference regarding portal pressure reduction 
should be regarded as hypothesis-generating and 
requires confirmation in future studies employing 
standardized pressure-based endpoints [2, 5, 8].

A clinically relevant observation in our study 
was the dynamic volumetric response of the spleen 
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after PSE. An initial increase in splenic volume at 
1 month was followed by a sustained downward 
trend with a significant reduction at later follow-
up intervals. This pattern is consistent with post-
embolization parenchymal edema and infarction 
evolution, followed by fibrosis and contraction of 
non-functioning splenic tissue. It supports the con-
cept that the therapeutic effect of PSE is achieved 
through controlled reduction of functional splenic 
parenchyma and redistribution of splenic inflow 
rather than immediate organ shrinkage.

Importantly, the concept of splenic inflow reduc-
tion for portal decompression is not limited to en-
dovascular techniques. Tutchenko and colleagues 
described laparoscopic and laparoscopic-assisted 
surgical approaches aimed at reducing portal in-
flow, including clipping or ligation of the splenic 
artery, often combined with interventions on left 
gastric vessels, in patients with portal hyperten-
sion complicated by variceal bleeding [10]. These 
authors interpreted splenic artery clipping or liga-
tion as producing a direct, moderate portodecom-
pressive effect by decreasing arterial inflow to the 
spleen and reducing venous runoff toward the por-
tal vein. More recently, Tutchenko et al. compared 
splenectomy and selective splenic artery ligation 
during porto-azygos disconnection and emphasized 
that splenic flow-reduction strategies are associated 
with measurable changes in portal system param-
eters, while also carrying distinct risk profiles for 
thrombosis, infection, and infarction [9].

Taken together, our short-term Doppler find-
ings support the concept that PSE induces an early 
and coordinated reduction in both splenic arterial 
inflow and splenic venous return, changes that are 
mechanistically consistent with a dicrease in portal 
inflow burden. Comparison with endoscopic sclero-
therapy suggests fundamentally different hemody-
namic consequences of these treatment strategies. 
However, definitive conclusions regarding their 
relative impact on portal pressure and long-term 
outcomes require prospective, head-to-head studies 
with harmonized imaging protocols and pressure-
based validation.

Conclusions
Partial splenic artery embolization performed for sec-
ondary prevention of esophageal variceal bleeding is 
associated with significant short-term attenuation 
of splenic arterial inflow, as evidenced by reductions 
in splenic artery diameter, systolic and diastolic flow 
velocities, and Doppler impedance indices.

The reduction of splenic arterial inflow after em-
bolization is accompanied by a concordant decrease 

in splenic venous outflow, including significant re-
ductions in splenic vein diameter and flow velocity, 
indicating decreased venous return from the spleen.

These coordinated arterial and venous hemody-
namic changes suggest that PSE modulates splenic 
contribution to portal circulation by reducing por-
tal inflow load. However, direct portal pressure 
measurements were not performed, and the effect 
on portal pressure requires further validation.

Splenic volume demonstrates a characteristic 
short-term increase following embolization, fol-
lowed by a sustained downward trend with signifi-
cant reduction during mid-term follow-up, reflect-
ing post-embolization parenchymal changes and 
controlled reduction of functional splenic tissue.

In contrast, endoscopic sclerotherapy is associ-
ated with an increase in splenic volume and splenic 
vein diameter during short-term follow-up, high-
lighting fundamentally different hemodynamic 
consequences compared with splenic inflow–modu-
lating strategies.

The findings support PSE as a hemodynami-
cally active intervention that extends beyond local 
variceal control; however, comparative assessment 
of secondary prophylaxis strategies requires future 
prospective studies using unified hemodynamic as-
sessment protocols and pressure-based validation.
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Безпосередні гемодинамічні результати корекції 
селезінкового кровоплину після емболізації селезінкової 
артерії при вторинній профілактиці кровотеч 
із варикозно розширених вен стравоходу
С. М. Козлов, І. В. Колосович

Національний медичний університет імені О. О. Богомольця, Київ

Парціальну емболізацію селезінкової артерії (ПЕСА) використовують при портальній гіпертензії для 
зменшення селезінкового артеріального притоку. Її гемодинамічний вплив у контексті вторинної про-
філактики кровотеч із варикозно розширених вен стравоходу потребує уточнення.

Мета — оцінити зміни селезінкової гемодинаміки після ПЕСА, виконаної для вторинної профілактики 
варикозних кровотеч.

Матеріали та методи. У дослідження було залучено 90 пацієнтів (середній вік – 49,5 року) з анамнезом 
варикозних кровотеч і спленомегалією (середній об’єм – 781,6 см3). Селезінкову гемодинаміку оцінюва-
ли за допомогою допплерівського ультразвукового дослідження (УЗД) до ПЕСА та через 1 місяць. Моні-
торинг об’єму селезінки та ускладнень проводили протягом 12 міс.

Результати. Через 1 міс після ПЕСА діаметр селезінкової артерії зменшився з (5,77 ± 1,20) до (4,72 ± 1,14) 
мм (p < 0,001). Пікова систолічна швидкість знизилася з (152,92 ± 50,35) до (89,77 ± 34,28) см/с (p < 0,001), 
кінцева діастолічна швидкість – з (56,76 ± 21,93) до (38,18 ± 15,59) см/с (p < 0,001), індекс резистентнос-
ті – з 0,63 ± 0,08 до 0,58 ± 0,13 (p < 0,05), індекс пульсації – з 1,07 ± 0,24 до 0,95 ± 0,27 (p < 0,01). Об’єм селе-
зінки спочатку збільшився до 831,7 см3 (набряк), але до 6-го місяця статистично значущо зменшився до 
(504,2 ± 209,8) см3 (p < 0,001) зі збереженням ефекту до 12-го місяця. Постемболізаційний синдром ліку-
вали консервативно в 99 % випадків. Зареєстровано один випадок абсцесу селезінки. У групі порівняння 
(склеротерапія) відзначено збільшення об’єму селезінки.

Висновки. Парціальна емболізація селезінкової артерії сприяє значному короткостроковому знижен-
ню селезінкового артеріального притоку та венозного відтоку з подальшим суттєвим зменшенням об’єму 
органа. Це ефективний допоміжний метод вторинної профілактики з прогнозованим профілем безпеч-
ності. Необхідно провести порівняльні дослідження з уніфікованими гемодинамічними протоколами.

Ключові слова: портальна гіпертензія, варикозні вени стравоходу, вторинна профілактика, парціальна 
емболізація селезінкової артерії, допплерографія, селезінкова вена.
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OBJECTIVE – to compare the effectiveness of sleeve gastrectomy (SG) + transit bipartition (TB) and the novel 
metabolic procedure, sleeve gastrectomy with single anastomosis sleeve ileal bypass (SASI), in the treatment of 
morbidly obese patients with type 2 diabetes mellitus (T2DM).

MATERIALS AND METHODS. A retrospective cohort study was conducted among morbidly obese patients with 
T2DM who underwent bariatric surgical procedures, specifically SG+TB and SASI, between September 2013 
and December 2024 at the study hospital. Exclusion criteria included a history of previous bariatric surgery, 
upper laparotomy, severe comorbidities (ASA III – IV), and psychological instability. A total of 33 patients who 
underwent metabolic surgery for T2DM were divided into two groups: Group I underwent SG+TB, and Group II 
underwent the SASI operation. The mean age of patients was 42.6 years (range: 26 to 64 years), with a mean pre-
operative weight of 107.5 kg (range: 92.0 – 189.5 kg), a mean preoperative body mass index of 43.2 kg/m2 (range: 
36.7 – 65.0 kg/m2), and a mean excess weight of 50.8 kg (range: 28 – 106 kg). The average duration of metabolic 
disease before surgery was 7.5 years (range: 3 – 21 years). The mean preoperative glycaemia was 11.8 mmol/L 
(range: 6.5 to 23 mmol/L), and the mean glycated hemoglobin (HbA1c) was 7.6 % (range: 6.5 – 13.2 %). The pri-
mary outcomes were the percentage of excess weight loss (%EWL), resolution of diabetes, and improvement of 
comorbidities. The secondary outcome was postoperative nutritional status.

RESULTS. A cohort of 33 patients had a follow-up period of 12 to 48 months. After the Santoro operation, 
excess weight loss (EWL) was 72 % at 6 months, 88 % at 1 year, 92 % at 2 years, and 86 % at 4 years. After the SASI 
operation, EWL was 76 % at 6 months, 89 % at 1 year, 93 % at 2 years, and 82 % at 4 years. Complete resolution 
of diabetes occurred in all patients within the first 6 months postoperatively. Mean postoperative glycemic and 
HbA1c levels normalized at 1 year postoperatively. Disease control was defined as achieving normal HbA1c 
levels (< 6 %). Among insulin-dependent patients, 76 % achieved disease control during the 12- to 48-month 
follow-up. Patients receiving oral treatment reduced HbA1c to < 6 % in 100 % of cases at 1 year postoperatively 
and in 89 % of cases over the subsequent 5 years. Two years postoperatively, the mean total protein concentra-
tion was 7.7 ± 1.7 g/dL in Group I and 7.2 ± 1.5 g/dL in Group II (p > 0.1). The mean albumin concentration 
was 4.1 ± 0.6 g/ dL in Group I and 4.0 ± 0.8 g/dL in Group II. The mean daily bowel movement frequency was 
1.6 ± 1.8 in both groups.

CONCLUSIONS. The novel procedure – single anastomosis sleeve ileal bypass – demonstrates effectiveness as 
a less invasive surgical treatment for morbid obesity and T2DM. It is expedient to conduct further investigations 
to evaluate the efficacy of this method and to establish clear indications and contradictions for SASI.
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Bariatric procedures, including biliopancreatic diver-
sion (BPD) and duodenal switch, are effective treat-
ments for diabetes mellitus. However, after BPD, 
many patients experience severe malabsorption 
symptoms [38, 41]. To address these complications, 
S. Santoro et al. [36, 37] proposed sleeve gastrecto-
my (SG) with transit bipartition (TB) as a metabolic 
intervention for obesity. TB involves creating a gas-
troileal anastomosis in the antrum after SG, which 
maintains nutrient transit through the duodenum, 
prevents the formation of blind loops, and minimiz-
es malabsorption. The stomach retains two outflow 
pathways, and a lateral entero-enteroanastomosis 
connects both segments 80 cm proximal to the ce-
cum. After this operation, 86 % patients with type 2 
diabetes achieved remission [37]. SG + TB is similar 
to BPD with duodenal switch (BPD + DS), but the 
malabsorption component is significantly reduced as 
the duodenum and jejunum are not excluded [36]. In 
the past decade, minor operations such as mini gas-
tric bypass and single-anastomosis duodenoileal by-
pass with sleeve gastrectomy (SADI-S) have gained 
popularity [2, 5, 34, 35].

OBJECTIVE – to compare the effectiveness of sleeve 
gastrectomy + transit bipartition and the novel meta-
bolic procedure, sleeve gastrectomy with single anas-
tomosis sleeve ileal bypass, in the treatment of mor-
bidly obese patients with type 2 diabetes mellitus.

Materials and methods
A retrospective cohort study was conducted among 
morbidly obese patients with type 2 diabetes melli-
tus (T2DM) who underwent bariatric surgical pro-
cedures, specifically SG + TB and SASI, between 
September 2013 and January 2014 at the study 
hospital. The study protocol received approval from 
the Odesa National Medical University ethical 
committee. All patients included in the study were 
between 25 and 65 years of age.

Exclusion criteria comprised a history of previ-
ous bariatric surgery, upper laparotomy, severe co-
morbidities (ASA III – IV), and psychological in-
stability. Informed consent was obtained from all 
patients after a detailed explanation of operative 
and postoperative procedures as well as potential 
complications. The preoperative evaluation com-
prised a comprehensive medical history and labora-
tory investigations, including blood glucose, glycat-
ed hemoglobin (HbA1c), lipid profile, and thyroid 
function tests. In addition, all patients underwent 
routine gastroscopy and abdominal ultrasound to 
exclude gallstones and to assess hepatic steatosis.

A total of 33 patients who underwent metabolic 
surgery for T2DM were divided into two groups: 

Group I underwent SG + TB, and Group II un-
derwent the SASI operation. The mean age was 
42.6 years (range: 26 to 64 years), with 23 women 
and 10 men. The mean preoperative weight was 
107.5 kg (range: 92.0 – 189.5 kg), the mean preop-
erative body mass index was 43.2 kg/m2 (range: 
36.7 – 65.0 kg/m2), and the mean excess weight was 
50.8 kg (range: 28 – 106 kg). The average duration 
of metabolic disease before surgery was 7.5 years 
(range: 3 – 21 years). In only two patients was the 
disease controlled with dietary modification, while 
14 patients received oral agents and 17 patients re-
ceived insulin therapy. The mean preoperative gly-
cemia was 11.8 mmol/L (range: 7.2 to 23 mmol/L), 
and the mean glycated hemoglobin (HbA1c) was 
7.6 % (range: 6.5 – 15.2 %). The mean C-peptide 
was 2.4 ng/mL (range: 0.8 – 6.9), and the mean ho-
meostasis model assessment (HOMA) value was 
7.6 (range: 3.8 – 25.2). Hypertriglyceridemia was 
detected in 20 patients, hypercholesterolemia in 30 
patients, obstructive sleep apnea in 22 patients, and 
hypertension in 25 patients.

Operative techniques for SASI 
and Santoro procedures
Both operations were performed under general an-
esthesia. Pneumoperitoneum was established using 
a Veress needle. The first 10 mm trocar was inserted 
approximately 15 – 20 cm below the xiphoid process 
and 3 cm to the left of the midline. Four additional 
ports were placed under direct vision at the same 
sites as for sleeve gastrectomy. The omental bursa 
was opened, and the greater omentum was sectioned 
using a Ligasure or ENSEAL device. Dissection 
proceeded toward the gastroesophageal junction. 
The left crus was mobilized from its attachments. 
Posterior attachments connecting the stomach and 
pancreas were carefully divided. A 36 French bou-
gie was passed into the stomach to facilitate gastric 
tube placement. The stomach was transected using 
a linear stapler with a staple height of 4.1 mm, be-
ginning at the greater curvature 4 to 5 cm from the 
pylorus and extending to the angle of His. In cases 
of bleeding from the stapling line, additional sero-
muscular running sutures were placed.

The second stage of the operation was performed 
with the patient in the Trendelenburg position. The 
Santoro operation, consisting of sleeve gastrectomy 
with transit bipartition, was performed. Subse-
quently, a gastroileal anastomosis was created, fol-
lowed by a lateral-lateral ileo-ileal anastomosis 100 
cm proximal to the ileocecal valve, using a laparo-
scopic linear stapler with a 45 mm cartridge and 
a staple height of 4.1 mm. Running sutures were 
used to close the mesenteric borders to prevent 
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internal hernias. At the conclusion of the procedure, 
the segment between both anastomoses was inter-
rupted using a linear stapler with a white cartridge. 
A closed suction drain was placed after both opera-
tions. The SASI operation involves creating a single 
gastroileal anastomosis. The ileocecal junction was 
identified, and 250 cm of ileum was measured proxi-
mally. The selected loop was ascended after division 
of the greater omentum and stapled isoperistalti-
cally side-to-side to the anterior wall of the gastric 
antrum. Gastroileal anastomosis was created using 
a linear stapler with a 45 mm cartridge and a staple 
height of 4.1 mm. The anastomosis was tested for 
watertightness using a methylene blue test. The 
staple defect was closed with 3/0 V-lock sutures.

Postoperative care
Ambulation and administration of clear liquids com-
menced 12 to 24 hours postoperatively. Thrombopro-
phylaxis with enoxaparin 40 mg once daily was initi-
ated on the first postoperative day and continued for 
up to 3 weeks. A proton pump inhibitor was admin-
istered for 2 months postoperatively. A low-calorie, 
protein-rich liquid diet was maintained during the 
first month. Patients were encouraged to begin physi-
cal activity in the first postoperative week. Outpa-
tient follow-up was conducted monthly. A complete 
blood count was ordered every 3 to 6 months, and 
gastroscopy was scheduled every 6 to 12 months.

Assessments
The primary outcomes included the percentage of 
excess weight loss (%EWL), resolution of diabetes, 
and improvement of comorbidities. The %EWL was 
calculated as follows: 
Preoperative weight – Follow-up weight  ×100%.

Preoperative excess weight 
Resolution of diabetes was defined as a fasting 

glucose level < 6.06 mmol/L or an HbA1c level 
< 6 % without hypoglycemic medication, whereas 
improvement was defined as a reduction of at least 
25 % in fasting plasma glucose and at least 1 % in 
HbA1c level. Resolution of comorbidities was de-
fined as disease control without medication. Sec-
ondary outcomes included postoperative complica-
tions and postoperative nutritional status.

Statistical analysis
Data were analyzed using IBM SPSS v. 21.0. De-
scriptive and inferential statistics were conducted 
using both parametric and non-parametric proce-
dures, as appropriate. Comparison of variables was 
performed using chi-square tests for trend analysis. 
All tests were two-tailed, and results with p < 0.05 
were considered statistically significant.

Results
A total of 33 patients underwent metabolic surgery 
for T2DM during the study period. Sleeve gastrec-
tomy with transit bipartition (Santoro operation) 
was performed in 12 patients (Group I), and SASI 
in 21 patients (Group II). No statistically signifi-
cant differences were observed between the two 
groups (Table 1).

 The duration of operative laparoscopic proce-
dures ranged from 92 to 180 minutes. The mean 
operative time for the Santoro operation was sig-
nificantly longer than for SASI (158 ± 28 min vs. 
112 ± 16 min, p < 0.05). No serious intraopera-
tive complications or mortality occurred in either 
group. Two cases of postoperative bleeding from 
the staple line of the stomach were observed (one 
in each group). One patient was treated conserva-
tively, while another required laparoscopic explo-
ration 12 hours postoperatively and hemostasis by 
suturing the bleeding points at the staple line. One 
case of pulmonary embolism was seen in Group II 
and was managed conservatively. In Group I, one 
patient developed complete intestinal obstruction 
due to an internal hernia 3 months postoperatively 
and underwent successful laparoscopic reoperation. 

Table 1. Clinical characteristics of the two patient 
groups 

Parameter Group I 
(n = 12)

Group II 
(n = 21)

Mean age, years 42 (26 – 58) 45 (27 – 64)

Men/women 4/8 9/12

Preoperative weight, kg 104 (92 – 158) 108 (96 – 190)

Preoperative body mass 
index, kg/m2 42 (37 – 58) 43 (38 – 65)

Preoperative excess weight, kg 49 (28 – 99) 53 (32 – 106)

Preoperative glycaemia, 
mmol/L 10 (7 – 21) 14 (10 – 23)

Preoperative HbA1C, % 7.2 (6.5 – 11.6) 7.9 (7.0 – 12.2)

Hypertriglyceridemia 7 19

Sleep apnea 8 14

Hypertension 9 18

Preoperative treatment

Diet control 1 1

Oral Antidiabetic 6 8

Insulin therapy 6 11

Note. Quantitative indicators are presented as mean (min–max). 
All p > 0.05.
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Twelve months after surgery, one patient in Group I 
(Santoro operation) was diagnosed with a marginal 
ulcer on gastroscopy, which responded well to med-
ical treatment. The mean hospital stay was 7.2 days 
(range: 6 – 9 days) in Group I and 5.6 days (range: 
5 – 8 days) in Group II (p < 0.05).  

Follow-up in 33 patients ranged from 6 to 48 
months. After the Santoro operation, excess weight 
loss (EWL) was 72 % at 6 months, 88 % at 1 year, 
92 % at 2 years, and 86 % at 4 years. After the SASI 
operation, excess weight loss was 76 % at 6 months, 
89 % at 1 year, 93 % at 2 years, and 82 % at 4 years. 
There were no statistically significant differences in 
%EWL between the two groups (p > 0.05). All pa-
tients experienced complete resolution of diabetes 
within the first 6 months postoperatively.

Mean postoperative glycemic and HbA1c levels 
normalized in the first postoperative year (Table 2). 
Disease control was defined as achieving normal 
HbA1c levels (< 6 %). Among insulin-dependent 
patients, 79 % achieved disease control during the 
12- to 48-month follow-up. Patients on oral therapy 
reduced HbA1c to < 6 % in 100 % of cases in the 
first postoperative year and in 89 % of cases over 

the subsequent 4 years. Of the 17 patients who 
were insulin-dependent preoperatively, after 
12 – 48 months, six required only oral therapy, and 
seven discontinued medication entirely. The effec-
tiveness of diabetes control was equivalent between 
the two operations (see Table 2).

Both patient groups demonstrated significant 
improvements in lipid profiles. By the end of the 
first postoperative year, 90 % of patients exhibited 
normal total cholesterol levels, and 85 % had nor-
mal triglyceride levels. Mean follow-up values re-
mained stable (see Table 2). Hypertension resolved 
in 21 patients, with 6 cases in Group I and 15 cases 
in Group II. No statistically significant differences 
were observed in the normalization of comorbidities 
between the two groups.

Postoperatively, the mean total protein con-
centration was 8.0 ± 1.1 g/dL in Group I and 
7.8 ± 1.2 g/ dL in Group II (p > 0.1). The mean al-
bumin concentration was 4.1 ± 0.5 g/dL in Group 
I and 4.0 ± 1.0 g/dL in Group II. Two patients in 
Group II had symptoms of bile reflux. The mean 
daily bowel movement frequency was 1.6 ± 1.8 in 
both groups (Table 3).

Table 2. Preoperative and postoperative glycemic and lipid profiles in patients after Santoro (Group I) 
and SASI (Group II) operations

Parameter

Preoperatively 6 months 
postoperatively

1 year 
postoperatively

2 years 
postoperatively

Group I 
(n = 12)

Group II 
(n = 21)

Group I 
(n = 12)

Group II 
(n = 21)

Group I 
(n = 12)

Group II 
(n = 21)

Group I 
(n = 10)

Group II 
(n = 18)

HbA1c, % 7.2 ± 1.8 7.9 ± 2.0 5.4 ± 0.8 5.6 ± 1.0 5.6 ± 0.7 5.8 ± 0.8 5.5 ± 0.8 5.6 ± 0.8

HOMA 7.4 ± 1.6 7.8 ± 1.8 1.1 ± 0.6 1.1 ± 0.7 1.2 ± 0.8 1.3 ± 0.7 – –

Triglycerides, mmol/L 2.7 ± 0.7 2.6 ± 0.9 1.1 ± 0.6 1.2 ± 0.8 1.2 ± 0.7 1.3 ± 0.9 1.2 ± 0.7 1.4 ± 0.8

Cholesterol, mmol/L 6.9 ± 1.8 6.8 ± 2.0 3.9 ± 1.2 4.2 ± 1.4 3.1 ± 1.1 3.6 ± 1.3 3.2 ± 1.4 3.5 ± 1.5

Table 3.  Biochemical profiles pre- and postoperatively in patients after Santoro and SASI operations

Parameter

Preoperatively 6 months postoperatively 12 months postoperatively

Group I 
(n = 12)

Group II 
(n = 21)

Group I 
(n = 12)

Group II 
(n = 21)

Group I 
(n = 12)

Group II 
(n = 20)

Albumin, g/dL 3.9 ± 0.7 4.0 ± 0.8 4.3 ± 0.4 4.1 ± 0.9 4.1 ± 0.5 4.0 ± 0.6

Protein, g/dL 7.6 ± 1.4 7.2 ± 1.5 8.0 ± 1.7 7.8 ± 1.6 7.9 ± 1.6 7.6 ± 0.9

ALT U/L 69.0 ± 20.4 72.0 ± 18.6 36.0 ± 12.5 38.0 ± 15.0 34.0 ± 0.9 33.0 ± 1.1

Gamma-GT, U/L 34.0 ± 12.5 32.0 ± 15.0 24.0 ± 10.5 25.0 ± 12.2 22.0 ± 15.2 26.0 ± 18.2

Iron, mol/L 15.0 ± 3.6 14.0 ± 13.9 23.0 ± 11.2 21.0 ± 12.8 24.0 ± 12.5 23.0 ± 15.0

Hemoglobin, g/dL 12.5 ± 1.4 11.2 ± 1.6 12.9 ± 1.6 12.2 ± 1.8 12.8 ± 0.9 12.6 ± 1.2

Platelet count, ×103/L 230.0 ± 30.2 246.0 ± 32.2 300.0 ± 30.4 310.0 ± 36.2 320.0 ± 25.7 300.0 ± 24.6
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Discussion
Contemporary human diets are typically high in 
calories, low in fiber, and extensively processed 
through cooking and refining, resulting in rapid 
food absorption. This absorption often occurs in 
the proximal bowel, thereby reducing the function-
al workload of the distal bowel and diminishing the 
secretion of glucagon-like peptide-1 (GLP-1) and 
peptide YY (PYY).  Consequently, diabetic and 
obese patients exhibit reduced GLP-1 production 
[16, 23, 31].

Specific bariatric procedures involve excision of 
segments of the digestive tract, which can lead to mu-
cosal atrophy and subsequent bacterial proliferation. 
This process may facilitate bacterial translocation to 
the portal system, increasing the risk of hepatic fail-
ure [3, 7, 13]. Such complications can exacerbate pre-
existing hepatic conditions, particularly in patients 
with nonalcoholic fatty liver disease [1].

The SASI operation is a novel bariatric operation 
that combines the principles of sleeve gastrectomy 
with transit bipartition (SG + TB) [19].

The modification of SG + TB aimed to simplify 
the surgical procedure and decrease the potential 
complication rate. Reducing the number of intesti-
nal anastomoses is expected to lower the risk of post-
operative leaks and anastomotic strictures. More-
over, preserving the mesentery’s integrity minimizes 
the likelihood of postoperative obstructions.

Intestinal obstruction was observed in one pa-
tient after the Santoro operation. In contrast, no 
cases of intestinal obstruction were reported in 
Group II after the SASI operation.

After sleeve gastrectomy, ghrelin secretion de-
creases because the hormone is primarily produced 
by cells in the gastric fundus [26], which is removed 
during the surgical procedure.

GLP-1 is a more potent incretin than GIP in 
both diabetic and obese individuals and in healthy 
individuals. GLP-1 more effectively suppresses 
glucagon secretion [17] and sustains a robust late 
phase of insulin release. Furthermore, the secretion 
of GLP-1 and PYY, which signals the ingestion 
of substantial amounts of food, promotes satiety, 
slows gastric emptying, and contributes to meal 
termination [9, 19, 22].

Nowadays, food absorption primarily occurs in 
the proximal bowel. Enhanced glucose-dependent 
insulinotropic polypeptide (GIP) secretion directly 
associates overnutrition with both general obesity 
[24] and, specifically, with visceral obesity [28]. An-
ti-GIP antibodies and GIP-receptor blockers have 
demonstrated efficacy in treating obesity [10, 25]. 
GLP-1 analogues, but not blockers, can help treat 
both obesity and diabetes [11, 32, 33].

Evidence indicates that restriction and malabsorp-
tion are not the primary factors responsible for the 
positive outcome of modern bariatric procedures. In-
stead, neurohormonal changes induced by these pro-
cedures play a significant role in their success [2].

Large meta-analyses have demonstrated that bar-
iatric procedures resulting in substantial weight loss 
and metabolic improvement are those that reduce 
foregut exposure to food and enhance food transit to 
the hindgut [30]. If a small segment of the proximal 
bowel is excluded, as in the Roux-en-Y gastric bypass, 
successful outcomes depend on gastric volume re-
striction [12]. In contrast, if a large proximal segment 
is excluded, as in the BPD, restriction is unnecessary 
for metabolic benefits and weight loss, but malabsorp-
tion becomes a significant concern [8].

S. Santoro et al. [37] proposed a new procedure 
that avoids ileal exclusion and uses a minor sur-
gical technique. SG + TB amplifies the nutritive 
stimulation of the distal gut while simultaneously 
diminishing the exposure of the proximal bowel to 
nutrients, without completely deactivating the du-
odenum and jejunum. The food transit to the ileum 
is preferential, as shown by S. Santoro et al. [36, 37].

Simultaneously, a smaller portion of the meal 
passes through the duodenum, which decreases but 
does not eliminate nutritive overstimulation of the 
proximal bowel.

The incomplete exclusion of the proximal bowel 
reduces the risk of malabsorption-related complica-
tions. Unlike BPD, the Santoro operation does not 
result in hypoalbuminemia [36]. 

SG + TB significantly reduces meal size and over-
eating, thereby leading to a substantial decrease in 
fat consumption by changing taste preferences [39]. 
Notably, TB is highly effective in treating both obe-
sity and metabolic syndrome.

After the SASI operation, patients do not over-
eat due to an early sensation of gastric fullness and 
a hypothalamic-generated satiety response trig-
gered by nutrient absorption primarily in the distal 
bowel [19].

Intense stimulation of the distal bowel further 
decreases the proximal bowel activity. Additionally, 
distal gut hormones are steatogenic and slow gastric 
emptying [18].

Both SG + TB and SASI procedures resulted in 
adequate initial weight loss. The restrictive compo-
nent in both operations is sleeve gastrectomy, while 
the gastro-ileal bypass induces neuroendocrine 
modulation.

Excess weight loss after the Santoro operation 
was 72 % at 6 months, 88 % at 1 year, and 92 % at 
2 years. Comparable results were observed after 
SASI: EWL of 76 % at 6 months, 89 % at 1 year, 
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and 93 % at 2 years. No significant differences in 
weight loss were found between the two groups 
(p > 0.1). S. Santoro et al. [36, 37] reported similar 
outcomes: after 6 months, 72.2 ± 17.3 %; after 1 year, 
91 ± 19.6 %; and after 2 years, 94.1 ± 21 %.

Another potential mechanism contributing to 
the observed metabolic improvement after SG + TB 
is an increased stimulation of distal gut endocrine 
cells by bile acids, as bile acids are known to stimu-
late GLP-1 and PYY secretion [29, 32].

SG + TB and a BPD + DS  share significant ana-
tomical similarities. However, BPD + DS is designed 
to induce malabsorption, while SG + TB aims to avoid 
malabsorption and maintain neuroendocrine effects 
[36]. The SASI operation in this study operates via 
the exact mechanism as the Santoro operation.

The treatment of T2DM after the Santoro op-
eration demonstrated high effectiveness. Extended 
follow-up showed complete remission of T2DM in 
86 % of patients [36, 37].

Both bariatric operations demonstrated effec-
tiveness in treating T2DM in this study.

HbA1c normalization was comparable between 
the two patient groups (see Table 1). No significant 
differences in HbA1c levels were observed between 
patients after the Santoro operation and SASI dur-
ing follow-up from 6 months to 2 years.

Biochemical tests showed that both operations 
were equally effective in resolving T2DM (see Ta-
ble 2). Comorbidity resolution was also comparable 
between the two patient groups. Respiratory prob-
lems, including sleep apnea, improved substantially 
within the first 3 months. All eight patients in Group 
I and 12 of the 14 patients in Group II experienced 
resolution of respiratory issues. Hypertension no 
longer required medication in 6 patients from Group 
I and in 12 of the 18 patients from Group II.

Both surgical procedures were equally effective in 
treating comorbidities. No incidents of diarrhea or 
flatulence were reported in patients after either the 
Santoro surgery or SASI. Bile reflux symptoms were 
observed in two patients after SASI, which were 
managed successfully with conservative treatment.

In summary, the Santoro and SASI procedures 
demonstrate comparable effects on excessive weight, 
metabolic disturbances, and complication frequency. 
However, SASI is notably simpler, requires less op-
erative time, minimizes the risk of bowel obstruction, 
and can be performed with a single anastomosis.

There is a current trend in bariatric and metabolic 
surgery toward less invasive surgical procedures, such 
as mini-gastric bypass and sleeve gastrectomy with 
single anastomosis duodenoileal bypass (SADI-S) [2, 
34, 35]. Both the immediate and long-term outcomes 
of these procedures are considered acceptable.

Based on this approach and supporting clinical 
results, SASI can be introduced into surgical prac-
tice as a minor and effective procedure.

Conclusions
The novel procedure – single anastomosis sleeve 
ileal bypass – demonstrates effectiveness as a less 
invasive surgical treatment for morbid obesity and 
T2DM.

It is expedient to conduct further investigations 
to evaluate the efficacy of this method and to estab-
lish clear indications and contradictions for SASI.
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Порівняльний аналіз рукавної резекції шлунка 
з транзитною біпартицією та одноанастомозного 
ілеального шунтування після рукавної гастректомії 
у пацієнтів із морбідним ожирінням і цукровим діабетом 
2 типу: ретроспективне когортне дослідження
В. В. Грубнік, О. В. Мєдвєдєв, В. В. Грубник 

Одеський національний медичний університет 

Мета — порівняти ефективність рукавної гастректомії (РГ) із транзитною біпартицією (TБ) та нової 
метаболічної процедури — рукавної гастректомії з єдиним анастомозом та ілеальним шунтуванням 
(single anastomosis sleeve ileal bypass (SASI)) для лікування пацієнтів із морбідним ожирінням і цукровим 
діабетом 2 типу.

Матеріали та методи. Проведено ретроспективне когортне дослідження за участю 33 пацієнтів із 
морбідним ожирінням і цукровим діабетом 2 типу (ЦД2), яким було виконано баріатричні хірургічні 
втручання РГ + TБ або SASI у нашій лікарні в період із вересня 2013 р. до грудня 2024 р. Критерії залучен-
ня: наявність в анамнезі баріатричної операції, верхньої лапаротомії, тяжких супутніх захворювань (ASA 
III — IV) та психічної нестабільності. Пацієнтів розподілили на дві групи залежно від методу лікування: 
у першій виконано РГ + TB, у другій — SASI. Середній вік пацієнтів становив 42,6 року (26 — 64 роки), 
середня доопераційна маса тіла — 107,5 кг (92 — 189,5 кг), середній доопераційний індекс маси тіла — 
43,2 кг/ м2 (36,7 — 65 кг/м2), середня надлишкова маса — 50,8 кг (28 — 106 кг). Метаболічне захворювання 
тривало в середньому 7,5 року до операції (3 — 21 рік).

Середній рівень доопераційної глікемії становив 11,8 ммоль/л (6,5 — 23 ммоль/л), глікозильованого 
гемоглобіну (HbA1c) — 7,6 % (6,5 — 13,2 %). Основними кінцевими точками були: відсоток втрати над-
лишкової маси тіла (%EWL), ремісія цукрового діабету та поліпшення супутніх патологій, вторинною 
кінцевою точкою — післяопераційний нутритивний статус.

Результати. Тривалість спостереження становила від 12 до 48 міс. Після операції Санторо втрата над-
лишкової маси тіла (EWL) становила 72 % через 6 міс, 88 % через рік, 92 % через два роки та 86 % через 
чотири роки, після операції SASI — 76, 89, 93 і 82 % відповідно. Усі пацієнти мали повну ремісію цукрового 
діабету протягом перших 6 міс після операції. Середні післяопераційні рівні глікемії та HbA1c нормалізу-
валися з першого року післяопераційного спостереження. Захворювання вважали контрольованим при 
досягненні нормального рівня HbA1c (< 6 %). Пацієнти, які отримували інсулін, досягли цього контролю 
в 76 % випадків упродовж 12 — 48 міс спостереження. У пацієнтів, які приймали пероральні цукрознижу-
вальні препарати, вміст HbA1c був нормальним в усіх випадках протягом першого року після операції 
та у 89 % випадків протягом наступних п’яти років. Через два роки після операції середня концентрація 
загального білка становила (7,7 ± 1,7) г/дл у пацієнтів першої групи та (7,2 ± 1,5) г/дл у пацієнтів другої 
групи (p > 0,1), альбуміну — (4,1 ± 0,6) і (4,0 ± 0,8) г/дл відповідно, середня кількість щоденних актів дефе-
кації — 1,6 ± 1,8 у пацієнтів обох груп.

Висновки. Нова методика — рукавна гастректомія з єдиним анастомозом та ілеальним шунтуванням 
(SASI) є ефективним і щадним хірургічним методом лікування морбідного ожиріння та ЦД2. Слід провести 
дослідження ефективності цього методу, а також уточнити показання й протипоказання до виконання SASI.

Ключові слова: рукавна гастректомія з транзитною біпартицією, операція Санторо, одноанастомоз-
не ілеальне шунтування з рукавною гастректомією, пацієнти з морбідним ожирінням, цукровий діабет 
2 типу.
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Combat-related limb injuries in modern warfare are characterised by high-energy tissue destruction, extensive 
soft-tissue defects, and a high risk of infectious complications. Evidence from previous military conflicts in Iraq 
and Afghanistan, as well as civilian trauma centres, indicates that optimal management of such patients requires 
not only appropriate surgical tactics but also timely routing to specialised orthoplastic centres. Early radical 
debridement and definitive wound coverage within the orthoplastic «fix and flap» concept and BOAST standards 
are associated with reduced infection rates, fewer reoperations, and avoidance of delayed amputations. Despite 
the central role of evacuation pathways, quantitative data on how different evacuation models influence clinical 
outcomes in contemporary war conditions remain limited.

OBJECTIVE – to assess the effectiveness of two medical evacuation models – mass (stepwise) and targeted (selec-
tive) – in patients with combat-related injuries based on the length of hospital stay and surgical burden.

MATERIALS AND METHODS. A retrospective cohort study was conducted among patients admitted to a special-
ised orthoplastic centre. Patients were stratified into two groups: targeted evacuation (direct transport to the 
reconstructive centre  72 hours post-injury) and mass evacuation (stepwise transfer through  2 intermediate 
hospitals). The primary endpoints included the length of hospital stay and the number of surgical procedures 
per patient. Time from injury to admission was analysed as a key factor. Statistical methods included descriptive 
analysis and intergroup comparison using the t-test/Mann-Whitney U test (p < 0.05).

RESULTS. The mean time from injury to hospital admission in the targeted evacuation group was 1.77 ± 0.32 
days (range: 0 – 6), compared with 11.84 ± 1.45 days (range: 3 – 53) in the mass evacuation group – a sevenfold 
increase. Mean length of hospital stay was significantly longer in the mass group: 37.03 ± 3.68 vs. 27.27 ± 2.47 
days in the targeted group (p = 0.03). The average number of surgical procedures per patient was 2.78 ± 0.33 vs. 
2.36 ± 0.38, respectively (p = 0.41), excluding prior operations performed before referral. No delayed amputations 
related to infectious complications or reconstruction failure were observed in either group.

CONCLUSIONS. Targeted evacuation enables a significantly shorter time to specialised surgical care, leading to 
reduced hospital stay and a more predictable clinical course. Although differences in surgical burden were not 
statistically significant, a consistent trend toward fewer interventions was observed with targeted routing. Opti-
mising medical evacuation systems is a critical determinant in the management of limb combat injuries and may 
be scaled to healthcare systems operating in wartime or resource-limited environments.

KEYWORDS

combat-related injury, medical evacuation, targeted evacuation, orthoplastic surgery, reconstructive sur-
gery, fix and flap, hospital length of stay, infection prevention, early radical debridement, trauma system 
organisation, plastic surgery, facial trauma, limb trauma.
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The full-scale invasion of Ukraine by the Russian 
Federation on 24 February 2022 presented unprec-
edented challenges to the national healthcare sys-
tem. Intense hostilities, particularly in the eastern 
and southern regions, led to a significant increase 
in military personnel suffering from mine-blast and 
gunshot injuries, polytrauma, massive blood loss, 
and a high risk of infectious complications [5, 7].

Frontline healthcare facilities have been operat-
ing under conditions of critical overload due to lim-
ited human resources, equipment, and infrastruc-
ture [5, 12]. Shortages of medical equipment, medi-
cations, and transport, along with the presence of 
multidrug-resistant pathogens (Acinetobacter bau-
mannii, Klebsiella pneumoniae, MRSA), have further 
complicated the provision of adequate care [2, 7].

During the initial phase of the war, the absence of 
a clearly established patient routing system posed 
a substantial challenge. Casualties were often evac-
uated to the nearest healthcare facilities, regardless 
of their specialization. This practice led to over-
crowding and elevated infectious risks [7], under-
scoring the need for a formalized medical evacua-
tion system.

Two primary approaches to medical evacuation 
can be distinguished:

 · Mass (non-specific) evacuation – transporta-
tion to the nearest healthcare facility regardless of its 
profile; typical for critical situations but associated 
with facility overload and repeated hospitalizations.

 · Targeted (selective) evacuation – routing to 
specialized centers based on injury severity and re-
source availability.

Targeted evacuation has been implemented in 
Ukraine since the second half of 2022. An example 
is evacuation by rail in cooperation with interna-
tional organizations: between March and November 
2022, more than 2,400 patients were successfully 
transported using specially equipped medical trains 
[12]. Appropriate patient routing enables delivery 
times of 2 – 8 hours from the moment of injury to 
a specialized facility, which significantly reduces 
complication rates [2]. The experience of the Lviv 
Military Hospital confirmed that early transfer and 
a multidisciplinary approach reduce infection rates 
and improve reconstructive outcomes [9].

International data also confirm the critical role 
of timing and a multidisciplinary approach in in-
fection prevention. An analysis of combat injuries 
(Timing of Wound Coverage in Extremity War In-
juries, JAAOS, 2006) demonstrated that delayed 
wound closure substantially increases the risk of 
infectious complications and amputations [8]. Cur-
rent standards of the British Orthopaedic Associa-
tion (BOA) and the British Association of Plastic, 

Reconstructive and Aesthetic Surgeons (BAPRAS) 
for trauma care, document number 4  (BOAST 4) – 
joint guidelines of the British Orthopaedic Asso-
ciation and the British Association of Plastic, Re-
constructive and Aesthetic Surgeons for the man-
agement of open fractures–emphasize the need for 
radical debridement and orthoplastic defect cover-
age within the first 72 hours [6]. These principles 
underpin our protocol for targeted evacuation and 
reconstructive treatment in wartime conditions.

OBJECTIVE – to evaluate the effectiveness of two 
medical evacuation models – mass (non-specific) 
and targeted (selective) – in patients with combat-
related extremity injuries, using treatment duration 
and the number of surgical interventions as out-
come measures.

To assess the effectiveness of two medical evacu-
ation models – mass (stepwise) and targeted (selec-
tive) – in patients with combat-related injuries based 
on the length of hospital stay and surgical burden.

Materials and methods
A total of 59 patients requiring surgical treatment 
were included in the study. They were evacuated to 
the medical center of the Charitable Organization 
«Superhumans» between October 2024 and June 
2025. The majority of patients sustained severe 
mine-blast injuries to the extremities that necessi-
tated multistage reconstructive management.

Depending on the medical evacuation pathway, 
patients were stratified into two groups:

 · Targeted (selective) evacuation – 22 pa-
tients – direct transportation to a reconstructive 
center within  72 hours after injury, with early rad-
ical debridement ( 24 hours after admission) and 
definitive wound closure within 5 – 7 days.

 · Mass (general) evacuation – 37 patients – 
staged transportation through two or more interme-
diate medical facilities prior to admission to the re-
constructive center.

Although allocation to evacuation pathways was 
not randomized, transportation routes were deter-
mined primarily by geographic and logistical fac-
tors rather than injury severity or wound charac-
teristics that could influence treatment outcomes. 
Both groups included patients with comparable 
injury mechanisms and anatomical patterns, mini-
mizing the risk of significant systematic bias when 
assessing the impact of evacuation models on clini-
cal outcomes.

The results were analyzed using descriptive sta-
tistical methods. The Student’s t-test was applied 
to compare mean values between the two samples. 
Data are presented as M ± m, where M denotes the 
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arithmetic mean and m the standard error of the 
mean, reflecting the precision of the mean estimate. 
Differences were considered statistically signifi-
cant at p < 0.05.

Artificial intelligence tools were used exclusive-
ly for linguistic editing and stylistic improvement 
of the text. The authors bear full responsibility for 
the content, data analysis, and conclusions present-
ed in the article.

Results
At the first stage of the study, the organization of 
medical evacuation and the duration of transporta-
tion to the specialized reconstructive center were 
evaluated. Analysis of evacuation routes revealed 
significant differences between targeted and mass 
(staged) evacuation models in the time required for 
patient transport to the center of definitive surgical 
care (Table).

In the targeted evacuation group, patients were 
transported directly to a specialized orthoplastic 
center after injury. Transportation time in this group 

ranged from 0 to 6 days, with a mean interval from 
injury to hospitalization of 1.77 ± 0.32 days. The con-
ceptual features of targeted routing and the opportu-
nity for early primary surgical debridement upon ad-
mission to a specialized center are illustrated in Fig. 1.

In the mass (staged) evacuation group, patients 
were transported through several intermediate 
medical facilities. The interval between injury and 
admission to the reconstructive center ranged from 
3 to 53 days, with a mean of 11.84 ± 1.45 days, which 
was nearly seven times longer than in the targeted 
evacuation group.

The characteristics of combat-related injuries re-
quiring early orthoplastic planning upon admission 
to the specialized center are demonstrated on pri-
mary radiographs (Fig. 2).

Further analysis of clinical parameters revealed 
differences in the length of hospital stay between 
the groups. Patients evacuated via the mass (staged) 
pathway had a mean inpatient treatment duration 
of 37.03 ± 3.68 days, compared with 27.27 ± 2.47 
days in the targeted evacuation group. This differ-
ence was statistically significant (p = 0.03).

Table. Comparative characteristics of treatment outcomes depending on the medical evacuation model

Parameter Targeted 
evacuation

Mass 
evacuation p

Time from injury to admission to a specialized center, days 
(M ± m (min–max))

1.77 ± 0.32
(0 – 6)

11.84 ± 1.45
(3 – 53) < 0.001

Length of inpatient treatment, days (M ± m) 27.27 ± 2.47 37.03 ± 3.68 0.03

Number of surgical interventions in the specialized center per patient (M ± m) 2.36 ± 0.38 2.78 ± 0.33 0.41

Cases of delayed amputations 0 0 –

Figure 1. Primary surgical debridement performed 48 hours after a mine-blast injury following targeted 
evacuation of the patient to the specialized orthoplastic center «Superhumans»
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The mean number of surgical procedures per 
patient in the mass (staged) evacuation group was 
2.78 ± 0.33, excluding at least one surgical inter-
vention performed in general-profile facilities prior 
to admission to the specialized center. In the tar-
geted evacuation group, the mean number of sur-
gical procedures was 2.36 ± 0.38. No statistically 
significant difference was identified between the 
groups for this parameter (p = 0.41).

The feasibility of early definitive reconstructive 
intervention following targeted evacuation and 

early orthoplastic planning is illustrated by a clinical 
example of free fibular flap reconstruction (Fig. 3).

In both groups, a proportion of patients under-
went amputations that were a consequence of the 
severity of the primary injury at the time of trauma. 
No cases of delayed amputations related to infec-
tious complications, progression of tissue necrosis, 
or failure of reconstructive treatment were record-
ed in either group.

The mass (staged) evacuation group showed 
greater heterogeneity in clinical outcomes, as 

Figure 3. Reconstruction with a free fibular flap performed on day 5 after injury following targeted 
evacuation of the patient and within the framework of early orthoplastic planning

Figure 2. Primary intraoperative radiograph demonstrating a comminuted fracture resulting from a mine-
blast injury and the pattern of damage requiring early orthoplastic planning after targeted evacuation to 
a specialized center



46 General Surgery   Загальна хірургія  •  2025  •  № 4 (15)

D. Turkevych et al.

evidenced by variability in wound healing rates 
and postoperative course. In contrast, the clinical 
course in the targeted evacuation group was more 
uniform and stable.

Discussion
Our findings demonstrate fundamental organi-
zational differences between targeted and mass 
(staged) models of medical evacuation, primarily in 
the time required to transport wounded patients to 
a specialized orthoplastic center. The significantly 
shorter interval between injury and hospitalization 
in the targeted evacuation group facilitates early 
radical surgical debridement and timely planning 
of definitive reconstructive treatment, as dem-
onstrated by the clinical examples presented (see 
Fig. 1 – 3).

The reduced length of inpatient treatment observed 
in patients after targeted evacuation may reflect a more 
controlled and predictable course of wound-healing. 
Early routing to a specialized center minimizes delays 
between treatment stages and helps avoid repeated or 
interim procedures that are often performed in non-
specialized facilities during staged evacuation.

Although no statistically significant difference 
in the number of surgical interventions between 
groups was identified, this analysis included only 
procedures performed at the specialized recon-
structive center «Superhumans». At the same time, 
patients evacuated via the mass (staged) model 
typically underwent additional surgical interven-
tions at earlier stages of evacuation, including 
staged debridements and other urgent procedures, 
which were not included in the present count. This 
limitation should be considered when interpreting 
results on the number of operations. Comprehen-
sive assessment of the total surgical burden, includ-
ing interventions performed at all stages of medical 
evacuation, represents a promising direction for 
future research.

Infection control was assessed indirectly us-
ing clinically relevant surrogate markers, includ-
ing length of hospital stay, stability of the clinical 
course, and absence of delayed amputations. This 
approach is consistent with established practices 
for analyzing infectious risks in complex combat 
trauma settings, where standardized microbiologi-
cal endpoints are limited or not feasible.

The observed findings are consistent with interna-
tional data. In particular, the study Timing of Wound 
Coverage in Extremity War Injuries (JAAOS, 2006) 
demonstrated that delayed wound closure is associ-
ated with an increased risk of infectious complica-
tions and amputations, while the multicenter TIDOS 

study confirmed the substantial impact of infection on 
clinical outcomes in military patients [10]. Current 
BOA–BAPRAS standards (BOAST 4) emphasize the 
necessity of early debridement and orthoplastic defect 
coverage within 72 hours [6], which underpins the «fix 
and flap» concept proposed by S. Gopal et al. [1].

Our data indicate that these principles remain ap-
plicable even in the context of full-scale hostilities. 
However, given the high-energy nature of mine-
blast injuries, the interval to definitive defect clo-
sure may be safely extended to 5 – 7 days, provided 
that BOAST 4 recommendations are followed and 
a multidisciplinary orthoplastic team is involved.

The prevalence of multidrug-resistant pathogens 
among Ukrainian military patients is among the 
highest in Europe. Under these conditions, the key 
factor in preventing infectious complications is not 
prolonged antibiotic therapy, but rapid routing of 
wounded patients to specialized centers capable of 
providing early orthoplastic treatment.

Formalized injury severity scoring systems (ISS, 
NISS) were not applied in this study due to its ret-
rospective design and the lack of complete stan-
dardized data across all stages of evacuation, which 
should be considered a limitation. Nevertheless, the 
comparability of groups in terms of injury mecha-
nisms and anatomical patterns allows the observed 
differences to be interpreted primarily in the con-
text of the organizational model of medical evacu-
ation rather than the severity of the primary injury.

Conclusions
Targeted evacuation ensures rapid patient trans-
port to a specialized reconstructive center (mean 
time: 1.77 ± 0.32 days versus 11.84 ± 1.45 days un-
der mass (staged) evacuation), facilitating early 
radical wound debridement and reducing clinical 
variability during treatment.

Mass (staged) evacuation is associated with 
a longer inpatient treatment duration (37.03 ± 3.68 
days versus 27.27 ± 2.47 days in the targeted evacu-
ation group, p = 0.03) and greater heterogeneity in 
clinical outcomes.

The mean number of surgical interventions 
did not differ statistically significantly between 
groups (2.78 ± 0.33 in the mass evacuation group 
and 2.36 ± 0.38 in the targeted evacuation group, 
p = 0.41), excluding procedures performed in gen-
eral-profile facilities before admission to the spe-
cialized center. Although this difference did not 
reach statistical significance, the clinical trend sug-
gests fewer interventions with targeted evacuation, 
consistent with the concept of early routing to spe-
cialized centers.
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No delayed amputations related to infectious 
complications or failure of reconstructive treat-
ment were recorded in either group, demonstrating 
the effectiveness of the treatment protocols and in-
fection control measures.

Future studies will focus on evaluating the im-
pact of evacuation routes on the structure, staging, 
and final outcomes of surgical treatment.
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Організація евакуації поранених в умовах війни: 
як маршрутизація впливає на лікування та інфекційні ризики
Д. Туркевич 1, 2, С. Кучабський 1, 3, Ю. Медвідь 1, 2, А. Віленський 1, М. Фармага 1, 2, C. Такер 4

1 Благодійна організація «Благодійний фонд „Суперлюди“», Львів
2 Львівський національний медичний університет імені Данила Галицького
3 Тернопільський національний медичний університет імені Івана Горбачевського
4 Університетські лікарні Оксфорда, Оксфорд, Велика Британія

Бойові пошкодження кінцівок в умовах сучасної війни характеризуються високою енергетикою уражен-
ня, значним дефектом тканин і високим ризиком інфекційних ускладнень. За даними, отриманими під 
час військових конфліктів в Іраку та Афганістані, а також згідно із досвідом цивільних травматологічних 
центрів, ефективне ведення таких пацієнтів потребує не лише адекватної хірургічної тактики, а й сво-
єчасної маршрутизації до спеціалізованого ортопластичного центру. Раннє проведення радикальної 
некректомії та остаточного закриття дефектів відповідно до концепції ортопластичного підходу «fix and 
flap» і стандартів BOAST асоціюється зі зниженням частоти інфекційних ускладнень, повторних операцій 
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і потреби у відстрочених ампутаціях. Попри ключову роль медичної евакуації, кількісні дані щодо впливу 
її різних моделей на клінічні результати в умовах сучасної війни обмежені.

Мета — оцінити ефективність двох моделей організації медичної евакуації — масової (етапної) і при-
цільної (селективної) у пацієнтів із бойовою травмою за показниками тривалості госпіталізації та кіль-
кості хірургічних втручань.

Матеріали та методи. Проведено ретроспективне когортне дослідження пацієнтів, госпіталізованих 
у спеціалізований ортопластичний центр. Пацієнтів розподілили на дві групи залежно від маршруту 
евакуації: прицільна (безпосереднє транспортування до реконструктивного центру) та масова (етапна 
через  2 проміжні медичні заклади). Первинні кінцеві точки — тривалість стаціонарного лікування та 
кількість оперативних втручань на одного пацієнта, додаткова — час від поранення до госпіталізації. 
Статистичний аналіз передбачав описову статистику та порівняння груп із використанням t-критерію 
або U-тесту Манна — Уїтні (p < 0,05).

Результати. Середній час від моменту травми до госпіталізації в групі прицільної евакуації становив 
(1,77 ± 0,32) доби (0 — 6 діб), у групі масової евакуації — (11,84 ± 1,45) доби (3 — 53 доби), що в 7 разів 
довше. Середня тривалість стаціонарного лікування була суттєво більшою в групі масової евакуації 
((37,03 ± 3,68) і (27,27 ± 2,47) доби, p = 0,03). Середня кількість операцій становила 2,78 ± 0,33 у групі 
масової евакуації та 2,36 ± 0,38 у групі прицільної евакуації (p = 0,41) без урахування втручань, виконаних 
у попередніх стаціонарах. Випадків відстрочених ампутацій, пов’язаних з інфекційними ускладненнями 
або неефективністю реконструктивного лікування, не зареєстровано.

Висновки. Прицільна евакуація забезпечує значно коротший час до спеціалізованого хірургічного 
втручання, що асоціюється зі скороченням тривалості госпіталізації та прогнозованішим клінічним 
перебігом. Незважаючи на відсутність статистично значущих відмінностей за кількістю оперативних 
втручань, клінічна тенденція свідчить про менше хірургічне навантаження за прицільної евакуації. Опти-
мізація маршруту медичної евакуації є критичним чинником лікування бойових травм кінцівок і може 
бути впроваджена в систему охорони здоров’я в умовах воєнних дій або ресурсних обмежень.

Ключові слова: бойова травма, медична евакуація, цільова (селективна) евакуація, ортопластична 
хірургія, реконструктивна хірургія, фіксація та клаптеве покриття, тривалість перебування в лікарні, про-
філактика інфекцій, раннє радикальне видалення некротичних тканин, організація системи травматоло-
гічної допомоги, пластична хірургія, травма обличчя, травма кінцівок.
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Median hernias represent the most prevalent type of 
hernia affecting the anterior abdominal wall. Nota-
bly, up to 5 % of these cases are classified as postop-
erative ventral hernias (PVH) [4]. The overall inci-
dence of PVH after surgery ranges from 2 to 23 %.

When abdominal organ surgery is performed us-
ing the open technique, PVH occurs in 1 to 16 % of 
patients within the first 2 years postoperatively. In 
the long term, ten years after surgery, this incidence 
increases to 20 % [2, 6, 10, 17, 24]. Open surgical in-
terventions are associated with a significantly high-
er incidence of PVH (10.1 %) than laparoscopic 
procedures (4.3 %) after 12 months of follow-up, as 
demonstrated by a meta-analysis of 24 randomized 
controlled trials involving 3,490 patients [18].

Key factors contributing to PVH include the 
technique of surgical wound suturing, the applica-
tion of antibacterial solutions, the presence of con-
comitant diseases, and episodes of surgical wound 
infection. In high-risk patients with a combination 
of several contributing factors, the incidence of 
PVH can reach up to 69 % [21].

The primary treatment for PVH is hernioplasty 
using a mesh implant. Implants are categorized as 
synthetic, biological, and composite based on their 
material composition and the biological tissue re-
sponse to the mesh. Each mesh type presents dis-
tinct advantages and disadvantages. Synthetic 
meshes offer strong mechanical properties and 
are relatively inexpensive, but are associated with 
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The article presents the first clinical experience in Ukraine of using the Permacol biological implant in the surgi-
cal treatment of a giant postoperative ventral hernia in a patient with morbid obesity and an external fistula of 
the anterior abdominal wall. The study is relevant due to the high incidence of postoperative ventral hernias, 
particularly after open surgical interventions, and the considerable risk of infectious complications in contami-
nated surgical fields. Additionally, the absence of standardized guidelines for the combined approach to her-
nioplasty and bariatric surgery in obese patients remains a significant clinical challenge. A detailed clinical case 
is presented involving a 63-year-old patient with сlass III obesity, a giant defect of the anterior abdominal wall 
aponeurosis, and a chronic external fistula, along with a complicated surgical history that included peritonitis 
and postoperative wound suppuration. Preoperative management involved intramuscular administration of 
botulinum toxin type A to relax the anterior abdominal wall muscles, reduce the risk of tissue tension, and pre-
vent abdominal compartment syndrome. The patient underwent herniolaparotomy, viscerolysis, hernioplasty 
with intra-abdominal placement of the Permacol biological implant using the open intraperitoneal onlay mesh 
(IPOM) technique, mini-gastric bypass, excision of the anterior abdominal wall fistula, and drainage of both 
the abdominal cavity and postoperative wound according to Redon. The postoperative period was uneventful, 
with no evidence of intra-abdominal hypertension or infection. These findings support the feasibility and safety 
of the Permacol biological implant in patients with complex anterior abdominal wall defects and a high risk of 
infectious complications.
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increased risk of inflammation, stiffness, soreness, 
infection, and fistula formation. Composite meshes 
are preferable for intra-abdominal placement; how-
ever, the risk of infection in a contaminated wound 
is comparable to, or may even exceed, that of syn-
thetic meshes [27].

Biological meshes offer notable advantages over 
the two previously described types, including a mod-
erate risk of inflammation in surrounding tissues, 
a low risk of fistula formation, and reduced fibrosis 
at the site of mesh implantation. However, biological 
meshes are associated with higher costs and lower 
mechanical strength than synthetic meshes. Mesh 
selection should be individualized, considering fac-
tors such as mesh position, the presence of infec-
tion or wound contamination, including previously 
installed meshes, and the risk of infection of both 
the wound and the mesh. Furthermore, managing 
purulent complications of hernioplasty, particularly 
when infected synthetic or composite mesh must be 
removed, may incur significantly higher costs than 
the initial use of biological mesh [3, 14].

Clinical case
A 63-year-old patient presented with a hernial pro-
trusion at the site of a postoperative scar, the forma-
tion of an external purulent fistula in the umbilical 
region, and discomfort in the right hypochondrium. 
The body mass index (BMI) was 43 kg/m2, consis-
tent with Class III obesity.

Medical history revealed that in 2010, the patient 
underwent a laparoscopic cholecystectomy for gall-
stone disease and chronic calculous cholecystitis. The 
postoperative course was without complications.

On 04/08/2024, the patient underwent laparo-
scopic Nissen fundoplication combined with gas-
troplication for the surgical treatment of obesity 
and hiatal hernia. On postoperative day 4, clinical 
signs of peritonitis developed, necessitating a sec-
ond surgical intervention on 04/12/2024. Relap-
aroscopy revealed perforation of a gastric ulcer; 
laparoscopic suturing of the gastric wall defect and 
regastroplication were performed. On 04/26/2024, 
recurrent signs of peritonitis prompted an urgent 
median laparotomy. Intraoperatively, perforation of 
the small intestine wall was detected, most likely 
secondary to a stress ulcer. The small intestine wall 
defect was sutured. The postoperative period was 
complicated by total suppuration of the anterior 
abdominal wall wound, requiring prolonged inpa-
tient and outpatient treatment.

Within 6 months after the open operation, the 
patient lost 10 kg; however, her weight returned to 
baseline after 3 months. One month postoperatively, 

a hernial protrusion developed at the site of the 
postoperative scar and progressively increased in 
size. Additionally, a fistula opening appeared in the 
umbilical region along the postoperative scar. The 
volume and nature of the discharge changed over 
time, ranging from minimal smears on a napkin to 
100 ml per day. The discharge was serous and pe-
riodically contained small intestine contents. The 
patient underwent conservative treatment for the 
external fistula at the institution where the previ-
ous surgeries had been performed.

In July 2025, the patient was evaluated at the 
Department of General Surgery No2, Bogomolets 
National Medical University, during an outpatient 
visit. The patient’s general condition was relatively 
satisfactory. Objective examination revealed recur-
rent obesity, with a BMI of 43 kg/m2. A postop-
erative scar, measuring up to 25 cm in length, was 
visualized along the midline of the anterior abdomi-
nal wall, extending above and below the umbilicus. 
Along the entire length of the scar, a hernial pro-
trusion measuring up to 30 cm in width and 25 cm 
in length was identified. Accurate assessment of the 
hernial defect size by palpation was complicated 
by obesity and by a large, densely filled hernial sac 
containing loops of the small intestine, with visible 
subcutaneous peristalsis. The hernial hilum mea-
sured up to 20 cm in width and 25 cm in length. 
Laboratory tests showed no pronounced inflam-
matory changes (leukocytes – 4.7 · 109/L, erythro-
cyte sedimentation rate – 24 mm/h). Biochemical 
analysis revealed total bilirubin of 10.9 mol/L, di-
rect bilirubin of 3.3 mol/L, ALT of 32 U/L, and 
AST of 24 U/L. Ultrasound examination (UE) of 
the abdominal cavity and anterior abdominal wall 
demonstrated moderate dilation of the intrahepatic 
bile ducts up to 8 mm and the choledochus up to 
20 mm. Video gastroscopy revealed no pathological 
findings in the stomach or duodenum.

Measurement of the hernial defect size during 
ultrasound examination with linear and convex 
sensors was not feasible because the defect width 
exceeded the sensor’s field of view. Ultrasound im-
aging identified the contents of the hernial sac as 
loops of the small intestine and bands of the large 
intestine. Computed tomography (CT) of the ab-
dominal cavity with intravenous contrast revealed 
the postoperative condition of the stomach after 
fundoplication and gastroplication, as well as suture 
material along the greater curvature of the poste-
rior gastric wall. Additionally, CT revealed a mid-
line aponeurotic hernial defect measuring up to 172 
mm in width and a hernial sac measuring 264 mm in 
width. The vertical dimension of the hernial defect 
reached up to 225 mm. The hernial sac contained 



51General Surgery   Загальна хірургія  •  2025  •  № 4 (15)

O. Y. Ioffe et al.

bands of the large intestine, loops of the small intes-
tine, right-sided segments of the large intestine, and 
the appendix (Fig. 1A). 

During CT, fistulography was performed by 
injecting 20 ml of radiopaque substance (Tomo-
hexol-350) into the external opening of the fistula 
passage in the umbilical region. Imaging revealed 
a fistula canal measuring up to 90 mm in length and 
up to 10 mm in thickness, extending along the lower 
contour of the hernial sac and within the aponeuro-
sis of the anterior abdominal wall, with a right-sid-
ed branch measuring up to 30×12 mm (Fig. 1B, 1C). 
CT also confirmed expansion of the intrahepatic 
bile ducts to 5 – 8 mm, the choledochus to 20 mm, 
and the intrapancreatic section of the choledochus 
to 11 mm. Subsequent magnetic resonance cholan-
giopancreatography with intravenous contrast fur-
ther confirmed biliary hypertension, with dilation 
of the common bile duct to 23, 14, and 8 mm. No ad-
ditional formations or areas of pathological contrast 
enhancement were detected. These findings were 

interpreted as resulting from fibrous narrowing of 
the ampullary part of the common bile duct.

The patient insisted on the treatment of obesity 
and PVH recurrence, including removal of the an-
terior abdominal wall fistula. Given the size of the 
hernial defect and the high risk of compartment 
syndrome in the early postoperative period, a de-
cision was made, in agreement with the patient, to 
perform preoperative preparation with intramuscu-
lar injection of botulinum toxin type A (BTA) into 
the muscles of the anterior abdominal wall. This in-
tervention blocks neuromuscular transmission and 
induces muscle relaxation. It is a technically simple, 
low-traumatic method for increasing the elasticity 
and length of the anterior abdominal wall muscles 
to facilitate closure of the hernial defect during 
surgical repair of large ventral hernias, without ex-
tensive tension and with reduced risk of increased 
intra-abdominal pressure [15, 29].

The patient received an outpatient injection of 
BTA (Botox, USA) at a dose of 100 U, administered 
in layers into the transverse, external, and internal 
oblique muscles of the anterior abdominal wall un-
der ultrasound and neurostimulator guidance. No 
complications were detected during or after the BTA 
injection. A bandage was recommended until hernia 
surgery. Although surgery was initially scheduled 
for 4 to 5 weeks post-injection, it was postponed to 2 
months due to family circumstances (Fig. 2).

Figure 1. Section of the computed tomography of 
the patient before surgery (hernioplasty) in 
the horizontal (A, B) and sagittal (C) planes at 
the level of the hernial protrusion. The arrow 
indicates the location of the fistula passage 
contrast in the horizontal (B) and sagittal (C) planes

B

А
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Due to the presence of stenosing papillitis and 
intrahepatic bile duct hypertension, endoscopic 
retrograde cholangiopancreatography with papil-
losphincterotomy was performed on 08/27/2025, 
one month before the planned hernioplasty. A tem-
porary stent was installed in the common bile 
duct and subsequently removed after 2 weeks. No 
evidence of recurrent biliary hypertension was ob-
served during the next 2 weeks of monitoring, as as-
sessed by laboratory and ultrasound examinations.

On 09/22/2025, the patient was hospitalized in 
the surgical department of Kyiv City Clinical Hos-
pital No 3 for management of a giant postoperative 
ventral hernia, Class III obesity (condition after 
gastroplication in 04/2024), and an external fis-
tula of the anterior abdominal wall. Examination 
revealed a decrease in the width of the hernial de-
fect to 10 cm. Mini-gastric bypass was selected as 
the planned bariatric surgery. Longitudinal gastrec-
tomy was not considered due to prior gastroplica-
tion and the ineffectiveness of previous restrictive 
surgery. Given the potentially contaminated ante-
rior abdominal wall, the extremely high risk of post-
operative wound suppuration, and the need to open 
the stomach and small intestine during anastomotic 
formation, the use of a biological mesh for anterior 
abdominal wall reconstruction was indicated.

On 09/23/2025, the patient underwent hernio-
laparotomy, viscerolysis, hernioplasty with intra-ab-
dominal placement of a Permacol (Medtronic) bio-
logical implant using the open intraperitoneal onlay 
mesh (IPOM) method, mini-gastric bypass, excision 
of the anterior abdominal wall fistula, abdominal 
cavity drainage, and postoperative wound drainage 

according to the Redon technique. Intraoperatively, 
the external course of the fistula at the umbilical 
region was stained with a 1 % solution of brilliant 
green in 3 % hydrogen peroxide (1 : 1), in a volume 
of 20 ml. After viscerolysis, an infiltrate was visual-
ized within the anterior abdominal wall, extending 
as a band from the umbilicus along the midline for 5 
cm inferiorly. The umbilicus and fistula tract, along 
with infiltrated tissues, were excised within the mar-
gins of healthy anterior abdominal wall tissue.

A pronounced hernial process was observed in the 
abdominal cavity, involving the stomach and accom-
panied by multiple adhesions between the loops of 
the small intestine and the bands of the large intes-
tine. The anterior gastric wall was tightly fixed to the 
inner surface of the left lobe of the liver. Palpation 
of the stomach was possible due to prior gastroplica-
tion. After viscerolysis and mobilization of the her-
nial contents (bands of the large intestine, loops of 
the small intestine, transverse colon, and right parts 
of the colon), the stomach was released from adhe-
sions. Subsequently, a «small stomach» was created 
by transversely cutting the stomach at the level of 
its angle with the Endo GIA stapling device with 
Tri-Staple technology (Medtronic), 60 mm, black 
cassette. A pre-colonic gastroenteroanastomosis was 
constructed 200 cm distal to the Treitz ligament: the 
posterior lip was formed using the Endo GIA stapling 
device with Tri-Staple technology (Medtronic), 45 
mm, purple cassette, and the anterior lip was com-
pleted with a manual double-row suture. After a neg-
ative pneumotest, a nasogastric tube was inserted 
posterior to the gastroenteroanastomosis. The hernia 
sac was then excised from the anterior abdominal 

Figure 2. Еchogram during puncture of the external oblique muscle of the abdomen under ultrasound 
control (A) and its infiltration with a solution containing BTA (B). Arrows indicate the needle during 
muscle puncture (A) and the area of muscle infiltration with a solution containing BTA (B)

А B
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wall, and a site for mesh placement was prepared. Us-
ing the IPOM technique, a Permacol (Medtronic) 
biological implant measuring 20 cm by 30 cm, and 
1.5 mm thick, was installed intra-abdominally and 
secured to the anterior abdominal wall with separate 
nodal sutures (Fig. 3). The aponeurosis was closed 
over the mesh with a continuous suture.

After restoration of aponeurosis integrity, in-
tra-abdominal pressure was measured intraopera-
tively using the indirect method and found to be 
13 mm Hg, consistent with Grade I intra-abdominal 
hypertension. The operation was then completed 
with layer-by-layer wound closure and drainage 
placement according to the Redon technique.

Examination and opening of the macroprepa-
ration, namely the resected fistula canal with 
surrounding infiltrated tissues measuring up to 
6 × 3 cm, revealed a green polyfilament thread in 
the form of a rolled-up ball. This finding most like-
ly represented the remains of the ligature used for 
aponeurosis suturing during the previous surgical 
intervention (2024).

In the postoperative period, the patient was in 
the intensive care unit for the first day before trans-
fer to the surgical department. Intra-abdominal 
pressure was monitored by the indirect method at 
6, 12, and 24 hours postoperatively, with no evi-
dence of intra-abdominal hypertension. The pa-
tient received antibacterial therapy (ciprofloxacin 
200 mg 2 times/day), anti-ulcer therapy (pantopra-
zole 40 mg 2 times/day), anti-inflammatory therapy 
(paracetamol 1000 mg 2 times/day), antithrom-
botic therapy (enoxaparin sodium 4000 anti-Xa IU 
1 time/day), and infusion therapy for 5 days. The 
postoperative period was uneventful. On Septem-
ber 28, 2025, the drainage from the abdominal cavity 
and anterior abdominal wall was removed. On Sep-
tember 29, 2025, control ultrasound of the abdomi-
nal cavity and anterior abdominal wall revealed no 

pathological changes. Gastrography with liquid 
contrast demonstrated no contrast leakage outside 
the gastrointestinal tract, confirmed viability of the 
gastroenteroanastomosis, and unimpaired evacu-
ation of contrast from the «small stomach». The 
patient was discharged in satisfactory condition on 
September 29, 2025.

Discussion
Biological meshes (implants) with different charac-
teristics and matrix bases have been proposed as alter-
natives to synthetic meshes in contaminated surgical 
fields. A biological mesh consists of a collagen matrix 
derived from animal tissues (porcine, bovine, etc.). 
The primary function is to provide a biological frame-
work that facilitates integration with the surrounding 
tissues of the anterior abdominal wall and supports 
collagen regeneration [3]. Over time, this biological 
framework (mesh) degrades, with the degradation 
profile influenced by the mesh matrix type and the 
specific manufacturing technology employed [25].

Permacol (Medtronic) is a biological surgical im-
plant made of treated porcine dermis used for tis-
sue reconstruction in complex hernia cases. Current 
guidelines for ventral hernia repair do not recom-
mend the routine use of biological meshes but em-
phasize their use in clean-contaminated (Class II) 
and contaminated (Class III) surgical wounds [3, 
9, 25]. The use of biological meshes in the urgent 
treatment of primary PVH in a contaminated (Class 
III) field is also under consideration [1]. Permacol 
is one of the most widely used biological meshes. It 
demonstrates recurrence rates comparable to those 
of other biological meshes, including both cross-
linked and non-cross-linked porcine meshes [25]. 
In contrast, synthetic meshes are associated with 
high rates of complications and mesh removal due 
to suppuration when used in a contaminated surgi-
cal field. D. M. Parker et al. reported that the Per-
macol implant is a safe and acceptable alternative 
to synthetic meshes for repairing complex anterior 
abdominal wall defects, as it integrates into tissues 
through ingrowth and neovascularization [23].

Some studies reported outcomes associated with 
the use of biological meshes in the surgical treat-
ment of primary ventral hernias, namely umbilical 
hernias. These studies also highlighted high patient 
comfort after implantation of this mesh type [11].

A primary argument against the widespread 
adoption of biological meshes was their higher cost 
compared to synthetic alternatives. G. DeNoto et 
al. analyzed complications and treatment costs in 
740 patients with ventral hernias over 18 months 
from the moment of surgery. The cohort included 

Figure 3. Intraoperative photo of intra-abdominal 
hernioplasty using the Permacol biological 
implant (Medtronic)
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patients who underwent Grade 3 (potentially con-
taminated, including those with previous wound 
infection, stoma, or gastrointestinal tract viola-
tion) and Grade 4 (infected, including those with 
infected mesh and septic dehiscence) hernioplasty. 
The study found no significant difference in total 
treatment costs over 18 months between patients 
receiving biological versus synthetic mesh. Howev-
er, the complication rate was substantially lower in 
patients with biological meshes (17.9 %) compared 
to those with synthetic meshes (36.9 %) [7].

Concerns have been raised regarding the po-
tential for increased hernia recurrence rates with 
biological meshes, given their biodegradable nature 
compared to non-absorbable synthetic meshes [12, 
22, 26]. H. Shi et al. conducted a systematic review 
of 10 studies involving 1,305 patients and found 
that biological meshes had reoperation and mesh 
removal rates similar to those of synthetic meshes. 
Furthermore, no significant difference in hernia re-
currence rates was observed between biological and 
synthetic meshes in clean-contaminated and con-
tamination-infected surgical fields [28]. M. Dirani 
et al. corroborated these findings, demonstrating 
that biological mesh use did not affect hernia recur-
rence rates in contaminated surgical fields or in pa-
tients with hernias exceeding 10 cm during a 2-year 
follow-up. Multivariate analysis indicated that the 
only factor influencing hernia recurrence was the 
completeness of fascial closure [8].

Currently, there are no established guidelines re-
garding the optimal approach for combined surgical 
interventions in patients with both obesity and ven-
tral hernia. Existing publications on bariatric proce-
dures performed concurrently with hernioplasty re-
port a range of surgical techniques and mesh types [5, 
16, 19, 20, 30]. The limited sample sizes, variability in 
mesh selection, and the lack of implant-specific data 
hinder systematic analysis. For example, A. Lazzati 
et al. reported hernia recurrence rates of 25.7 % with 
hernia suturing, 14.3 % with biological mesh, and 
1.1 % with synthetic mesh during combined bariatric 
and hernioplasty procedures. However, no significant 
differences were observed in mesh infection rates or 
the need for reoperation. Notably, these studies do not 
provide comparative data on the mechanical strength 
of biological meshes based on implant matrix type.

Randomized controlled trials with adequate sam-
ple sizes are necessary to objectively assess the ben-
efits and limitations of biological versus synthetic 
meshes in simultaneous abdominal wall reconstruc-
tion for hernia repair and bariatric procedures such 
as sleeve gastrectomy and gastric bypass. In current 
surgical practice, biological meshes are generally pre-
ferred when the risk of surgical site infection is high.

Conclusions
In the presented clinical case, preoperative intra-
muscular injection of BTA combined with the use 
of the Permacol (Medtronic) biological implant en-
abled effective anterior abdominal wall reconstruc-
tion without excessive tissue tension and facilitated 
restoration of aponeurotic integrity. The intraperi-
toneal hernioplasty (IPOM) technique using the 
Permacol (Medtronic) biological implant represents 
an effective alternative to synthetic and composite 
implants in patients with complex postoperative de-
fects and a high risk of infectious complications.
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Перший в Україні досвід використання біологічної 
сітки Permacol. Клінічний випадок
О. Ю. Іоффе, Т. В. Тарасюк, О. П. Стеценко, М. С. Кривопустов, П. А. Кобзар
Національний медичний університет імені О. О. Богомольця, Київ 

Представлено перший в Україні клінічний досвід застосування біологічного імплантату Permacol при 
хірургічному лікуванні гігантської післяопераційної вентральної грижі в пацієнтки з морбідним ожи-
рінням та зовнішньою норицею передньої черевної стінки. Актуальність дослідження зумовлена висо-
кою частотою післяопераційних вентральних гриж, особливо після відкритих оперативних втручань, 
а також значним ризиком інфекційних ускладнень у контамінованому операційному полі. Уніфіковані 
рекомендації щодо поєднаного виконання герніопластики та баріатричних операцій у пацієнтів з ожи-
рінням відсутні. Наведено детальний опис клінічного випадку пацієнтки віком 63 років із ожирінням ІІІ 
ступеня, гігантським дефектом апоневрозу передньої черевної стінки, хронічною зовнішньою нори-
цею з обтяженим хірургічним анамнезом абдомінальних втручань, що супроводжувалися перитонітом 
і нагноєнням післяопераційної рани. Доопераційна підготовка передбачала внутрішньом’язове введен-
ня ботулотоксину типу А для розслаблення м’язів передньої черевної стінки, зниження ризику натягу 
тканин і профілактики розвитку абдомінального компартмент-синдрому. Пацієнтці виконано герніо-
лапаротомію, вісцероліз, герніопластику з інтраабдомінальним розміщенням біологічного імплантату 
Permacol (за методикою відкритого інтраперитонеального розміщення сітки — ІРОМ), мінішунтування 
шлунка, висічення нориці передньої черевної стінки, дренування черевної порожнини, дренування піс-
ляопераційної рани за Редоном. Післяопераційний період перебіг без ускладнень. Ознак внутрішньоче-
ревної гіпертензії та інфекції не відзначено. Отримані результати свідчать про доцільність і безпечність 
застосування біологічного імплантату Permacol у пацієнтів зі складними дефектами передньої черевної 
стінки та високим ризиком інфекційних ускладнень.

Ключові слова: післяопераційна вентральна грижа, герніопластика, біологічна сітка.
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Chronic post-traumatic and trophic skin defects, in-
cluding venous, arterial, and mixed ulcers, diabetic 
foot, pressure ulcers, radiation injuries, and postop-
erative wounds, represent a significant medical and 
social challenge. In the United States alone, chronic 
wounds affect approximately 6.5 million patients 
and require more than $25 billion annually for treat-
ment; this burden continues to rise due to an aging 
population and the increasing prevalence of diabetes 
and obesity [65]. The prevalence of chronic wounds 
in developed countries is estimated at 1 – 2 % of the 
population, and the high frequency of complications 
such as infection, osteomyelitis, amputation, and 
disability makes them a major cause of disability 

[21, 24, 50]. Standard interventions, including sur-
gical debridement, necrectomy, split-thickness skin 
grafts, local and regional flaps, negative pressure 
therapy, compression therapy, and revascularization, 
often fail to achieve stable epithelialization, particu-
larly in cases of severe ischemia, diabetic angiopathy 
and neuropathy, systemic connective tissue diseases, 
radiation injury, or military trauma [65, 66]. The fre-
quent recurrence of ulcers, prolonged disease course, 
and substantial costs have driven the search for re-
generative strategies, with stem and progenitor cells 
emerging as key therapeutic options [15, 53, 55].

This review aims to synthesize current evidence 
on the clinical application of stem cells in the 

Chronic post-traumatic and trophic skin defects present a significant clinical challenge, particularly in the context 
of ischemia, infection, diabetic angiopathy and neuropathy, or severe traumatic injuries. Conventional treatments 
such as debridement, skin grafts, and local or free flaps often fail to achieve durable healing, thereby increasing 
interest in regenerative technologies. Mesenchymal stem cells (MSCs), particularly those derived from bone mar-
row and adipose tissue (ADSCs), exert significant paracrine, angiogenic, and immunomodulatory effects. These 
properties enhance the wound microenvironment and augment the efficacy of standard surgical interventions. 
Clinical studies and meta-analyses indicate that autologous MSC therapy accelerates healing of diabetic, venous, 
arterial, and mixed ulcers, decreases the risk of amputation, and improves tissue perfusion. In reconstructive 
surgery for post-traumatic defects, ADSC/SVF-assisted lipofilling and nanofat technologies are widely utilized. 
These approaches promote scar tissue remodeling, improve tissue elasticity, reduce contractures, and optimize 
conditions for subsequent flap reconstruction. Furthermore, cellular or cell-matrix constructs (MSCs combined 
with scaffolds) have the potential to manage complex soft-tissue defects with bone exposure, thereby reducing 
the need for extensive reconstructive procedures. Despite these promising outcomes, current evidence is limited 
by small sample sizes, methodological heterogeneity, the absence of standardized dosing protocols, and a lack of 
large multicenter randomized controlled trials. Furthermore, although no significant risks have been reported in 
existing studies, the issue of long-term oncological safety warrants continued monitoring. Emerging strategies 
include cell-free approaches such as exosomes and MSC secretions. Additionally, the integration of cellular tech-
nologies with 3D-printed and bioengineered matrices, as well as the development of standardized surgical algo-
rithms that leverage MSCs to enhance the efficacy of conventional reconstructive techniques, are being explored.
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surgical management of post-traumatic and trophic 
skin defects, with particular emphasis on integrat-
ing cellular technologies into surgical protocols, in-
cluding debridement, skin grafting, flap reconstruc-
tion, lipofilling, and combined techniques.

Pathophysiological prerequisites 
and limitations of traditional surgery
Chronic wounds are characterized by a delayed inflam-
matory phase, manifested by prolonged neutrophil and 
macrophage activity and persistent secretion of proin-
flammatory cytokines (TNF-, IL-1) [36, 53]. They 
also have impaired angiogenesis [26], a deficiency of lo-
cal precursor cells (fibroblasts, endothelial progenitor 
cells) [25], an imbalance of metalloproteinases (MMP) 
and their inhibitors (TIMP) in favour of proteolysis 
[26, 53], as well as damage and destruction of the ex-
tracellular matrix (ECM) [46, 53].

In diabetic foot and ischemic ulcers, additional 
factors such as micro- and macroangiopathy, neu-
ropathy, and increased susceptibility to infection 
are present. In contrast, post-traumatic defects are 
characterized by cicatricial changes, the presence 
of foreign bodies, and trophic disorders after multi-
stage reconstructions [5, 82].

Even when debridement and split-thickness skin 
graft (STSG) are performed optimally, the presence 
of poor perfusion or a significantly altered wound 
bed is associated with a high incidence of partial or 
complete graft necrosis [39]. Flap reconstruction 
in patients with severe comorbid conditions is also 
associated with an increased risk of complications 
[54]. This creates a niche where adjuvant regen-
erative approaches can accelerate wound healing, 
improve the quality of the wound bed tissues, and 
increase the chances of skin graft engraftment.

Biological foundations of stem cell 
applications in skin regeneration
Mesenchymal stem cells (MSCs) derived from bone 
marrow, adipose tissue, umbilical cord, dental pulp, 
placenta, and other adult stem cells have a number 
of properties essential for wound healing. These in-
clude the capacity to differentiate into fibroblasts, 
endothelial cells, pericytes, and keratinocytes; ro-
bust secretion of growth factors such as VEGF, 
bFGF, TGF-, and HGF; production of cytokines 
and chemokines; and immunomodulatory effects, 
including reduced proinflammatory cytokine pro-
duction and polarization of macrophages toward 
the M2 phenotype [35, 36, 53, 55].

Recent reviews indicate that the clinical efficacy 
of MSCs in chronic wound treatment is primarily 

mediated by paracrine signaling and modification 
of the wound microenvironment, rather than by ex-
tensive direct differentiation into skin cells [15, 19, 
34, 53]. This distinction carries significant clinical 
implications:

 · Therapeutic effects may be achieved with rela-
tively small numbers of cells.

 · Cell-free technologies, such as conditioned 
media and exosomes, represent promising, safer, and 
more standardized alternatives.

 · The interaction of cells with the surgically pre-
pared wound bed is more critical than their physical 
integration into the tissue.

Sources and types of stem cells 
used in the clinical practice

Bone marrow-derived mesenchymal stem cells

Bone marrow mesenchymal stem cells (BM-MSCs) 
are among the earliest sources used for the treatment 
of chronic wounds. In the early 2000s, E. V. Badia-
vas and V. Falanga demonstrated that local appli-
cation of autologous bone marrow cells, which may 
not be highly purified MSCs, promotes healing of 
refractory chronic skin ulcers in humans [8].

A prospective study by N. R. Dash et al. involved 
24 patients with chronic lower extremity ulcers 
who received local injections of BM-MSCs (ap-
proximately 106 cells per 1 cm2 of wound area) at 
the periphery and base of the defect following sur-
gical debridement. The study reported a significant 
reduction in ulcer area and a higher rate of complete 
healing compared to historical controls, with an ac-
ceptable safety profile [17].

Contemporary approaches emphasize the topical 
application of allogeneic BM-MSCs as components 
of ready-to-use products for the treatment of chronic 
ulcers. Phase I/II studies have confirmed good tol-
erability, a tendency to accelerate epithelialization, 
and improvements in pain and quality of life [7].

Adipose-derived stem cells and 
stromal vascular fraction
Adipose tissue represents the most accessible source 
of MSCs. Adipose-derived stem cells ( ADSCs) and 
the stromal vascular fraction (SVF) can be isolat-
ed via liposuction with minimal donor morbidity, 
a factor of particular significance in surgical pa-
tients [31, 32, 62, 63].

A systematic review by J. S. Holm et al. demon-
strated that, in most studies, ADSCs and adipose 
tissue derivatives used for treating chronic ulcers 
(venous, diabetic, ischemic) result in accelerated 
healing, reduced pain, and an acceptable safety 



58 General Surgery   Загальна хірургія  •  2025  •  № 4 (15)

O. Avtomieienko

profile. However, the included trials often exhibit 
heterogeneous designs and small sample sizes [32].

ADSCs may be administered through several ap-
proaches:

 · local injection into the wound bed and edges 
as a cell suspension [20, 30];

 · as a component of SVF, a minimally manipu-
lated concentrate containing MSCs, pericytes, endo-
thelial cells, fibroblasts, and immune cells [18, 27, 45];

 · as part of nanofat, which is mechanically emul-
sified fat with a high concentration of progenitor 
cells [18, 71];

 · in combination with platelet-rich plasma 
(PRP), hydrogels, or collagen matrices [45, 64].

Other sources: umbilical cord, placenta, 
Wharton’s jelly, and epidermal stem cells
Perinatal sources of MSCs, such as the umbilical 
cord, placenta, and Wharton’s jelly, are of increasing 
interest due to their high secretory potential, low im-
munogenicity, and the feasibility of standardized al-
logeneic production in accordance with good manu-
facturing practice (GMP). Wharton’s jelly-derived 
MSCs are found in the mucopolysaccharide connec-
tive tissue of the umbilical cord, situated between the 
amniotic epithelium and the umbilical cord vessels. 
These cells exhibit a potent paracrine profile (VEGF, 
HGF, TGF-, IL-10), high proliferative capacity, and 
the ability to differentiate into both mesenchymal 
and angiogenic lineages [6, 49, 75].

Experimental data and initial preclinical or small 
clinical studies indicate that placenta-derived 
MSCs (PMSCs) or their exosomes may enhance 
skin wound healing, stimulate angiogenesis, and 
modulate inflammation. However, large-scale ran-
domized studies are still lacking [43, 72, 78].

Epidermal and dermal stem cells, delivered as 
cell coverings, keratinocyte sheet grafts, or com-
posite skin substitutes (including cultured epider-
mal autografts), have been used in burn centers for 
many years to treat extensive post-burn and post-
traumatic defects. Clinical evidence demonstrates 
that these grafts can achieve sufficient re-epitheli-
alization, restore barrier function, and enable defect 
closure when donor sites are limited [10, 67]. How-
ever, outcomes are highly dependent on the wound 
bed conditions, and complications such as contrac-
tures or partial loss of coverage are common. Com-
plete regeneration of all skin structures, including 
dermis, appendages, nerves, and vessels, remains 
unachievable [10]. Consequently, these technolo-
gies are less frequently incorporated into treatment 
protocols for chronic trophic ulcers, where isch-
emia, infection, and trophic disturbances hinder the 
successful integration of cell sheet grafts.

Dental pulp stem cells (DPSCs), which originate 
from the neurectoderm, exhibit high proliferative ca-
pacity, the ability to differentiate into mesenchymal 
(osteogenic, chondrogenic, adipogenic) and neuro-
nal lineages, and a robust secretory profile (VEGF, 
NGF, BDNF, HGF) that supports angiogenesis, 
inflammation modulation, and tissue regeneration. 
Unlike many adult MSC sources, DPSCs are read-
ily accessible, free from ethical concerns, and con-
sistently express early stem cell markers (STRO-1, 
CD146) [4, 80]. Experimental studies indicate that 
DPSCs can accelerate skin wound healing by pro-
moting fibroblast proliferation, enhancing vascular-
ization, and reducing local inflammatory responses, 
although clinical application for skin defects remains 
limited to preclinical models [16, 29].

Clinical application of stem cells in 
the management of trophic defects

Diabetic foot

Diabetic foot ulcer represents one of the most exten-
sively studied indications for autologous cell therapy 
of the lower extremities, often in conjunction with 
surgical debridement and reconstructive procedures.

A meta-analysis by X. Jiang et al., which in-
cluded 10 clinical studies involving BM-MSCs, 
ADSCs, and bone marrow mononuclear cells, dem-
onstrated that in patients with lower extremity 
ulcers–primarily diabetic foot and ischemic ulcers 
associated with occlusive disease–autologous stem 
cell therapy increases the frequency of ulcer heal-
ing and reduces the risk of lower extremity amputa-
tions compared to conservative or standard surgical 
approaches [37]. Specifically, autologous stem cell 
therapy was linked to improved healing of lower 
extremity ulcers (12 comparisons, 290 patients, 
partial healing relative risk (RR) = 3.07, 95 % con-
fidence interval [CI] 1.14 – 8.24; p = 0.03; complete 
healing RR = 2.26; 95 % CI 1.48 – 3.16; p < 0.001) 
with minimal heterogeneity (I = 0 %). Additionally, 
autologous stem cell therapy resulted in a greater 
reduction in mean ulcer size (SMD = –0.63; 95 % 
CI from –1.03 to –0.22; p = 0.002).

A more recent meta-analysis by Y. Sun et al., which 
included 14 studies with 683 participants and focused 
specifically on diabetic foot, demonstrated that stem 
cell therapy (primarily BM-MSCs and ADSCs) was 
more effective than conventional therapy. Improve-
ments were observed in ulcer or wound healing rate 
[odd ratio (OR) = 8.20 (5.33; 12.62)], lower limb 
ischemia (neovascularization) [OR = 16.48 (2.88; 
94.18)], ankle-brachial index (ABI) [mean differenc-
es (MD) = 0.13 (0.04; 0.08)], transcutaneous oxygen 
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pressure (TcPO2) [MD = 4.23 (1.82; 6.65)], pain-free 
walking distance [MD = 220.79 (82.10; 359.48)], 
and resting pain score [MD = –1.94 (–2.50; –1.39)]. 
The amputation rate was also significantly reduced 
[OR = 0.19 (0.10; 0.36)] [69].

Current clinical experience with autologous adi-
pose-derived mesenchymal cells in chronic diabetic 
lower limb ulcers is primarily based on small phase 
I – II studies and non-randomized clinical trials. In 
a phase I study by M. H. Carstens et al., local injec-
tions of ADSCs following surgical debridement of 
diabetic ulcers were found to be safe and to accel-
erate epithelialization [12]. Comparable outcomes 
have been reported in other clinical studies utiliz-
ing SVF containing ADSCs. Several prospective 
and open-label studies have shown that administra-
tion of autologous SVF in combination with stan-
dard therapy leads to a reduction in diabetic ulcer 
area, improved tissue perfusion, enhanced granula-
tion, more rapid wound area reduction, decreased 
need for amputation, and a higher rate of complete 
healing compared to standard treatment [11, 22, 74, 
81]. While these findings support the therapeutic 
potential of adipose tissue-derived cells in diabetic 
foot ulcers, large-scale randomized trials of ADSCs 
in this context remain limited.

Notably, most clinical studies do not consider 
stem cells as a stand-alone therapy, but rather as an 
adjunct to standard surgical interventions, including 
radical wound debridement, infection control, cor-
rection of ischemia through endovascular or open re-
constructive procedures, and optimization of glyce-
mic and metabolic status. This integrative approach 
aligns with current understanding of stem cells as 
modifiers of the wound microenvironment, capable 
of reducing inflammation, stimulating angiogenesis, 
improving wound bed quality prior to skin grafting, 
and enhancing the likelihood of secondary epitheli-
alization. The most significant clinical outcomes are 
observed when cell therapy is combined with active 
surgical and vascular interventions.

Venous, arterial, and mixed lower leg ulcers
A systematic review by B. Amato et al. evaluated 
clinical trials investigating adult tissue stem cells 
for the treatment of chronic lower leg ulcers of vari-
ous etiologies, including venous, arterial, and post-
traumatic. Most studies reported improved healing 
rates and reduced pain; however, the overall qual-
ity of evidence is moderate, primarily due to small 
sample sizes and heterogeneity in study design [3]. 
X. Jiang et al. further demonstrated that autologous 
stem cell therapy is associated with a higher rate of 
complete ulcer closure and a greater reduction in 
defect area compared to controls [37].

Meta-analyses and systematic reviews indicate 
that autologous stem cell therapy (BM-MSC/
ADSC/SVF), may improve perfusion, promote ul-
cer healing, and reduce the risk of amputation in 
cases of critical lower limb ischemia. This approach 
is considered a potential solution when standard 
vascular or plastic surgical methods have been ex-
hausted or proven ineffective [76, 77, 79]. However, 
current evidence is primarily derived from small 
case studies rather than large randomized con-
trolled trials, so MSC therapy should be regarded as 
experimental or adjuvant rather than standard care.

Pressure ulcers, radiation, 
and postoperative defects
Although data on pressure ulcers and radiation inju-
ries are limited, available clinical studies suggest the 
potential of MSC therapy. In case studies involving 
patients with pressure ulcers resulting from spinal 
cord injury, the application of autologous bone mar-
row cells (BM-MNC or BM-MSC), including de-
livery within plasma or fibrin matrices, has resulted 
in healing of deep defects that previously necessi-
tated extensive flap reconstruction [2, 61].

For patients with chronic radiation ulcers, the use 
of bone marrow-derived or perinatal (placental, am-
niotic) MSCs in combination with biomatrices, such 
as decellularized amniotic membrane, lyophilized 
placental membrane, or other placental coatings, has 
demonstrated healing of defects that are resistant to 
standard treatment methods [13, 38, 58].

The role of stem cells in plastic 
and reconstructive surgery 
for post-traumatic defects
In plastic and reconstructive surgery, post-trau-
matic defects resulting from high-energy trauma, 
burns, blast injuries, or onco-orthopedic resections 
are characterized by loss of soft tissue volume, fi-
brosis, contractures, impaired microcirculation, and 
chronic inflammation. Even technically successful 
flap reconstructions or skin grafts frequently result 
in hard, painful, adhesive scars that limit function. 
In this context, cell-based technologies, particu-
larly those utilizing ADSC or SVF, are regarded as 
adjuncts to conventional reconstructive methods 
rather than as replacements [27, 68, 70].

Clinically, the predominant strategy involves 
the use of autologous fat enriched with the SVF or 
progenitor cell-rich nanofat to address post-trau-
matic and post-burn scars, soft-tissue deformities, 
and contour defects [23, 40]. Systematic reviews of 
clinical studies indicate that ADSC/SVF-assisted 
lipofilling in scarred areas results in scar softening, 
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increased elasticity, reduced pain and itching, im-
proved pigmentation and skin thickness, and high 
patient satisfaction, with an acceptable safety pro-
file [68, 70]. However, the supporting evidence is 
primarily level III – IV, consisting of case studies, 
prospective uncontrolled trials, and small cohort 
observations [51, 52, 60, 68].

Seminal studies by G. Rigotti et al. demonstrated 
that transplantation of purified lipoaspirate, rich 
in adult adipose tissue stem cells, significantly im-
proves soft tissue condition in areas affected by ra-
diation damage, including reductions in pain, fibro-
sis, and scar retraction, as well as enhanced skin tro-
phism and the feasibility of further reconstructive 
procedures [59]. Subsequent research by M. Klinger 
et al. found that repeated lipofilling sessions in pa-
tients with severe post-burn complications result 
in clinically meaningful scar remodeling, includ-
ing improved elasticity, reduced contractures, and 
superior aesthetic outcomes, which correlate with 
morphological evidence of neovascularization and 
partial normalization of the dermis [40]. These find-
ings are particularly relevant for surgeons managing 
complex post-traumatic defects with concurrent 
burn or radiation fibrosis.

Review summaries indicate that ADSC/SVF-
assisted lipofilling is applied in reconstructive prac-
tice primarily in two scenarios: first, as a form of bio-
logical preprocessing to optimize the recipient bed 
prior to complex skin-flap reconstruction or future 
endoprosthesis placement (such as after oncological 
resection or severe soft tissue trauma); and second, 
as repeated staged interventions to address residual 
scar deformities, contractures, and volume deficits 
following primary reconstruction [19, 28, 39, 52]. 
The primary objectives in the first scenario are to 
enhance vascularization, decrease fibrosis, and cre-
ate a more receptive environment for grafts or flaps. 
In the second, the focus is on long-term scar tissue 
remodeling and improved functional outcomes, in-
cluding increased joint range of motion, prosthesis 
compatibility, and reduced pain on exertion.

Some clinical studies have described the use of 
BM-MSCs, perinatal MSCs (from amniotic or pla-
cental membranes), and combined constructs, such 
as «MSCs + biomatrix», in managing complex post-
traumatic soft tissue defects. In these approaches, 
cell-rich matrices are employed to cover exposed 
bone or fill defects, either prior to or in conjunction 
with flap reconstruction. Observational reports 
highlight the formation of high-quality granulation 
tissue, a reduced need for extensive reconstructive 
procedures, and a lower incidence of wound-edge 
dehiscence compared with standard techniques 
[1, 44, 47]. Nevertheless, the patient cohorts are 

typically heterogeneous, encompassing mixed tro-
phic, oncological, and post-traumatic wounds, and 
the study designs preclude definitive conclusions 
regarding the superiority of any specific MSC type.

Overall, clinical evidence indicates that, in plas-
tic and reconstructive surgery for post-traumatic 
defects, stem cells–primarily ADSC/SVF–should 
be regarded as adjuncts to enhance the tissue mi-
croenvironment, including scar quality, vascular-
ization, and elasticity. These approaches comple-
ment but do not replace established methods such 
as skin grafts, local and free flaps, and microsurgical 
techniques. Current data support their use in com-
plex cases resistant to standard treatments, provid-
ed that rigorous patient selection and adherence 
to oncological safety protocols are maintained. 
However, there remains a clear need for large-scale 
randomized studies to assess efficacy and long-term 
outcomes.

Clinical features of the use of stem cells 
in the surgical treatment of skin defects
Current evidence allows for the identification of sev-
eral key clinical aspects relevant to surgical practice.

Patient selection
Patients most likely to benefit from stem cell thera-
py include the following groups:

 · with chronic (> 3 – 6 months) trophic ulcers 
that do not heal despite optimal standard treatment 
[3, 37, 69];

 · those with combined pathologies, such as dia-
betic foot with critical ischemia or post-traumatic 
defects in the context of obesity or systemic diseases;

 · individuals at high risk of amputation for 
whom standard reconstructive options have been 
exhausted or present excessive risk [14, 37, 55, 69].

However, stem cell therapy does not replace the 
fundamental principles of wound management, such 
as the «TIME» framework (tissue, infection/inflam-
mation, moisture, edge), or modern vascular interven-
tions. Instead, it enhances their effectiveness [9, 41].

Wound preparation and the surgical 
«window of opportunity»
Almost all studies emphasize the need for radical 
surgical debridement, infection control, and optimi-
zation of systemic factors before stem cell adminis-
tration [3, 32, 53, 55].

This sequence establishes a critical period for in-
tervention, commonly referred to as a «window of 
opportunity»:

 · stage 1 – radical debridement, correction of 
ischemia, and stabilization of the general condition;
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 · stage 2 – cell therapy (injectable, topical, or 
within a matrix or adipose tissue) for the prepared 
wound bed;

 · stage 3 – if necessary, skin grafting or flap re-
construction of the prepared wound bed (often af-
ter 1 – 3 weeks).

For example, combined techniques such as nanofat 
with STSG or high-density nanofat with NPWT have 
been used to manage chronic lower leg defects [18, 39].

Routes of administration and doses
Clinical studies have employed various routes of 
stem cell administration:

 · local injections into the wound bed and edges, 
using BM-MSC, ADSC, or SVF, represent the most 
common approach;

 · intramuscular administration in the vicinity 
of the ischemic zone, particularly in cases of critical 
limb ischemia;

 · topical application incorporated into gels, fibrin 
sprays, or three-dimensional matrices [7, 8, 53, 57].

Typical doses for local administration range from 
106 to 107 cells/cm2 of defect area, or 107 to 108 cells 
for the entire wound. When using SVF or nanofat, 
the administered volume of lipoaspirate (in millili-
ters) is more commonly reported than the absolute 
cell count [32, 57, 62]. The absence of standardized 
dosing regimens remains a significant barrier to 
widespread clinical adoption.

Combination with other regenerative technologies
Stem cell therapies are increasingly integrated with 
the following adjunctive modalities:

 · platelet-rich plasma (PRP), which contains 
high concentrations of growth factors such as 
PDGF, TGF-, VEGF, and EGF, and may potenti-
ate the paracrine effects of MSCs [57];

 · negative pressure therapy (NPWT) – high-
density nanofat + NPWT in chronic wounds [18];

 · biomatrices, including collagen, acellular der-
mal matrices, and placental matrices [31, 55].

In practical terms, this approach represents 
a shift from single-stage procedures to stepwise 
combination therapies, in which cellular compo-
nents are integrated alongside flaps, grafts, and 
physiotherapeutic interventions.

Safety and potential risks
Serious adverse events directly attributable to stem 
cell therapy are infrequent in most clinical trials 
[14, 32, 37, 55, 69]. The most frequently reported 
events include:

 · local pain at the injection site, hematoma, or 
transiently increased exudation;

 · infectious complications, which are typically 
associated with the underlying wound condition 
rather than the cellular product.

Concerns about the potential stimulation of tu-
mour growth have not been substantiated in clinical 
trials with limited follow-up. Nevertheless, reviews 
emphasize the necessity for ongoing oncological 
vigilance, especially when allogeneic cells are used 
or in patients with a history of cancer [15, 55].

Regulatory requirements, including GMP stan-
dards, classification as Advanced Therapy Me-
dicinal Products (ATMP), and logistical complex-
ity, continue to present significant barriers to the 
widespread adoption of stem cell therapy outside 
research centers.

Unresolved issues 
and prospects
Although recent findings are promising, current re-
views consistently identify several critical gaps in 
the literature:

Study heterogeneity: Variability in cell sources, 
collection and cultivation protocols, dosing regi-
mens, administration routes, and efficacy criteria 
complicates the development of unified recommen-
dations [3, 14, 15, 55].

Insufficient large-scale multicenter RCTs with 
long-term follow-up (і 2 – 3 years), particularly for 
specific surgical indications such as post-traumatic 
defects and complex reconstructions.

Lack of standardized study endpoints: There 
is a need for unified outcome measures, including 
time to complete epithelialization, sustained heal-
ing over 6 – 12 months, recurrence rates, and both 
functional and cosmetic results.

Comparative evaluation of different cell sources 
(BM-MSC vs. ADSC vs. placental MSCs) within 
standardized surgical treatment protocols.

Promising avenues 
Promising avenues for future research include the 
following:

 · cell-free strategies, such as the use of exo-
somes and MSC conditioned media, which may of-
fer more standardized and potentially safer alterna-
tives [33, 56];

 · integration of stem cells with 3D-printed and 
bioengineered matrices to enable individualized re-
construction of tissue defects [48, 75];

 · systematic incorporation of cell-based tech-
nologies into military and trauma surgery protocols, 
including early application of MSCs for extensive 
soft tissue injuries [42, 73, 75].
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Conclusions
Chronic post-traumatic and trophic skin defects 
represent a persistent clinical and economic chal-
lenge. Traditional surgical interventions, such as 
debridement, skin grafting, and flap procedures, of-
ten fail to achieve stable healing in certain patient 
populations.

Stem cells, particularly BM-MSCs and ADSCs, 
have demonstrated efficacy in enhancing chronic 
wound healing through paracrine, angiogenic, and 
immunomodulatory mechanisms. These therapies 
are regarded as adjuncts to standard surgical ap-
proaches rather than replacements.

Clinical trials and meta-analyses indicate that 
autologous stem cell therapy for lower limb ulcers, 
including diabetic foot, venous, and ischemic ul-
cers, increases the rate of complete healing, acceler-
ates epithelialization, and reduces amputation risk, 
while maintaining an acceptable safety profile.

In surgical practice, combined approaches in-
volving stem cell therapies are of particular interest. 
These include:

 · local injections of MSC/ADSC/SVF into the 
prepared wound bed;

 · application of nanofat and SVF beneath split-
thickness skin grafts for challenging post-traumat-
ic defects;

 · stem cell-enriched lipofilling for the correction 
of post-traumatic scars and contractures.

The safety profile of stem cell therapy for skin 
defects is generally favourable; however, extended 
long-term follow-up is necessary, particularly con-
cerning potential oncogenic risks and the applica-
tion of allogeneic cells.

Major barriers to widespread adoption include 
the absence of standardized protocols, heterogene-
ity among clinical trials, regulatory constraints, and 
high associated costs.

A promising direction involves developing ex-
plicit surgical algorithms that integrate stem cells, 
their secretions, or exosomes into sequential treat-
ment regimens for post-traumatic and trophic de-
fects. This approach may include debridement, fol-
lowed by cell or exosome therapy and subsequent 
skin graft or flap reconstruction, with further vali-
dation required through well-designed multicenter 
randomized trials.
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Клінічні особливості застосування стовбурових клітин 
при хірургічному лікуванні посттравматичних і трофічних 
дефектів шкірних покривів. Огляд літератури
О. Автомєєнко

Національний медичний університет імені О.О. Богомольця, Київ

Хронічні посттравматичні й трофічні дефекти шкіри залишаються складною клінічною проблемою, 
особливо в умовах ішемії, інфекції, діабетичної ангіопатії та нейропатії чи наслідків високотравма-
тичних ушкоджень. Традиційні методи (дебридмент, шкірні трансплантати, місцеві й вільні клапті) не 
завжди забезпечують стійке загоєння, що стимулює інтерес до регенеративних технологій. Мезенхі-
мальні стовбурові клітини (MSC), насамперед кістково-мозкові й адипозо-деривовані (ADSC), чинять 
виразний паракринний, ангіогенний та імуномодулювальний вплив, поліпшуючи мікрооточення рани 
та підвищуючи ефективність стандартних хірургічних втручань. Клінічні дослідження й метааналізи 
демонструють, що автологічна терапія MSC сприяє швидшому загоєнню діабетичних, венозних, арте-
ріальних і змішаних виразок, знижує ризик ампутацій та поліпшує перфузію тканин. У реконструктив-
ній хірургії посттравматичних дефектів найбільш затребуваними є ADSC/SVF-асистований ліпофілінг 
і nanofat-технології, які забезпечують ремоделювання рубцевої тканини, підвищення її еластичності, 
зменшення контрактур і поліпшення умов для подальших клаптевих реконструкцій. Клітинні або 
клітинно-матриксні конструкції (MSC + scaffold) продемонстрували потенціал у лікуванні складних 
дефектів м’яких тканин з оголенням кістки, зменшуючи потребу в об’ємних реконструкціях. Незважа-
ючи на обнадійливі результати, докази мають обмеження: невеликі вибірки, гетерогенність методик, 
відсутність стандартизованих доз і недостатня кількість великих багатоцентрових рандомізованих 
контрольованих досліджень. Питання щодо тривалої онкологічної безпечності потребує подальшого 
спостереження, хоча значущих ризиків у наявних серіях не виявлено. Перспективними є безклітинні 
підходи (екзосоми, секретом MSC), інтеграція клітинних технологій із 3D-друкованими та біоінже-
нерними матрицями, розробка чітких хірургічних алгоритмів, де MSC є інструментом для підсилення 
ефективності стандартних реконструктивних методів.

Ключові слова: хронічні рани, трофічні виразки, посттравматичні дефекти, реконструктивна хірур-
гія, мезенхімальні стовбурові клітини, адипозо-деривовані стовбурові клітини, стромально-васкулярна 
фракція, регенерація шкіри.
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Current surgical strategies for acute necrotizing 
pancreatitis are guided by the step-up approach, 
which entails a progressive transition from navi-
gation-assisted minimally invasive percutaneous 
interventions (MIPI) to more extensive surgical 
procedures, depending on patient clinical dynam-
ics [2, 3, 10, 11, 30, 47, 55]. Initially, navigation-
assisted MIPIs with drainage of fluid collections 
are performed. In some cases, this serves as the de-
finitive method for managing infected formations, 
eliminating the need for further necrosectomy. The 
randomized PANTER trial [59] demonstrated that 

the step-up approach significantly reduced mortal-
ity and serious complications from 69 % to 40 % 
(p = 0.006), and decreased the incidence of multiple 
organ dysfunction from 40 % to 12 % (p = 0.002), 
with comparable overall mortality rates (19 % vs. 
16 %) [59]. Long-term follow-up indicated that pa-
tients treated with the step-up approach had lower 
rates of postoperative hernias and exocrine insuffi-
ciency, along with a tendency toward reduced endo-
crine deficiency [28, 38, 60].

Subsequent meta-analyses have validated the 
effectiveness of navigation-assisted MIPIs as the 

Infected necrotizing pancreatitis represents one of the most challenging conditions in abdominal surgery and 
requires multi-stage minimally invasive interventions as part of the widely accepted step-up approach. This 
strategy involves collaboration between interventional radiologists and interventional gastroenterologists. Navi-
gation-assisted minimally invasive interventions are crucial during the initial 3 – 4 weeks of the disease, serving as 
the primary method for managing infected necrotic collections in the retroperitoneal tissue.
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definitive treatment. For example, M. C. van Baal 
et al. [58] reported that navigation-assisted MIPIs 
and endoscopic methods prevented open necrosec-
tomy in 55.7 % of patients.

K. Horvath et al. found that navigation-assisted 
MIPIs were effective in 23 % of patients. In 81 % 
of cases, a single surgical intervention after navi-
gation-assisted MIPI was sufficient, with no need 
for additional debridement. The 30-day in-hospital 
mortality rate was 2.5 %. Bleeding occurred in 7.5 % 
of patients, while intestinal fistulas developed in 
17.5 % [29].

Navigation-assisted MIPIs are typically indicat-
ed when infection of necrotic foci is suspected. Indi-
cations include the presence of gas bubbles within 
fluid collections on ultrasound or computed tomog-
raphy (CT), as well as clinical and laboratory evi-
dence of sepsis–such as fever, leukocytosis, elevated 
C-reactive protein, and increased procalcitonin 
levels–despite optimal conservative therapy [6, 18, 
56]. On CT, a medium density ( 20 – 30 HU) sug-
gests a higher proportion of solid necrotic infected 
tissue and is associated with an increased risk of fail-
ure for percutaneous isolated drainage [16, 27].

The optimal timing for intervention is during the 
«walled-off necrosis» phase, typically the fourth 
week after disease onset, when necrotic tissue is 
well-formed and demarcated, allowing safer access. 
However, in cases of escalating septic intoxication 
or persistent multiorgan failure, early drainage 
(within 2 – 3 weeks of disease onset) is permitted as 
part of the step-up approach [4, 5, 18, 39, 44, 64].

Drainage is conducted under ultrasound or CT 
guidance using pigtail catheters, typically begin-
ning with sizes of 8 – 12 Fr. The tract may be gradu-
ally expanded to 14 – 20 Fr, and multiple drains may 
be placed for multi-chamber collections [16, 17, 41, 
54]. When indicated, active irrigation through the 
drains with isotonic NaCl 0.9 % solution, with or 
without antiseptic additives, is performed accord-
ing to local protocols to enhance infection control 
and support organ function [12, 17].

Effectiveness is evaluated by clinical and labora-
tory parameters, including reductions in tempera-
ture, leukocytosis, C-reactive protein, and procal-
citonin levels within 48 – 72 hours. Radiological 
assessment involves measuring the decrease in col-
lection volume on follow-up CT scans performed 
7 – 14 days after the initial CT. Several studies indi-
cate that a reduction in lesion size by approximately 
70 – 75 % within 10 – 14 days reliably predicts suc-
cessful isolated drainage without the need for ne-
crosectomy [5, 21, 63].

Notably, in some instances, navigation-assisted 
MIPI serves as both the initial and final stage of 

treatment [4, 8, 20, 30, 41, 49]. This approach grad-
ually reduces bacterial load, eliminates the source of 
endotoxemia, and stabilizes systemic hemodynam-
ics without additional surgical trauma [12]. Con-
tinuous drainage of liquid necrotic material and the 
reabsorption process facilitate granulation capsule 
formation and progressive cavity reduction. The 
adjunctive use of vacuum-assisted systems further 
stimulates microcirculation, promotes angiogenesis, 
and accelerates healing by applying negative pres-
sure to the necrotic area [13, 17, 19, 48]. Table 1 
presents the results of key studies demonstrating 
the effectiveness of navigation-assisted MIPIs in 
patients with infected pancreatitis.

A representative meta-analysis by P. Keshavarz 
et al., which included 32 clinical trials and a total 
of 1,398 patients, reported a clinical success rate 
of navigation-assisted MIPIs of 63 % (95 % CI 
55 – 71 %), defined as infection and symptom con-
trol without further necrosectomy. Approximately 
33 % of patients required a step-up approach. The 
overall mortality rate was 13 %, underscoring nav-
igation-assisted MIPI’s effectiveness in mixed pa-
tient cohorts with varying disease severity [36].

In contrast, A. K. Singh et al. analyzed a more ho-
mogeneous and severely ill cohort of patients with 
persistent organ failure due to acute necrotizing pan-
creatitis (n = 83). Despite the severity, navigation-
assisted MIPI achieved clinical success in 56.6 % of 
patients, with 100 % of patients recovering without 
surgical necrosectomy. Only 13.3 % required surgi-
cal intervention, indicating that navigation-assisted 
MIPI can stabilize critically ill patients. The high 
mortality rate (37.3 %) in this group reflects the ini-
tial severity and systemic involvement, rather than 
a lack of technique efficacy [51].

In a prospective study by H. Bhatia et al. in-
volving 148 patients with acute necrotic collec-
tions, the effectiveness of early ( 2 weeks) versus 
late (after 3 – 4 weeks) navigation-assisted MIPI 
was compared. Clinical success was 67.6 % in the 
early drainage group and 77.0 % in the late drain-
age group. The need for repeated necrosectomy 
was significantly lower with delayed intervention 
(6.8 % vs. 17.6 %), and complication rates were also 
reduced with late navigation-assisted MIPI (5.4 % 
vs. 16 %). These findings highlight the importance 
of allowing a walled-off cavity to form, which im-
proves navigation-assisted MIPI outcomes and re-
duces the need for surgical intervention [15].

Collectively, these studies indicate that navi-
gation-assisted MIPI achieves clinical success in 
55 – 77 % of cases, enabling the avoidance of open 
necrosectomy for most patients. The effectiveness of 
navigation-assisted MIPIs is notably higher when 
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drainage is performed during the walled-off necrosis 
(WON) phase. Therefore, navigation-assisted MIPI 
often serves as both the initial and final stage of 
treatment within modern step-up-approach proto-
cols [15, 36, 51]. Data presented in Table 1 suggest 
that navigation-assisted MIPI for acute infected 
pancreatic necrosis, particularly when integrated 
with a multidisciplinary approach and advanced 
control technologies, may become a standard of de-
finitive treatment for selected patients with infect-
ed necrotizing pancreatitis.

Comparison of these results reveals a consistent 
trend toward reduced surgical aggressiveness in the 
management of acute infected necrotizing pancre-
atitis. In the 1990s, mortality after open necrosec-
tomy reached 40 %, as documented in early surgical 
series [42, 70]. However, studies from 2014 to 2024 
utilizing navigation-assisted MIPIs report a reduced 
mortality rate of 15 – 20 % [3, 34, 46, 61, 68, 69].

Furthermore, navigation-assisted MIPI serves as 
the final stage of treatment for acute post-necrotic 
collections and WON in 40 – 60 % of patients. It dem-
onstrates the method’s capacity to effectively control 
infection sources and stabilize systemic conditions 
without further surgical intervention [3, 8, 24, 61].

A systematic review by M. C. van Baal et al. 
involving 384 patients found that navigation-as-
sisted MIPI was a definitive treatment in 55.7 % 
of cases, thereby eliminating the need for further 

necrosectomy and resulting in an overall mortal-
ity rate of 17.4 % [58]. Subsequent cohort studies 
support these findings. For example, X. Cao et al. 
reported that 41.8 % of 74 patients with infect-
ed necrosis were cured with navigation-assisted 
MIPI monotherapy, with a mortality rate of 3.1 % 
[16]. Similarly, C. Garret et al. observed successful 
outcomes with isolated percutaneous drainage in 
44.4 % of patients [25].

Table 2 presents a comparison of the primary ad-
vantages and disadvantages of minimally invasive 
approaches for treating infected necrotizing pan-
creatitis.

A meta-analysis by M. Gjeorgjievski et al. (16 
studies, 282 patients) reported that percutaneous 
endoscopic necrosectomy (PEN) achieved clini-
cal success in 82 % of patients, with a procedural 
mortality of 0 % and an overall mortality of ap-
proximately 16 % during follow-up [26]. Similarly, 
a review by M. Jagielski et al. demonstrated that 
PEN via a percutaneously placed esophageal stent 
achieved technical success in 100 % of cases and 
clinical success in 81 % [31]. Smaller series by L. Ke 
et al. and M. Saumoy et al. reported clinical success 
rates for minimally invasive interventions ranging 
from 70 % to 89 % [35, 43, 50].

Current studies indicate that the endoscopic 
transluminal approach to necrosequestrectomy 
in infected pancreatitis, primarily via transgastric 

Table 1. Effectiveness of navigation-assisted minimally invasive percutaneous interventions

Research Design Clinical success 
parameters

Clinical 
success after 
navigation-
assisted 
MIPI 
without 
surgery

Surgery 
required after 
navigation-
assisted 
MIPI

Mortality

P. Keshavarz et al. [36]
Systematic review and 
meta-analysis

32 studies, 
1398 patients 
with pancreatic 
necrosis/
pseudocysts

Infection/ 
symptom control 
without the 
need for further 
intervention

63 % 
(95 % CI 
55 – 71 %)

33 % (95 % CI 
25 – 40 %) still 
required surgery 
after navigation-
assisted MIPI

13 % (95 % CI 9 – 17 %) 
overall mortality

A. K. Singh et al. [51]
Outcome of 
percutaneous drainage 
in patients with 
pancreatic necrosis 
having organ failure

83 patients 
with persistent 
organ failure, 
percutaneous 
catheter drainage 
on day 25

Complete 
recovery 
after PCD + 
survival without 
necrosectomy

56.6 % 
(47/83) 
successful 
with PCD 
only

13.3 % (11/83) 
proceeded 
to surgery

37.3 % (31/83) 
overall mortality 
(very severe OF cohort)

H. Bhatia et al. [15]
Early vs. late PCD 
of acute necrotic 
collections (ANC) in 
necrotizing pancreatitis

148 patients, 
PCD
 2 weeks 
(n = 74) vs. 
3 – 4 weeks 
(n = 74)

Infection/
symptom control 
without further 
necrosectomy

67.6 % 
with early 
PCD
vs. 77.0 % 
with late 
PCD

Surgery required 
by 17.6 % (13/74) 
vs. 6.8 % (5/74)

Mortality is mentioned 
in the article, but not 
detailed in the abstract. 
The authors did not find 
a significant difference 
between the groups.
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access, achieves a clinical success rate of 80 – 90 %, 
a procedural complication rate of 20 – 35 %, and 
a mortality rate of 5 – 10 %, which is significantly 
lower than that observed with open necrosectomy 
[9, 33, 37, 47, 67, 71].

The selection of minimally invasive strategies in 
necrotizing pancreatitis follows a step-up approach: 
initial management involves drug therapy, followed 
by drainage (percutaneous or endoscopic) if infected 
necrosis or clinical deterioration occurs, and mini-
mally invasive necrosequestrectomy if these mea-
sures are ineffective. Open surgical intervention is 
reserved for refractory cases [3, 39, 53, 59, 63, 65, 71]. 
Ideally, invasive procedures should be postponed 
until WON has developed, typically after approxi-
mately four weeks, as early necrosequestrectomy is 
associated with increased morbidity. Debridement 
within the first two weeks should be avoided [13, 
22, 32, 40, 43, 59, 65]. Routine drainage is not rec-
ommended during the sterile phase; intervention is 
indicated for symptoms or complications such as ob-
struction, persistent pain, nutritional insufficiency, 
fistulas, persistent systemic inflammatory response 
syndrome (SIRS), or prolonged organ failure lasting 
several weeks [1, 3, 21, 22, 32, 62]. The choice of in-
tervention is determined by the anatomical location 
and extent of the necrotic collection in the retroper-
itoneal tissue: endoscopic approaches are preferred 
for encapsulated WON adjacent to the stomach or 
duodenum, while percutaneous drainage is recom-
mended as an adjunct or salvage method for collec-
tions extending into the paracolic gutters or pelvis 
[3, 7, 21, 43, 45, 53, 60, 62].

The described minimally invasive techniques 
should not be viewed as alternative or mutually ex-
clusive, as each addresses specific clinical challenges 

and has distinct anatomical and technical indica-
tions. In the management of acute necrotizing pan-
creatitis, these methods should be applied within an 
integrated step-up approach, either sequentially or 
in combination, depending on the localization of the 
pathological process. For example, a single patient 
may present with centrally located collections in 
the lesser omentum, best managed by transgastric 
necrosectomy, alongside retroperitoneal paracolic 
accumulations, which are more suitable for percuta-
neous access. Therefore, effective removal of necrot-
ic and purulent material often requires the comple-
mentary use of both endoscopic and percutaneous 
interventions to optimize therapeutic outcomes.

Conclusions
Minimally invasive percutaneous interventions 
play a crucial role in the current step-up approach 
to managing infected necrotizing pancreatitis, with 
clinical success rates of 55 % to 77 % without the 
need for necrosectomy. The effectiveness of these 
interventions depends on the location and structur-
al characteristics of the necrosis, frequently requir-
ing a combination of percutaneous and endoscopic 
techniques to achieve complete debridement of 
both central and retroperitoneal collections in the 
right and left paracolic gutters. Ongoing develop-
ment of navigation-assisted percutaneous methods 
is essential, as these approaches remain the primary 
option for managing infected parietal and paracolic 
fluid collections.
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Table 2. Comparative characteristics of the advantages and disadvantages of minimally invasive 
techniques in the treatment of infected necrotizing pancreatitis

Method Basic 
technique

Average 
clinical 
success 

Clinical benefits Limitations/
Disadvantages

Navigation-assisted 
percutaneous 
drainage

Ultrasound/
CT-guided
catheter
|placement

Up to 77 %
Minimally invasive, can be performed 
in critically ill patients, effective 
with fluid collections

Risk of repeated punctures, 
obturation, need for 
irrigation, high risk of 
external fistulas

Percutaneous 
drainage + endoscopic 
necrosectomy (PEN)

Tract dilation, 
nephroscopy, 
mechanical 
debridement

80 %

Visual control, effective evacuation 
of detritus, lower trauma compared 
to traditional surgery, possibility 
of irrigation

Requires equipment, skills, 
lengthy procedure, risk 
of fistula development, 
requires canal dilation

Transgastric 
necrosectomy

Transmural 
access, 
negative 
pressure

Up to 90 %

Minimally invasive access without the 
development of external fistulas, better 
infection control in centrally located 
WON, possibility of multiple revisions

High cost, requires highly 
qualified interventional 
gastroenterologist, multiple 
endoscopy sessions required
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Роль перкутанних малоінвазивних втручань 
на завершальному етапі лікування інфікованого 
некротичного панкреатиту. Огляд сучасних досліджень
О. О. Дирда

Національний університет охорони здоров’я України імені П. Л. Шупика, Київ

Інфікований некротичний панкреатит залишається однією із найскладніших патологій в абдомінальній 
хірургії та потребує застосування багатоетапних малоінвазивних втручань у межах загальновизнаної 
тактики поетапного підходу із залученням у лікувальний процес інтервенційного радіолога та інтервен-
ційного ендоскопіста. Малоінвазивні навігаційні втручання відіграють провідну роль як стартовий етап 
лікування в перші 3 — 4 тиж захворювання. Їх застосовують як остаточний метод санації інфікованих 
некротичних скупчень у заочеревинній клітковині.

Мета — проаналізувати дослідження, проведені в 2020 — 2025 рр., та оцінити ефективність перкутанних 
втручань як остаточного методу лікування гострого інфікованого панкреатиту.

Аналіз продемонстрував, що навігаційні малоінвазивні втручання є ефективними в 35 — 55 % випадків 
лікування інфікованого панкреонекрозу. Ефективність втручання зростає, що дає змогу швидко знизити 
системну інтоксикацію та стабілізувати стан. Ефективність оцінюють за клініко-лабораторною динамі-
кою (зменшення температури тіла, лейкоцитозу, рівня С-реактивного білка/прокальцитоніну впродовж 
перших 48 — 72 год) та радіологічно — за ступенем зменшення об’єму скупчення. Зменшення розмірів 
вогнища приблизно на 70 — 75 % протягом 10 — 14 днів вірогідно прогнозує успіх ізольованого дренування 
без потреби в некректомії (М. Wroński et al., 2014). Частота клінічного успіху становила 67,6 % у групі ран-
ньої інтервенції (до 2 тиж) та 77,0 % у групі пізнього дренування (4-й тиждень від початку захворювання). 
Отримані дані свідчать про необхідність розгляду перкутанних та ендоскопічних методів як інструментів 
step-up стратегії, що доповнюють один одного, та наголошують на важливості подальшого розвитку наві-
гаційних перкутанних технологій для лікування складних інфікованих ретроперитонеальних утворень.

Ключові слова: інфікований некротичний панкреатит, перкутанне дренування, поетапний підхід, 
малоінвазивні навігаційні втручання, інтервенційна радіологія, інтервенційна ендоскопія.
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Sarcopenia as a complication of acute 
pancreatitis: current state of research. 
Etiopathogenic mechanisms of acute 
secondary sarcopenia development
Secondary sarcopenia (SSP) is associated with 

increased mortality in the adult population and 
typically has a multifactorial etiology, including sys-
temic inflammatory conditions, organ failure (OF), 
physical inactivity, and nutritional deficiencies [40]. 
According to the EWGSOP2 (2019) consensus, 
two forms are distinguished: an acute form (lasting 

< 6 months), which develops in the context of acute 
diseases or trauma, and a chronic form (> 6 months), 
which is mainly associated with chronic pathologies 
[8]. In clinical practice, cases of superacute, «fulmi-
nant» muscle loss developing within days or weeks 
have been reported in patients with sepsis, acute 
necrotizing pancreatitis (ANP), and following major 
surgical interventions [39]. According to systematic 
reviews, sarcopenia (SP) is an independent predic-
tor of postoperative complications and mortality 
among emergency and surgical patients [20]. Thus, 

This review of the current scientific literature focuses on the etiological factors, pathophysiological mechanisms, 
diagnostic approaches, and methods of prevention and treatment of acute secondary sarcopenia in patients with 
acute necrotizing pancreatitis. Acute secondary sarcopenia represents a severe complication of acute pancreatitis, 
resulting from a combination of systemic inflammation, physical inactivity, and nutritional deficiency. Scientific evi-
dence indicates that sarcopenia and sarcopenic obesity are associated with higher mortality, an increased incidence 
of complications in acute pancreatitis, and longer hospital stays. According to the literature, the prevalence of sec-
ondary sarcopenia among patients with acute pancreatitis ranges from 18 % to 70 – 80 %, with variability in these 
indicators attributed to differences in diagnostic approaches, assessment criteria, and clinical characteristics of the 
patient cohorts studied. Contemporary studies have explored various approaches to diagnosing this condition, 
emphasizing the importance of early detection of secondary sarcopenia through functional tests, imaging, and 
instrumental diagnostic methods. It has been demonstrated that the prevention and treatment model for second-
ary sarcopenia requires a multidisciplinary team approach and includes effective anti-inflammatory therapy, opti-
mization of nutritional support (early enteral nutrition with adequate protein and energy provision and correction 
of micronutrient deficiencies), the use of nutrients with anti-catabolic and anti-inflammatory properties (omega-3 
polyunsaturated fatty acids, -hydroxy--methylbutyrate, creatine), as well as early mobilization according to an 
individualized physiotherapy program. Clinical observations have confirmed that such interventions are associ-
ated with improved preservation and restoration of muscle mass and functional status, which directly influence 
survival rates, hospital stay duration, risk of complications, and disability. In summary, the review of international 
publications enabled the synthesis of current evidence on the diagnosis, prevention, and treatment of secondary 
sarcopenia in patients with acute necrotizing pancreatitis. The limited number of studies addressing this issue in 
the context of complicated acute pancreatitis underscores the relevance and necessity of further research aimed at 
refining and identifying optimal preventive and therapeutic strategies in this patient population.

KEYWORDS

acute pancreatitis, necrotizing pancreatitis, secondary sarcopenia, sarcopenic obesity, diagnosis, nutritional 
support, multidisciplinary management.
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in patients with acute pancreatitis (AP), sarcopenia 
(SP) is almost always secondary, acute in nature, 
and develops as a result of acute inflammation, OF, 
and nutritional deficiency (ND).

The scientific community’s interest in studying 
the metabolic complications of AP is increasing ev-
ery year; however, acute secondary sarcopenia (AS, 
an acute form of SSP) remains poorly understood. 
Currently, only a limited number of studies sys-
tematically and comprehensively analyze the rela-
tionship between AP and the reduction in skeletal 
muscle mass and function. Most of these studies 
have a retrospective design, use non-standardized 
criteria, include heterogeneous samples, and apply 
different methods and terminologies for assessing 
muscle mass. Few studies on SP classify pancreatitis 
according to morphology and etiology, and to date, 
no published research has analyzed AS specifically 
in infected necrotizing pancreatitis (INP).

According to individual studies, the prevalence 
of SP among patients with AP ranges from 18 % (as-
sessed in a mixed cohort) [16] to 70 – 80 % (assessed 
in cohorts with severe AP treated in intensive care 
units (ICUs)) [32].

Secondary sarcopenia often has a multifactorial 
origin; however, the following types are conven-
tionally distinguished based on pathophysiologi-
cal mechanisms: inflammation-associated (mainly 
occurring in the context of systemic inflammatory 
response syndrome), immobilization-associated 
(resulting from loss of mobility due to trauma, pro-
longed stay in intensive care, etc.), endocrine (as-
sociated with hypothyroidism, diabetes mellitus, 
and other hormonal disorders), nutritional (due to 
malabsorption and/or reduced protein intake), and 
neurological (resulting from denervation caused by 
stroke or neurodegenerative diseases) [35].

Scientific studies rarely distinguish between 
primary and SSP in AP, which limits the ability to 
analyze specific mechanisms. According to most re-
searchers, malnutrition and physical inactivity are 
considered the main factors contributing to SP, al-
though the results of some studies show a weak or 
no association between muscle loss and baseline 
nutritional status, emphasizing instead the roles of 
physical inactivity and inflammation [18, 21].

The inflammatory mechanism of AS involves 
a cascade of reactive changes–systemic inflamma-
tion, immune-endocrine dysregulation, and ana-
bolic resistance–that begins with the activation of 
serum cytokines (IL-6, IL-1, TNF-). These cyto-
kines stimulate gene expression within the ubiqui-
tin–proteasome system (UPS), leading to a rapid 
depletion of the muscle protein pool. In the context 
of a cytokine storm and energy depletion, autophagy 

becomes excessive, further exacerbating muscle 
loss. Among patients in severe and/or septic condi-
tions, the key pathophysiological mechanisms un-
derlying SP development include activation of the 
UPS, impaired insulin metabolism, and inhibition 
of mTOR-dependent anabolic processes [10, 41]. 
The above changes are accompanied by endocrine 
disturbances resulting from activation of the hypo-
thalamic–pituitary–adrenal axis. Elevated cortisol 
levels, together with decreased concentrations of 
IGF-1, insulin, and testosterone, as well as increased 
myostatin levels, contribute to a pronounced pre-
dominance of catabolism over anabolism, leading 
to muscle dysfunction and structural remodeling 
(inflammation, fibrosis, fatty infiltration). In such 
a pathological environment, the anabolic capacity 
of muscle fibers declines, contributing to anabolic 
resistance, which substantially reduces the effec-
tiveness of therapeutic interventions, including nu-
tritional support (NS), dietary modifications, and 
physical activity, even when these are optimally 
implemented. Unlike systemic immune–endocrine 
dysregulation, which involves multiple physiologi-
cal systems, anabolic resistance is a pathophysiolog-
ical phenomenon specific to skeletal muscle tissue 
[9]. It has also been demonstrated that both SP and 
AP are associated with persistently elevated cyto-
kine levels (TNF- and IL-6) and, therefore, share 
a common catabolic profile [44].

Nutritional deficiency is considered a key patho-
genetic mechanism of AS, as inflammation increases 
total energy expenditure and leads to the redistribu-
tion of amino acids for the synthesis of acute-phase 
proteins, activation of the immune response, and 
restoration of tissue integrity. Even with adequate 
nutritional intake, the protein–energy balance re-
mains negative, resulting in hepatic gluconeogene-
sis and an increased demand for amino acids derived 
from skeletal muscle. Consequently, even with suf-
ficient NS, this process–similar to cachexia–is only 
partially reversible, particularly in patients with se-
vere disease [3]. Nutritional deficiency in AP is also 
driven by malabsorption and maldigestion. Exo-
crine pancreatic insufficiency, which is especially 
pronounced in severe AP, leads to impaired diges-
tion of proteins and fats, steatorrhea, and micronu-
trient deficiencies, ultimately resulting in weight 
loss, especially of muscle mass [1], and predisposing 
to the development of SP.

Micronutrient deficiencies are independent risk 
factors for SP. For example, serum vitamin D lev-
els are directly correlated with indicators of muscle 
strength [9]. It should be noted that this factor has 
also been investigated in the context of AP, where 
vitamin D deficiency has been associated with 
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a more severe disease course and adverse clinical 
outcomes [19]. This finding suggests a synergistic 
effect of vitamin D deficiency in the setting of the 
pathophysiological interplay between SP and AP 
during the disease course.

Other risk factors for the development of SP in 
patients with AP–associated with the inhibition of 
muscle regeneration and the intensification of cata-
bolic processes–have also been reported, including 
a prolonged stay in the intensive care unit, character-
istic of severe AP [18], and the occurrence of OF [32].

Against the backdrop of acute inflammation, 
prolonged periods of physical inactivity–such as 
bed rest or immobilization–serve as potent trig-
gers of muscle atrophy through the activation of 
several pathophysiological pathways. Suppres-
sion of the IGF-1/Akt/mTOR signaling pathway, 
which normally stimulates protein synthesis, re-
sults in a markedly reduced capacity for renewal of 
the structural muscle protein pool. This process is 
further enhanced by the activation of FOXO (Fork-
head box O) transcription factors, which induce 
the expression of E3 ubiquitin ligases–MuRF1 and 
MAFbx–thereby stimulating the UPS and pro-
moting proteolysis. The accumulation of reactive 
oxygen species (ROS) and disturbances in calcium 
homeostasis further damage protein structures and 
activate proteolytic enzymes such as calpains and 
caspases, ultimately triggering apoptosis [15].

Diagnosis of sarcopenia in acute pancreatitis
Diagnosing and assessing the severity of SP in 

AP is a challenging task, as each available approach 
has both advantages and limitations. The presence 
of acute pain and systemic inflammation, combined 
with restricted access to diagnostic techniques, 
reduces the validity and objectivity of assessment 
methods, particularly in the ICU setting. For the 
diagnosis of SP in the European population, the 
EWGSOP2 algorithm is considered the most ap-
propriate tool (Figure).

It is recommended to begin the assessment with 
the SARC-F rapid screening questionnaire [26], 
which is based on the patient’s subjective evalua-
tion of five functional characteristics (Table).

Only one published study has reported the as-
sessment of muscle strength in patients with AP 
using handgrip dynamometry [16]. Functional tests 
for evaluating physical performance are not fea-
sible in patients during the early stages of AP due 
to weakness, impaired consciousness, OF, and se-
vere pain. These limitations significantly reduce the 
comprehensiveness and objectivity of SP severity 
assessment in this population [18].

Bioelectrical impedance analysis (BIA) was used 
to assess SP in patients with AP in two studies. The 
authors of one of them emphasized that the method 
is not optimal due to significant errors associated 
with water–electrolyte imbalance, edema, and body 

* Consider other possible causes of reduced muscle strength (e. g., depression, stroke, balance disorders, peripheral vascular disease)

Figure. EWGSOP2 algorithm for diagnosing sarcopenia [8]
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position [35]. There is also very limited availability 
of equipment for measurements in the ICU, as exam-
inations are mainly performed in a standing position.

Computed tomography (CT) is considered the 
most optimal method for confirming SP, as most 
patients with AP undergo abdominal CT, which 
enables quantitative assessment of skeletal muscle 
mass and density at the L3 vertebral level. How-
ever, this approach may delay the identification of 
SP, since imaging is typically performed not at the 
time of hospital admission but after a certain period 
of disease progression [18]. A number of potential 
predictors of SP in AP have been identified, includ-
ing low muscle density on CT and a reduced skel-
etal muscle index (SMI) measured at the level of 
the third lumbar vertebra (L3), both recognized as 
independent risk factors for mortality and the de-
velopment of AP-related complications. However, 

this method also has certain limitations, such as the 
need for manual or semi-automatic muscle segmen-
tation, insufficient standardization of measurement 
parameters, and limited feasibility for dynamic 
monitoring [17, 24].

Ultrasound examination (US) is one of the pri-
mary diagnostic methods for patients with AP and 
is also recognized as an effective tool for evaluating 
muscle parameters in the context of SP diagnosis. 
The technique for measuring muscle thickness, 
cross-sectional area, pennation angle, and echo-
genicity of the lower-limb muscles is being actively 
investigated and is considered a promising approach 
for dynamic monitoring of SP; however, it has not 
yet been applied in patients with AP.

Histological studies of muscle tissue in patients 
with AP in the context of SP diagnosis and treat-
ment have not been conducted to date. In experi-
mental mouse models of severe AP, pronounced 
muscle fiber atrophy has been observed, accom-
panied by a reduction in cross-sectional area and 
increased expression of catabolic protein markers 
(MuRF-1 and MAFbx) [11]. In a rat model of ANP, 
morphological alterations and functional impair-
ment of the diaphragm and peripheral muscles were 
also reported [27]. Given the absence of clinical his-
tological data, this area remains poorly explored and 
offers new perspectives for further investigation.

Specific features of sarcopenia in acute 
pancreatitis complicated by infected necrosis
INP is defined as an infection of pancreatic 

and/ or peripancreatic necrotic tissue, confirmed by 
the presence of gas collections on CT or by micro-
biological evidence of infection in aspirated fluid or 
necrotic material [2]. Infected necrosis (INP) de-
velops in 20 – 40 % of severe AP cases, significantly 
complicating the disease course, increasing mortal-
ity, and raising the need for surgical interventions 
within the step-up approach [22].

Despite the relevance of the problem, no stud-
ies specifically addressing SP or sarcopenic obe-
sity (SO) in INP had been published at the time 
of preparing this literature review. Therefore, the 
only data currently available include patient co-
horts with severe AP, particularly those with 
ANP.,However, the number of studies focusing on 
sarcopenic complications in these clinical entities 
also remains very limited.

The data demonstrate a correlation between re-
duced skeletal muscle mass and the severity of acute 
pancreatitis, including mortality. A lower SMI at 
the L3 level correlates with higher MCTSI/Baltha-
zar scores and increased in-hospital mortality in 
patients with severe AP [24]. Moreover, decreased 

Table. SARC-F questionnaire for SP screening [26]

Question Scoring

Strength
How much difficulty do you have 
in lifting and carrying 10 pounds (4.5 kg)?

None 0
Some 1
A lot or unable 2

Assistance in walking
How much difficulty do you have walking across a room?

None 0
Some 1
A lot, use aids, or unable 2

Rise from a chair
How much difficulty do you have transferring 
from a chair or bed?

None 0
Some 1
A lot or unable without help 2

Climb stairs
How much difficulty do you have climbing 
a flight of 10 stairs?

None 0
Some 1
A lot or unable 2

Falls
How many times have you fallen in the past year?

None 0
1–3 falls 1
4 or more falls 2

Note. SARC-F score  4 best predicts the need for further, more 
comprehensive evaluation to confirm evidence of sarcopenia.
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morphometric and qualitative parameters of the 
psoas major muscle–psoas muscle index (PMI) and 
psoas muscle density (PMD)–have been associated 
with a higher incidence of systemic complications, 
infectious events, and prolonged hospital stays [17]. 
In studies focusing on severe AP–where the inclu-
sion criterion was the presence of OF–a relation-
ship was identified between SP or SO and increased 
30-day mortality, as well as higher mortality during 
subsequent follow-up periods [14]. The overall prog-
nostic value of confirmed SP in the context of AP re-
quires further investigation, given the heterogeneity 
and limited quantity of available data. A systematic 
review of four studies found insufficient evidence of 
an association between SP, assessed by CT, and the 
development of necrotic and systemic complica-
tions, disease recurrence, or increased mortality re-
lated to AP and its complications [21].

A pronounced long-term decline in muscle mass 
was observed among ICU patients with severe AP, 
particularly those with ANP, where the reduction 
in the iliopsoas muscle area reached approximately 
48 %. A higher rate of muscle mass loss was associ-
ated with worse outcomes–about 1.34 % per day in 
non-survivors and 0.74 % per day in survivors [18]. 
In a cohort of patients with ANP, a decrease in both 
the cross-sectional area and density of the iliopsoas 
muscle (Hounsfield Unit Average Calculation, 
HUAC) was significantly associated with infected 
necrosis, OF, and mortality [41].

SO may pose a particular risk to patients with 
severe AP and serve as an additional predictor of 
mortality, alongside factors such as age and the 
number of OFs. The mortality rate among patients 
with severe AP and SO was 45 %, whereas in the co-
hort of patients with AP without obesity, the mor-
tality rate was 20 %, and among those without any 
manifestations of OF, it was 10 % [14]. In another 
study, in addition to the association with a more se-
vere course of AP, a correlation was also observed 
between visceral obesity and reduced muscle mass 
and quality on CT [6]. These particularly impor-
tant findings suggest a bidirectional relationship–a 
«vicious cycle» mechanism–within cohorts of pa-
tients with AP and obesity. At the same time, some 
authors have denied the existence of a consistent 
link between body composition (particularly the 
amount of visceral fat) and mortality in AP, instead 
emphasizing muscle quality deterioration as the key 
determinant of an unfavorable outcome. Although 
baseline muscle characteristics on CT are not con-
sidered independent predictors of mortality, a і 
10 % decrease in skeletal muscle HUAC within one 
month was significantly associated with increased 
in-hospital mortality [37].

Prevention and treatment of secondary 
sarcopenia in infected necrotizing pancreatitis

To date, no published studies have specifically 
addressed the prevention or treatment of SP in pa-
tients with either INP or AP in general. Therefore, 
this section summarizes the principles of NS rec-
ommended by leading clinical nutrition societies–
ESPEN (European Society for Clinical Nutrition 
and Metabolism) and ASPEN (American Society 
for Parenteral and Enteral Nutrition)–for patients 
with AP and for critically ill individuals, as well as 
the current consensus statements regarding SP.

The primary clinical objective is to prevent or 
minimize the development of SP in patients during 
the acute phase of AP. In patients with mild dis-
ease, early reintroduction of oral feeding is recom-
mended, with gradual progression from liquid to 
soft and solid foods as soon as pain and nausea sub-
side–even within the first day of the AP episode. 
In cases of moderate to severe AP, particularly INP, 
oral feeding is often not feasible due to the severity 
of symptoms. Therefore, enteral nutrition (EN) is 
recommended within 24 – 72 hours of hospitaliza-
tion. This approach significantly reduces the risk of 
infectious complications and mortality compared 
with delayed or parenteral nutrition (PN) [1, 31]. 
It should be noted that complications related to EN 
may occur only under specific clinical conditions 
that represent absolute contraindications to its 
early initiation–such as suspected intestinal isch-
emia or perforation, complete obstruction, or pro-
longed paralytic ileus–until the underlying cause is 
resolved [1, 26]. Relative contraindications include 
hemodynamic instability [38], recurrent vomiting 
with a risk of aspiration [29], uncontrolled intra-
abdominal hypertension, and abdominal compart-
ment syndrome [1].

Enteral nutrition via a nasogastric tube is con-
sidered to be as effective and safe for patients with 
acute pancreatitis as feeding via a nasojejunal tube 
[12]. The latter is preferred in cases of severe gastro-
esophageal reflux, gastric paresis, mechanical pylor-
ic obstruction, aspiration, or other persistent intol-
erance to EN that remains despite standard safety 
measures (such as the use of prokinetic agents and 
elevating the head of the bed by 30 – 45°) [1, 29].

To prevent refeeding syndrome (RFS), it is ad-
visable to initiate EN slowly (10 – 20 mL/hour) at 
70 – 80 % of the target requirements (approximately 
20 – 25 kcal/kg/day), with gradual titration to the 
full target dose over 4 – 7 days, depending on toler-
ance [1, 4, 26, 31]. Monitoring of serum phosphorus 
and magnesium levels is mandatory before initia-
tion and during the first 72 hours of EN. Thiamine, 
a critical cofactor of glucose oxidation enzymes, 
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should be administered at a dose of 100 – 200 mg 
30 – 60 minutes before initiation and during the 
first days of EN to prevent typical complications of 
RFS–lactic acidosis, heart failure, and Wernicke’s 
encephalopathy [8, 31]. If signs of intolerance to EN 
occur, feeding should be temporarily stopped, with 
the duration of the pause depending on the severity 
of symptoms, and the position of the feeding tube 
should be verified [4, 12]. In cases of aspiration or 
abdominal compartment syndrome, EN should be 
postponed until the patient’s condition stabilizes, 
or temporary PN should be initiated, with contin-
ued prophylactic administration of thiamine [1, 13].

Adequate protein and energy support play a key 
role in the treatment and postoperative recovery of 
patients with acute pancreatitis. First-line therapy 
consists of polymeric isocaloric and isonitrogenous 
formulas for enteral nutrition [1, 4]. Second-line 
therapy includes oligomeric or peptide-based for-
mulas, which are indicated in cases of intolerance 
to first-line products or in the presence of malab-
sorption (e.g., steatorrhea or diarrhea) [1, 12]. Spe-
cialized immunomodulatory formulas–enriched 
with arginine, omega-3 fatty acids, nucleotides, and 
other bioactive compounds–do not demonstrate 
significant advantages for routine use and are rec-
ommended only in selected cases [1, 31].

The acute phase of AP is characterized by a high 
risk of both hypervolemia and hypovolemia. There-
fore, adequate fluid resuscitation aims to minimize 
the risks of edema, ascites, pleural effusion, and 
progression of abdominal hypertension, intestinal 
edema, and pulmonary congestion. In this context, 
it is also important to consider the total fluid vol-
ume when selecting an EN formula and to prescribe 
high-caloric formulas (1.5 – 2 kcal/mL) for patients 
with severe edema [1, 13].

The recommended target energy intake is 
25 – 30 kcal/kg/day, including 1.2 – 2.0 g/kg/day of 
protein [1, 31]. For a long time, it was believed that fat 
intake worsened the course of AP, but this hypothesis 
has not been confirmed. According to current guide-
lines, fat restriction is not recommended in patients 
with AP unless severe malabsorption is present. In 
cases of diarrhea and/or steatorrhea, the use of en-
teral formulas containing medium-chain triglycerides 
(MCTs) is recommended [1, 9]. Strict glycemic con-
trol should also be maintained, keeping blood glucose 
levels between 7.8 and 10 mmol/L [4, 31].

Correction of nutritional deficiencies is an inte-
gral component of dietary management in AP. Pa-
tients rapidly deplete their stores of water-soluble 
vitamins (B6, B12, folate, and vitamin C) due to their 
catabolic state, significant fluid losses, and limited 
food intake [1, 31]. Malabsorption and steatorrhea 

can also rapidly lead to deficiencies of fat-soluble vi-
tamins (A, D, E, and K) as a result of impaired lipid 
absorption [1, 25].

Daily monitoring of phosphorus, potassium, 
and magnesium levels is an essential component of 
RFS prevention [1, 9]. In cases of ANP and hypo-
albuminemia, ionized or corrected calcium should 
also be monitored, as necrosis leads to the release 
of large amounts of calcium-binding fatty acids (sa-
ponification). Control of systemic inflammation in 
patients with INP is another key strategy for slow-
ing catabolic processes, since a persistent inflamma-
tory and infectious focus, even under conditions of 
adequate NS, promotes insulin resistance, hypergly-
cemia, proteolysis, and lipolysis, ultimately leading 
to muscle mass loss and a poorer prognosis [1, 31].

During a prolonged stay in the ICU–which is 
common in complicated necrotizing pancreatitis–a 
specific pathological condition often develops, char-
acterized by hypodynamia and contributing to the 
progression of SP: ICU-acquired weakness (ICU-
AW) [30, 33]. To preserve muscle function, early 
mobilization strategies are recommended, including 
frequent repositioning, passive range-of-motion ex-
ercises, gradual verticalization, and the early intro-
duction of active movements under the supervision 
of a rehabilitation specialist [30, 31]. In patients 
in the early postoperative period after laparotomy, 
excessive physical activity may increase the risk of 
complications; therefore, management is limited to 
elevating the head of the bed, passive limb mobiliza-
tion, breathing exercises, and preventive measures 
against deep vein thrombosis [30, 33].

The above SP prevention model for patients with 
AP emphasizes the importance and relevance of in-
volving a multidisciplinary medical team to ensure 
effective inflammation control, comprehensive gly-
cemic management, and minimization of the risk of 
infection or sepsis, along with meeting AP patients’ 
energy requirements.

Modern approaches to the inpatient manage-
ment of established SSP, particularly in patients 
with AP, emphasize the need for early intervention 
aimed at restoring muscle mass and function during 
the patient’s stay in the ICU or hospital. The main 
clinical challenge is to initiate muscle recovery dur-
ing the acute phase of the disease and to minimize 
catabolic processes.

In cases of severe catabolism and negative nitro-
gen balance, which are characteristic of postopera-
tive states, sepsis, INP, and continuous renal replace-
ment therapy, intensified NS is indicated. For pa-
tients in these categories, the daily protein require-
ment may reach 2.2 – 2.5 g/kg/day, with a standard 
energy intake of 25 – 30 kcal/kg/day [1, 31]. If target 
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values cannot be achieved using standard polymeric 
formulas, it is recommended to supplement with 
high-protein formulas or to combine them with PN 
[1, 25]. Determining the nitrogen balance (NB = to-
tal protein intake in grams/6.25 – 4) is an important 
component in assessing changes in nutritional sta-
tus; however, this method has significant limitations 
due to the inability to accurately account for extra-
urinary nitrogen losses (e.g., via drainage, recurrent 
vomiting, or diarrhea) [31].

Replacement enzyme therapy is an essential com-
ponent of NS for patients with severe maldigestion 
and steatorrhea, aimed at improving the absorption 
of macro- and micronutrients and thereby signifi-
cantly enhancing the effectiveness of nutritional 
therapy. The recommended dosage ranges from 
10,000 to 40,000 units of lipase per meal, depending 
on the amount of food consumed, with subsequent 
titration according to clinical response [1].

The use of specific nutraceuticals for SP cor-
rection has not been studied in cohorts of patients 
with AP, particularly those with INP. However, 
data from several systematic reviews and meta-
analyses indicate beneficial effects of -hydroxy--
methylbutyrate (HMB), omega-3 polyunsaturated 
fatty acids, and creatine (as an adjunct supple-
ment) in preserving and restoring muscle mass and 
strength [5, 7, 23, 34, 36]. Therefore, the use of these 
nutraceuticals may be considered an experimental 
component of NS in patients with AP, especially 
those with INP, to justify further targeted research 
in this population.

Early initiation of physical therapy is one of 
the main components of treatment for AS in pa-
tients with AP. The primary goal is to restore 
muscle strength and physical performance during 
hospitalization. According to current guidelines, 
patients are advised to begin early and gradual 
verticalization (sitting, standing, and walking) un-
der the supervision of a multidisciplinary medical 
team, along with simple strength exercises such as 
isometric contractions and movements using resis-
tance bands or body weight. These interventions 
have been shown to slow muscle loss and shorten 
the length of stay in the ICU. For patients who 
have undergone laparotomy in the early postopera-
tive period, the range and intensity of movement 
should be determined individually in consultation 
with both the surgeon and the rehabilitation spe-
cialist [28, 31, 43].

Thus, modern inpatient approaches to the treat-
ment of acute secondary sarcopenia in infected 
necrotizing pancreatitis are multifaceted and re-
quire the involvement of a multidisciplinary team 
of specialists. The preservation and restoration of 

muscle mass and function directly influence patient 
survival, length of hospitalization, risk of complica-
tions, and long-term disability. The limited num-
ber of studies addressing this issue in the context 
of complicated acute pancreatitis underscores the 
relevance and necessity of further research to refine 
and optimize treatment strategies for this patient 
population.
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Профілактика та лікування гострої вторинної саркопенії 
у пацієнтів з інфікованим некротичним панкреатитом. 
Огляд літератури
В. Тетеріна

Національний медичний університет імені О. О. Богомольця, Київ 

Проведено огляд сучасної наукової літератури, присвяченої вивченню етіологічних чинників, патогене-
тичних механізмів, діагностичних підходів і методів профілактики та лікування гострої вторинної сар-
копенії у хворих на гострий некротичний панкреатит. Гостра вторинна саркопенія — тяжке ускладнення 
гострого панкреатиту, зумовлене поєднанням системного запалення, гіподинамії та нутритивної недо-
статності. У наукових дослідженнях доведено, що саркопенія та саркопенічне ожиріння асоціюються 
з вищою смертністю та частотою виникнення ускладнень гострого панкреатиту, а також із тривалішим 
перебуванням у стаціонарі. За даними літератури, поширеність вторинної саркопенії серед хворих із 
гострим панкреатитом становить від 18 до 70 — 80 %. Варіабельність показників зумовлена відмінностями 
в діагностичних підходах, критеріях оцінки та клінічних характеристиках досліджуваних когорт паці-
єнтів. У сучасних наукових роботах розглянуто різні підходи до діагностики зазначеного захворювання. 
Наголошено на важливості раннього виявлення вторинної саркопенії за допомогою функціональних 
тестів, візуалізаційних та інструментальних методів діагностики. Обґрунтовано, що модель профілак-
тики й лікування вторинної саркопенії потребує залучення мультидисциплінарної команди лікарів 
і полягає в ефективній протизапальній терапії, оптимізації нутритивної підтримки (раннє ентеральне 
харчування з адекватним білково-енергетичним забезпеченням, корекція дефіцитів мікроелементів), 
застосуванні нутрієнтів з антикатаболічними та протизапальними властивостями (-3 поліненасичені 
жирні кислоти, -гідрокси--метилбутират, креатин), а також ранній активізації хворого за індивідуаль-
ною програмою фізіотерапії. У клінічних спостереженнях підтверджено, що такі втручання асоціюються 
з кращими результатами збереження та відновлення м’язової маси й функціонального статусу пацієнтів, 
що безпосередньо впливає на виживаність хворих, тривалість госпіталізації, ризик ускладнень та інвалі-
дизації. Огляд зарубіжних публікацій дав змогу узагальнити сучасні дані щодо діагностики, профілактики 
та лікування вторинної саркопенії у хворих із гострим некротичним панкреатитом. Невелика кількість 
праць, присвячених цій проблемі в контексті ускладненого гострого панкреатиту, свідчить про акту-
альність і необхідність проведення досліджень для уточнення та пошуку оптимальних профілактичних 
і лікувальних стратегій для цієї категорії пацієнтів.

Ключові слова: гострий панкреатит, некротичний панкреатит, вторинна саркопенія, саркопенічне 
ожиріння, діагностика, нутритивна підтримка, мультидисциплінарний підхід.
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