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The life and work of Borys Horodynskyi:
contribution to medical science and education

The article focuses on the life and professional accomplishments of Borys Mykhailovych Horodynskyi
(1887—19069), an outstanding Ukrainian surgeon, teacher, and scientist. His path from a student at St. Volodymyr
University in Kyiv to a leading specialist in general and military field surgery is highlighted. The article explores
the main stages of his career, including his work in Kyiv clinics, participation in World War I, management of the
surgical departments at the Second Kyiv Medical Institute, and evacuation to Chelyabinsk during World War II.
His contributions to the development and implementation of asepsis and antiseptic procedures, abdominal
surgery, and treatment of purulent diseases are particularly noteworthy. The educational endeavours of Borys
Horodynskyi, his influence on the formation of a new generation of doctors, as well as the circumstances of his
dismissal during the 1953 «doctors’ case», are elucidated. We analyse his legacy in Ukrainian medicine, specifically
regarding his scientific research, the training of specialists, and the organization of surgical education. The article
emphasizes Horodynsky’s significance as a pivotal figure in 20th-century Ukrainian medicine, with his name

engraved in the history of national surgery and medical science.

Borys Mykhailovych Horodynskyi was born in
1887 in the city of Haisyn, Podolsk province (to-
day — the city of Haisyn, Vinnytsia region), in the
family of an official. He studied at the Nemyriv gym-
nasium, after which, in 1907, he entered the Medi-
cal Faculty of St. Volodymyr University, which he
graduated from with honours in 1913 and received
the specialty of a doctor.

As a student, he became deeply interested in sur-
gery and worked in the clinic of Professor Dobro-
myslov, where he wrote his first scientific work.

Between 1913 and 1914, after his successful grad-
uation from the Medical Faculty of St. Volodymyr
University, Borys Mykhailovych began to work

General Surgery 3azansuaxipypeis © 2025 ¢ Nel (12)

under the guidance of Professor M. B. Yukelson
who was his teacher and mentor for many years.

In 1914, with the outbreak of World War I,
B. M. Horodynskyi was mobilized into the tsarist
army, where he served as the senior regimental doc-
tor of the 405th regiment until 1918. After his ser-
vice, he returned to his «native» hospital, where he
worked as an «assistant to the surgical department»
from 1918 to 1923. Then he became the head of the
surgical department, which he headed until 1934.

Along with knowledge and surgical skills, young
Borys acquired meticulousness from his teacher
which he demonstrated through various surgical
techniques, systematic organization of surgical pro-
cedures, and adherence to the principles of clinical
documentation.

In 1931, the Kiev Industrial Medical Institute
was established on the basis of the First Kyiv Soviet
Hospital, which was subsequently transformed into
a full-fledged educational medical institution, the
Second Kyiv Medical Institute, in 1936. In that year,
B. M. Horodynskyi received the titles of Privatdoz-
ent at the Kyiv Psychoneurological Institute and
Associate Professor in the Department of General
Surgery at the Second Kyiv Medical Institute.

In 1934, Borys Mykhailovych was appointed as
the Professor of the Department of Propaedeutic
Surgery, which he founded himself. In 1936, he re-
ceived the title of Candidate of Medical Sciences for
the entirety of his achievements without defending
a candidate dissertation.



Biographies

B. M. Horodynskyi’s principal tenet was, «There
is no minor or major in surgery». His practical en-
deavours mainly involved surgery of the abdomi-
nal cavity organs and the management of purulent
pathologies affecting soft tissues, bones, and joints.
During this period, Borys Mykhailovych cultivated
a definitive intolerance to non-compliance with the
norms of asepsis and antiseptics. According to his
colleagues who worked under his leadership, he re-
quired his fellow workers to strictly adhere to the
principles of asepsis and antiseptics.

In 1937, the Council of Professors of the Second
Kyiv Medical Institute appointed B. M. Horodyn-
skyi as professor and head of the Department of Hos-
pital Surgery, a position he held from 1937 to 1941.
He served as the secretary of the Kyiv Surgical Soci-
ety for many years and was elected deputy chairman
of the regional Kyiv Surgical Society in 1937.

A significant milestone in Borys Mykhailovych’s
life was the year 1941, when World War II reached
Ukraine. In August 1941, the Second Kyiv Medi-
cal Institute, along with the Kyiv Medical Institute,
was evacuated to Kharkiv and subsequently to Che-
lyabinsk in October 1941. B. M. Horodynskyi was
assigned as the head of the Department of General
Surgery at the Kyiv United Medical Institute and
concurrently served as the chief surgeon for evacu-
ation hospitals in the Chelyabinsk region. Borys
Mykhailovych headed the above-mentioned de-
partment until 1944.

In Chelyabinsk, B. M. Horodynskyi also ran the
surgical department of Chelyabinsk City Hospital
No. 1, which became the clinical base for the Kyiv
United Medical Institute during its evacuation in
Chelyabinsk.

During the first seven months of the war, 70 evacu-
ation hospitals were deployed in the Chelyabinsk
region, with 27,000 hospital beds and 11,000 medi-
cal personnel. At the time, the southern Urals experi-
enced a critical shortage of highly qualified surgeons
and medical staff. The shortage was caused by a lack
of doctors and the need to send them to the front.

Another issue was the frequent placement of
young, inexperienced individuals, who had only
completed expedited medical courses, in evacuation
hospitals without any practical experience. To ad-
dress this issue, hospitals implemented measures to
train doctors in the specific specialty required.

However, the whole process was complicated,
since there were few specialists to provide a suffi-
cient level of training for young doctors, including
the lack of medical literature necessary for training.
The evacuation of the Kiev United Medical Insti-
tute to the Chelyabinsk territory marked a dramat-
ic improvement in the situation.

Borys Mykhailovych directly participated in the
training and retraining of 136 military field surgery
specialists and 230 doctors.

In 1944, after the liberation of Ukraine, the Kyiv
Medical Institute returned from the city of Che-
lyabinsk to Kyiv. Due to the tenacious work of our
compatriots, including B.M. Horodynskyi, the
Chelyabinsk Medical Institute was established in
1944 at the Chelyabinsk First City Hospital, af-
ter the return of the Kyiv Medical Institute to the
Motherland. The Chelyabinsk Medical Institute
was founded with resources and personnel from the
departments and clinics of the Kyiv United Medi-
cal Institute, who decided to stay there for various
reasons.

The 1944 order for the restoration of the Kyiv
Medical Institute stated: «to appoint Professor
B. M. Horodynsky as the head of the Department
of General Surgery of the Sanitary and Hygienic
Faculty». Currently, the department is referred to
as the «Department of General Surgery No 2». The
Kyiv Medical Institute was renamed as the Nation-
al Medical University named after Academician
0. 0. Bogomolets.

During his tenure as department head, Borys
Mykhailovych delivered courses in general, faculty,
and hospital surgery, as well as military field sur-
gery. During this period, the department developed
methodologies for practical instruction on a number
of topics within the general and faculty surgery cur-
riculum. The instructional approach to surgery at
the sanitary and hygienic faculty did not differ from
that employed at other faculties of the university.
The intended controversial scientific topics were not
pursued by the department during this timeframe.
However, the primary scientific domains of the de-
partment included rectal diseases and their surgical
treatment, along with acute intestinal obstruction.

Four candidate dissertations were successfully
defended under the leadership of B.M. Horodyn-
skyi as the head of the department. He was the au-
thor of more than 50 scientific publications focused
on the issues of purulent surgery, oncology, and ab-
dominal surgery.

An  exceptional characteristic of Borys
Mykhailovych was his pedagogical approach and
lecture delivery, which students remembered for
a lifetime. His lectures were so remarkable that
they were considered almost legendary among stu-
dents. He served as an exemplary mentor for the
young generation of doctors.

Regrettably, the infamous <«doctors’ case» —
a criminal case against a group of prominent
doctors — adversely impacted B.M. Horodyn-
skyi’s teaching and professional activities at the

General Surgery 3azansuaxipypeis © 2025 ¢ Nel (12)



department in 1953. Thus, on September 16, 1953,
he was dismissed from his position as head of the
department of surgery at the sanitary and hygienic
faculty and reassigned to the role of associate pro-
fessor within the same department. On July 26,
1955, he was dismissed from the associate profes-
sorship since he did not take part in the competi-
tion for the position. He dedicated the rest of his
life to working at the Kyiv Regional Hospital,
where he began his challenging yet illustrious jour-
ney as an outstanding Ukrainian surgeon. Borys
Mykhailovych died in 1969.

Biographies

in challenging circumstances, leaving a signifi-
cant impact and vital insights in the annals of our
past for generations. It is crucial for us to preserve
the memory of them, as these individuals set the
highest standards, driving progress and influenc-
ing our future. One of such individuals was Borys
Mykhailovych Horodynskyi. His life story serves as
both a moral and professional benchmark for aspir-
ing doctors and establishes the historical founda-
tions of the medical profession.
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BHECOK Y MEJUYHY HAYKY T4 OCBIiTY

IO.11. ITopa, M. C. KpuBonycros, C. JI. Kinazep
Hamionanpnuit meguanmii yaiBepeuret iMeti O. O. Boromobirst, Kuis

CTaTTsi IPUCBSIYCHA XKUTTIO Ta IIPOQeCiittiil aisutbHoCTi Boprca Muxartiosrda lopoanichkoro (1887 —1969) —
BUJATHOI'O YKPAiHCBKOI'O Xipypra, IeJarora Ta HAyKOBLL. BUCBITIICHO HMOro IUBIX Bif CcryzeHTa KUiBCbKOIo
yHiBepcurery CB. BosmoauMupa 10 IPOBIAHOIO (PAXiBLL B I'aly3i 3ara/IbHOL T4 BiMICBKOBO-IIOJIBOBOL Xipypril.
Po3rnaHyTo OCHOBHI €Tany Moro Kap’epu, 30KpemMa podoTy B KiliHikax Kuesa, ydacTns y Ilepiiii CBiTOBIN BiliHi,
3aBifyBaHHA Kadeapamu Xipyprii B JIpyromy KuiBCbKOMY MEJUYHOMY iHCTUTYTi T4 €BaKyallito 10 Yena6incbka
izt gyac JIpyroi cBiToBoi BittHN. OCO6/IMBY yBary NPU/IUICHO HOrO BHECKY B PO3POOKY Ta BIIPOBA/LKCHHS METOJHUK
ACCIITUKU M AHTUCCHTHUKH, Xipyprii OpraHiB 4epeBHOI IMOPOXKHUHM Ta JIKYBAHHS I'HIMHUX 3aXBOPIOBAHb.
BucsitneHno neparoriyny gisyibHicTh boprca TopogMHCBHKOTO, MOT0 BIUIMB HA (POPMYBAHHA HOBOT'O ITOKOJIiHHSA
JIiKapiB, 2 TAKOK OOCTABMHMU 3BUIBHEHHS Mifl 4aC «CIIPaBU JIiKapiB» 1953 poky. [IpoaHamizoBaHO HOro CHa/IiuHy
B YKPATHCHKiN MEJIMILIMHI, 30KpeMa HAYKOBI IPALLi, IiZITOTOBKY CHELAICTIB Td OPraHi3aliito Xipypri4yHoi OCBiTH.
CrarTs HiJKPECIIO€ 3HAYCHHsI TOPOJUHCBKOIO SIK OJIHIE€I 3 KIIOYOBUX IOCTATEH YKPATHCbKOI MEAUIIMHUA XX
CTOJITTA, YUE iM’s 3aKapOOBAHE B iCTOPIT BITUM3HAHOI Xipyprii Ta MEAUMYHOT HAYKN.
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OBJECTIVE — to assess the outcomes of endoscopic papillectomy (EP) using standard techniques, as well as to
develop and implement novel surgical intervention approaches.

MATERIALS AND METHODS. Between 2021 and 2024, the Department of Interventional Endoscopy at the National
Cancer Institute performed EP for adenoma of the major duodenal papilla (MDP) on 19 patients, 10 women
(52.63%) and 9 men (47.37 %), aged 24 to 78 years, with a mean age of 45.6 years. We observed clinical signs of
biliary obstruction and cholangitis in the majority of cases (2 (63.15 %)).

ResuLts. 10 patients (52.63 %) with tumours <1.0 cm underwent the standard procedure of en-bloc loop resection
(Group 1).To prevent intraoperative and postoperative complications, we developed and implemented a two-stage
EP procedure in 6 (31.57 %) cases (Group 2). In 3 (15.78%) patients with tumours ranging from 5.0 to 8.0 cm, the
piecemeal approach was used to remove all fragments from the area of the neoplasm that reached into the intestinal
lumen (Group 3). After a three-month follow-up, 2 patients (10.5 %) from Group 3 had a recurrence of an adenoma
of the MDP. Both cases required loop diathermy excision for recurrent neoplasms and stent removal. Routine tests
at 3 and 6 months revealed no evidence of disease progression.

ConcrLusions. The topographic and anatomical characteristics of the MDP area determine the complexity of
surgical interventions for patients with neoplasms. The novel EP approach minimizes the risks associated with
both early and late postoperative complications. The outcomes achieved by employing EP in the treatment of
patients with MDP adenomas support its recommendation as the primary approach at specialized centers.
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Among obstructive neoplasms of the major papilla enomatous polyposis syndromes (familial adenoma-
of the duodenum, carcinomas account for 37.7 %, tous polyposis and MUTY H-associated polyposis).

adenomas for 19.6 %, and other benign tumours for In the early stages of development, the disease is
42.7% [12]. Major duodenal papilla (MDP) adeno-  asymptomatic in 60.2-93.1 % of cases [5, 8, 10]. As
mas may occur sporadically or be associated with ad-  the tumour size increases, complications arise due to
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impaired outflow of secretions from the ductal sys-
tems of the liver and pancreas: mechanical jaundice
(7.1-26 %), cholangitis (0.3—1.6 %), pain syndrome
(6.9-21.6 %), acute pancreatitis (1.9-6.3 %). Ma-
lignancy occurs in 15 to 30 % of cases [2]. In rare
cases, the first clinical manifestation of the disease
may be duodenal intussusception.

The morphological analysis of tissues collected
after tumour biopsy plays an essential role in estab-
lishing the diagnosis [2]. False-negative findings are
reported in 16.7-30.2 % of observations, whereas
false-positives are observed in 12.5-38% [3, 9].
Endoscopic papillectomy (EP) is thus regarded as
a variant of excisional biopsy [6].

Endoscopic ultrasonography (EUS) of the hepa-
topancreatoduodenal organs improves the accuracy
of identifying MDP neoplasms, especially in the ear-
ly stages (size <1 cm). EUS has a sensitivity close to
100 % in detecting tumour-like MDP lesions. It is
important for treatment strategy selection, enabling
the assessment of the depth of the pathological pro-
cess in the layers of the duodenal wall and detection
of possible signs of regional lymphadenopathy [4].

Currently, the only recognized treatment for this
group of patients is surgical excision of the MDP.
A number of techniques are used for this, includ-
ing transduodenal papillectomy and pancreatico-
duodenal resection by laparotomic or laparoscopic
access. However, due to a high incidence of com-
plications (19.7-23.8 %) and mortality (10.2 %),
as well as disease recurrence in 26.1-30.4 % of pa-
tients, minimally invasive endoscopic approaches
to removing MDP neoplasms are increasingly pre-
ferred. Furthermore, the precision of performing
endoscopic procedures with high-resolution equip-
ment contributes to a reduction in the frequency of
postoperative adenoma recurrences.

Endoscopic papillectomy has lower rates of post-
operative complications (4.2-7.4%), mortality
(0.8-1.1 %), and recurrence (14.7-18.2 %) [10, 13].
To reduce the risk of recurrence, a combination of EP
and tissue ablation therapy is used, which involves
multipolar, laser, and argon plasma coagulation of
the tumour bed, which is controlled endoscopically
in the Narrow-band imaging (NBI) mode [7].

OBJECTIVE — to assess the outcomes of endoscopic
papillectomy using standard techniques, as well as
to develop and implement novel surgical interven-
tion approaches.

Materials and methods

Between 2021 and 2024, the Department of Interven-
tional Endoscopy at the National Cancer Institute
performed EP for the MDP adenoma on 19 patients,
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10 women (52.63 %) and 9 men (47.37 %), aged 24
to 78 years, with a mean age of 45.6 years. Biliary ob-
struction and cholangitis were the reasons for the ex-
amination in the majority of cases (2 (63.15 %)): pain
in the epigastric region after eating—5 (26.31%),
intermittent hyperbilirubinemia without pain syn-
drome—6 (31.57 %), periodic fever—3 (15.78 %), and
weight loss—6 (31.57 %). In the remaining 7 patients
(36.84 %), the condition was asymptomatic and was
discovered accidentally during screening exams and
testing for concomitant disorders.

The diagnostic regimen for the patients encom-
passed duodenoscopy with biopsy, abdominal ul-
trasound, computed tomography of the abdominal
cavity and retroperitoneal space, magnetic reso-
nance cholangiopancreatography as indicated, en-
doscopic ultrasound of the hepatoduodenal region,
complete blood count, biochemical blood analysis,
coagulogram, urinalysis, and electrocardiogram.

The origin of the MDP neoplasm, its size, mobil-
ity, spread to surrounding tissues, and the existence
of fluctuating symptoms in the intramural section
of the common bile duct (CBD) were assessed en-
doscopically. We employed instrumental examina-
tion and palpation for this objective. Furthermore,
we used the NBI mode as an adjunct diagnostic in-
strument during the endoscopic evaluation. The ob-
served alterations in the pit pattern, as per Kudo and
Tsuruta, align with IT-TITL-IIIS classifications. In the
study, a tumour biopsy was conducted, the outcome
of which served as a primary criterion for patient se-
lection for endoscopic therapy (patients with malig-
nant neoplasms were excluded from the research).

Ultrasound examination indicated biliary hyper-
tension in all patients, dilation of the main pancreat-
ic duct (MPD) in 5 (26.31 %), gallbladder stones in
3 (15.78 %), bile duct stones in 1 (5.26 %), and a for-
eign body («retained» CBD drainage) in 1 (5.26 %).

The evaluation of computed tomography is
deemed essential for determining the existence of
regional and distant metastases in MDP neoplasms,
which also served as a criterion for eliminating pa-
tients from the research cohort.

MRCP was conducted in 6 individuals (31.57 %),
revealing endoscopic evidence of damage to the in-
tramural segment of the CBD. In 2 cases (10.52 %),
the spread of tumour tissues to the distant regions
of the CBD was verified.

The application of EUS, alongside the measure-
ment of adenoma size, facilitated the assessment
of tumour penetration into the duodenum wall
and its extension into the CBD lumen. Out of the
4 cases (21.05 %) of tumour invasion into the duo-
denal wall, 2 cases (10.52 %) were confined to the
submucosal layer (third echo layer), whereas 1 case
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(5.26 %) extended to the muscular layer of the in-
testine (fourth echo layer). Notwithstanding this,
the patients were presented with the option of en-
doscopic surgery due to the existence of significant
concomitant disease and elevated anesthetic risks.
In 2 cases (10.52 %), the MRCP results regarding
the spread of tumour growths into the lumen of the
distal CBD were confirmed by EUS.

Upon admission, persistent hyperbilirubinemia was
noted in 5 patients (26.31 %), with a period ranging
from 5 to 17 days and bilirubinemia levels between
170.7 and 349.5 umol /1. The initial phase of their ther-
apy was biliary decompression. Suprapapillary cho-
ledochoduodenostomy was conducted in all cases. In
3 (15.78 %) patients, it was supplemented by bile duct
stenting, and in 1 (5.26 %), it involved the removal of
a «retained» drainage and choledocholithoextraction.

The size of the MDP adenoma did not restrict the
application of EP but was critical in determining the
surgical approach: en-bloc or piecemeal technique.

For the execution of EP, the following instruments
were used: Olympus TJF-190 duodenoscope, Evis Ex-
era CLV-190 video processor, Extron 7 X-ray C-arm,
ESG-300 electrosurgical unit, 23 G injection endo-
scopic needles, polypectomy loops measuring 10 to
34 mm in diameter, endoscopic I-knife, guides with
a diameter of 0.35 mm, lateral papillotomes, plastic
stents of 7 and 8.5 Fr, coagrasper, alligator forceps, hot
biopsy forceps, a net for foreign body retrieval, Dormia
basket, and 11 and 16 mm rotary hemostatic clips.

The procedure was conducted in the operating
room under endotracheal anesthesia with the pa-
tient in a prone position. If required, the patient was
repositioned to the left side throughout the surgery.
CO, was used as the gas for insufflation.

During en-bloc loop resection of the MDP adeno-
ma, hydrolifting of the duodenal mucosa around the
papilla was previously performed in accordance with
established and original papillectomy procedures.

The two-stage papillectomy technique we devel-
oped involves, in the initial stage, the dissection of
the duodenal mucosa using a needle papillotome at
a distance of 3—5 mm from the major papilla (within
healthy tissues), followed by the exfoliation of the sub-
mucosal layer tissues down to its tubular structures
(the CBD and pancreatic duct) (Fig. 1). The second
stage involves the transection of the ducts using a dia-
thermic endoloop. The use of a diathermic loop during
the final stage of the procedure facilitated the coagula-
tion of the wound surface to the necessary degree. This
ensured the reliability of hemostasis while simultane-
ously reducing the duration of endoloop usage, thereby
minimizing electrothermal damage to adjacent tissues,
particularly the pancreatic head, which subsequently
decreased the risk of postoperative pancreatitis [1].
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For the same objective, in cases of substantial tumour
sizes (>2.0 cm), the piecemeal approach was employed
for the portion of the neoplasm that protruded most
into the intestinal lumen. The residual tissue that orig-
inated from the intestinal wall was excised using one
of the aforementioned techniques.

After the removal of the macropreparation and the
establishment of hemostasis, we evaluated the pos-
sibility and feasibility of stenting the ductal systems.
Plastic stents with diameters of 8.5 and 10 Fr were
used for the draining of the CBD, while those with
diameters of 5 and 7 Fr were employed for the MPD.
In case of significant gaping in the CBD incision and
free bile flow due to the CBD dilation caused by long-
term biliary hypertension, drainage was not conduct-
ed. If 3—4 attempts at catheterization of the MPD
were unsuccessful, stenting was deemed inadvisable
to prevent unnecessary damage to the pancreas.

An inspection of the postoperative wound was
conducted prior to the removal of the endoscope.
Upon identification of defects in the duodenal
wall extending to the muscular layer, closure was
executed using hemostatic clips. In such instances
(often involving big tumour sizes), the procedure
concluded with the placement of a probe for enteral
nutrition and a decompression nasogastric tube po-
sitioned beyond the duodenal-jejunal junction.

Postoperative pharmacological care comprised
the administration of proton pump inhibitors, an-
tispasmodics, analgesics, anti-inflammatory agents,
antimicrobial medications, and, when appropriate,
somatostatin analogues.

Dynamic monitoring encompassed controlled
duodenoscopy and the removal of biliary and pan-
creatic stents after three months.

Results

The endoscopic surgical approach was selected
based on the size of the MDP adenoma, the extent
of duodenal wall, and the distal CBD involvement
in the pathological process. Due to the complex top-
ographic and anatomical relationships of organs and
ductal structures in the parapapillary region, hydro-
lifting of the MDP and adjacent intestinal mucosa
was employed in all cases during EP to enhance in-
tervention accuracy and mitigate associated risks.
In 10 patients (52.63 %) with tumour diameters
of <1.0 cm, the standard technique of en-bloc loop
resection (Group 1) was employed (Fig. 2, 3) [10].
Larger tumour sizes result in a substantial volume of
mucosal and submucosal layers being found in the
excised loop, which significantly increases both the
wound surface area and depth, hence adding to the
risk of intestinal perforation upon exposure of the
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Figure 1. Dissection of the MDP mucosa
with a needle papillotome around the MP
(the initial stage of papillectomy)
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Figure 3. Condition after en-bloc loop resection of
the MDP neoplasm

muscle layer. This phenomenon is more frequently
observed at the lower corner of the postoperative
wound. To prevent intraoperative and postoperative
complications, we designed and implemented a two-
stage EP approach in 6 (31.57 %) cases (Group 2).
The rationale for employing this approach was the
detection of a tumour size between 1.0 and 2.0 cm.
Due to prolonged electrothermal exposure to pan-
creatic tissue, en-bloc loop resection with neoplasms
larger than 2.0 cm increases the risk of duodenal
perforation and acute pancreatitis. The piecemeal
technique was used on the portion of the tumour
that spread the most into the intestinal lumen in 3
patients (15.78 %) with tumour sizes ranging from
5.0 to 8.0 cm, necessitating the complete removal of
all fragments (Group 3). The ability to observe the
entire volume of tissues within the loop is limited by
this approach. The intestinal wall layers adjacent to

General Surgery 3azansnaxipypezin * 2025 ¢ Nel (12)

Figure 4. Postoperative defect of the duodenum
sutured using hemostatic clips

the tumour are excised uncontrollably during the
first stages of the procedure. In 3 (15.78 %) cases
where there was a risk of intraoperative and/or de-
layed intestinal perforation, the resulting defects re-
quired suturing with hemostatic clips (Fig. 4). Us-
ing the method we developed, the residual tumour
component that directly protruded from the intes-
tinal wall was successfully removed in 2 (10.5%)
cases. When the tumour penetrated the intestinal
muscle layer, the loop resection was not visually rad-
ical in one case (5.3 %). Therefore, spray coagulation
(power 32 W, third mode) was used to diathermoab-
late the residual tumour tissue in the wound.

In 2 patients (10.5 %) from Group 3, previous in-
vestigations (MRCP) diagnosed the spread of tu-
mour tissues to the distal portion of the CBD. Af-
ter removing the primary neoplastic mass from the
duodenum, we observed the protrusion of tumour
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growths from the CBD lumen into the intestinal
lumen. We conducted the excision using a diather-
mic loop and a coagrasper.

In Group 1, stenting of the MPD was not con-
ducted, as small asymptomatic neoplasms did not
result in ductal hypertension or dilation; neverthe-
less, stenting of the CBD was executed in 2 cases
(10.5%). One patient (5.3 %) who underwent the
original procedure received stenting in both ductal
systems, whereas two patients (10.5 %) had stent-
ing just in the CBD. Following EP by the piecemeal
technique, stenting of both ductal systems was car-
ried out in 2 patients (10.5 %), while stenting of the
CBD was conducted in 1 patient (5.3 %).

A correlation was discovered between the size of
the MDP adenoma and, as a result, the method of its
endoscopic removal, as well as the volume of intraop-
erative measures that prevent complications (closure
of incomplete intestinal wall defects with hemostatic
clips and the installation of feeding and decompres-
sion probes). We did not apply decompression tech-
niques for the stomach and duodenum in Group 1,
as there were no intestinal wall defects that needed
to be repaired. In Group 2, decompression of the
stomach and duodenum was noted in 2 (10.5 %) and
2 (10.5%) cases, respectively (33.3% of all patients
in this group). All patients in Group 3 (tumour sizes
>2.0 cm) had the marginal defects of the post-papil-
loscopic incision closed and both probes inserted.

The frequency of early postoperative compli-
cations in Group 1 was (Table): bleeding — 5.3 %
(stopped by conservative measures), pain syndrome
that did not require the administration of narcotic
analgesics — 15.8%, transient hyperamylasemia
(up to 1100-1700 U/1 for 2 days) — 10.5%. We
detected no signs of acute postoperative pancre-
atitis. In Group 2, no clinically significant postop-
erative complications were registered. In Group 3,
1 (5.3 %) case of bleeding that required the use of
endoscopic hemostasis (clipping), 1 (5.3 %) case of
pain syndrome that required the administration of

Table. Early postoperative complications

narcotic analgesics, and 1 (5.3 %) case of transient
hyperamylasemia (up to 1300 U/1 for 2 days) were
observed in the postoperative period. No cases of
duodenal perforation were registered.

All patients required basic postoperative care,
including proton pump inhibitors, antispasmodics,
analgesics, anti-inflammatories, and antibacterial
medications. Somatostatin analogues were admin-
istered to 3 (15.8 %) patients in Group 1, as well as
all patients in Group 3.

During a three-month control trial, the MDP ad-
enoma recurred in 2 (10.5 %) patients from Group 3
with preoperatively confirmed tumour progression
to the distal section of the gastrointestinal system
(Fig. 5). In both patients, we used loop diathermy
to remove the recurring neoplasms, as well as the
biliary and pancreatic stents (Fig. 6). Tumour re-
mains were recovered and removed using a polyp-
ectomy loop in 1 (5.3 %) case during revision with
a Fogarty balloon from the distal region of the CBD
into the duodenal lumen. Both patients exhibited
no evidence of disease progression during subse-
quent planned tests at 3 and 6 months (Fig. 7).

Discussion

The asymptomatic occurrence of MDP adenomas in
the early stages of the disease accounts for the ran-
domness and relative infrequency of their detection
during screening assessments. Symptomatic MDP
adenomas are mostly large, sometimes accompanied
by complications or the involvement of surrounding
organs and tissues in the disease process.

EUS is pivotal in determining the access and ex-
tent of surgical intervention for benign MDP neo-
plasms. This investigation facilitates the evaluation of
the tumour’s dimensions and the degree of its infiltra-
tion into the duodenal wall and the CBD [12].

Most experts agree that abdominal procedures
are needed when an adenoma invades the muscular
layer of the intestine and/or the distal parts of the

Complications Grade® Group 1 Group 2 Group 3
Pain syndrome that did not require the administration of analgesics I 3(15.8%) 0 0
Pain syndrome that required the administration of narcotic analgesics 11 0 0 1(5.3%)
endoscaic hemostas sutgial intervention I 163%) 0 0
Bleeding that required endoscopic hemostasis IITa 0 0 1(5.3%)
Transient hyperamylasemia I 1(5.3%) 0 1(5.3%)

* Clavien-Dindo classification.
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Figure 5. Recurrent MDP adenoma 3 months after
removal of the primary tumour by the piecemeal
technique

Figure 7. Control duodenoscopy 3 months after
removal of recurrent MDP adenoma. No signs of
prol. morbi were detected

CBD. However, EP may be possible if the adenoma
is found on the intestinal mucosa and there is no
evidence that it has spread to the CBD [2].

The original EP approach facilitated a reduction
in postoperative bleeding incidence compared to
conventional loop resection of the MDP, due to the
sequential electrocoagulation of vessels adjacent to
the neoplasm during tumour excision.

Our study indicates that in operated patients of
Group 3, with neoplasms exceeding 2.0 cm, early
postoperative complications were more preva-
lent than in patients from Group 1 and Group 2

General Surgery 3azansnaxipypezin * 2025 ¢ Nel (12)

Figure 6. Diathermy loop resection of recurrent
MDP adenoma and simultaneous removal
of both stents

(neoplasm size <2.0 cm). This is ascribed to an in-
creased extent of tissue damage and prolonged expo-
sure to high temperatures during electrocoagulation
affecting adjacent tissues and organs, including the
pancreas. To mitigate these adverse traumatic con-
sequences during the excision of large adenomas, we
recommend using the piecemeal approach.

We concur with certain authors that stenting of
the MPD does not significantly influence the oc-
currence of acute pancreatitis in the postoperative
phase. This problem arose in just 1 case (5.26 %),
when the stent was placed in the MPD following
tumour excision with the piecemeal approach. The
traumatic nature of tumour excision, due to its di-
mensions and spread, in this case probably contrib-
uted to the development of acute pancreatitis.

In our study, the recurrence rate of MDP ad-
enomas after EP was 10.5 %, necessitating further
endoscopic excision of the tumour at scheduled
follow-up examinations of patients.

The limited traumatic impact of EP and the re-
duced incidence of postoperative complications en-
able us to regard the suggested procedure as a pri-
ority for the excision of MDP adenomas [2, 8].

Conclusions

The topographic and anatomical characteristics of
the MDP area determine the complexity of surgical
interventions for patients with neoplasms. The novel
EP approach minimizes the risks associated with both
early and late postoperative complications. The out-
comes achieved by employing EP in the treatment of
patients with MDP adenomas support its recommen-
dation as the primary approach at specialized centers.
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OI11iHKa Pi3HUX METO/AiB €H/IOCKOIIIYHOI HAITUIEKTOMii
IIPU AA€HOMAX BEJIUKOI'O JyOJEHAIBHOI'O COCOYKA

I. JI. Hacramenko !, 0. M. Kongpanpkwuii 2, K. B. Konuak 2, £I. O. Csiukap 2, I. O. Ykpainenp 2,
A.B. Kosnecuuk %, €. A. Illyapak 2, O. 10. {o6p:xkancekuii 2, M. O. Ilenenin 2, A. B. Topoaeupkuii 2

! Hartiomamphwit meguanmit yaisepentert imeni O. O. Boromonbia, Kuis
? HartionanbHuii inctutyT paky, Kuis

Mera — OLHUTH PE3YIBIaTU BUKOHAHHA €HIOCKOIIYHO]I ITAIUIEKTOMII 3 BAKOPUCTAHHAM BiZIOMUX METOAMK,
PO3PO6UTH TA BIPOBAJUTHU OPHUTiHAIbHI TEXHOJIOTI] ONIEPATUBHUX BTPYYaHb.

Marepianu Ta meropu. 3 2021 1o 2024 p.y Bingini inTepBeHniriHo1 eHockonii JHIT «HarioHanbHUI iHCTUTYT
PaKy» EHJOCKOITIYHY MAIIUIEKTOMIIO 3 TIPUBOJY 4JIEHOMHU BEJIMKOI'O IyOAEHAIBHOTO cocouka (BJC) nposeneHo
19 marierram (10 (52,63 %) iHOK T2 9 (47,47 %) JONOBIKIB) BiKOM Bizi 24 10 78 POKIB (cepe/Hin Bik — 45,6
POKY). V 6ibIiocTi BUMIa KB (2 (63,15 %)) Mastu Micrie KITiH{YHI BUSBY 6iTiapHOT OGCTPYKITI Ta XOMAHTITY.
PesyasraTi. V 10 (52,63 %) XBOPUX MIPH PO3Mipax HOBOYTBOPEHHSI <1,0 CM BUKOPUCTOBYBAIN 3T ATbHOTTPHIA-
HATY METOAMKY TIETJIEBOI PE3EKIIT €MHUM 6JIOKOM (TIepIna I'pymia). /i 3arobiranHsa BUHUKHEHHIO iHTpaoriepa-
HIMHUX Ta THCSIONEPAIIFHUX YCKIATHEHD HAMU PO3POOICHHI Ta B 6 (31,57 %) BUIMA/IKAX 3ACTOCOBAHUI JIBOX-
€TAIHUI METOJ, EHJOCKOIIIYHOTI IANUIEKTOMII (gpyra rpyna). ¥ 3 (15,78 %) nanieHTiB i3 po3mMipoM IyxXJIMHMU Bif, 5,0
J10 8,0 CM BUKOPHUCTAHO METOAUKY (PPArMEHTALLil YACTUHU HOBOYTBOPEHHS, 1110 HAMOIIBII BUCTYIIAE B IIPOCBIT
KHIIIKH, 3 OO0B’SI3KOBUM BHUJIAJICHHSM yCiX (DparMeHTiB (Tpers rpyna). Penyaus aneHomu BJIC npy KOHTPOJIBHOMY
JOCIIDKEHHI yepe3 3 Mic BUABICHO B 2 (10,5 %) mauieHTiB TpeThoi I'pynu. B 060X BUIT4IKAX BUKOHAHO IICTJIEBY
JiaTEPMOEKCIN3II0 PEUIUBHUX HOBOYTBOPEHD i BUIAJIEHHA CTEHTIB. ITpH IIAHOBUX OOCTEKEHHAX Yepes 3 Ta
6 MiC O3HAK IIPOIOBKEHHST 3aXBOPIOBAHHS B 060X BUIIA/IKAX HE 3APEECTPOBAHO.

BucHOBKH. Tonorpado-aHaToMiuHi 0cOONMMBOCT] AUHKN B/IC 3yMOBMIOIOTh CKIAHICTD XipypPridHOIO JKy-
BAaHH: MAIiEHTIB 3 HOrO HOBOYTBOPEHHAMU. PO3p0O61eHa OPUTiHATIbHA METOJHUKA EHJOCKOIIYHOI NAMIIEKTOMI]
JIA€ 3MOI'Y 3HU3UTH PU3UKHA BUHUKHEHHA PAHHIX T4 Mi3HIX MiCIA0NEPALiMHNX YCKIaAHEHDb. OTPHUMAaHI PE3y/Ib-
TATH 3ACTOCYBAHHA €HJIOCKOIIIYHOT HAIUIEKTOMIl B JIIKYBAHHI TAIIEHTIB 3 aieHoMaMu BIIC aioTh 3MOTY IIPOIIO-
HYBATH JJAHUA METO/] AK OCHOBHUH B EKCIIEPTHUX IIEHTPAX.

KiIrouoBi c;10Ba: €HJOCKOMIYHA MAIUIEKTOMIf, 4/IEHOMA BEJTUKOT'O IYO/IEHATIBHOTO COCOYKA, EHJIOCOHOTrpadist.

FOR CITATION

1 Nastashenko IL, Kondratskyi YM, Kopchak KV, Svichkar YO, Ukrainets 10, Kolesnyk AV, Shudrak YA, Dobrzhanskyi OY, Pepenin MO, Horodetskyi AV. Evaluation of different methods
of endoscopic papillectomy for adenomas of the major duodenal papilla. General Surgery (Ukraine). 2025:(1);8-14. http://doi.org/10.30978 /GS-2025-1-8.

14 General Surgery 3azansnaxipypeis * 2025 ¢ Nel (12)



ORIGINAL RESEARCH  Opuzinanvii 0ocnioxcenis

UDC 617.586-001.5-089 ISSN 2786-5584 PRINT
DOI http://doi.org/10.30978/GS-2025-1-15 ISSN 2786-5592 ONLINE

Treatment of combat injuries to major arteries
with extensive soft tissue defects

M. V. Shchepetov!, K. V. Gumeniuk!-2

!'National Military Medical Clinical Centre «The Main Military Clinical Hospital», Kyiv
2 Ukrainian Military Medical Academy, Kyiv

DX Mykola Shchepetov: shchepetov220@gmail.com

M. V. Shchepetov, http://orcid.org/0009-0007-2388-0943
K. V. Gumeniuk, http://orcid.org/0000-0001-8892-4061

OBJECTIVE — to enhance the treatment outcomes of combat injuries to the lower extremities with damage to
major arteries and extensive soft tissue defects by preventing complications and implementing an improved
surgical algorithm.

MATERIALS AND METHODS. The study was conducted on a cohort of patients with gunshot and explosive wounds
in the femoropopliteal segment of the lower extremities, affecting the major arteries. These patients sustained
injuries during combat operations and received treatment at the National Military Medical Clinical Center
«Main Military Clinical Hospital> between 2014 and 2024. The cohort was divided into two groups. The main
group (n=29) included patients who underwent treatment using an improved surgical algorithm that involved
selective use of methods for extra-anatomic revascularization, ligation of the major arteries (in cases of com-
plications in the reconstruction zone), and active application of rotational fasciocutaneous and muscle flaps to
close soft tissue defects in the vascular reconstruction zone. The comparison group (n=41) included patients
who received treatment using standard methods that involved staged surgical debridement, NPWT, and staged
wound closure. All patients were males aged between 23 and 57, with gunshot wounds to the lower extremities
that caused damage to major arteries and extensive soft tissue defects.

Resurrs. The improved surgical algorithm focused on patients with extensive soft tissue defects in the area of
the reconstructed artery (> 100 cm?), often accompanied by Gustilo-Anderson grade IIIC gunshot fractures. The
treatment strategy included the following key components: 1) Early wound closure using rotational fasciocuta-
neous and muscle flaps to ensure reliable coverage of the neurovascular bundle. 2) Extra-anatomic bypass for
complications such as erosion, thrombosis, or progression of infection in the reconstructed artery. 3) Ligation
of major arteries followed by active monitoring of limb viability and delayed revascularization when feasible in
cases of extra-anatomic vascular restoration failure. The main group (treated using the improved algorithm) had
a significantly higher limb preservation rate than the comparison group (treated with conventional methods),
with 82.8% limb preservation and 17.2 % amputations versus 53.7 % limb preservation and 46.3 % amputations,
respectively. Statistical analysis using the y2-test and Fisher’s exact test confirmed the statistical significance of the
improved surgical algorithm in amputation reduction rates (y3>-test 5.16, p=0.023; Fisher’s exact test p=0.02).

Concrusions. The implementation of an improved surgical algorithm for the treatment of gunshot wounds to
major arteries in the lower extremities, accompanied by extensive soft tissue defects, significantly reduced the
amputation rate in our study, from 46.3% to 17.2% (p=0.02).

KEYWORDS
gunshot wounds, gunshot and explosive injuries to the arteries of the lower extremities, extra-anatomical
bypass surgery, revascularisation of the lower extremities, amputation, limb loss, limb preservation.
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In modern warfare, the incidence of injuries involv-  observations [4, 7, 10, 11, 22], most combat-related
ing major vascular damage has significantly in- vascular injuries affect the lower extremity arteries,
creased compared to armed conflicts of the first half  specifically the femoropopliteal segment. While limb
and middle of the 20th century [4, 8, 22]. Accord- salvage rates have improved significantly since pre-
ing to numerous studies and reports, as well as our  vious wars, primarily due to successful arterial repair
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at the second level of medical care [11, 22], success-
ful revascularization does not guarantee a compli-
cation-free recovery for these severely injured pa-
tients. Various authors report complications in re-
constructed arteries occurring in 630 % of cases [1,
3]. In comparison, secondary amputations after arte-
rial reconstruction for combat-related injuries range
from 8.5 % to 38 % [2, 4, 6], with the highest failure
rates occurring in the femoropopliteal segment [4,
6]. Among early complications following revascular-
ization for gunshot wounds to the lower limbs, ar-
terial reconstruction failure leading to hemorrhage
poses a direct threat to the patient’s life, especially at
the third and fourth levels of medical care [22]. Ad-
ditional severe complications include thrombosis in
the reconstructed artery and progressive necrosis of
muscle groups despite maintained arterial perfusion,
which may necessitate timely amputation to prevent
acute renal failure [6, 7,9, 10, 11].

Early research focused on the widespread use of
the Mangled Extremity Severity Score (MESS),
which was introduced in 1990 to assess extremity
injuries and guide amputation decisions. This score
initially suggested a near-certain probability of am-
putation when reaching 7 points or higher. How-
ever, recent studies and the European Society for
Vascular Surgery (ESVS) 2025 Clinical Practice
Guidelines on the Management of Vascular Trauma
highlight that advancements in medical technology
have diminished MESS’s predictive accuracy for
amputation [13]. Improvements in vascular recon-
struction techniques, enhanced anesthesia and re-
suscitation protocols, principles of damage control
surgery, and advanced fracture fixation methods
have all contributed to this development [12]. The
primary risk factors for limb loss in combat trauma,
as noted by most authors, include the extent of soft
tissue damage, the presence of associated gunshot
fractures, the severity of compartment syndrome,
and the time frame from injury to revascularization
[2, 3, 8, 10]. This study aims to focus on this par-
ticularly challenging category of injured patients
and improve treatment outcomes despite several
adverse prognostic factors.

OBJECTIVE — to enhance the treatment outcomes
of combat injuries to the lower extremities with
damage to major arteries and extensive soft tissue
defects by preventing complications and imple-
menting an improved surgical algorithm.

Materials and methods

We analyzed 209 medical records of patients treat-
ed at the National Military Medical Clinical Cen-
ter «Main Military Clinical Hospital» for lower
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extremity combat injuries between 2014 and 2024.
A cohort of 70 patients was identified as having dam-
age to major arteries in the iliac and femoropopliteal
segments, as well as extensive soft tissue defects and
associated injuries. Patients were divided into two
groups. The main group (Group O) included 29 pa-
tients who underwent treatment using an improved
surgical algorithm. The comparison group (Group
P) included 41 patients who received treatment us-
ing standard methods such as repeated staged surgi-
cal debridement, NPWT (negative pressure wound
therapy), and staged wound closure.

The improved surgical algorithm for treating
gunshot and explosive wounds to major arteries
with extensive soft tissue defects included (Fig. 1):

1. Prompt use of rotational fasciocutaneous and
muscle flaps to cover soft tissue defects in vascular
reconstruction areas without viable muscles;

2. Implementation of methods for extra-anatom-
ic revascularization to address complications or
substantial contamination in initially reconstructed
vessels in original vascular bundle sites.

3. Ligation of the major artery followed by dy-
namic limb monitoring when extra-anatomic revas-
cularization was not feasible due to complications
or its imminent risk. The major artery supply was
progressively restored if ischemic tolerance persist-
ed after the active infection was treated. For cases
of extensive soft tissue necrosis, especially those in-
volving muscle loss, amputation was recommended.

All patients in the study cohort were males aged
between 23 and 57 years. The mean age in the main
group was 37.4 £ 11.4 years, while in the compari-
son group, it was 34.2 8.0 years (p>0.05), indi-
cating no statistically significant difference in age
between the groups.

The study included patients with injuries extend-
ing from the external iliac artery to the tibioperoneal
trunk. All patients presented with extensive soft tis-
sue defects (> 100 cm?) or Gustilo-Anderson grade
ITIC gunshot fractures [10]. The soft tissue defects
were deep, involving fascia, muscle, and bone tis-
sue. In the main group, 26 patients had mine-blast
or blast injuries, while 3 patients sustained gunshot
bullet wounds. In the comparison group, 34 patients
had mine-explosion injuries, and 7 had gunshot bul-
let wounds (p>0.05).

All wounded individuals received staged medi-
cal care. At the second level of care (Role IT), 70 %
(n=49) of patients had primary reconstructive
arterial surgery. At the third level (Role IIT), 20 %
(n=14) underwent primary surgery on major arter-
ies. At the fourth level (Role IV), 10 % (n=7) had
primary arterial reconstruction. The latter cases
were associated with combat operations taking
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Figure 1. Improved surgical algorithm for treating gunshot and explosive wounds to major arteries

with extensive soft tissue defects

place near Role IV medical facilities, which pro-
vided both second and third-level care. All repeated
surgeries on major arteries and reconstructive-plas-
tic interventions were conducted in Role IV medi-
cal facilities.

The most frequently affected area was the femo-
ral segment (51 %, n = 36), followed by the popliteal
segment (44 %, n=31) and the external iliac artery
(4%,n=23).

The study assessed both relative and absolute
indicators of injury characteristics, primary and
repeated surgical interventions, and treatment out-
comes in both groups. The primary outcome mea-
sures were limb preservation (positive outcome)
and amputation (negative outcome).

Statistical analysis was conducted using IBM
SPSS Statistics, Version 22. Descriptive statistics
were calculated. Mean values were presented as
M £ SD, while relative values were expressed as n
(%). A comparison of mean values of quantitative
variables was performed using the Mann-Whitney
U test or Student’s t-test, depending on data distri-
bution. A comparison of relative values was carried
out using Pearson’s y? test and Fisher’s exact test.
The null hypothesis was rejected at p<0.05.

General Surgery 3azansuaxipypeis © 2025 ¢ Nel (12)

Results

The study groups did not statistically differ in terms
of the characteristics of gunshot wounds to the
lower extremities involving major arteries (p = 1.0).
The most common associated injuries were major
venous damage and gunshot fractures (Table 1).

Table 1. Characteristics of gunshot and explosive
wounds of the lower extremities with damage to
the arteries in the main and comparison groups

. . Group M Group C
Characteristic (n=29) i)
Concomitant gunshot bone o o
fracture in the area of injury 20(69.0%) 27(659%)
Concomitant damage o o
to the main veins 24 (82.8%) 34(82.3%)
Concomitant damage to o o
the sciatic nerve or its branches 15(51.7%) 20 (488%)
Compartment syndrome 26 (89.7%) 37 (90,2 %)
Acute kidney injury 11(37.9%) 13(31.7%)
Multiple injury 10 (34.5%) 16 (39.0 %)
All p>0.05.
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There were no significant differences in the pri-
mary surgical interventions between the two groups.
The most common method for restoring the integrity
of the damaged vessel was suturing the defect in the
artery. Other methods of revascularization were end-
to-end anastomosis and autogenous vein graft repair
of the damaged artery. Prosthetic PTFE grafting was
not a priority method for revascularization in the fem-
oropopliteal segment. It was primarily used in cases
where a suitable great saphenous vein was unavail-
able or for iliofemoral reconstructions [5, 16].

It is important to note that all patients underwent
fasciotomy of the lower leg compartments during
the primary arterial reconstruction stage (Table 2).

The structure of secondary surgical interventions
varied considerably between the two groups. In the
main group (Group M), extra-anatomic bypass was
performed in 8 (27.6 %) patients, whereas no such cas-
es were observed in the comparison group (Group C)
(p=0.0014). Additionally, wound reconstruction us-
ing muscle flaps, PFAP flaps (Profunda Femoris Ar-
tery Perforator), and autografting, was performed sig-
nificantly more frequently in the main group (Table 3).

At the fourth level (Role 2) of care, additional fas-
ciotomy was performed in 6 cases (20 %) in the main
group and in 14 cases (34 %) in the comparison group.

The early closure of exposed arteries in gunshot
wounds with viable muscle is well justified, as it di-
rectly influences the integrity of the vascular suture
[11, 13, 16]. However, within the first week post-
injury, achieving such an outcome is often challeng-
ing due to extensive wound contamination and the
necessity for staged surgical debridement to remove
devitalized tissues (Table 4).

Comparison of treatment approaches

Thus, the treatment of patients in the main group dif-
fered significantly from that in the comparison group.
In the main group, wound closure was performed us-
ing rotational muscle flaps (Fig.2) or fasciocutane-
ous flaps when an extensive tissue defect was present
and it was impossible to cover the vascular bundle
with viable muscles after a series of repeated staged
surgical debridement combined with NPWT and
targeted antibiotic therapy to reduce infection.

Management of complications
and extra-anatomic bypass

When it was not possible to rapidly control the in-
fection within the wound or in cases of complica-
tions arising from the reconstructed vessels (Fig. 3),
the method of extra-anatomic bypass (Fig. 4, 5) was
applied to restore blood supply to the limb. This was
followed by subsequent staged surgical debride-
ment and closure of the wound defect.
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Table 2. Characteristics of primary surgical
interventions

Type of intervention ((;;0:591\)4 ((;;():ufigl
é;;oggre;f(t);sg interposition 8(27.6%)  8(19.5%)
PTFE- grafting 2(69%) 3(7.3%)
Arterial suture 9(331.0%) 15(36.6%)
End-to-end anastomosis 8(27.6%) 12(29.3%)
Main artery ligation 2(700%)  3(7.3%)

Fasciotomy of the lower leg 29 (100.0 %) 41 (100.0 %)

20 (69.0%) 27 (65.9%)

Bone fracture fixation

All p>0.05.

Table 3. Characteristics of secondary surgical
interventions

Type of intervention ((;11;0;1391\)/[ ((;;(;u&():
é;;"gf;f‘tﬁ?merpos“ion 5(172%)  12(293%)
Extra-anatomic bypass 8(27.6%) 0*

M. gracilis rotation flap 6(20.7%)  2(4.9%)
M. gastrocnemius rotation flap 5(17.2%) 0*

M. sartorius rotation flap 4(13.8%) 0*
PFAP- flap 2(6.9%) 0
Main artery ligation 6(20.7%)  8(19.5%)
Staged repeated surgery

et NDWT 29 (100.0%) 41 (100.0%)

Wound suturing 11(379%) 20 (48.8%)
17 (58.6 %) 11 (26.8 %)*

6(20.7%)

Skin grafting

Additional fasciotomies 14 (34.1%)

The difference from the group M is statistically significant (p <0.05).

Table 4. The terms of reconstructive
and plastic interventions in the wounded
patients from the main group

Time since injury, days

Intervention

4-7 8—11  12-15
Gastrocnemius muscle flap - 4 1
Gracilis muscle flap 2 3 1
Sartorius muscle flap 1 1 2
PFAP-flap 1 1
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Figure 2. Coverage of the iliofemoral PTFE-graft
in the upper third of the right thigh
with a m. gracilis flap
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Figure 3. Erosive bleeding after primary
reconstruction from the SFA suture area. The
wounded patient sustained an explosive shrapnel
injury to the right thigh, causing damage to both
the superficial femoral artery and vein. The patient
presented with hectic fever, elevated C-reactive
protein levels (190-230 mg/L), and a significant left
shift in the leukocyte formula. Extensive necrosis
of the adductor muscles and partial involvement of
m. vastus intermedius were observed in the wound.
The artery was exposed and unprotected, located
within a purulent-necrotic focus

Ilustrative case and vascular
reconstruction technique

For example, Fig. 5 illustrates a treatment stage for
a patient in the main group. In this case, a combined
injury involving the sigmoid colon and external
iliac artery was managed with an extra-anatomic
crossover iliofemoral PTFE bypass to prevent con-
tamination of the vascular reconstruction site.

When extra-anatomic bypass was technically
unfeasible or in cases of complications involving
the reconstructed vessel (Fig. 6, 7) and progressive
necrotic-infectious processes in the affected zone, li-
gation of the major artery (typically the superficial
femoral artery in the upper and middle thirds of the
thigh) was performed.

Management of arterial ligation
and ischemic complications

Surgical interventions involving ligation of major
arteries in the femoral segment required careful post-
operative monitoring of the patient’s condition. If the
limb exhibited good tolerance to ischemia, vascular
reconstruction was performed on a delayed basis fol-
lowing wound decontamination or even complete
healing. However, if ischemia of the distal muscle
groups progressed — evidenced by elevated creatine
phosphokinase (CPK) levels, increased pain syn-
drome, and signs of ischemic neuropathy — a decision
was made to proceed with limb amputation.
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autogenous vein graft through the space between the rectus femoris and vastus intermedius muscles.
Thepurulent-necrotic area is centrally located after debridement and preparation for NPWT system
application. Distal, above the knee (A), and proximal (B) anastomoses. Extraanatomic femoro-politeal bypass (C):
1 — femoropopliteal bypass; 2 — stumps of the ligated superficial femoral artery

Figure 5. Injury to the left iliac fossa with damage
to the external iliac artery, combined with

a penetrating abdominal wound involving

the sigmoid colon. Due to failure of the primary
ilio-femoral bypass, extra-anatomic crossover
ilio-femoral PTFE-bypass was performed from
right to left to achieve revascularization.

20

Comparison group treatment approach

Patients in the comparison group were managed
using staged repeated surgical debridement with
NPWT and subsequent staged wound closure. Com-
plications associated with vascular reconstruction,
such as erosive bleeding, thrombosis, and progression
of necrotic-infectious processes, were treated through
repeated arterial defect suturing, bypass with autoge-
nous vein grafts (interposition), thrombectomy, or ar-
terial ligation with continued monitoring. In cases of
progressive limb ischemia or recurrent vascular graft
erosions, amputation was performed.

It is important to note that both groups initially
received empirical antibiotic therapy, which was lat-
er adjusted to targeted antibacterial treatment based
on bacteriological culture results. The spectrum of
wound infection pathogens did not show significant
differences between groups (p >0.05, Table 5).
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Figure 6. Erosive bleeding in a patient with

an extensive soft tissue defect and a gunshot
comminuted femoral fracture on day 8 of treatment
following thrombectomy of the superficial
femoral artery for post-traumatic thrombosis.
NPWT was applied. The hemorrhage occurred due
to arterial erosion in the setting of inflammatory
changes, distal to the arteriotomy site. Direct
compression was applied at the projection of the
common femoral artery

Figure 7. The forceps indicate the site of vascular
suture rupture

Complications associated
with vascular reconstruction

Wounds characterized by extensive soft tissue de-
fects and gunshot fractures carry a high risk of com-
plications involving reconstructed vessels [1, 3, 7,
9]. In both study groups, cases of erosive hemor-
rhages were observed, resulting from either suture
line failure, arterial wall destruction, or graft ero-
sion. Additionally, thrombosis of the reconstructed
arterial segment and suppuration of the vascular
bundle area were reported.

General Surgery 3azansuaxipypeis © 2025 ¢ Nel (12)

M. V. Shchepetou, K. V. Gumeniuk

Table 5. Characteristics of wounded patients
depending on the predominant wound microflora

Microorganism ((;;0:591\)/[ ((;:;u&();
Klebsiela pneumoniae 17 (58.6%) 28 (68.3 %)
Acinetobacter spp., baumanii 10 (34.5%) 21 (51.2%)
Proteus mirabilis 4(138%) 8(19.5%)
Staphlococcus aureus 4(13.8%) 1(2.4%)
Enterococcus faecium 5(172%) 6(14.6%)
Pseudomonas aeruginosa 9(31.0%) 17 (41.4%)
Staphilqcoccus haemoliticus 5(172%)  3(73%)
(B KpOBi)

E. coli 6(207%) 5(122%)
All p>0.05.

Table 6. Complications of the restored arteries

.. Group M Group C
Complications (n=29) (i)
Erosive bleeding 5(17.2%)  6(14.6%)
Reconstruction segment o o
thrombosis 3(103%) 7(17.1%)
Infection, suppuration 11 (37.9%) 19 (463%)

in the area of restored vessels

All p>0.05.

There were no significant differences in the com-
plication spectrum between Group M and Group C

(Table 6).

Complications of vascular reconstruction
In the main group (Group M), the complications as-
sociated with reconstructed arteries were as follows:
erosive bleeding — 5 cases (see Fig. 6), thrombosis of
the reconstructed segment — 3 cases, and infection
(suppuration) in the vascular reconstruction area —
11 cases. In the comparison group (Group C), the
complications associated with reconstructed ar-
teries were as follows: erosive bleeding — 6 cases,
thrombosis of the reconstructed segment — 7 cases
(Fig.8), and infection and suppuration in the recon-
structed vascular area — 19 cases.

Secondary amputations peaked in both groups
during the second week of treatment (Table 7).

Treatment Outcomes and Statistical Analysis
The treatment outcomes in the main and comparison
groups exhibited significant differences (Table 8).

21



M. V. Shchepetov, K. V. Gumeniuk

_‘4“

Figure 8. Recurrent thrombosis of the femoropopliteal bypass using an autogenous vein graft in a patient
with an explosive shrapnel wound to the left lower limb involving injury to the distal portion of the
superficial femoral artery. Chronology of secondary surgical interventions: 1) GSV graft thrombectomy,
2) re-bypass procedure, 3) thrombectomy, 4) revision of tibial arteries, 5) amputation at the mid-thigh
level. Angoigraphic picture GSV graft thrombosis (A). Longitudinally dissected autogenous vein graft with

thrombotic masses (B)

Table 7. Terms of amputations

Time since injury, days

Group
3-6 7-10 11-14 15-20
Main - 3 2 -
Comparison 2 8 7 2
Table 8. Treatment outcomes in the groups
Group M Group C
Treatment outcome (n=29) (n=41)

Limb preservation 24 (82.8%) 22(53.7%)*

Amputation (within 4 weeks

from the start of treatment) ) e
Referred to the orthopedic
department after wound healing 14.(483%) 15 (36.6%)

to change the method of bone
fixation

The difference from the group M is statistically significant (p <0.05).
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The limb preservation rate was significantly high-
er in the main group, with 17.2 % amputations and
82.8% limb salvage, compared to the comparison
group, where 46.3 % of patients required amputations,
leaving only 53.7 % with preserved limbs. Statistical
analysis using the y? test and Fisher’s exact test dem-
onstrated the statistical significance of the improved
surgical algorithm in reducing amputation rates
(x*>=5.16; p=0.023; Fisher’s exact test, p=0.02).

Discussion

The wounded patients in this study cohort were char-
acterized by extensive soft tissue defects and gunshot
fractures. Numerous studies analyzing predictors of
poor outcomes in vascular trauma have highlighted
the presence of extensive soft tissue defects and con-
comitant fractures as key factors contributing to
higher secondary amputation rates [1, 2, 7, 10]. This
study aimed to improve treatment outcomes specifi-
cally for this high-risk patient category.
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Lauren T. Greer et al. conducted a single-center
study on vascular graft failures in combat casualties
transferred to a tertiary hospital in the continental
United States. The study included patients who
had undergone limb vascular reconstruction in Iraq
or Afghanistan and later experienced graft rupture.
Among 10 secondary complications, 4 (40 %) cases
were erosive hemorrhages, which the authors asso-
ciated with concomitant gunshot fractures, soft tis-
sue defects, and infection [2].

The original MESS (Mangled Extremity Se-
verity Score) study (1990) concluded that a score
above 7 strongly predicted the need for amputation.
All patients in our study cohort had MESS scores
exceeding 7. However, recent studies have shown
that advancements in technology have reduced the
accuracy of MESS in predicting amputations. This
improvement is attributed to modern vascular re-
construction techniques, enhanced resuscitation
and anesthesia protocols, and advanced fracture
fixation methods [12]. Other studies suggest that
while MESS is useful for outcome prediction, it
is not sufficiently precise to be relied upon exclu-
sively [11]. Our findings support this view, as all
patients in our cohort exceeded a MESS score of 7.
We aimed to demonstrate the technical possibilities
of limb preservation, following careful evaluation of
the patient’s general condition and the functional
capacity of the preserved limb in the future.

According to literature data, the most common
early complications in the treatment of gunshot
wounds to the lower limbs with arterial injuries are
recurrent thrombosis in the reconstructed segment,
accounting for 72—80 % of vascular graft complica-
tions [2, 4, 6]. Bleeding due to graft or anastomosis
failure are the second most frequent complication.
Our study, however, found a higher proportion of
secondary hemorrhages (48 % thrombosis vs. 52 %
bleedings). The higher rate of hemorrhages may be
attributed to infection activity and wound necrosis
expansion rather than purely surgical technique lim-
itations. The first one can be both a consequence of
imperfect surgical technique and progression of the
infectious process in the wound. Secondary bleed-
ing can be caused exclusively by the progression of
infection activity and the expansion of necrosis in
the radial tissue displacement area produced by the
temporary cavity.

In our study cohort, the overall amputation rate
was 34 %, with 66 % of limbs preserved. However,
it is essential to note that our cohort consisted ex-
clusively of severe injuries with extensive tissue loss
and associated trauma. In contrast, Amila Sanjiva
Ratnayake et al. analyzed risk factors for failed arte-
rial reconstruction based on data from 129 combat
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casualties in Sri Lanka, reporting an amputation
rate of 20 % following failed vascular reconstruction
[1]. Similarly, Robert B. Laverty et al. studied vas-
cular reconstruction outcomes in military trauma,
describing secondary amputations in 23 % of pa-
tients who had undergone femoropopliteal segment
vascular repair [6].

Difficulties in treating these patients arise at
the stage when the infectious process actively pro-
gresses within the wound, and the vascular bundle
or graft is either surrounded by infected tissues or
completely exposed over a large area, with no viable
tissue available for coverage. This condition signifi-
cantly increases the risk of multiple complications.

An effective strategy for limb salvage in cases of
early complications (such as thrombosis and erosive
bleeding) is extra-anatomic bypass. This technique
involves placing the vascular graft and anastomoses
within relatively healthy tissues, away from necrot-
ic zones [2, 4, 13, 15]. This method is particularly
justified in cases where the graft cannot be covered
with viable tissues, either due to initial massive soft
tissue loss or subsequent extensive necrectomies
during wound debridement. Furthermore, placing
a graft within the original vascular bundle site be-
comes impossible when infection-induced hemor-
rhage develops at the reconstruction site [ 13, 14]. In
such cases, extra-anatomic bypass remains the only
viable option for limb salvage [13, 14].

According to David Feliciano, the indications
for extra-anatomic shunting in vascular trauma in-
clude: 1) extensive soft tissue loss over the injured
vessel, 2) incisional infection with blowout of an
underlying vascular repair, and 3) simultaneous in-
fections in soft tissue and underlying native vessel
secondary to injection of illicit drugs.

For lower limb explosive and gunshot wounds
with major arterial injuries, the most commonly per-
formed extra-anatomic bypass procedures include
1) crossover femoro-femoral bypass, 2) ilio-fem-
oral bypass (see Fig.6, 8), 3) ilio-popliteal bypass
through the obturator foramen or lacuna musculo-
rum, 4) femoro-anterior tibial (or peroneal) bypass
along the lateral leg surface, and 5) femoropopliteal
bypass between the quadriceps muscle layers (see
Fig. 5) [13, 14].

However, not all vascular injuries can be managed
with extra-anatomic bypass. Extensive soft tissue
defects in the popliteal fossa, which prevent cover-
age of the exposed vascular reconstruction site, pose
a major challenge. In such cases, immediate wound
closure with musculocutaneous or muscle flaps may
prevent limb loss, but only if infection control is
concurrently achieved. Conversely, David Felici-
ano warns against over-reliance on plastic surgery
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techniques in such complex injuries, particularly in
cases of gunshot wounds or severe infections from
illicit intravenous drug use. The combination of ex-
tensive vascular damage, soft tissue loss, and deep
muscle cavitation complicates reconstruction. Feli-
ciano notes that rotational muscle flaps may be inef-
fective due to multiple metallic foreign bodies, local
edema, and large wound cavities [22].

Limb amputation in cases of vascular reconstruc-
tion failure should only be considered after thorough
revision of the major arteries, muscle compartments,
and the patient’s overall condition, particularly
when multiple injuries are present [8, 11, 12]. If se-
vere vascular complications render safe revascular-
ization impossible and fasciotomy reveals exten-
sive muscle necrosis, amputation may be required.
However, if muscle viability persists and some tissue
responsiveness remains, limb salvage should be at-
tempted through continued staged treatment.

In cases of complex polytrauma, such as chest, ab-
dominal, pelvic, or severe cranial injuries, life-saving
interventions must take priority over limb preserva-
tion. In such scenarios, timely amputation of a se-
verely damaged limb may improve the overall prog-
nosis and redirect trauma recovery towards survival.

Conclusions

The implementation of an improved surgical algo-
rithm for the treatment of gunshot injuries to major
arteries in the lower extremities, accompanied by
extensive soft tissue defects, significantly reduced
the amputation rate in our study, from 46.3% to
17.2% (p=0.02).

DECLARATION OF INTERESTS
The authors declare that they have no conflicts of interest.

AUTHORS CONTRIBUTIONS

Conception and design — K. V. Gumeniuk; data collection,
critical revision of the article, analysis and interpretation of
data, drafting the article — M. V. Shchepetov.

REFERENCES

1. Tymemniok KB, Kopomnb CO, Tn6ano PB. HacraHOBHU 3 BifICBKOBO-
ToIbOBOI Xipypril. Kuis, 2024:470-487.

2. Kyrosur OB, Jlronbko 1B, Ceprees OO, T4 iH. IOCBij TiKyBaHHA
BOTHENAILHUX TOPAHEHD MATiCTPATIbHUX CY/IMH HA €Tanax
eBakyartii. K3 «/IHimponeTpoBchKa 061aCHA KIHIYHA JTiKapHs
im. LI MeuHuKOBa», I3 «/JHiIMpONETPOBChKA MEAUYHA AKAAEMid
MO3 Yxpainw». JIornosiiib Ha kKoHdepeHItii; 2015. JJoCTymHO 32
nocwiaHaaM: http://repo.dma.dp.ua/id/eprint/324.

3. JIabax ATl lepkau PB, Kocrorpus OA. IlIkaia MESS npu
6OMOBIlT TPaBMi KiHITIBOK: aMITyTallisl U 30€pekeHHs? BiCHIK
oprorezii, TpaBMaTosorii Ta nporedyBaHHs. 2022;(3):15-20.
doi: 10.37647/0132-2486-2022-114-3-15-20.

4. Poroscekuii BM, Bixnsies CM, Kosanbs BM, Pogionos OC, Illene-
TOB MB, Bopkisenb OM, Tosinko BM. JIOCBiz, BAKOHAHHSA €KCTPA-
AHATOMIYHMX HIyHTYBAHb IIPU THIHHO-HEKPOTUYHHUX YCKIATHEH-
HAX I PEKOHCTPYKTUBHUX ONEPALlifl HA MariCTPAJIbHUX apTe-
pisix. [Tpo6iemMu Bi¥fiCbKOBOT OXOPOHH 3710pOB’st. Kuis; ¢.399-402.

24

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

Poroscekuit BM, IlleneTros MB. JIiKyBaHHA BOI'HENTAIbHUX ITOPA-
HEHb MariCTpaIbHUX aprepirt. Kuis: Knura mmoc; 2022:119.
ISBN:978-966-460-153-2.

Teprummmuii C, XomeHko I, Iymentok K, Koposs C, Llema €, JTly6en-
Ko JI, Muxarinycos P, I'purayk M, ITorosa O. MeTaanatis kiacudi-
Kartift 1eeKTiB MAKUX TKAHUH Ta 06T PYHTYBAHHS ONITUMAIBHOTO
o6’emy Ta METOJTy XipypriuHoi pekoHcTpykiil. Ukrainian Scientific
Medical Youth Journal. 2021;(1(121)):112-123. doi: 10.32345/
USMY].1.2021.112-123.

eneroB MB. ITprunHA HE33JOBUIBHUX PE3Y/IBTATIB JIIKYBAHHS
BOTHENAIBHUX IIOPAHEHD MATiCTPAIBHUX APTEPIN KiHIIiBOK.
Xipyprist Ykpainu. 2019;(3):38-45. doi: 10.30978 /SU2019-3-38.
Almadwahi NY, Al-Hodiafy HZ, Al-Shuja’a MA, Alammari SA,
Jowah HM. Penetrating Femoropopliteal Vascular Damage in
Yemen War: Prompt Management. Results and Risk Variables

for Limb Loss and Mortality. Mathews J Surg. 2024. 7(1):26.

doi: 10.30654/MJS.10026.

Barros D’Sa AA, Harkin DW, Blair PH, Hood JM, Mcllrath E. The
Belfast approach to managing complex lower limb vascular
injuries. Eur J Vasc Endovasc Surg. 2006 Sep;32(3):246-56.

doi: 10.1016/.jvs.2006.02.004. Epub 2006 Apr 18.

Brown KV, Ramasamy A, Tai N, MacLeod J, Midwinter M,

Clasper JC. Complications of extremity vascular injuries in
conflict. J Trauma. 2009 Apr;66(suppl. 4):S145-9. doi: 10.1097/
TA.0b013€31819cdd82. PMID: 19359958.

Feliciano DV. Pitfalls in the management of periph-

eral vascular injuries. Trauma Surg Acute Care Open. 2017

Aug 28;2(1):¢000110. doi: 10.1136/tsaco-2017-000110.

PMID: 29766105; PMCID: PMC5877918.

Greer LT, Patel B, Via KC, Bowman JN, Weber MA, Fox CJ.
Management of secondary hemorrhage from early graft fail-

ure in military extremity wounds. J Trauma Acute Care Surg,
2012 Oct;73(4):818-24. doi: 10.1097/TA.0b013e3182587f32.
PMID: 22835998.1097/TA.0b013e3182587f32.

Hafez HM, Woolgar J, Robbs JV. Lower extremity arterial injury:
results of 550 cases and review of risk factors associated with
limb loss. J Vasc Surg. 2001 Jun;33(6):1212-9. doi: 10.1067/
mva.2001.113982. PMID: 11389420.

Jawas A, Abbas AK, Nazzal M, Albader M, Abu-Zidan FM.
Management of war-related vascular injuries: experience

from the second gulf war. World J Emerg Surg. 2013 Jul
1;8(1):22. doi: 10.1186/1749-7922-8-22. PMID: 23816260
PMCID: PMC3700839.

. Laverty RB, Brock SG, Walters TJ, Kauvar DS. Outcomes of Arte-

rial Grafts for the Reconstruction of Military Lower Extremity
Arterial Injuries. Ann Vasc Surg. 2021 Oct;76:59-65. doi: 10.1016/j.
avsg.2021.03.006. Epub 2021 Apr 5. PMID: 3383153 1.

Loja MN, Sammann A, DuBose J, Li CS, Liu Y, Savage S, Scalea T,
Holcomb JB, Rasmussen TE, Knudson MM; AAST PROOVIT Study
Group. The mangled extremity score and amputation: Time for

a revision. J Trauma Acute Care Surg. 2017 Mar;82(3):518-523.

doi: 10.1097 /TA.0000000000001339.

O’Sullivan ST, O’Sullivan M, Pasha N, O’Shaughnessy M, O’Connor
TP. Is it possible to predict limb viability in complex Gustilo ITIB
and IIIC tibial fractures? A comparison of two predictive indices.
Injury. 1997 Nov-Dec;28(9-10):639-42. doi: 10.1016,/50020-
1383(97)00134-4. PMID: 9624343.

Ratnayake AS, Bala M, Howard R, Rajapakse K, Samarasinghe B,
Worlton TJ. Identification of risk factors for arterial repair failures
and lessons learned: Experiences from managing 129 combat
vascular extremity wounds in the Sri Lankan War. J Trauma Acute
Care Surg. 2019 Jul;87(1S Suppl 1):5178-5183. doi: 10.1097/
TA.0000000000002260. PMID: 31246924.

Sharrock AE, Tai N, Perkins Z, White JM, Remick KN, Rickard RF,
Rasmussen TE. Management and outcome of 597 wartime pene-
trating lower extremity arterial injuries from an international mil-
itary cohort. J Vasc Surg. 2019 Jul;70(1):224-232. doi: 10.1016/j.
jvs.2018.11.024. Epub 2019 Feb 18. PMID: 30786987.

Stain SC, Weaver FA, Yellin AE. Extra-anatomic bypass of failed
traumatic arterial repairs. J Trauma. 1991 Apr;31(4):575-8.

doi: 10.1097/00005373-199104000-00019. PMID: 2020044.
Wahlgren CM, Aylwin C, Davenport RA, et al; Document Review-
ers; Blair P, Civil IDS, Engelhardt M, Mitchell EL, Piffaretti G, Wip-
per S. Editor’s Choice — European Society for Vascular Surgery
(ESVS) 2025 Clinical Practice Guidelines on the Management of
Vascular Trauma. Eur J Vasc Endovasc Surg. 2025 Feb;69(2):179-
237.doi: 10.1016/j.€jvs.2024.12.018. Epub 2025 Jan 13.
Woodward EB, Clouse WD, Eliason JL, Peck MA, Bowser AN,

Cox MW, Jones WT, Rasmussen TE. Penetrating femoropopliteal
injury during modern warfare: experience of the Balad Vascular
Registry. ] Vasc Surg. 2008 Jun;47(6):1259-64; discussion 1264-5.
doi: 10.1016/j.jvs.2008.01.052. Epub 2008 Apr 14.

General Surgery 3azansuaxipypeis © 2025 ¢ Nel (12)



M. V. Shchepetou, K. V. Gumeniuk

JIikyBaHHA BOTHENAJIbHUX IIOPAHEHDb MATiCTPAIIbHUX aApTEPIN
i3 MACUBHUMH Jie(pEeKTAMU M’ IKUX TKAHUH

M. B. Illeneros !, K. B. I'ymeniok -2

! HanionanpHuii BIHCbKOBO-MeAMYHUI KIiHIYHII 1eHTp «[010BHIMI BificbKoBMI KJIiHIUHMIT ToCHiTanb>, Kuis

2 VkpalHcbKa BilicbKOBO-Mem4Ha akazieMist, kadepa BilicbkoBoi xipyprii, Kuis

Mera — IIOJIIIINTYA PE3YJIBIATU JIKYBAHHS BOTHEIIA/IbHUX [IOPAHCHD HMPKHIX KiHITIBOK i3 YIIKO/KCHHAM Mari-
CTPAILHUX APTEPiH i MACMBHUMM JI€(PEKTAMU MAKHUX TKAHMUH IIAXOM IPOMUIAKTUKN YCKIAJHEHD Td BIIPOBA-
JDKEHHSI AKTUBHOI XipyPriyHOL TAKTHUKU 34 BJIOCKOHAJICHUM AJI'OPUTMOM.

Marepiagau Ta MEeTOOH. [IpOBEIEHO aHA3 KOTOPTH MAIIi€HTIB i3 BOTHEMAIBHUMU TTOPAHEHHAME CTETHOBO-
HiJKOJIIHHOTIO CETMEHTA HIDKHIX KiHIBOK i3 MOIIKO/KEHHSAM MAariCTPAIbHUX APTEPIN i BEIUMKUM AE(DEKTOM
M’SIKUX TKAHHH, IKi OTPUMAJIN IIOPAHEHHS B PE3Y/IBTaTi O0MOBUX [Iil1 Ta MPOXOAWU/IN JIIKyBaHHA B HalrjioHaIbHO-
My BiliCbKOBO-MCJUYHOMY KIiHIiYHOMY LIEHTPI «JTOJIOBHUH BIHCHKOBUI KITHIYHHIA rocriTanb> y 2014—2024 pp.
[TanienTiB pO3NOAUIMIIN HA Bl I'PyIU. B OCHOBHIM I'py1li (N =29) NaLieHTiB JIiKyBaJI 3 BAKOPUCTAHHAM YIOCKO-
HAJIEHOTO XipypridYHOIrO aJrOPUTMY (3 BUOIPKOBUM 34CTOCYBAHHSAM EKCTPAAHATOMIYHUX METO/IiB Bi/JTHOBJICHHS
KPOBOTOKY, IIEPEBSA3KN MAliCTPAIbHUX aPTEPiil (30HA PEKOHCTPYKLI AKUX Majld YCKIAAHCHHA) i aKTUBHUM
BUKOPHCTAHHAM POTALINHUX MIKiPHO-(PACIIAIBHUX T4 MSI30BUX KJIANTIB I 3aKPUTTS JEe(PEKTIB MSIKHX TKA-
HUH y 30Hi CyJUHHOI PEKOHCTPYKLLiI), y I'PyIi IIOPiBHAHHA (N=41) Nali€eHTy OTPUMYBAJIN JIIKYBAHHS 34 CTAH-
JIAPTHOIO METOJUKOIO (€TanHi Xipypriuni o6po6xu, NPWT-Tepamnis, eranHe ylmmBaHHA PaH). YCi narjieHTu —
YOJIOBIKU BIKOM Bif] 23 710 57 POKIB.

PesyabpraTn. OCHOBHHMU IIPUHIUITAMH BJIOCKOHAJIEHOT'O AJITOPUTMY € Bifidip MAIi€HTIB i3 MAaCUBHUM Jie(DEK-
TOM M’SIKUX TKAHUH Yy 30Hi BifHOB/IEHOI apTepii (> 100 cM?), 30Kpema i3 CYyIyTHIM BOTHENAIBHUM IIEPETIOMOM
kictku IlIc Tuy 3a kinacudgikaniero Gustilo-Anderson, SIKOMOTa paHille 3aKPUTTS PAHH 3 BUKOPUCTAHHSM POTA-
IMHUX MIKiPHO-(PACIHAIBHUX i M'I30BHX KJIAIITIB, 1110 320€311eUy€e HA/IIIHE YKPUTTS CYITMHHO-HEPBOBOI'O ITYYKA4,
NPH yCKIAJHEHHAX Y BiTHOBJIEHII apTepil (apo3is, TPOMO03, IPOrpeCyBaHHsA iH(PEKIITHOIO IPOLIECY) — 34CTO-
CYBaHHA METO/IB €KCTPAaHATOMIUHOIO IIYHTYBAHH:A, 34 HEMOMJIMBOCTI €KCTPAAHATOMIYHOIO BiJHOBJIECHHSA
KPOBOIIOCTAYaHHA — IEPEB’I3KA MariCTPAIbHOL apTEPii 3 AMHAMIYHUM CIIOCTEPEKEHHAM 34 CTAHOM KiHLIiBKU
immanienTa. ITpy 3310BUIbHII TOIEPAHTHOCTI JO iIIeMii ITiC/IA 3aBEPIIEHHA AKTUBHOTI'O iH(PEKIIITHOTO MPOLIECY —
BiITEPMiHOBAHE BiIHOBJICHHA MATiCTPAJIBHOI'O KPOBOIIOCTAYAHHs, IIPU IIPOI'PECYBAHHI ieMii Ha 'TJ1i JIIroBaHO1
aprepii Ta 3arubesti M’A3iB — aMITyTallisl KiHI[iBKH. YCTAHOBJICHO, 1110 YACTOTA 30€PEKCHH KiHIiBKU Oy/1a 3HAYHO
BHUIIIOIO B OCHOBHIH Ipytii: 17,2 % amrryrartiit i 82,8 % 36epeKCHUX KiHIIBOK, TO/ SIK y TPYIIi MOPIBHAHHST — 46,3
Ta 53,7 % BiAnOBimHO. CTATUCTUYHUI AHAII3 OTPUMAHNX JAHUX BUABHUB CTATUCTUYHY 3HAYYIIICTDb YIOCKOHA-
JICHOT'O AJIFOPUTMY XiPyPriqHOrO JiKYBAHHS ITi€l KOTOPTH MOPAHCHUX I 30EPEKEHHS KiHIIBOK (x2=5,16;
p=0,023, Tounui tect Pimepa p=0,02).

BuCHOBKH. YIIPOBA/PKEHHA BJOCKOHAJIEHOI'O XiPYPIidHOTO AJITOPUTMY B JIiIKyBAHHA BOTHENIAIbHUX IIOPAHEHD
MATiCTPAIBHUX APTEPIN HWKHIX KiHIIBOK i3 MACMBHUMH AE(PEKTAMU M'SIKMX TKAHWH JAJI0 3MOL'Y 3HHU3UTHU
YACTOTY AMITYTALH [IPH INX TSDKKUX BUAX OOMOBOI TpaBmu 3 46,3 1o 17,2 % (p=0,02).

KIro49oBi €10Ba: BOTHEHAIbHI IOPAHEHHS, BOTHEMNAIBHI Ta BHOYXOBi IONIKO/KECHHS apTEPill HIDKHIX
KiHITiBOK, €KCTPAaaHATOMIUHE IYHTYBAHHS, PEBACKY/IAPHU3AIid HIDKHIX KiHI[IBOK, aMIIyTallis, BrparTa KiHIIiBOK,
30€PEKEHHS KiHITiBOK.

FOR CITATION
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Fistula-in-ano is an abnormal connection between the anal canal or rectum and the perianal skin, often resulting
from infection in the anal glands. While clinical examination provides some insights, MR fistulogram is essential
for detailed assessment and reducing recurrence rates after surgery.

OBJECTIVE — to compare and correlate the pre-operative non-contrast MR fistulogram findings with surgical
findings, focusing on concordance rates for fistula type, craniocaudal extent of tracts, number and clock posi-
tion of internal and external openings, and presence of complicating features like secondary tracts, supralevator
extension, presence and location of abscesses.

MATERIALS AND METHODS. We retrospectively analysed 236 patients with fistula-in-ano who underwent both
MR fistulogram and subsequent surgery within a span of 1 month over one year. MRI scans were reviewed by
an experienced radiologist blinded to surgical findings. Parameters assessed included fistula type (Parks, St.
James, simple vs. complex), number and clock position of internal and external openings, craniocaudal level
of internal openings, puborectalis involvement, secondary tracts, presence of secondary tracts, and location
of abscess, if any. Concordance between MRI and surgical findings was evaluated using percentage agreement
and weighted kappa coefficients.

REesurts. Our study cohort had a mean age of 41.7 years, with the majority being men (89 %) and cryptoglan-
dular etiology (93.6 %). Transsphincteric fistula was the most common type (64 %). Complex fistulas were seen
in 63.6%. Secondary tracts, abscesses, or multiple tracts were seen in 45 %, 30.5 %, and 11 %, respectively. There
was almost perfect agreement between MRI and surgical findings in identifying fistula type, clock position of
internal and external openings, secondary tracts, and location of abscesses (k=0.98, 0.93, 0.94, 0.88 and 0.98,
respectively), substantial agreement for the craniocaudal level of internal opening (x=0.72), and only moderate
agreement for the number of internal and external openings (x=0.56 and 0.51, respectively).

Concrusions. Non-contrast MR fistulogram, with its excellent soft tissue resolution, accurately depicts the type
of fistula-in-ano, localises the internal and external openings, and identifies the presence of any complicating
features with almost perfect agreement between MRI and surgical findings.

KEYWORDS
fistula-in-ano, perianal fistula, cryptoglandular fistula, MR fistulogram, complex fistula, Parks classification,
St. James University Hospital classification.
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Fistula-in-ano is a pathological communication be-
tween two epithelialized surfaces, specifically the
anal canal or rectum with the perianal skin, and the
fistulous tract itself lined by granulation tissue [2,
21]. The prevalence of fistula-in-ano is estimated to
be approximately 0.01 % in the general population,
with a higher incidence in young adults and a great-
er occurrence in males than females [5]. The anal
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glands, located within the intersphincteric space,
open into the anal crypts at the level of the dentate
line [8]. Infection or obstruction of these glands is
believed to be the primary etiological factor in the
development of most cryptoglandular fistulas [10].
Once an infection establishes itself within the anal
gland, it can spread through the path of least resis-
tance, either forming an abscess or piercing through
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the surrounding tissues to create a fistula [22]. This
process is influenced by various immunological, mi-
crobiological, and host factors. Rarely, secondary
causes such as Crohn’s disease, tuberculosis, pelvic
infections, trauma, diverticulitis, anorectal cancer,
or radiation therapy can also lead to fistula forma-
tion [12]. The most frequent clinical manifestation
of fistula-in-ano involves perianal discharge accom-
panied by pain, swelling, and inflammation in the af-
fected region [5]. Parks classification categorizes fis-
tula into four main types based on its relationship to
the anal sphincter: intersphincteric, transsphincter-
ic, suprasphincteric, and extrasphincteric [13]. The
St. James University Hospital classification system
further categorizes fistula based on anatomical land-
marks, secondary extensions, and abscess formation,
and it is more useful for describing the level of com-
plexity of fistula-in-ano [12]. The precise preopera-
tive assessment of fistula characteristics, including
the location of the internal opening, the course and
extent of the fistulous tract, and the presence of
any associated abscesses or secondary extensions,
is paramount for effective surgical management and
prevention of fistula recurrence [17]. Clinical ex-
amination, including digital rectal examination and
probing of the external opening may provide some
anatomical detail about the fistula; however, it is of-
ten incomplete due to significant patient discomfort
and may necessitate examination under anaesthesia
(EUA) for better assessment. Imaging is frequently
necessary to fully delineate the anatomy and associ-
ated complications of fistula-in-ano, with the excep-
tion of low uncomplicated fistulas [9, 18]. Magnetic
resonance imaging (MRI)/MR fistulogram has
emerged as the preferred non-invasive modality for
evaluating complex perianal fistulas due to its supe-
rior soft-tissue resolution, multiplanar capabilities,
and ability to detect subtle inflammatory changes
and fluid collections as well as delineate complex
fistula anatomy [5, 18]. Despite advancements in
medical understanding and surgical techniques, the
management of fistula-in-ano remains a formidable
challenge, primarily because of the complex anal
sphincter anatomy and the need to preserve sphinc-
ter function in order to prevent postoperative faecal
incontinence [14]. MRI aids in assessing prognosis,
particularly concerning the post-operative faecal in-
continence by assessing the length of sphincter in-
volved and monitoring treatment progress, includ-
ing resolution or recurrence of the fistula [6].
Several studies have shown that MRI accu-
rately detects the primary tract and presence of
abscesses, with reasonably high sensitivity and
specificity [9, 20]. However, we did not come across
any large population study in English literature
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with a head-to-head comparison between surgical
findings and MRI, taking into consideration sev-
eral MRI findings in patients with fistula-in-ano.
Through this study, we aim to provide additional
insight into the reliability of non-contrast MRI for
accurate depiction of the number, clock position,
and distance from the anal verge of the internal and
external openings, secondary tracts, and presence
and location of abscesses with respect to the anal
sphincter and levator ani muscle.

OgjecTIVE. Through this large-volume retrospec-
tive observational study, we aim to compare and
correlate the preoperative non-contrast MR fistu-
logram findings with surgical findings, focusing on
concordance rates for fistula type, craniocaudal ex-
tent of tracts, number and clock position of internal
and external openings, and presence of complicat-
ing features like secondary tracts, supralevator ex-
tension, and presence and location of abscesses.

Materials and methods

We retrospectively reviewed all consecutive MRI
scans done in the department of Radiology in our
institution over the course of one year for patients
with clinically apparent perianal fistulous dis-
ease who underwent surgery for the same within 1
month after the MRI scan (n=236). Their demo-
graphic, clinical, and surgical details were obtained
from electronic medical records (EMR) by the ab-
dominal radiology fellow; MRI scans were reviewed
on our PACS (Picture Archiving and Communica-
tion System) database by an experienced abdominal
radiologist who was blinded to the operative find-
ings. Patients who either did not undergo surgery
after the MRI or those who underwent surgery
more than a month after the MRI and had no fistula
on imaging were excluded from analysis.

The MRI scans were performed on either a Phil-
ips 1.5-Tesla Ingenia S or a PHILIPS 3-Tesla Inge-
nia Elition X scanner using body or phased-array
coils, without the use of intravenous paramagnetic
contrast agents or instillation contrast into the fis-
tulous tracts. No patient preparation was required
prior to the scan. T2-weighted high-resolution MRI
sequences, with and without fat suppression, using
small field of view in sagittal, oblique axial, and
oblique coronal planes with respect to the anal ca-
nal axis were used to document the MRI findings in
a structured proforma. The detailed list of our MR
fistulogram protocol is in Table 1.

Operative/surgical findings were considered
as the gold standard to assess the accuracy of the
following MRI parameters: 1. Fistula Type: Clas-
sified using both the Parks classification [13] and
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Table 1. MR fistulogram sequences

Slice thickness, Slice gap, TR/TE, Flip angle, Field of view,
MRI sequences mm mm ms degree cm
1.5T 3T 1.5T 3T 1.5T 3T 1.5T 3T 1.5T 3T

T2 STIR axial 4 3.7 0 0.4 5300/75 5100/80 90 90 22 %22 23 %23
T2 STIR coronal 4 3.5 0 0.4 2200/60 5000/80 90 90 20%20 25x25
T2 STIR sagittal 4 4 0 0.4 2200/60 4700/80 90 90 20x20  25%25
3D T2 FS axial 2 1.2 0 0 1300,/200 1500/152 90 90 34 %34 2828
DWI axial 4 4 0 0.8 4000/105 4900/79 90 90 26 %26 24 %24
T2 TSE axial 4 3.7 0 0.4 3600/100  4600/100 90 90 20x20  23x23
T2 TSE coronal 4 3.5 0.5 0.4 5300/100  4600/100 90 90 20%20 25%25
T2 TSE sagittal 4 3 0 0.3 3100/110  3600/100 90 90 20x20  25%x25
T13D mDIXON 2 2.5 0 0 5900/0 4900/0 10 10 35%35 32x32

St. James University Hospital classification [12]
systems 2. Internal Openings: Number and clock
position, and craniocaudal level (low anal canal,
mid anal canal, high anal canal or rectum) 3. Exter-
nal openings: Number and clock position. Addition-
al MRI parameters assessed were: 4. Puborectalis
sling involvement 5. Secondary tracts/extensions
6. The presence and location of fluid collections
7. Involvement of adjacent organs (urinary bladder,
urethra, external genitalia, etc.). There was miss-
ing data in a few patients, as their surgical notes did
not include information regarding some of the fis-
tula parameters that we were trying to assess. The
concordance rate in such instances was calculated
by including only those patients with paired data
available. We also documented the presence of any
other compelling evidence of co-existing inflamma-
tory bowel disease from the patient’s EMR or other
available imaging from PACS and any evidence of
tuberculosis from the histopathological examina-
tion of the excised fistulous tract, when available.
In patients with two or more fistulous tracts, the
highest grade of St. James classification applicable
to the patient was assigned; the rest of the details
of each fistulous tract were documented separately.
In cases where the internal opening was not visu-
ally apparent in the anal mucosa, its location was
inferred based on the clock position and craniocau-
dal level where the fistulous tract penetrated the
internal sphincter. Clock positions of the internal
and external openings from MRI and surgery were
considered concordant when they matched or were
within one clock hour of each other. Every attempt
was made to document the same details assessed
during the surgery; however, in the event of one

28

or more missing details in the operative notes, the
same parameter was excluded from analysis. When
internal openings were not visible during the sur-
gery, hydrogen peroxide was injected into the tract
via the external opening to assist in identification.
For the purpose of our study, the craniocaudal level
of internal opening was categorized as low anal ca-
nal when the opening was seen at or below the in-
ferior edge of the internal sphincter. The rest of the
upper anal canal was arbitrarily divided into equal
upper and mid thirds in order to be able to compare
MRI and clinical findings. Clinically, the level of in-
ternal opening was documented as ‘low’ when it was
at or below the dentate line. Above the level of the
dentate line, the anal canal was arbitrarily divided
into equal upper and mid thirds — equated to ‘high’
and ‘mid’ anal canal on MRI. Patients were also
broadly grouped into simple and complex fistulas
in this study, the latter characterized by the pres-
ence of one or more of the following features: high
transsphincteric tract, involvement of puborectalis,
supralevator extension or rectal involvement, asso-
ciated fluid collections, multiple fistulous tracts, in-
volvement of >30 % of the anal sphincter complex,
coexisting tuberculosis, or Crohn’s disease.
Statistical Analysis: Continuous and categorical
data were described in terms of mean, frequencies
(number of cases), and relative frequencies (per-
centages), as appropriate. MRI accuracy in predict-
ing fistula type, number, clock position, and the cra-
niocaudal level of internal opening was expressed as
percentage concordance with surgical findings and
also measured using the weighted kappa coefficient
() with a 95 % confidence interval (CI). The de-
gree of agreement was classified as slight agreement
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Table 2. Demographics and clinico-radiological
profile (n=236)

Indicator Value
Age, years (mean (min—max)) 41.7 (7-78)
Male 211 (89 %)
Female 25 (11 %)
Etiology of fistula
Cryptoglandular 221 (93.6 %)
Crohn’s disease 5(21%)
Tuberculosis* 4(1.7%)
Trauma 4(1.7%)
Immunosuppression 2(0.8%)
(bone marrow transplant)
Recurrent fistula 56 (23.7%)
Single fistula 211 (89.4 %)
Multiple fistula 25 (10.6 %)
2 tracts 23
3 tracts 1
4 tracts 1
Secondary tracts o
(information is available for 186 patients) )
Abscess 72 (30.5%)
Ischioanal fossa 36
Intersphincteric 25
Supralevator 1

* Confirmed on histopathology of the excised fistulous tracts.

(0.01<x<0.20), fair (0.21<x<0.40), moderate
(0.41<x<0.60), substantial (0.61<x<0.80), or al-
most perfect (k > 0.81). All the analyses were per-
formed using the statistical package IBM SPSS
23.0 (SPSS, USA).

Results and discussion

A total of 423 MR fistulograms were performed in
our Radiology department over 1 year for evalua-
tion of perianal fistula. After excluding patients
with duplicated imaging (n=19), those who did
not undergo surgery in our institute (n=127),
underwent surgery more than a month after MRI
(n=14), or had no fistula or alternate diagnosis on
MRI (n=27), a total of 236 patients were included
in our final analysis with a mean age of 41.7 years
and the majority being males (211, 89 %), which
is consistent with available literature [15, 20, 22].
The demographic and clinico-radiological profile of
these patients is given in Table 2.

The overwhelming majority of our study patients
were thought to have cryptoglandular perianal
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fistula; etiology was attributable to tuberculosis or
Crohn’s disease (Fig. 1) in less than 4 % of subjects,
consistent with previous reports [16]. Despite the
majority of our patients having cryptoglandular
fistulas (93.6 %), more than half had complex fistu-
las (63.6 %) (Fig. 2). This is somewhat higher than
the reported prevalence of complex fistulas in other
studies [4, 9, 22] which can be explained by the re-
ferral bias in a tertiary care setting like our institu-
tion, which tends to attract a higher proportion of
complex cases. Approximately a quarter of our pa-
tients (23.7 %) had a history of prior fistula surgery
and were presenting with recurrent perianal disease.

The most common type of fistula seen on both
MRI and surgery was transsphincteric followed
by intersphincteric types, and St James Grade III
followed by Grade IV fistula (Table 3). Although
intersphincteric fistula is the most frequently en-
countered in clinical practice, [12] transsphincteric
fistula remains the predominant type identified on
MRI, reflecting the inherent selection bias in all im-
aging-based studies, especially in a tertiary referral
care centre [2, 14].

Abscess associated with perianal fistula was seen
in 72 patients (30.5 %), half of whom were in the
ischioanal fossa. Puborectalis muscle involvement
was observed in 54 patients (22.8 %). Ten patients
had fistulous tracts extending into adjacent organs,
including the urethra (n=1), penile shaft (n=2),
scrotum (n=4), prostate (n=1), vagina (n=1),
and inguinal region (n=1).

Identification of fistula location and associated
complications before surgery is crucial for appropri-
ate surgical management and to minimize recurrence
[11]. In our study, MRI accurately depicted the pri-
mary fistulous tract (both Parks type & St. James
grade), clock position of internal and external open-
ings, and presence of secondary tracts and abscess-
es with almost perfect agreement (x ranging from
0.88 to 0.98) between MRI and surgical findings
(Tables 3, 4). There was substantial statistical agree-
ment (k=0.72) between MRI and surgical findings
for the craniocaudal level of internal opening as well.
Despite a reasonably high concordance (> 70 %) be-
tween MRI and surgery in identifying the number
of internal and external openings, there was only
moderate statistical agreement (x=0.51-0.56).
This could be explained by the fact that one cannot
always visualise the sinus opening itself on the skin
or mucosa despite accurately localising the fistulous
tract on MRI due to inflammation and swelling. In
some long-term fistulas, the internal opening may be
cicatrized, making its identification very challenging
on MRI [19]. Moreover, when an internal opening
is not directly visualised on MRI, its location may
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Figure 1. 21-year-old woman with fistulizing Crohn’s disease and complex branching high trans-sphincteric
fistula. T2w axial MR images above the level of puborectalis (A), upper anal canal (B) and lower anal canal
(C) demonstrating a nearly circumferential fluid tract/collection (black arrows) encircling the outer
aspect of the anal sphincter complex and involving external sphincter muscle fibers, extending from the
1 to 8 o’clock position (A, B) at the upper anal canal and puborectalis level and from the 10 to 6 o’clock
position at the lower anal canal level (C). Few blind-ending branching tracts are seen at 11 and 1 o’ clock
positions (white arrows in C). Craniocaudal extent of the tract and the external opening in the left
gluteal region are well depicted in the T2w coronal image (D). The horseshoe-like extensions of the tract
around the anal canal are depicted in the coronal T2w images at the level of the low anal canal (white
arrow in D) and upper anal canal (white arrow in E). Sagittal CT image (F) of the same woman showing
small bowel involvement by Crohn’s disease with thickened and clumped ileal loops in the pelvis and
ileovaginal fistula (black arrow) resulting in air in the vaginal lumen (*). She underwent EUA with
drainage of collection and seton insertion and received antibiotics followed by Biologics

Figure 2.36-year-old man with a complex branching anterior fistula-in-ano. T2w (A) and T2 Fat suppressed (B)
sagittal MRI depicting the long anterior tract leading to the external opening in the scrotum (1), its branches
in the perineum (2), and an anterior intersphincteric abscess (3). T2w axial MRI (C) depicts the defect in
the internal sphincter with a potential internal opening at the 12 o’ clock position (4) of the upper anal
canal. Examination under anaesthesia showed a high anterior intersphincteric fistula with an external
opening at the 1 0’ clock position at the base of the scrotum, an internal opening at the 12 o’ clock position
3 cm above the anal verge, and an intersphincteric abscess, which was drained along with partial
fistulectomy and seton insertion
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Table 3. MR and surgical classification of perianal fistula

Indicator MRI Surgery Concordance x (95 % CI)
Parks (n = 264)
Intersphincteric 70 (26.5%) 67 (25.3%)
Transsphincteric 169 (64 %) 172 (65.1 %) 98.9% 0.97 (0.95-1)
Suprasphincteric 13 (4.9%) 13 (4.9%)
Extrasphincteric 12 (4.5%) 12 (4.5 %)
St James (n = 236)
Grade I 43 (182%) 41 (17.3%)
Grade IT 16 (6.8%) 15 (6.3%)
7% ! 96—1
Grade 111 83 (35.1%) 85 (36 %) 9BT% 098 (096-1)
Grade IV 69 (29.2 %) 70 (29.6 %)
Grade V 25 (10.5%) 25 (10.5%)
Simple 86 (36.4 %) 83 (35.1%)
98.7% 0.98 (0.96—1
Complex 150 (63.6%) 153 (64.8%) & ( )
Table 4. Concordance/agreement between MRI and surgical findings
Patients with surgical and o
Index MRI details available Concordance K (95 % CI)
Number of external openings 232 166 (71.6 %) 0.51 (0.4-0.62)
Clock position of external opening 205 173 (84.4 %) 0.94 (0.91-0.97)
Number of internal openings 226 171 (75.7%) 0.56 (0.45—0.66)
Clock position of internal opening 187 156 (83.4 %) 0.93 (0.88—0.96)
Level of internal openings 169 139 (82.2%) 0.72 (0.63-0.81)
Secondary tracts 186 175 (94 %) 0.88 (0.81-0.94)
Abscess 236 233 (98.7%) 0.98 (096-1)

be inferred based on where the tract is seen involv-
ing the internal sphincter (as explained in the Meth-
odology section); this is an indirect and less reliable
way of assessment compared to the real-time visu-
alisation of the internal or external openings during
surgical exploration and taking advantage of hydro-
gen peroxide injection into the tract to assist in the
identification of the internal opening.

We acknowledge the limitations in our study, in-
cluding its retrospective nature, which may have
resulted in missing data. In our institute we do not
routinely administer I. V. Gadolinium for MRI, which
arguably may have the advantage of identifying some
secondary tracts and tiny abscesses that may be
missed on non-contrast MR fistulogram [1, 3, 7].

Advantages of our study include a large sample
size with a high proportion of complex fistulae and
head-to-head comparison between multiple find-
ings documented both on MR fistulogram and
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surgical notes. We identified the MRI parameters
that are highly reliable or concordant with surgery
and listed some parameters that are less reliably de-
picted on MRI. Specifically, the ability of MRI to
visualize soft tissues and delineate the course of fis-
tulas and associated extensions makes it a valuable
tool for surgical planning. For example, identifying
supralevator extensions preoperatively is crucial, as
these can be easily missed during EUA [10].

Our head-to-head comparison between MR fis-
tulogram and surgical findings helps highlight the
reliability of preoperative MRI in depicting the
morphology of complex fistulas. Most importantly,
there was complete concordance between MRI fea-
tures and surgical findings in terms of classifying the
type of sphincter involvement, detecting abscesses,
and identifying supralevator extension.

MRI is highly effective in classifying sphincter
involvement, detecting abscesses, and identifying
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supralevator extensions in anal fistulas. Studies
have shown that MRI has a high sensitivity and
specificity for identifying these features, often out-
performing physical examination under anaesthesia.

Conclusions

Non-contrast MR fistulogram, with its excellent
soft tissue resolution, accurately depicts the type
of fistula-in-ano, the clock position of internal and
external openings, the presence of any complicating
features including secondary tracts, and the pres-
ence and location of abscesses with almost perfect
agreement between MRI and surgical findings.
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BignosigHicTh Mizk MPT 6€3 KOHTPACTYBAHHSA T4 PE3YABTATAMHU
IHTpaoNEPALIMHOI OIiHKH IIPU HOPUIIAX IPAMOL KUIIIKHU
C. Haiiny, T. IlyrTa

ABiiiChKIIA IHCTUTYT TaCTPOEHTEPOJIOTII, JiKkapHs Asificbkoro iHcTuTyTy ractpoenteposorii, Xaiigapabaz, Inzmis

Hopuiis npssMOi KMIIKU — 1€ aHOMAJIBHE CIIOJIYYCHHS MDK aHAJIbHUM KaHAJIOM 400 MPSMOIO KUIIIKOO T4 MIKi-
POIO NEPIAHAIBHOIL IUIIHKHY, SIKE 3[4€OUIbIIOIO BUHUKAE BHAWIJOK 1H(IKYBAHHS aHAJIBHUX 34103, KiiHiuHe
OOCTEXEHHS JJA€ IIEBHY iH(POPMALLilO, AJI€ MATHITHO-PE30HAHCHA (picTynorpadist € HEOOXiJHOIO VI ICTAIBHOT
Bigyastizartii Ta 3MEHIIEHHA YACTOTH IiCJIAONEPALINHUX PELINNBIB.

Mera — OLiHUTH BiIIOBiIHICTL MK PE3YABIATAMU JOONEPALIMHOI MATHITHO-PE30OHAHCHOT (icTynorpadii
6€3 KOHTPACTYBAHHSA TA OL{HKOIO iHCTPAONEPALIMHO 3 YPAXYBAHHAM THUITY HOPULLi, BHYTPIiIlIHLOI'O Td 30BHIIII-
HbHOI'O OTBOPIB, KPAHIOKAYJAJILHOI'O PiBHA BHYTPIIIHIX OTBOPIB, HAABHOCTI BTOPUHHUX XO/IB i JIOKaIi3a1Lil
BTOPUHHUX a0CILIECIB.

Martepiagqu Ta MeTOFH. PETPOCIIEKTUBHO TPOAHAIIZOBAHO JaHi 236 MAIEHTIB i3 HOPUIIMH, SKUM GYIIO
BUKOHAHO MAarHiTHO-PE3OHAHCHY (DiCcTyI0rpadiio Ta nogaibiie Xipypriyie JiKyBaHHs 3 iHTepBaJIoM Bif 1 mic
J10 1 poKy. MarHiTHO-pE30HAHCHI (PiCTyIOrpaMu Oy/IU PO3ITITHYTI JOCBITYEHUM PA/Ii0IOTOM, IKUE HE OYB IMOiH-
(HOPMOBAHUI IOAO PE3YIBIATIB XipypriyHoro JiKyBaHH:A. OLiHIOBAIN TAKi IAPAMETPU: TUIT HOPULI (34 KJIACU-
dixauiamu ITapkca, sikapai Cenr-/Kermca — IpoCTa Yu CKIaIHA), KUIBKICTD i pO3TAlTyBAHHA BHYTPIIIHIX Ta
30BHIIIHIX OTBOPIB, KDAaHIOKAYAAIbHUH PiBEHb BHYTPILIHIX OTBOPIB Ta 3AIy4EHHS IOOKOBO-IIPIMOKUIIIKOBOTO
M’5134, 4 TAKOXK (32 HAABHOCTI) BTOPUHHI XOJU I JIOKAIi3a11i10 a6CLeciB. BinnoBigHicTe MK pesynsraramu MPT Ta
OLIIHKOIO {HCTPAONEePaALiiHO BUSHAYAIM 34 JOIIOMOI'OIO BiZJCOTKA Y3I'OPKECHOCT] Ta KoedillieHTa K.

PegynbraTi. CepeHii BiK Nalli€HTiB JOCTIAHOI IPYIIH CTAHOBUB 41,7 POKY, OUIBIIICTD i3 HUX Oy/IH 4OJIOBiKa-
Mu (89 %), eTionorist — KpUnToreHHoo (93,6 %). HalmommupeHImmM THIIOM HOPHIL 6y/1a TpaHCChIiHKTEpHA
uHopuiis (64 %). CKaHi HOpHIIi criocTepiranucs y 63,6 % mariieHTiB, BTOPUHHI HOPHIL, A6CIIECH 260 MHOMKHH-
Hi HOpHLi — Yy 45 %, 30,5% Ta 11 % BiINOBIAHO. YCTAHOBICHO MAlDKE IIOBHY BiIIOBIAHICTb MUK PE3Y/IBIATAMU
MAaTHITHO-PE30HAHCHOI (picTymorpadii Ta OLiHKOIO iHTPAONEPALIHHO MO0 BU3HAYEHHS THUITy HOPUIL, PO3-
TAIIyBAHHSA BHYTPIIIHBOT'O T4 30BHIIIHBOIO OTBOPIB 31 YMOBHHUM HHU(DEPOHIATOM, HAIBHOCTI BTOPHHHUX XO/IiB
inmokanizanii abcuecis (k 0,98, 0,93, 0,94, 0,88 Ta 0,98 BiANOBIIHO), 3HAYHY BiATIOB{THICTD /11 KPAHIOKAY/AAIbHO-
'O PiBHA BHYTPIIIHBOI'O OTBOPY (k=0,72) Ta IIOMipHY BiIIIOBIIHICTb — IOA0 KiIBKOCTi BHYTPIIIHIX T4 30BHIIIHIX
otBopiB (k=0,56 T2 0,51 BiIIOBIIHO).

BHCHOBKH. MarHiTHO-pe30HaHCHA dicTynorpadist 6€3 KOHTPACTYBAHHS 326€3I1€Uy€ BiIMIHHY PO3/IUIbHY 37AT-
HICTh M'AKHUX TKAHWH, TOYHO BiJOOPAXKYE THUI HOPHII NIPAMOI KUAIIKH, TJOKAII3ALI{I0 BHYTPIIIHIX T4 30BHIIIHIX
OTBOPIB, 4 TAKOK JIA€ 3MOT'Y BUBHAYNTH HAABHICTb Oy/Ib-SIKUX YCKIJHEHD i3 MArKe OBHOIO BiJIITOBIIHICTIO MizK
JanmuMu MPT Ta pe3ynsraTaMu OLIiHKH iHTPaoneParifiHo.

Kiro4oBi cioBa: HOPUIS IIPSAMOI KHIIKH, IIEPiaHAIbHA HOPHI, KPUITOIVIAHAY/ISIPHA HOPUILLS, MAI'HITHO-
pe3oHaHcHA (icTynorpadis, CkiaiHa Hopulg, kiacudikaris [Tapkca, kacudikanis Jlikapni Cesaroro [xerMca.
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OBJECTIVE — to identify clinical, laboratory, and imaging predictors for open necrosequestrectomy in patients
with acute infected necrotizing pancreatitis (AINP).

MATERIALS AND METHODS. A retrospective cohort study involving 188 patients with local AINP complications
was conducted in a specialized surgical department from 2018 to 2023. All patients had ultrasound-guided
percutaneous drainage. Patients were divided into two groups based on the effectiveness of ultrasound-guided
minimally invasive surgery (MIS): those receiving ultrasound-guided MIS as a definitive treatment and those
undergoing ultrasound-guided MIS combined with open necrosequestrectomy. Clinical severity, CT index,
comorbidities, laboratory parameters, and bacteriological culture results were analyzed. Statistical significance
was assessed using the t-test, x? test, and odds ratio (OR).

Resurrs. Ultrasound-guided MIS was an effective definitive treatment in 127 (67.5 %) patients. Open surgery
was required for 61 (32.4 %) patients. Statistically significant risk factors for resorting to open surgery included
adense tissue component in the drainage area (OR=0.08), hemorrhagic effusion (OR=0.07), hypoalbuminemia
(OR=0.09), anemia (OR=0.16), platelet abnormalities (OR=0.13), and early laparotomy (OR=0.09). Mortality
in the ultrasound-guided MIS group was 9.6 %, whereas in the open surgery group it was 29.5 % (p<0.05).

Concrusions. Ultrasound-guided minimally invasive drainage procedures are an effective and safe treatment for
the majority of patients with infected necrotizing pancreatitis. The identified clinical and laboratory predictors
serve as indications for open surgery.

KEYWORDS
acute necrotizing pancreatitis, infected necrosis, percutaneous drainage, ultrasound guidance, minimally inva-
sive surgery.
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Acute necrotizing pancreatitis (ANP) poses a signifi-
cant challenge to healthcare systems in the United
States and Europe, as the incidence of affected indi-
viduals is steadily rising, accompanied by numerous
complications and high mortality rates [13]. Approxi-
mately 300,000 individuals are admitted to emer-
gency departments in the United States annually due
to acute pancreatitis [11]. From 1964 to 2016, North
America and Europe observed an annual increase of
about 3% in this disease [11, 12]. The incidence of
acute pancreatitis in Ukraine is 6.70—6.95 per 10,000
individuals. In the last two decades, acute pancreatitis
has consistently ranked second in prevalence among
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acute surgical pathologies of the abdominal cavity,
with an overall mortality rate ranging from 4.5 % to
15.0 % [1]. Many clinics around the world report that
10 to 20 % of patients with acute pancreatitis experi-
ence pancreatic necrosis, which represents a signifi-
cant challenge in modern emergency pancreatology
[8, 14]. Infection of necrotic foci in the pancreas and
retroperitoneal region occurs in 40 to 70 % of patients,
correlating with a mortality rate of up to 20 % [23].
The introduction of ultrasound-guided minimal-
ly invasive surgery (MIS) has greatly influenced
the management of acute necrotizing pancreatitis,
allowing the deferral of traditional open surgery.
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The fourth week of the disease is considered op-
timal for initiating surgical intervention, typically
conducted during the phase of walled-off necrosis
(WON) [9].

In 2010, the PANTER study findings revealed cer-
tain advantages of a step-up strategy for the surgical
management of patients with ANP prior to laparoto-
my. The research demonstrated a decrease in complica-
tion rates, including organ failure, from 40 % to 12 %,
and a reduction in the mortality rate from 19 % to 16 %
[22]. A follow-up of 73 patients over 86 months con-
firmed the advantages of the step-up approach [11].

To reduce the surgical risk in necrotizing pan-
creatitis, the implementation of minimally invasive
surgical techniques is widely supported, including
video-assisted endoscopic surgery, ultrasound-guid-
ed puncture drainage, minimal access surgery, and
endoscopic interventions [12]. A systematic review
of 11 studies assessing the effectiveness of minimally
invasive drainage as the primary treatment for nec-
rotizing pancreatitis revealed that 55.7 % of patients
benefited from this approach without necessitating
supplementary open necrosectomy.

Numerous literature sources presently emphasize
the choice of method, type, and timing of surgical in-
tervention in the context of infectious complications
of necrotizing pancreatitis, along with the determina-
tion of the appropriate timing for open surgery [14].
It is advised that in cases of confirmed infected pan-
creatic necrosis, open surgery should be deferred for at
least 4 weeks after the onset of acute pancreatitis [ 15].

Upon analyzing the literature, it can be stated
that traditional open necrotectomies have been
overshadowed by minimally invasive techniques.
The effectiveness of the latter has been demon-
strated through randomized controlled trials. The
advantages of minimally invasive necrotectomies
include lower complication rates, cost effectiveness,
and reduced mortality. Literature indicates that
35-55 % of patients with infected localized necrosis
can be effectively managed only using transcutane-
ous or endoscopic drainage [12, 14].

Table 1. Distribution of patients with ANP who
required ultrasound-guided MIS due to local
complications, by severity

MIS +

Severit; MIS* necrosectom Total

Y (=127) (n=61) Y (n=188)
Moderate 102 (80.3 %) 48 (78.7%) 150 (79.7 %)
Severe 25 (19.7 %) 13 (21.3%) 38 (20.2%)

The difference between the groups is statistically insignifant
(p = 0.09; y? criterion).
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Our study identified risk factors that may neces-
sitate an additional treatment stage for purulent-
necrotic processes in patients with acute infected
necrotizing pancreatitis.

OgjECTIVE — to identify clinical, laboratory, and vi-
sual predictors for open necrosectomy in patients with
acute necrotizing pancreatitis complicated by puru-
lent-necrotic processes in the retroperitoneal tissue.

Materials and methods

An analytical retrospective cohort study was con-
ducted. Between 2018 and 2023, 188 patients with
local ANP complications received treatment in the
Specialized Hepatopancreatobiliary Department
of the Kyiv City Clinical Hospital of Emergency
Medicine, specifically in the Department of Surgery
No. 2. Local complications manifested as fluid accu-
mulations in the omental bursa and retroperitoneal
space, requiring ultrasound-guided MIS.

The study included 86 (45.7%) women and
102 (54.3 %) men aged 18 to 73 years.

The patients were divided into two groups. The
first group consisted of 127 patients who underwent
ultrasound-guided MIS as a definitive treatment.
In contrast, the second group comprised 61 pa-
tients who received ultrasound-guided MIS supple-
mented with necrosectomy if the initial treatment
proved unsatisfactory.

An analysis of odds ratios was conducted for sev-
eral binary characteristics, calculating the OR, 95 %
confidence interval (CI), and p-value.

On admission to the emergency department, pa-
tients were examined in accordance with the stan-
dard of care for patients with urgent surgical condi-
tions of the abdominal cavity (Order of the Minis-
try of Health of Ukraine No. 297 of 02.04.2010) [1].
All patients were subjected to clinical blood and
urine tests, biochemical tests, blood coagulation
system tests, and endotoxicosis markers. Abdomi-
nal ultrasound, chest and abdominal radiography,
esophagogastroduodenoscopy, spiral computed
tomography, morphological analysis of pancreatic
samples obtained intraoperatively, and bacteriolog-
ical analysis of effusion from the abdominal cavity
and retroperitoneal region were among the instru-
mental examinations.

The severity of ANP in patients with local com-
plications was assessed using widely accepted scales
based on the Atlanta classification, which was re-
vised in 2012 (Table 1).

169 (89.9 %) patients with moderate to severe
acute necrotizing pancreatitis required hospitaliza-
tion in the general intensive care unit (ICU). The
remaining 19 (10.1 %) patients were admitted to
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the ICU after 19.0 + 4.3 hours of hospitalization due
to unsuccessful conservative therapy and increased
intoxication. The characteristics of the patients are
given in Table 2.

In the early stage of the disease, patients with
ANP in the ICU received care in accordance with
the therapeutic guidelines and protocols of the Kyiv
City Clinical Hospital of Emergency Medicine [1].

Table 2. Characteristics of patients with ANP

All patients with ANP and local complications,
including acute post-necrotic fluid accumulations
in different parts of the retroperitoneal tissue (left
and right paracolic spaces, omental bursa, pelvic tis-
sue, parapancreatic fluid collections, and mesentery
of the transverse mesocolon), were treated accord-
ing to a step-up approach. Initially, ultrasound-
guided MIS was performed. Two techniques were

Indicator

MIS + necrosectomy

MIS (n=127) (n=61) p

Age, years (M £SD) 43.6+5.1 452+7.3 0.074*
Body mass index, kg/m? (M = SD) 24.2+2.0 26.5+3.4 0.001*
Severity of the condition on admission (Bisap score, M £ SD) 31+1.1 45+1.0 0.001*
Etiology

Biliary 11 (8.6%) 2(3.2%)

Alimentary 91 (71.7%) 49 (80.3%) 0.304*

Idiopathic 25 (19.7%) 10 (16.4 %)
CT severity index

<50% 109 (85.8%) 46 (75.4%) 0.079*

>50% 18 (14.2 %) 15 (24.6 %)
Time from diagnosis to ultrasound-guided MIS in the *
retroperitoneal region and omental bursa, days (M = SD) 221%45 lazea W
Comorbidities

Cardiopathology 14 (11.02%) 11 (80.03 %) 0.185¢

Lung pathology 8(6.3%) 9 (14.8%) 0.058*

Kidney pathology 6 (4.7%) 8 (13.1%) 0.040%
Bacteriological culture result

Positive 43 (33.9%) 61 (100 %) 0.001%

Negative 84 (66.1 %) 0
Microbiology, infected forms

E. coli 21 (48.8%) 42 (68.9 %) 0.001#

Klebsiella pneumonie 5(11.6%) 6(9.8%) 0.107#

Acinetobacter spp. 4(31%) 2(3.3%) 0.962#

Pseudomonas aureginosa 6 (4.7%) 5(82%) 0.342%

Microbial associations 7(16.3%) 6(9.8%) 0.274%
One-time minimally invasive drainage 55 (43.3%) 10 (16.4 %) 0.000#
Two or more repeated minimally invasive drainages 72 (56.7 %) 51(83.6%) 0.000#
Number of drained peritoneal areas (M = SD) 23%+1.0 31£20 0.182¢
Complications of minimally invasive drainage techniques

Bleeding 3(27%) 7(115%) 0.014%

Perforation of a hollow organ 5(39%) 1(1.6%) 0.665%
Length of hospital stay, days 53 (36—70) 88 (61—114) 0.000%
Mortality 12 (10.3%) 18 (29.5%) 0.000%

Note. * t-test; # y 2 test (Fisher’s exact test for n < 5); & Mann—Whitney test.
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employed for ultrasound-guided MIS: the two-
stage Seldinger technique and the trocar technique.

After detecting fluid accumulation in the retro-
peritoneal region, the Seldinger technique involved
inserting an 18G Chiba needle into the target area
with ultrasound guidance. After fluid aspiration,
the outer sheath was advanced, and the core wire
was removed. A guidewire of 0.035 or 0.038 inches
was inserted into the needle’s inner lumen, creat-
ing a ring within the cavity. The outer sheath was
removed above the guidewire, and the canal was
gradually dilated from 9 to 16 Fr. In patients un-
dergoing the two-stage Seldinger technique, stan-
dard dilators were used in 2 Fr increments up to
the final catheter size. The chosen catheter was ad-
vanced over the guidewire, ensuring all side holes
were within the cavity before the guidewire was re-
moved. A drainage bag was attached to the catheter.
This technique allows maneuvering the guidewire
accurately until the catheter is introduced. The dis-
advantages include a longer procedure time than in
the trocar technique, guidewire kinking issues, and
fluid leakage around the guidewire during needle
or dilator withdrawal. For the two-stage drainage
employing the Seldinger technique, 9—20 Fr direct
drains were used.

The trocar technique involved mounting the
catheter on a stylet or trocar without dilation. As
a rule, the one-stage trocar technique was per-
formed with 9—12 Fr pigtail catheters (Cook Medi-
cal USA, Balton Poland, Kamed Ukraine). After
localizing the cavity and administering local anes-
thesia, the catheter was inserted into the fluid ac-
cumulation. The pigtail was deployed after being
properly placed for fluid aspiration and ultrasound
visualization, and the drainage bag was attached to
the catheter. The benefits of this technique include
faster catheter placement due to fewer steps and less
fluid leaking along the canal.

All patients with acute pancreatitis exhibiting lo-
cal complications required ultrasound-guided mini-
mally invasive percutaneous drainage for fluid col-
lections in the retroperitoneal compartments during
the initial therapy phase. Two-stage drainage with
the Seldinger technique was employed in 62 patients
(32.9%), while one-step catheter placement using
the trocar approach was performed in 31 patients
(16.5%). In the remaining cases, the approaches for
drainage catheter placement involved a combination
of Seldinger drainage and trocar (one-step place-
ment), contingent upon the clinical circumstances
and anatomical location of the fluid accumulation
inside the retroperitoneal compartments.

In 22 patients (11.7 %), damage to a segment of
the retroperitoneal tissue was identified. In 19 cases,

General Surgery 3azansuaxipypeis © 2025 ¢ Nel (12)

Y. M. Susak, O. O. Dyrda

a post-necrotic fluid collection was observed in the
left paracolic gutter, while in the remaining cases, it
was located in the parapancreatic tissue adjacent to
the omental bursa. In 48 (25.5 %) patients, damage
was identified in two retroperitoneal areas. In these
cases, postnecrotic fluid accumulations were noted
in the left paracolic gutter, the omental bursa, and
the retroperitoneal tissue within the small pelvis.
Damage to three retroperitoneal areas was noted in
87 (46.2 %) patients, with postnecrotic fluid collec-
tions found in the parapancreatic tissue, right and
left paracolic gutters, omental bursa, and retroperi-
toneal tissue within the small pelvis. In 31 (16.4 %)
patients, damage to over three retroperitoneal tis-
sue compartments was discovered.

Results

Ultrasound-guided percutaneous MIS was used as
the final stage of surgical treatment in 127 (67.5 %)
patients. Bacteriological findings indicated fluid
collections in 62 (48.8 %) patients. Between 2 and
5 drainages were used, progressively increasing the
diameter to 20 Fr with the implementation of flow-
ing drainage. The application of ultrasound-guided
percutaneous minimally invasive surgical tech-
niques for the definitive draining of fluid collections
with positive bacteriological culture results led to
a fatal outcome in 6 (9.6 %) patients (Figure).

In 65 (51.2 %) patients with ANP who under-
went minimally invasive interventions, culture
findings were negative after fine-needle aspiration
for fluid accumulation in the retroperitoneal tis-
sue. The indications for puncture and drainage of
fluid collections in the retroperitoneal spaces and
the omental bursa during the sterile course of ANP
included progressive infiltration of the retroperi-
toneal space with pancreatic exudate, severe pain
syndrome, compression of adjacent organs, and the
onset of abdominal compartment syndrome. In 8
cases, diagnostic puncture of the fluid accumulation
in the retroperitoneal tissue and the omental bursa
yielded a cloudy hemorrhagic exudate with necrotic
tissue content. In 3 cases, purulent material devoid
of odor was recovered. These 11 cases were identi-
fied as instances of infected ANP, and the negative
microbiological culture results could be attributed
to a laboratory error. The remaining patients had
a sterile course of ANP. In patients with negative
bacteriological culture results, good outcomes were
observed in 60 (92.3 %) individuals following the
drainage of fluid collections. The indications for the
use of ultrasound-guided MIS in the sterile course
of ANP included the progressive spread of pan-
creatic exudate within the retroperitoneal space,
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Fluid collections that required MIS*

N=188
| |
MIS MIS +
as a definitive necrosectomy
treatment
N=127 N =61
(67.5%) (B24%)
l l l
Positive Negative Positive
bacteriology bacteriology bacteriology
results results results
N=62 N=065 N =61
48.8%) 61.2%) (100 %)

l l l

Figure. Treatment outcomes for ANP patients with
local complications requiring ultrasound-guided
minimally invasive correction of fluid
accumulations in the retroperitoneal tissue

accompanied by symptoms of intoxication, the on-
set of compartment syndrome, and the compres-
sion of adjacent organs and tissues resulting in pain
syndrome. The mortality rate was 7.6 % (5 cases).
The cause of mortality was a concomitant pathol-
ogy that substantially exacerbated the progression
of the primary disease.

In 61 (34.2 %) patients, ultrasound-guided mini-
mally invasive techniques for local complications
of ANP were ineffective. In these patients, open

surgical treatment approaches were employed after
an average of 24 =3 days, which included open ne-
crosectomy with end-to-end draining of the necrot-
ic areas in the retroperitoneal tissue and pancreatic
bed. Ultrasound-guided minimally invasive proce-
dures as the initial stage of surgical treatment for
patients with local complications of ANP and sub-
sequent open necrosectomy resulted in 18 (29.5 %)
fatal outcomes and 43 (70.4 %) recoveries. We iden-
tified the factors that influenced the choice and
scope of surgical techniques for patients with infec-
tious complications of ANP (Table 3).

When analyzing the obtained indicators, it was
found that the presence of a number of clinical and
laboratory indicators is statistically significantly as-
sociated with an increased probability of the need
for laparotomic necrosectomy after minimally inva-
sive surgery (MIS).

In particular, a dense tissue component in the
drainage area 10 =3 days after ultrasound-guided
MIS significantly increased the probability of tran-
sition to open surgery (OR 0.08;95 % C10.03—0.20;
p<0.001). A similar association was established for
hemorrhagic effusion in the abdominal cavity dur-
ing laparocentesis (OR 0.07; 95% CI 0.03-0.18;
p<0.001).

Platelet counts outside the reference range
(> 400,000/mm? or <150,000/mm?®) were also
significantly associated with the need for a more
aggressive surgical approach (OR 0.13; 95% CI
0.05-0.36; p<0.001). Similar results were obtained
for low albumin values (less than 55 g/l) — OR
0.09 (95% CI 0.03-0.29; p<0.001), as well as he-
moglobin (less than 110 g/1) — OR 0.16 (95 % CI
0.07-0.39; p<0.001).

Table 3. Factors influencing the choice of surgical techniques for patients with infected necrotizing

pancreatitis
MIS as a definitive MIS +
Factor treatment for infectious necrosectomy OR (95 % CI)
complications (n = 62) (n=61)

Presence of a dense tissue component in the drainage area

10 + 3 days after ultrasound-guided MIS 9 (14.5%) A1(672%) 0.08 (0.03-0.20)
Diagnostic laparotomy within the first 7 days of the disease 1(1.6%) 9 (10.1%) 0.09 (0.01-0.77)
Platelet counts >400,000/mm? o o

or <150,000/mm? (at the time of MIS) 6(96%) 27 (44.7%) 0.13 (0.05-0.36)
Albumin levels <55 g/1 (at the time of MIS) 4(6.5%) 26(29.2%)  0.09 (0.03-0.29)
Hemoglobin values <110 g/1 (at the time of MIS) 9 (14.5%) 31 (34.8%) 0.16 (0.07-0.39)
Presence of hemorrhagic effusion in the abdominal cavity 8(12.9%) A1 (46.1%) 0.07 (0.03-0.18)

during laparocentesis

Note. The difference between the groups is statistically signifant (p <0.05) for all factors.
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In addition, performing diagnostic laparotomy
in the first 7 days from the onset of the disease also
turned out to be a statistically significant prognos-
tic factor for resorting to open surgery (OR 0.09;
95% C10.01-0.77; p=0.008).

OR values below 1 in all cases indicate that the
identified factors were more common in patients
who required open necrosectomy. It allows us to
consider them as predictors of lower effectiveness of
MIS as a definitive treatment.

The obtained results emphasize the importance
of a comprehensive assessment of patients’ condi-
tion for choosing the optimal treatment strategy.

Discussion

Percutaneous puncture-drainage techniques are
generally accepted in the management of ANP and
can be used as a definitive solution, eliminating the
need for traditional open surgeries. P.C. Freeny et
al. [7] first described a homogeneous group of 34 pa-
tients who received only ultrasound-guided percu-
taneous treatment for infected necrotizing pancre-
atitis. They recorded clinical success in 47 % of cases.

The analysis revealed 3 cohort studies that de-
scribed ultrasound-guided percutaneous drainage
for infected necrotizing pancreatitis 6, 15, 25].

J.E Delattre et al. [6] used percutaneous drainage
in 42 patients with infectious complications of ANP.
Positive dynamics were noted in 16 % of patients, and
mortality was 17 %. M. Navalho et al. [15] performed
ultrasound-guided percutaneous drainage of infected
fluid accumulations in 30 patients. In 63 % of those
patients, minimally invasive percutaneous drainage
was used as a definitive treatment with positive dy-
namics. E. Zerem et al. [25] published the results of
a study of the largest cohort of patients with infec-
tious complications of pancreatic necrosis who under-
went ultrasound-guided drainage. In 58 of 69 cases,
percutaneous drainage had a positive effect. The
remaining patients required open surgery. The mor-
tality rate was 8.7 %. This result can be explained, at
least in part, by the careful technique of performing
manipulations, constant sanitation of drains to frag-
ment the necrotic tissue component, and frequent
manipulations with catheters since proper percutane-
ous drainage requires regular replacement.

Modern treatment of necrotic pancreatitis in-
volves the so-called <«step-up» approach. Ultra-
sound-guided percutaneous techniques are usually
used as a first step and are often considered a tem-
porary method to control sepsis and delay open
surgery. However, ultrasound-guided minimally
invasive percutaneous techniques are frequently
the only necessary and definitive treatment in this
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patient population. In a study by H. C. van Sant-
voort et al. [22], ultrasound-guided percutaneous
drainage was the definitive treatment in approxi-
mately one-third of patients with infected necrosis.

The literature reviewed does not provide clear
criteria for predicting which patients with infected
necrotizing pancreatitis may benefit from percuta-
neous drainage. K. Horvath et al. [10] found that
a75 % reduction in the size of the collector at 10— 14
days after percutaneous puncture and drainage was
100 % accurate in predicting the success of percuta-
neous drainage.

In our study, 67.5 % of patients required only per-
cutaneous drainage. In 48.8 % of cases, percutane-
ous drainage was used as a definitive treatment for
infected post-necrotic fluid collections in different
areas of the retroperitoneal tissue.

Infection of necrotic foci in the pancreas and
retroperitoneal space occurs in 40 to 70 % of pa-
tients, which is associated with a mortality of up
to 20 % [22]. In our study, positive bacteriological
cultures were collected in 53.3 % of patients with
ANP-related local complications. According to
D.R.]J. Wolbrink et al. [24], negative bacteriologi-
cal results are recorded in 12-25% of cases, com-
plicating the diagnosis of infected necrosis. In our
study, false-negative culture results were recorded
in 13.1 % of cases.

The most common complications of percutane-
ous catheter drainage include bleeding, internal or-
gan perforation, and drainage dislocation [21]. The
course of pancreatic necrosis, rather than the drain-
age itself, may cause bleeding sometimes (6.2 %)
[9, 23]. Intestinal fistula formation may result from
the spread of inflammation or unintentional injury
to the intestine during percutaneous drainage [22].
After minimally invasive percutaneous interven-
tions, we observed a complication in two patients:
catheter displacement into the colon. In 3 (3.5 %)
cases, bleeding caused by retroperitoneal vascular
erosion was treated conservatively.

Ultrasound-guided percutaneous drainage for
ANP-related infectious complications is a low-
risk technique. We recorded complications associ-
ated with percutaneous drainage in 17.8 % of cases,
which we attribute to good patient selection, care-
ful assessment and planning before the treatment,
medical staff experience, and proper drain manage-
ment. Percutaneous techniques also shorten hos-
pital stays, resulting in decreased rates of nosoco-
mial infections and overall treatment costs |7, 20].
In our study, the average hospital stay for patients
with acute infected necrotizing pancreatitis who
had minimally invasive percutaneous treatment
was 53 days. Necrosectomy led to a lengthier stay
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in the surgical hospital (mean 88 days, p<0.05). In
our investigation, using ultrasound-guided mini-
mally invasive techniques as a definitive treatment
for infected retroperitoneal fluid masses resulted
in a 9.6% death rate, compared to 29.5% after
open surgery for infected necrotizing pancreatitis
(p<0.05).

Conclusions

The presence of a dense necrotic tissue component in
the drainage after 10 =3 days (OR 0.08; p<0.001),
hemorrhagic effusion in the abdominal cavity (OR
0.07; p<0.001), and diagnostic laparotomy within
the first 7 days of the disease (OR 0.09; p=0.008)
are correlated with a markedly higher probability of
undergoing open necrosectomy.

Platelet deviations (OR 0.13; p<0.001), hypoal-
buminemia (OR 0.09; p<0.001), and anemia (OR
0.16; p<0.001) significantly increase the risk of re-
sorting to open surgery in acute necrotizing pancre-
atitis complicated by purulent-necrotic processes in
the retroperitoneal tissue.
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TpaHCKyTaHTHI XipypriyHi TEXHOJIOr1i i/l yIBTPA3BYKOBUM
KOHTPOJIEM SIK OCTATOYHUI METO/] JIIKYBAHHS B ITAIi€EHTIB
i3 rocrpuM iH(piKOBAHUM HEKPOTUYHUM AHKPEATUTOM

SI.M. Cycak !, O. O. [Tupaa 2

! Hanjonanphuii meanunnii yaisepeutrer imeni O. O. Boromosbiist, Kuis

2 KuiBchbka MichbKa KJIiHi9Ha JiKapHs MIBUAKOI MEMYHOI JOTIOMOTH

MerTa — BU3HAYUTH KJIiHIYHI, JA6OPATOPHI Ta BidyalizallifiHi IPEJUKTOPU HEOOXITHOCTI BUKOHAHHS BiIKDHUTOL
HEKPCEKBECTPEKTOMII B ALIEHTIB i3 TOCTPUM iH(MIKOBAHUM HEKPOTUYHUM ITAHKPEATUTOM.

Marepianu Ta MeTOgH. [IpOBEICHO PETPOCHEKTHBHE KOTOPTHE AOCTKEHHS 188 maliieHTiB i3 JOKAIbHUMU
YCKIQJIHEHHAMU TOCTPOro iH(PIKOBAHOIO HEKPOTUYHOT'O MAHKPEATUTY, SIKi MPOXOAWIN JIHKYBAHHSA B CHIELlialli-
30BAHOMY XipypridHOMYy BifJineHHi B riepiog 3 2018 1o 2023 p. YciM natieHTam IIpoBEAEHO YEPESILIKIPHE ape-
HYBaHHS i/l YIBIPA3BYKOBOIO HABIrali€lo. 3aIeKHO BiJj €(PEKTUBHOCTI MAJIOIHBA3UBHOTO BTpydaHHsa (MIHB)
MALIEHTIB PO3NIOAUIMIN Ha ABi rpyny: MIHB sk ocrarouyne jikyBaHHA T4 MIHB + BigKpuTa HEKPCEKBECTPEKTO-
Misl. AHQJTI3yBaJIN KIiHIYHE TSOKKICTb, KT-iHIEKC, CYITyTHI XBOPOOH, JIA60OPATOPHI TOKA3HUKH T4 PE3Y/IBTATH OAK-
TepionoriYHOro NociBy. CTATUCTUYHY 3HAYVIIICTD OIIHIOBAIN 34 t-KPUTEPieM, ¥ i BiTHOmEHHAM mmaHciB (BILD).

Pesyaprari. MIHB 6y/10 €(DeKTHBHUM OCTATOYHUM MCTOJOM JIKYBaHHs B 127 (67,5 %) marientis. [loTpe6a
y BiKpuTiit onepartii Buauiia B 61 (32,4 %) narierTa. CTATUCTUYHO 3HAYYIIUMH YUHHUKAMU ITIBHIIICHOTO
PH3HKY IIEPEXO/TY JJO BiJKPUTOI Xipyprii Oy/In: MIIbHUI TKAHUHHHWI KOMIIOHEHT Y 30Hi penyBanu: (BIII 0,08),
remopariunmit Burtit (BII 0,07), rimoans6yminemis (B 0,09), anemist (B 0,16), 3miHa piBHs TPOMOOIINTIB
(BUI 0,13), pausst mamaporomis (BLI 0,09). JleranpuicTs y rpymi MIHB cranosmna 9,6 %, y rpymi 3 Bigkputum
BTPy4YaHHAM — 29,5 % (p <0,05).

BHCHOBKH. MAJIOIHBA3UBHI METOAM JPEHYBAHHS I1i/1 YJIBIPA3BYKOBHUM KOHTPOJIEM € €(DEKTUBHUM i 6€3IIEUHNM

METOZOM JIIKYBAHHS B OUIBIIOCTI NAIiEHTIB 3 iH(PIKOBAHUM HEKPOTUYHUM ITAHKPEATHUTOM. BUABIIEH] KIiHIKO-
J1260PATOPHI NPEAUKTOPH JIAI0Th 3MOT'Y [IPOTHO3YBATU HEOOXIJHICTD BiIKPUTOI'O ONIEPATUBHOI'O BTPYYaHHSIL.

KIr0490Bi €10Ba: TOCTPUM HEKPOTUYHMI MAHKPEATUT, iH(PIKOBAHUI HEKPO3, YEPE3IIKIpHE JPEHYBAHHS,
YJIBIDA3BYKOBA HaBirallisl, MAJIOIHBA3MBHA Xipypris.
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In recent years, chronic slow transit constipation (CSTC) continued to be an actual clinical challenge due to its
high prevalence, multifactorial pathogenesis, and the limited efficacy of current therapeutic strategies. The litera-
ture still lacks clear evidence regarding the correlation between the clinical manifestations of CSTC and specific
histological alterations within the intestinal wall.

OBsjECTIVE — to identify the clinical course in peculiarities in patients with CSTC depending on the histological
subtype of the colonic wall.

MATERIALS AND METHODS. The study included 107 patients diagnosed with chronic slow-transit constipation (STC
group) who underwent evaluation and surgical treatment at the clinical departments of Bogomolets National
Medical University between 2011 and 2023. The diagnosis of STC was established according to the Rome IV criteria.

Resurrs. The Cajal subtype was associated with the youngest age of disease onset (8.67+5.08 years), the longest
duration of symptoms (25.24+11.18 years), and the highest prevalence of family history (90.5 %). This subtype
had the lowest average body mass index 20.4+2.3 kg/m?2 The neuropathic subtype was observed in the oldest
patients (52.45+13.61 years) and had a later onset of symptoms compared to other variants. It was characterized
by a significantly shorter interval between defecations (8.1 +2.5 days). The inflammatory myopathic subtype was
accompanied by the most pronounced pain syndrome (4.8 + 1.4 points on the scale) compared to other subtypes,
thereby confirming the role of inflammation in the development of abdominal pain. The dystrophic myopathic
subtype was associated with the highest body mass index 25.7 4.3 kg/m? and the longest interval between defeca-
tions (124 +5.5 days), indicating slow transit and muscle layer degeneration. Patients with late onset of symptoms
and no need for manual assistance during defecation were more likely to have a histologically intact subtype.

Concrusions. The clinical course in surgically treated patients with CSTC, resistant to conservative therapy;, is
heterogeneous and significantly varies depending on the histological subtype of the bowel wall, indicating dif-
ferent pathophysiological mechanisms of constipation in different patients. The cajal, neuropathic, myopathic
dystrophic, and inflammatory subtypes have clinical differences in the age of disease onset, symptom duration,
interval between defecations, pain intensity, and body mass index. Morphological stratification of CSTC based
on histological subtypes may provide valuable prognostic and therapeutic information, helping to individualize
treatment strategies for patients with severe forms of constipation.

KEYWORDS
chronic slow transit constipation, histological subtype of the colonic wall.
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Chronic slow transit constipation (CSTC) is one of approach for diagnosis and treatment [2, 4, 14, 16]. In
the main forms of chronic idiopathic constipation recent years, CSTC has remained a relevant clini-
accompanied by a significant reduction in patients’ cal concern due to its high prevalence, multifacto-
quality of life and often requires a complex differential  rial pathogenesis, and the limited efficacy of current
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therapeutic strategies [2, 8]. In case conservative
long-term treatment fails, surgery is often considered,
as highlighted in modern literature [15, 18].

Despite advances in the morphological study of
the colon, the clinical significance of various histo-
logical subtypes of the colonic wall in patients with
CSTC remains insufficiently defined [7]. The litera-
ture still lacks clear evidence regarding the correla-
tion between the clinical manifestations of CSTC
and specific histological alterations within the in-
testinal wall [7, 8]. The abovementioned requires
further research focused on morphofunctional char-
acteristics of the colonic wall in slow-transit forms
of constipation and their potential impact on the
clinical course of the disease.

OgJecTIVE — to identify the clinical course pec-
ularities in patients with CSTC depending on the
histological subtype of colonic wall.

Materials and methods

The study included 107 patients diagnosed with
chronic slow-transit constipation (STC group),
who underwent evaluation and surgical treatment
at the clinical departments of Bogomolets National
Medical University between 2011 and 2023. The
diagnosis of STC was established according to the
Rome IV criteria [1].

Inclusion criteria:

Age over 18 years

CSTC that does not respond or poorly responds
to modern conservative treatment methods

for at least 6 months

Low quality of life

Consent for surgical treatment

Consent to complete the QoL questionnaire

Exclusion criteria:

Age under 18 years

Severe comorbidities

Patients with mental disorders

Pregnancy

Oncological diseases

Harmful habits

Refusal to complete the QoL questionnaire
Proctogenic constipation

Irritable bowel syndrome and /or constipation
of secondary specific etiology (associated
with an underlying condition)
Drug-induced constipation

Themajority of patients were female — 102 (95.3 %).
The mean age was 43.1 +13.6 years, and the mean
body mass index (BMI) was 22.9 +4.5 kg/m?.

The histological and immunological examination
of samples was conducted and included the appendix,
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ileum, cecum, colon, and sigmoid colon. Samples were
taken from all sections of the colon and appendix for
our study: at least three sections of the entire thick-
ness of the colon in the transverse and longitudinal
projection, at least 2 cm long. The tissue was fixed in
10 % buffered formalin, wired in alcohol, and embed-
ded in paraffin after collection. Serial sections were
stained with the hematoxylin-eosin method. Also, an
immunohistochemical study with the Polyclonal Ra
a-Hu CD 117, c-kit (DAKO, Denmark) antibody was
performed on the paraffin blocks using the imaging
EnVision™ FLEX System to detect Cajal cells.

Pathohistological study

A microscopic examination was carried out using
an Olympus CX23 microscope with a nozzle. Mor-
phometric measurements were performed with the
Olympus Stream software. The histological exami-
nation helped evaluate the intestinal wall structure.
The architectonics of the glands and the the cellular
stroma composition in the mucous membrane were
described.

The total muscle layer thickness was evaluated,
the ratio of thickness and layer’s number, the pres-
ence of lymphoid cell infiltration, the presence or
absence of cytoplasmic inclusions in smooth myo-
cytes, and their relative size were all estimated.

Meissner’s plexuses were identified between the
outer and inner muscle layers according to typical
histological features. The glial cells were determined
by their size, the presence of large vesicular nuclei,
and Nissl substance. Their approximate number was
calculated, and additional characteristics, including
the presence or absence of dystrophic changes and
lymphoid infiltrates, were assessed [7].

Patients were divided into four groups depending
on the histological subtype of the colonic wall.

The myopathic type was observed in 59 (55.1 %),
patients with the myopathic-dystrophic subtype
prevailing in 47 (43.9 %) cases. The neuropathic
type of constipation was diagnosed in 20 (18.7 %)
patients, while constipation associated with in-
terstitial cells of Cajal pathology was found in 21
(19.6 %) patients. In 7 (6.5 %) patients, no histo-
logical or immunohistochemical abnormalities
were registered; therefore, this subgroup was clas-
sified as «histologically intact type».

Patients with the Cajal-associated type were sig-
nificantly younger than those with the myopathic
(p=0.006) and neuropathic (p < 0.001) types. Con-
versely, patients with the neuropathic subtype were
significantly older compared to those with the myo-
pathic form (p=0.003) [7].

The distribution of the different histological sub-
types is presented in Table 1.
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Table 1. Frequency of various histological changes subtypes in patients with CSTC

Main variant of histological changes Number of patients Meanigsel’)y((i:llzsdiana)
Myopathic variant 59 (55.1%) 43.1£12.7 (43.0)
Inflammatory 12 (20.3 %) 36.9+8.5(34.5)
Dystrophic 47 (79.7 %) 43.7+12.8 (44.0)
Pathology of Cajal cells 21 (19.6 %) 33.9+10.3(35.0)
Neuropathic 20 (18.7%) 52.5+13.5(54.0)
Histologically intact 7(6.5%) 49.2+14.8 (43.5)

Before visiting the clinic, all patients were con-
tinuously undergoing courses of conservative
therapy, which gradually became less effective over
time. They used a high-fiber diet in 103 (96.3 %)
cases, pharmacological agents in 107 (100.0 %), and
cleansing enemas in 92 (85.9 %).

29 (271 %) patients underwent subtotal col-
ectomy, 57 (53.3%) underwent total colectomy,
and 21 (19.6%) underwent colectomy with low
rectal resection. Open surgery was performed in
70 (65.4 %) patients, while laparoscopic access — in
37 (34.6 %) patients.

The duration of symptoms before surgery ranged
from 1 to 50 years, with a mean of 21.0 = 14.0 years.
The impact of histological subtype of colonic wall
on the clinical course in patients with CSTC was
assessed retrospectively by comparing the histolog-
ical findings of resected colonic specimens follow-
ing colectomy with preoperative questionnaire data
and medical history.

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics 22. Descriptive statistics were calculated.
Data normality was assessed using the Shapiro-
Wilk test. Mean values were presented as M = SD.
Categorical data were expressed as counts (%). The
comparison of mean values for quantitative variables
was performed using the Wilcoxon-Mann-Whitney.
Comparisons of relative frequencies were performed
using Pearson’s chi-square test. The null hypothesis
of equality of variables was rejected at p<0.05.

Results

The mean age of patients with the histologically in-
tact subtype was 49.3 + 13.92 years; for those with
the myopathic dystrophic subtype — 48.68 = 11.69
years; and for those with the myopathic inflamma-
tory subtype — 36.92 + 8.32 years. The highest mean
age was observed in patients with the neuropathic
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subtype —52.45 = 13.61 years. The youngest age was
found in patients with the Cajal subtype —33.9 +8.7
years, which was significantly lower compared to
the histologically intact subtype (p=0.026), myo-
pathic dystrophic subtype (p<0.001), and neuro-
pathic subtype (p<0.001). Furthermore, the age
in the myopathic inflammatory subtype was sig-
nificantly lower than in the neuropathic subtype
(p=0.003) and the myopathic dystrophic subtype
(p=0.019).

Among the 107 patients, there were 6 men and
101 women. The groups did not differ statistically
in terms of the male-to-female ratio (p =0.826). No
significant difference was found in the male-to-fe-
male ratio between subtypes, as shown in Table 2.

The mean BMI for the Cajal subtype was
20.395 + 2.29 kg /m? (14.8—24.1 kg /m2), for the his-
tologically intact subtype it was 23.26 = 3.98 kg/m?
(17.3-27.7 kg/m?), for the myopathic inflamma-
tory subtype it was 22.14 +3.49 kg/m? (18.7-31.2
kg/m?), and for the neuropathic subtype it was
23.08 +3.28 kg/m? (18.0-30.1 kg/m?). The highest
BMI was observed in patients with the myopathic
dystrophic subtype—25.66 + 4.34 kg/m? (19.8—41.1
kg/m?), which was significantly higher than the
Cajal subtype (p <0.001) and the myopathic inflam-
matory subtype (p=0.042). The BMI in patients
with the Cajal subtype was significantly lower than
in those with myopathic dystrophic (p<0.001) and
neuropathic (p=0.023) subtypes.

The mean age of disease onset in patients with
the myopathic dystrophic subtype was 29.96 + 8.67
years (16—58 years); in those with the histologi-
cally intact subtype, it was 37 + 16.79 years (14—61
years); in the myopathic inflammatory subtype, it
was 31.17£9.05 years (16—45 years); in the Cajal
subtype, it was 8.67 £5.08 years (2—19 years);
and in the neuropathic subtype, it was 31.9+13.8
years (10—65 years). The Cajal subtype differed
significantly from the myopathic inflammatory sub-
type (p<0.001), the histologically intact subtype
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Table 2. Distribution of patients by sex according to the main histological subtypes of constipation

Subtype of constipation Female Male Total
Histologically intact 7 (100.0 %) 0 7
Myopathic dystrophic 45(95.7%) 2 (4.3%) 47
Myopathic inflammatory 11.(91.7%) 1(8.3%) 12
Cajal 20 (95.2%) 1(4.8%) 21
Neuropathic 18 (90.0 %) 2(10.0%) 20
Total 101 (94.4%) 6 (5.6%) 107
p=0.826.

Table 3. Stool type according to the Wexner scale based on the histological subtype of constipation

Subtype of constipation Type 1 Type 2 Type 3 Type 4 Type 5 Total
Histologically intact 2(28.6%) 3 (42.9%) 2(28.6%) 0 0 7
Myopathic dystrophic 34(723%) 11(23.4%) 0 2 (4.3%) 0 47
Myopathic inflammatory 6 (50.0 %) 1(8.3%) 4(33.3%) 0 1(8.3%) 12
Cajal 15(71.4%)  6(28.6%) 0 0 0 21
Neuropathic 12(60.0%)  6(30.0%) 2(10.0%) 0 0 20
Total 69 (64.5%) 27(252%) 8(75%)  2(1.9%) 1(0.9%) 107
p=0.003.

(p<0.001),and the neuropathic subtype (p <0.001)
in terms of the mean age of disease onset.

The mean duration of the disease in patients with
the histologically intact subtype was 12.29 +6.67
years (5—25 years); in patients with the myopathic
dystrophic subtype, it was 18.72 +7.97 years (5-36
years); in the myopathic inflammatory subtype, it
was 5.75 £ 2.01 years (3—10 years); and in the neu-
ropathic subtype, it was 20.55+2.4 years (6—46
years). The longest disease duration was observed in
patients with the Cajal subtype—25.24 = 11.18 years
(3—51 years), which was significantly longer than
in the histologically intact subtype (p=0.001), the
myopathic inflammatory subtype (p<0.001), and
the myopathic dystrophic subtype (p=0.059). Ad-
ditionally, the neuropathic histological subtype had
a significantly longer disease duration compared to
the myopathic inflammatory subtype (p <0.001).

The stool type was assessed using the Wexner
scale in all patients with STC [9].

In patients with the Cajal subtype, two stool sub-
types were observed: 1 —in 71.4% and 2 — in 28.6 %.
In patients with the histologically intact subtype,
three stool subtypes were registered: 1 —in 28.6 %, 2 —
in42.9 %, and 3 — in 28.6 %. In patients with the myo-
pathic dystrophic subtype, three stool subtypes were
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found: 1 —in72.3%, 2 —in 23.4 %, and 4 — in 4.3%. In
patients with the myopathic inflammatory subtype,
stool type 1 was present in 50 % of patients, types 2
and 4 in 8.3 %, and type 3 in 33.3 %. The neuropathic
subtype included 60 % of patients with stool type 1,
30 % with type 2, and 10 % with type 3. The distribu-
tion of different stool subtypes differed significantly
between the groups (p=0.003), as shown in Table 3.
The mean interval between bowel movements
in the neuropathic subtype significantly differed
from the myopathic dystrophic subtype (p =0.005)
and the Cajal subtype (p=0.038). Due to the small
number of patients with the histologically intact
subtype (n=7), we cannot compare the mean in-
terval of 7.7 days between bowel movements with
those in other histological subtypes to determine
the percentage of differences, as shown in Table 4.
The highest heredity was observed in 50.5% of
patients with CSTC: in 90.5 % of patients with the
Cajal subtype, in 55 % with the neuropathic sub-
type, in 46.8 % with the myopathic dystrophic sub-
type, in 14.3 % with the histologically intact sub-
type, and the lowest — in 8.3 % with the myopathic
inflammatory subtype, as shown in Table 5.
Regarding heredity, the Cajal subtype signifi-
cantly differed from the myopathic inflammatory
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Table 4. Interval between bowel movements in
patients with STC in different histological subtypes

Table 7. Pain intensity in patients with CSTC
depending on the histological subtype

Interval between bowel
movements, days

Mean = SD (min—max)

Subtype of constipation

Intensity of pain,
Subtype of constipation score

Mean + SD (min—max)

Histologically intact 7.7+3.7(5.0-14.0) Histologically intact 2.9+0.9 (2.0-4.0)
Myopathic dystrophic 12.4£5.5 (4.0-30.0) Myopathic dystrophic 3.2+1.4(1.0-6.0)
Myopathic inflammatory 9.3£3.0(5.0-14.0) Myopathic inflammatory 48+1.4(3.0-7.0)
Cajal 12.2+ 4.3 (7.0-22.0) Cajal 28+1.3(1.0-5.0)
Neuropathic 8.1+2.5(5.0-14.0) Neuropathic 2.6+1.1(1.0-5.0)

Table 5. Heredity in different histological
subtypes of CSTC

Table 8. Presence of pain (intensity> 3 points)
in patients with CSTC

Subtype of constipation Heredity Total Subtype of constipation Pain Total
Histologically intact 1(14.3%) 7 Histologically intact 2(28.6%) 7
Myopathic dystrophic 22 (46.8 %) 47 Myopathic dystrophic 23 (48.9 %) 47
Myopathic inflammatory 1(8.3%) 12 Myopathic inflammatory 9 (75.0%) 12
Cajal 19 (90.5 %) 21 Cajal 7 (33.3%) 7l
Neuropathic 11(55.0%) 20 Neuropathic 4(20.0%) 20
Total 54 (50.5 %) 107 Total 45 (421 %) 107

Table 6. The need for manual assistance
(in >1/4 cases of defecation) before surgery
depending on the histological subtype of CSTC

Need for manual

Subtype of constipation assistance Total
Histologically intact 0 7
Myopathic dystrophic 7 (14.9 %) 47
Myopathic inflammatory 2(16.7%) 12
Cajal 1(4.8%) il
Neuropathic 2(10.0%) 20
Total 12 (11.2%) 107

subtype (p=0.0001), the myopathic dystrophic
subtype (p=0.001), the neuropathic subtype
(p=0.01), and the histologically intact subtype
(p=0.0001). The myopathic inflammatory subtype
also had significant differences compared to the
neuropathic subtype (p=0.008) and the myopathic
dystrophic subtype (p=10.015).
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12 (11.2 %) patients of 107 required manual as-
sistance in all subtypes except the histologically
intact subtype, as shown in Table 6. No significant
differences were found between subtypes in the
frequency of «manual assistance» (p=0.594), al-
though it was more frequent in patients with the
myopathic subtype.

All patients experienced abdominal pain within
30 days prior to their admission to the clinic. The
intensity of pain was assessed using the visual ana-
log scale (VAS), ranging from 0 to 10, as shown in
Table 7. Significant differences in the mean pain
score were observed when comparing the myopath-
ic inflammatory subtype with the histologically in-
tact subtype (p=0.022), the myopathic dystrophic
subtype (p=0.002), the Cajal subtype (p<0.001),
and the neuropathic subtype (p<0.001).

Additionally, patients were categorized based on
the presence of pain with an intensity greater than
3 points on the visual analog pain scale, as shown
in Table 8. Significant statistical differences were
observed between the groups regarding the per-
centage of patients with pain greater than three
points (p=0.022), due to the high percentage of
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such patients in the myopathic inflammatory sub-
type (75 %) and the myopathic dystrophic subtype
(48.9 %), and the lower percentage in the neuro-
pathic subtype (20 %) and the histologically intact
subtype (28.6 %).

Discussion

Despite the current classifications for constipation
based on etiology and morphological characteris-
tics [6], there is a lack of data in modern literature
regarding the relationship between the clinical
manifestations of CSTC and the histological struc-
ture of the colonic wall.

The wide range of potential pathophysiological
mechanisms in CSTC, including affected neuromus-
cular transmission, degeneration of intramural nerve
plexuses, Cajal cell pathology, and others, leads to
the variability of the clinical picture of the disease
[3, 6, 17]. As a result, patients with CSTC may have
a wide spectrum of symptoms, from ineffective def-
ecation to severe abdominal pain, and as a conse-
quence, reduced quality of life [4, 5, 12]. However,
attempts to clearly link specific symptoms with cer-
tain morphological or etiological factors are current-
ly limited [6]. One of the primary reasons for this is
the difficulty in obtaining histological samples due
to the invasive nature of full-thickness colon biopsy,
which remained the only method to assess changes
in the deeper layers of the colonic wall, including the
muscle layer and enteric nervous system. This diag-
nostic method is particularly important in studying
slow-transit constipation, as it allows us to detect
structural changes not only in nerve plexuses but
also in the muscle layer of the bowel, potentially cor-
relating with clinical manifestations of the disease.
According to recent studies, full-thickness biopsy
may prove to be a promising tool for the stratifica-
tion of patients with chronic forms of constipation,
including slow-transit types [10, 11, 13]. Despite its
high diagnostic value, full-thickness biopsy is still
applied sparingly due to the associated risks and the
lack of standardized interpretation of morphological
changes in different forms of constipation [6]. All the
abovementioned factors create significant barriers
for studying the morphofunctional basis of clinical
heterogeneity in CSTC. Therefore, we performed
a retrospective evaluation of clinical manifestations
depending on the histological subtype of the bowel
wall in patients with CSTC. The results of colon his-
tological examinations in patients after colectomy
were compared with anamnesis and preoperative
questionnaire data.

The clinical manifestations of CSTC are hetero-
geneous and depend on the etiology of constipation,
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i.e., the histological subtype. In particular, the Cajal
subtype was observed in the youngest patients, with
an average age of 33.9 8.7 years, the highest he-
redity (90.5 %), and the lowest BMI (20.395 + 2.29
kg/m?) among all patients with CSTC. The Cajal
subtype was characterized by an earlier onset of the
disease — 8.67 £5.08 (2—19) years (p<0.001) — as
well as the longest disease duration — 25.24 = 11.18
years (p<0.001) — at the time of surgery. The
shortest disease duration was observed in pa-
tients with the myopathic inflammatory subtype —
5.75£2.01 (3—10) years, which was significantly
shorter than in the myopathic dystrophic, Cajal,
and neuropathic histological subtypes, all p<0.01.
In contrast to the Cajal subtype, the oldest aver-
age age at surgery was found in patients with the
neuropathic histological subtype — 52.45+13.61
years. Thus, patients with the neuropathic and
histologically intact subtypes of CSTC had a sig-
nificantly later onset of the disease compared to
the Cajal subtype — 31.9 £13.82 (10-65) years and
37+16.79 (14-61) years, respectively, p<0.001.
Patients with the neuropathic subtype had a rela-
tively shorter average interval between bowel
movements — 8.1 £ 2.5 days, which was significant-
ly different from the myopathic dystrophic subtype
(p=0.005) and the Cajal subtype (p=10.038). Re-
garding pain intensity, a significantly higher aver-
age score was noted in the myopathic inflammatory
subtype — 4.8 £ 1.4 (3—7) points — compared to the
histologically intact (p=0.022), myopathic dystro-
phic (p=0.002), Cajal (p<0.001), and neuropathic
(p<0.001) subtypes. According to pain intensity
greater than three points, statistical differences
were observed between the groups (p=0.022) due
to the higher percentage of such patients in the
myopathic inflammatory subtype (75 %) and the
myopathic dystrophic subtype (48.9 %), compared
to the lower percentage in the neuropathic subtype
(20 %) and histologically intact (28.6 %). The high-
est BMI was observed in the myopathic dystrophic
subtype — 25.66 % 4.34 kg/m2 (19.8-41.1 kg/m?),
which was significantly higher than for the Cajal
subtype (p<0.001) and the myopathic inflam-
matory subtype (p=0.042). The largest average
interval between bowel movements was found in
patients with the myopathic dystrophic (12.4+5.5
days) and Cajal (12.2+4.3 days) subtypes, and
these significantly differed from the neuropath-
ic subtype, p=0.005 and p=0.038, respectively.
Among the 107 patients with CSTC, 12 individuals
(11.2 %) required manual assistance in all subtypes
except the histologically intact one.

This study has certain limitations, as it only in-
cludes patients with CSTC resistant to conservative
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therapy who had undergone surgery. Consequently,
the results should be interpreted carefully when ap-
plying them to the wider population of STC patients.

Conclusions

The clinical course in surgically treated patients
with CSTC, resistant to conservative therapy, is
heterogeneous and significantly varies depending
on the histological subtype of the bowel wall, indi-
cating different pathophysiological mechanisms of
constipation in different patients.

The Cajal, neuropathic, myopathic dystrophic,
and inflammatory subtypes have clinical differences
in the age of disease onset, symptom duration, inter-
val between defecations, pain intensity, and BMI.

Morphological stratification of CSTC based on
histological subtypes may provide valuable prog-
nostic and therapeutic information, helping to in-
dividualize treatment strategies for patients with
severe forms of constipation.
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KiiHikO-aHAMHECTUYHI XaPaAKTEPUCTUKU XBOPUX 34 PI3HUX
HiJTUIIB XPOHIYHUX ITOBUIBHO-TPAH3UTHHUX 3aI10PiB

I. M. Jlempums, JI. FO. Mapkyaan, O. I. Oxoupka, I1. JI. buk, P. B. Tonsa

Hamionanpiuit meguuanmii yaisepeuret iMerti O. O. Boromoubirsa, Kuis, Ykpaina

OcCTaHHIMH POKAMU XPOHIYHHNA MNOBUIbHOTPAH3UTHUI 3arop (XITT3) 3aMIaeTbCsa aKTyaIbHOIO KIIHIYHOIO
IPOOIEMOIO YEPE3 BUCOKY IOMHPEHICTh, 0AraTO(AKTOPHUI ITATOI'CHES TA OOMEXKEHY €(PEKTUBHICTD TEPAIICB-
TUYHMX CTPATErif. V jiteparypi AOCi 6paKye YiTKHUX JOKA3iB B3aEMO3B'A3KY MK KIiHIYHUMU BUABAMHU XITT3
i cnenpiyHUMMU TiCTOJIOTTYHHUMU 3MiHAMU B CTiHILi KUIIIKH.

MerTa — BUABUTH OCOOIMBOCT] KIiHIKO-aHAMHECTUYHUX XAPAKTEPUCTUK NalieHTiB i3 XITT3 3a/1€KHO Bifl ricTO-
JIOTTYHOI'O IMiITUITY CTIHKU TOBCTOI KUIIIKU.

MaTepianau Ta MEeTOAHM. Y JNOCIKEHH Oyno 3anydeHo 107 manieHTis i3 giarnoszom XITT3, ski mpoxo-
JUIA OOCTEXEHHA T4 XipypridyHe JIKyBaHHA Ha KIiHi4HIN 6a3i HamioHaapHOro MEIUYHOIO YHiBEPCHUTETY
imeni O.O. Boromonbiig B nepiof i3 2011 go 2023 p. diarHo3 XITT3 yCTAaHOBIIOBAIN 3TiJHO 3 PUMCbKUMHU
Kpurepiamu IV.

Pe3yabraTi. KaXaJbHUH THATUIT ACOIHIOBABCS 3 HAMMOJIO/IIINM BiKOM TTOYATKY 3aXBOPIOBaHHs ((8,67 +5,08)
POKY), HAHOLIBIIOIO TPUBAIICTIO CUMIOTOMIB ((25,24+11,18) pOKy) i 4aCTOTOIO CIMEHHOIO aHaMHe3y (90,5 %),
HaMEHIIINM CEepeHIM iHekcoM mach Tina ((20,4 + 2,3) kr/m?). HefpOonmaTiaHUIA Mi/ITUI CITOCTEPIiraBcst B CTap-
X marienTiB ((52,45+13,61) poky) i MaB IH3HINIMI IOYATOK CUMITTOMIB ITOPIBHSAHO 3 {HITUMH BAPIiAHTAMI.
Moro xapakTepHOO O3HAKOIO OYB HAMKOPOTHIMI iHTepBan Mix gedekarismu ((8,1+2,5) aHs). 3ananbHUA
MIONATUYHUI HiITUIT CYIIPOBOJPKYBABCS HAUBUPA3HIIIMM O0IbOBUM CUHAPOMOM ((4,8%1,4) 6as1a 32 Bi3yasib-
HOIO aHAJIOTOBOIO MIKAIOKO) TTOPIBHAHO 3 {HITHMMHU MiJTUITAMH, IO MiITBEP/KYE POJIb 3AMAJIEHHA Y (POPMYBAHHI
A6/JOMiHATIBHOIO 60110, MiOoNaTHYHUI AUCTPOMIUHUI IHTUI ACOIIOBABCA 3 HANMOUIBIINM iHJEKCOM MACHU
Tina ((25,7+4,3) kr/m?) Ta intepaniom Mix aedekariamu ((12,4+5,5) aHs), O BKA3y€e HA MTOBUIBHUH TPAH3UT
y HO€IHAHHI 3 MOP(OJIOriYHOIO AETEHEPALIEI0 MI30BOrO APy, IHTAKTHUI IiATUIT HANYACTIIIE BUABJISUIN
B IAIi€HTIB i3 Mi3HIM IOYATKOM CUMIITOMIB i Bi/ICYTHICTIO HOTPEOH B PYYHiH JOIOMO3i 1i/1 Yac aederartii.

BucHoBKH. KJIiHIKO-aHAMHECTUYHI XaPAKTEPUCTUKH POOINEPOBAHMX MAIlieHTiB i3 XITT3, pe3ucTeHTHUX 10
KOHCEPBATUBHOI TEPAIil, € FeTEPOICHHNM i CYITEBO BAPIIOE 3A/IEKHO BiJl I'iCTOJIOITYHOIO IiATUITY CTIHKA KUIIKU,
IO CBiTYUTH IIPO Pi3Hi MATOMi3i0N0TiUHI MEXaHiI3MHU 3a110PY. KaxanbHuil, HEHPONaTHIHNNA, MiOITATUYHUI JTUC-
TPOMIYHMIT i 3aTTATBPHUAL TiCTOMOTIYHI MiITUIN BiIPI3HAIOTHCA 34 BIKOM MOYATKY 3aXBOPIOBAHHSA, TPUBAIICTIO
CHUMIITOMIB, iHTEPBAJIOM MiX Ae(eEKAIAMIY, iHTEHCUBHICTIO OOJIO T4 iHAEKCOM MaCH Titd. Mopdonoriuna crpa-
Trdikaria XI1T3 32 ricToNOriYHNMH MiATUITAMH MOXKE HAJJATH [iHHY IPOIHOCTUYHY T4 TEPANIEBTUYHY iH(OP-
MAILilo, IO CIIPUATUME iHAUBITyani3arii JJiKyBaJIbHUX CTPATETIH I MALIEHTIB i3 TAKKUMU (POPMAMU 3ATIOPY.

KIr0490Bi CJ10Ba: XPOHIYHUI ITOBUTBHOTPAH3UTHUIM 3aI10P, TICTOMOTIYHHNM TT{/ITHIT CTIHKHM TOBCTOI KHIIIKH, 3aTIOP.
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Over the past decades, the treatment of acute infected necrotizing pancreatitis (AINP) has significantly improved
due to a better understanding of the disease pathogenesis and the implementation of minimally invasive tech-
nologies. Endoscopic transluminal interventions occupy an important place among these techniques and con-
tinue to evolve, both technically and tactically.

OBJECTIVE — to evaluate the results of ETN in the treatment of patients with acute infected necrotizing pancreatitis
(AINP) and summarize the experience of our department, including technical and tactical aspects of the procedure.

MATERIALS AND METHODS. The study included 28 patients: 15 (53.6 %) men and 13 (46.4 %) women with a mean
age of 52.6+12.5 years, who underwent ETN between 2021 and 2024 due to a limited peri-/pancreatic necrotic
collection in direct contact with the stomach and/or duodenum. AINP of moderate severity was diagnosed in
19 (67.9%) patients, and a severe course — in 9 (32.1%). The mean size of the walled-off pancreatic necrosis
(WON) was 109.6+32.9 mm. ETN outcomes were assessed as complete, partial, or no clinical success.

Resurrs. The first ETN session was performed on average on day 36.2+ 16.1 (range: 22 to 86 days) from the onset
of the disease. A total of 48 ETN sessions were performed, from 1 to 4 per patient, most often a single session in
14 (50.0 %) patients. The intervals between subsequent sessions were mostly 6—7 days. Continuous lavage of the
WON cavity was performed in 17 (60.7 %) patients. The duration of each procedure ranged from 60 to 90 min-
utes. The rate of intraoperative complications was 3.6 % (n= 1, profuse bleeding). Complete clinical success was
achieved in 18 (64.3 %) patients, partial success — in 8 (28.6%), and no clinical success — in 2 (7.1 %) patients.
Overall, 25 (89.3 %) patients recovered, and the mortality rate was 10.7 % (3 cases).

CoNcLUSIONS. In 64.3 % of cases, ETN can be the main treatment method in AINP when the indications for the pro-
cedure are observed. In 28.6% of patients, it serves as a transitional stage before more invasive surgical procedures.
Performing ETN with subsequent continuous lavage of the WON cavity increases the likelihood of achieving com-
plete clinical success by 2.26 times compared to patients without lavage (RR 2.26; 95 % CI 1.01-5.10; p=0.0485).

KEYWORDS
acute pancreatitis, acute infected necrotizing pancreatitis, walled-off pancreatic necrosis, endoscopic translu-
minal necrosectomy, direct endoscopic necrosectomy.
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Acute pancreatitis (AP) typically manifests as an
edematous type with a relatively mild, self-limiting
course that is managed with supportive therapy and
is associated with few long-term consequences [2].
As a progression of acute edematous pancreatitis,
acute peripancreatic or pancreatic fluid collection
may sometimes persist and develop into a pseudo-
cyst after 4 or more weeks, resulting in pain syn-
drome and requiring drainage.
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Acute necrotizing pancreatitis (ANP), as the
severe form of AP, develops in 10—-20% of cases
and is characterized by prolonged hospitalization,
organ failure, infection, the need for intensive care
and surgical interventions, complications, repeated
hospitalizations, and long-term adverse outcomes.
Mortality in ANP varies from 11 % to 39 %, de-
pending on the presence of infection in the necrotic
area [3].
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Acute necrotic collection, which develops during
ANP, usually persists and transforms into walled-off
necrosis (WON) within 3—4 weeks. WON is char-
acterized by the presence of a capsule and a mixture
of fluid and necrotic debris. The wall of WON con-
sists of an infiltration zone of immunocompetent
cells, fibrin deposits, and the walls of adjacent or-
gans surrounding the cavity.

Surgical treatment options for complicated forms
of AP include percutaneous, endoscopic transluminal,
laparoscopic, and open surgical interventions [3, 12].
Currently, minimally invasive techniques are the pri-
mary method of surgical management in ANP, as they
significantly reduce mortality and complication rates
and often help avoid or postpone open surgery [4].

Over the past 20 years, new minimally invasive
techniques have emerged, including video-assisted
retroperitoneal debridement (VARD) and endo-
scopic transluminal necrosectomy (ETN), which
are considered among the most favorable approach-
es. In the English-language literature, ETN is also
referred to as direct endoscopic necrosectomy
(DEN), endoscopic transgastric necrosectomy, and
endoscopic peroral necrosectomy.

The optimal intervention strategy for patients
with suspected or confirmed infected necrotizing
pancreatitis (INP) includes percutaneous drainage
of the necrotic collection under imaging guidance
(ultrasound or CT) or endoscopic transluminal
drainage with subsequent endoscopic or surgical
necrosectomy, if necessary [11].

The first direct endoscopic necrosectomy was
described in 2000 by Seifert in three patients with
infected WON who were in a critical condition and
unsuitable for open surgery [8]. The researchers
introduced a gastroscope transgastrically directly
into the necrotic cavity and removed necrotic tis-
sue using a basket designed for bile stone extrac-
tion. Since then, ETN has been increasingly used
in Western countries and, since 2021, has been suc-
cessfully implemented in our clinical practice.

OBJECTIVE — to evaluate the results of ETN in the
treatment of patients with acute infected necrotiz-
ing pancreatitis (AINP) and summarize the expe-
rience of our department, including technical and
tactical aspects of the procedure.

Materials and methods
The study included 28 patients: 15 (53.6 %) men and
13 (46.4 %) women, with a mean age of 52.6 +12.5
years, who underwent ETN for AINP in our medi-
cal institution between 2021 and 2024.

Diagnostic methods included general and bio-
chemical blood tests, microbiological analysis,
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ultrasound examination, esophagogastroduodenos-
copy (EGD), contrast-enhanced computed tomog-
raphy (CT) of the abdomen, or magnetic resonance
imaging (MRI) of the abdomen. Given the com-
plexity of the pathology, patient management was
multidisciplinary, involving surgeons, endoscopists,
anesthesiologists-intensivists, radiologists, inter-
ventional ultrasound specialists, and other related
specialists (in some cases — internists, cardiologists,
endocrinologists, and psychiatrists).

The indications for endoscopic transluminal in-
tervention included:

A walled-off necrotic peripancreatic/pancre-
atic collection (WON), which, according to CT or
MRI data, was in direct contact with the stomach
and/or duodenum.

Disease duration of >4 weeks (28 days) from
the first pain episode.

Extrinsic compression of the stomach and/or
duodenum identified by EGD.

Endoscopic Intervention

Patients underwent endoscopic treatment of nec-
rotizing pancreatitis, which included the following
technical and tactical aspects:

A duodenoscope Olympus TJF-150 was used
for transluminal access and drainage, and if direct ne-
crosectomy was needed, a gastroscope Olympus GIF-
Q150 with a distal transparent cap was employed.

The procedures were performed under general
anesthesia with endotracheal intubation to protect
the airway from potential aspiration of infected
WON content.

The patient was placed in the supine position
during the procedure to provide the most accurate po-
sitioning of the WON relative to the stomach/duode-
num based on pre-procedural imaging (CT or MRI).

The access point to the WON cavity (Fig. 1)
was the site of the greatest bulging into the gas-
tric lumen, usually along the posterior wall in the
middle or lower third of the stomach body (in one
case — in the upper third of the stomach body). In
one patient, access to the WON cavity was achieved
through an existing cystic duodenal fistula with
a diameter of 1 mm along the inferior wall of the du-
odenal bulb, through which pus and necrotic debris
were discharged.

Access to the WON cavity was mainly created
using an Optimos cystotome (TaeWoong Medi-
cal, South Korea) or a needle papillotome in the
«blend» and <«coagulation» modes of the electro-
surgical unit to prevent bleeding, followed by the
insertion of a guidewire. Subsequently, the created
fistulous tract was dilated using the endo-balloon
with alength of 50 mm and a diameter of 15—20 mm,
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Figure 1. Access to the walled-off necrosis (WON)
cavity indicated by the arrow

Figure 3. View of the created transluminal fistulous
tract, indicated by the arrow

Figure 2. Dilation of the created fistulous tract using
a dilation endo-balloon, indicated by the arrow

maintaining balloon inflation for 5-10 min to pre-
vent bleeding (Fig. 2, 3).

The contents of the WON cavity were collect-
ed for bacteriological examination.

Subsequently, over the guidewire, 1-2 plas-
tic double-pigtail stents (length 50 mm between
loops, diameter 10 French) were placed (Fig. 4).
The presence of at least one transluminal stent
prior to direct endoscopic necrosectomy facilitates
identification of the newly created fistula, which
may be difficult to visualize between the gastric
folds, particularly due to the presence of pus and
debris from the WON cavity within the stomach.
The placement of two transluminal stents ensures
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Figure 4. Transluminally placed plastic double-
pigtail stents, viewed within the stomach cavity
(indicated by arrows)

better long-term patency and lumen support for
the fistulous tract compared to a single stent.

A gastroscope with a distal cap was advanced
into the WON cavity alongside the stents. To im-
prove visualization and wash out pus and debris,
the WON cavity was initially irrigated abundant-
ly through the endoscope’s working channel with
a 1% hydrogen peroxide solution, followed by aspi-
ration of the contents. During a single necrosecto-
my session, cavity irrigation was performed several
times to enhance the removal of necrotic debris and
improve visualization. The average volume of irri-
gation solution used during one procedure ranged
from 200 to 400 ml, depending on the cavity size.
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Figure 5. Necrotic debris in the WON cavity during
initial access (indicated by arrows)

Figure 7. View of the WON cavity after complete
necrosectomy and lavage

Direct endoscopic necrosectomy (Fig. 5-7)
through the created fistulous tract between the
stomach/duodenum cavity and the WON cavity
was performed using an endoscopic tripod (grasp-
er). Necrotic sequestra lying freely within the cav-
ity were removed and fragmented.

During necrosectomy, aggressive removal of
necrotic tissue with inadvertent capture of viable
structures was avoided in order to prevent profuse
bleeding; tightly adherent necrotic fragments were
left for the next session to allow spontaneous de-
tachment into the WON cavity.

After each session, the presence of unremoved
dense necrotic fragments in the WON cavity at the
time of procedure completion was recorded in the
surgical protocol to guide further treatment strat-
egy and determine the need for additional sessions.

To improve the conditions for cavity debride-
ment between sessions, the principle of continuous
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Figure 6. Endoscopic transluminal necrosectomy,
view inside the WON cavity (indicated by arrow)

lavage was applied. In patients with pre-existing
percutaneous drainage of the WON cavity, antisep-
tic solutions were introduced through the drain,
allowing pus and debris to be evacuated through
the created transluminal fistula into the stomach.
In patients where endoscopic intervention was the
primary method of decompression, a 7 Fr transnasal
catheter was placed into the WON cavity through
the created fistula at the end of endoscopic session,
enabling drip or intermittent irrigation.

During the subsequent endoscopic necrosec-
tomy session, if necessary, the fistula was re-dilated
using a 15—20 mm dilation balloon; the stents re-
mained in place.

The decision to proceed with open surgical
treatment was individualized by a multidisciplinary
team of surgeons and endoscopists in cases of the
patient’s lack of significant improvement and the
presence of a large volume of residual necrotic de-
bris within the WON cavity.

Criteria for treatment effectiveness

The effectiveness of treatment using ETN was as-
sessed based on the degree of clinical success, which
was defined as complete, partial, or no clinical suc-
cess. Obtaining access to the WON cavity deter-
mined the technical success of the procedure.

The main criterion for complete clinical success
of ETN was the patient’s discharge in satisfactory
condition with no need for additional surgical inter-
ventions for necrosectomy or complications. Other
criteria for complete treatment effectiveness at the
time of discharge included:

absence or significant reduction of symp-
toms associated with the primary disease (ab-
dominal pain, hyperthermia, signs of compartment
syndrome, including nausea, vomiting, digestive
disorders);
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according to imaging studies (ultrasound, con-
trast-enhanced CT, or MRI), the absence of fluid
collections or the presence of a cystic cavity <3 cm
that did not require surgical intervention.

The partial clinical success of ETN was defined
as a decrease in pain syndrome, resolution of gas-
tric and/or duodenal obstruction symptoms, and
reduction of hyperthermia, but without significant
improvement in the patient’s condition, requiring
open surgery within the step-up approach.

No clinical success was achieved in fatal cases,
regardless of whether open surgery was performed
within the step-up approach.

The procedure was technically successful when di-
rect transmural access to the WON cavity was estab-
lished, enabling subsequent dilation of the fistula cre-
ated with an endo-balloon, stent placement, and the
advancement of the endoscope into the WON cavity,
regardless of the final clinical treatment result.

The complications were divided into two groups:
those directly associated with necrosectomy (intra-
operative) and those related to the disease course
requiring surgical intervention (peritonitis, fistu-
las, and others).

Statistical analysis of the obtained data was per-
formed using the IBM SPSS Statistics 22 software
package. Descriptive statistics were used. Quan-
titative data are presented as arithmetic mean
(M) £ standard deviation (SD), and for qualitative
characteristics — absolute values (n) and percent-
ages were used. Correlation analysis was performed
using Spearman’s rank correlation. The chi-square
(¢?) one-sample test assessed the correspondence
between the observed and expected frequencies
in categorical data. A comparison of quantitative
variables was performed using the Mann—Whitney
U test. The null hypothesis of variable equality was
rejected at p<0.05.

Results

Among 28 patients with ANP, 13 (46.4 %) were ad-
mitted directly to the specialized department, while
15 (53.6 %) were transferred from other hospitals
or units. 23 (82.1 %) patients experienced primary
hospitalization due to ANP, while 5 (17.9 %) un-
derwent re-hospitalization, with p=0.001. In most
patients — 15 individuals (53.6 %; p=10.004) — the
duration of the disease history exceeded 72 hours
upon admission.

Among the etiological factors of ANP, gallstone
disease and alcohol consumption played a leading
role in 92.9 % of cases (p <0.001). According to the
Atlanta Classification 2012 [2], moderate severity
ANP was diagnosed in 19 (67.9 %) patients, while
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severe disease was recorded in 9 (32.1 %) patients
(p=0.089) (Table 1).

The initial session of ETN was performed on
average at 36.2 = 16.1 days (ranging from 22 to
86 days) after the first onset of symptoms. Among
patients experiencing their first episode of ANP,
the interval to ETN was 33.9 £ 12.9 days (22—-80
days). For those who were rehospitalized, the inter-
val was 47.0 £ 25.5 days (29—-86 days), with no sta-
tistically significant difference (p = 0.489). In one
case, ETN was performed as a «last resort» surgery
on day 22 of the disease, earlier than the typically
recommended >4-week interval for endoscopic
transluminal interventions.

In the area of fluid /necrotic pancreatic collection,
percutaneous drainage using a 9—12 Fr pigtail cath-
eter under ultrasound guidance was performed in
14 patients (60.9%) on average by the 7th day from
disease onset (range: 5-9 days), or, if necessary, at
later stages of the disease. Furthermore, 15 (53.6 %)

Table 1. Clinical characteristics of the studied
patients (n=28)

Parameter Value
Male 15 (53.6%)
Fmale 13 (46.4 %)
Age, years 52.6+12.5
(mean £ SD (min—max)) (33-77)
Time to admission
<6 hours 3(17.9%)
6—24 hours 6(21.4%)
2472 hours 2(71%)
>72 hours 15 (53.6 %)

Hospitalization status
First-time admission

23 (82.1%)

Readmission 5(17.9%)
Etiology of pancreatitis
Gallstone disease 15 (53.6 %)
Alcohol 11 (39.3%)
Hypertriglyceridemia 1(3.6%)
Tumor (ampullary adenoma) 1(3.6%)
Severity of acute pancreatitis [2]
Moderate 19 (67.9 %)
Severe 9 (321 %)
Patients without adequate initial
management of acute pancreatitis
Transferred from another department 15 (53.6%)

or hospital*

Note. *1 of 15 patients remained at home for about a month
from the onset of the disease before being admitted to the clinic.
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patients underwent abdominal cavity drainage due
to pancreatic ascites, and 8 (28.6 %) patients had
pleural cavity drainage for exudative pleuritis.

Before surgical intervention, patients exhibited
fever (96.4 %), infection (positive bacteriological
culture from WON aspirate) (96.4 %), abdominal
pain (89.3%), severe general weakness (78.6 %),
signs of systemic inflammatory response syndrome
(SIRS) (67.9%), gastric outlet obstruction/vom-
iting (60.7 %), pancreatic ascites (53.6 %), nausea
and loss of appetite (50.0 %), sleep disturbances
(46.4 %), splenoportal thrombosis (28.6 %), and
pleural effusion (28.6 %) (Fig. 8).

The average size of the WON was 109.6 £ 32.9 mm
(Fig.9), as assessed using imaging techniques such
as contrast-enhanced abdominal CT (less frequently,
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Figure 8. Primary conditions and symptoms in
patients with walled-off necrosis at the time of
endoscopic transluminal necrosectomy (n = 28)
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abdominal MRI). Specifically, two maximum di-
mensions of the cavity (conventionally referred to as
width and length) were measured separately in the
axial and frontal planes; the four obtained measure-
ments were then summed and divided by four.

A total of 48 endoscopic transluminal sessions were
performed, most commonly one per patient (Table 2).

The average intervals between consecutive ses-
sions (1-2, 2-3, 3—-4) did not show statistically
significant differences (Table 3).

Continuous lavage of the WON was performed in
17 (60.7 %) patients, including percutaneous lavage
through an existing drain in 10 (58.8 %) patients and
transnasal drainage installed endoscopically during
the ETN session (and reinstalled on the subsequent
sessions) in 7 (41.2 %) patients. Lavage was carried
out three times a day, either fractionally or by drip.
The antiseptics used included 1 % hydrogen perox-
ide solution and/or 1% betadine solution; the vol-
ume of irrigation solution was 200—400 ml per day.

The procedure was considered technically success-
ful in 28 (100.0 %) patients. One patient experienced
gastric wall bleeding during the first session, which
was stopped by balloon tamponade. No complications
requiring surgical intervention were observed.

After performing ETN alone, complete clinical
success was attained in 18 (64.3 %) patients, while
8 (28.6%) patients presented with partial clinical
success. No clinical success was recorded in 2 (7.1 %)
patients. Among patients with partial clinical success,
one patient died after open surgical intervention.

Table 2. Distribution of patients by number of
sessions (n =28)

Number of sessions Number of patients
1 14 (50.0 %)

2 10 (35.7 %)

3 2(71%)

4 2(71%)

Table 3. Average intersession intervals during
treatment, days

Sessions Mean = SD Min—max
1st—2nd (n=16) 7.0+22 4—14
2nd-3rd (n=4) 6.5+1.0 6-8
3rd—4th (n=2) 6.5+0.7 9-7

Figure 9. Distribution of patients according to the
average size of the walled-off necrosis (WON)

General Surgery 3azansnaxipypezin * 2025 ¢ Nel (12)

Note. No statistically significant differences were found between
intervals (p>0.05).
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Endoscopic access to WON
N=28
l l l
Complete Partial No
clinical success clinical success clinical success
N=18 N=8 N=2*%
(64.3%) (28.6%) (7.1%)

o sap sugery |2
Step-up surgery

Recovered
N=25
(89.3%)

* One patient was transferred from another department and was
in critical condition before the procedure, with signs of multiple
organ failure; the other patient had stayed at home for about

a month from disease onset until admission to the clinic and was
of advanced age (77 years).

# Fatal case due to progression of multiple organ failure; the
WON cavity was of giant size (mean size — 185 mm) with
extensive necrotic tissue; the patient was transferred from
another department.

Figure 10. Flowchart of treatment outcomes
in patients from the study
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Figure 11. Correlation between the effectiveness of
ETN and several parameters

Thus, a total of 25 (89.3 %) patients recovered, and
mortality was noted in 3 (10.7 %) cases (Fig. 10).

Achieving complete clinical success or complete+
partial clinical success necessitated 1 to 4 sessions
(Table 4).

Complete clinical success was achieved with-
in 1-2 sessions in 15 patients, which accounted
for 53.6 % of the total number (n=28) of treat-
ed patients. Complete+partial clinical success
was achieved within 1-2 sessions in 21 patients
(75.0%). The mean length of hospital stay was
56.2 +27.2 days (ranging from 19 to 113 days).
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Table 4. Number of ETN sessions in patients with
complete and complete+partial clinical success

Number of sessions Number of patients

Complete clinical success (n=18)

1 8 (44.4%)
2 7(389%)
3 1(5.6%)
4 2 (11.1%)

Complete + partial clinical success (n=25)

1 12 (48.0 %)
2 9(36.0%)
3 2(8.0%)
4 2(8.0%)

Table 5. Frequency of achieving complete clinical
success depending on the use of continuous
lavage for WON

Complete clinical success

g(‘)’gg:uous Yes No ol

Yes 14(824%) 3(176%) 17 (100.0%)
No 4(36.4 %) 7(63.6%) 11(100.0 %)
Total 18 (64.3%)  10(35.7%) 28 (100.0%)

Correlation analysis of the relationship between
ETN effectiveness and several clinical parameters
revealed significant correlations only for the sever-
ity of the patient’s condition at admission and the
use of continuous WON cavity lavage (Fig. 11).

Among the 17 patients who underwent continu-
ous lavage of the WON cavity, complete clinical suc-
cess was achieved in 14 (82.4 %), but only 4 (36.4 %)
of the 11 patients who did not receive continuous la-
vage obtained the same outcome (p=0.013; Table 5).

Thus, performing ETN followed by continuous
lavage of the WON cavity increased the likelihood
of achieving complete clinical success by 2.26 times
compared to patients who did not undergo lavage
(RR=2.26;95% CI 1.01-5.10; p=0.0485).

Discussion

Currently, the management of acute necrotizing
pancreatitis is based on the following key princi-
ples: priority of minimally invasive interventions,
the «step-up» approach, delayed interventions, and
multidisciplinary management.
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The choice of surgical strategy in ANP is made ac-
cording to the internationally recognized «step-up
approach», taking into account the timing of disease
onset and the dynamics of the clinical course. This
strategy involves a gradual transition from less inva-
sive methods to more invasive procedures to mini-
mize surgical trauma to the patient. Unlike open ne-
crosectomy, the essence of the «step-up» approach
lies primarily in controlling the infectious focus and
alleviating sepsis symptoms, rather than in the com-
plete removal of infected necrotic tissue [10]. There
is convincing clinical evidence that the «step-up»
strategy significantly reduces the number of compli-
cations, adverse long-term outcomes, and mortality
in patients with ANP [4, 10], allowing for avoidance
or postponement of surgical necrosectomy [4, 11].

Endoscopic transluminal interventions for ANP
in Western countries have already occupied a sig-
nificant niche among minimally invasive techniques
and are being used with increasing frequency [1].

Despite the high effectiveness of this method,
clinicians face several unresolved issues, such as de-
termining the optimal frequency of interventions;
choosing the endoscopic debridement strategy —
initial endoscopic drainage alone or immediate en-
doscopic necrosectomy; selecting stents — plastic
or self-expanding metal stents; developing innova-
tive tools for necrosectomy; ensuring continuous
lavage of the WON cavity with antiseptic or anti-
biotic solutions; and establishing criteria for tran-
sitioning to more invasive procedures. Currently,
these aspects are addressed on an individual basis,
relying on the experience and technical capabilities
of a particular medical center, which highlights the
need for further research.

Among the debatable issues is the performance
of endoscopic transluminal access without an
endoscopic ultrasound (EUS). The WON cav-
ity compresses the wall of the stomach or duode-
num in approximately 50—60 % of ANP cases, 4—6
weeks after the onset of the disease [4]. During di-
agnostic upper gastrointestinal endoscopy, an area
of external compression or bulging into the lumen
of the stomach or duodenum is usually visualized.
Moreover, this site frequently displays inflamma-
tory infiltration, indicating the WON’s cavity di-
rect attachment to the hollow organ’s wall. In such
cases, endoscopic transluminal interventions can
be performed at the site of bulging without using
of EUS as long as there are no signs of significant
portal hypertension [5-7, 12]. It should also be
noted that interventions through the greater and
lesser curvatures of the stomach should be avoid-
ed due to the presence of large vessels in these
areas, which may lead to fatal bleeding. Using an
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ultrasound endoscope to create access is preferable,
as this device allows access to the WON cavity in
up to 100 % of cases, even if typical bulging into the
gastric lumen is absent, provided that the cavity is
within the EUS visualization range [1].

Our study demonstrates that adherence to the
indications (direct contact of the WON cavity with
the stomach or duodenum according to CT/MRI
data, external compression of the stomach/duode-
num according to EGD findings, disease duration
>4 weeks), as well as the patient’s supine position
during the procedure, allows for safe endoscopic
transluminal interventions without EUS, with
a minimal complication rate and 100 % technical
success of accessing the cavity. For convenience
during the procedure in the supine position, we
used a 15 cm footrest for the endoscopist.

For better evacuation of purulent-necrotic con-
tents from the WON cavity, it is crucial to create
adequate access to the cavity. Plastic stents with
a diameter of 10 French, which are considered the
standard, become rapidly occluded with debris, and
the evacuation of purulent-necrotic material oc-
curs mainly through the space between the stents.
Therefore, during the first intervention, transluminal
drainage with plastic stents alone is insufficient. A fis-
tula should be created using a dilation balloon up to
20 mm. In addition, during the initial procedure, en-
doscopic entry into the WON cavity is mandatory for
the assessment of cavity size, the amount of necrotic
debris, and its consistency — which will help deter-
mine the need for subsequent sessions.

According to our experience, soft-consistency
necrotic masses can be removed by lavage; how-
ever, in most cases, dense sticky necrotic debris is
present. It must be fragmented and removed using
an endoscopic tripod (or other tools) into the lu-
men of the hollow organ over several sessions.

Performing daily continuous lavage of the WON
cavity after establishing endoscopic access signifi-
cantly improves treatment outcomes in these pa-
tients and may reduce the number of endoscopic
sessions required.

The duration of a single ETN session should be
limited. Prolonged necrosectomy sessions in patients
under anesthesia and mechanical ventilation, weak-
ened by a long-lasting intra-abdominal infectious-
toxic process, may together exert significant patho-
physiological stress on the patient’s body. Based on
our experience, the optimal duration of a single ETN
session should be 60—90 minutes, which has also
been reported in previous original studies [7].

Important factors predicting the clinical success
of ETN include the size of the WON cavity and the
extent of necrotic process spreading into paracolic
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spaces [6]. Among the patients in our study, there
was one female patient with necrosis spreading into
the left paracolic gutter. In this case, complete clini-
cal success was achieved after two ETN sessions
combined with the placement of a «competing» per-
cutaneous drain under ultrasound guidance into the
left paracolic space, with active lavage through it.

A large WON size and extensive necrotic tissue,
with paracolic extension of the necrotic process ob-
served during endoscopic assessment, may indicate
the need to transition to more invasive surgical in-
tervention. However, the decisive factors in such
situations are the general condition of the patient,
the clinical response to transluminal intervention,
and the expertise of the selected center.

Our findings confirm that ETN is an effective
treatment method for acute infected necrotizing
pancreatitis when the indications for the procedure
are observed, demonstrating a low complication
rate (3.6 %, n=1, bleeding) and mortality (10.7 %,
n=3). When indicated, this technique, in combina-
tion with percutaneous drainage, can serve as the
primary method for complete WON debridement in
most cases (64.3 %). In 28.6 % of patients, it may be
used as an intermediate stage before transitioning
to more invasive surgical procedures.

The study has certain limitations due to the rela-
tively small number of patients included and its
single-center design.
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Enpockorriyna TpaHCIIOMiHA/IbHA HEKPO3EKTOMIA y MAIIEHTIB
3 TOCTPUM iH(PIKOBAHUM HEKPOTUYHHUM ITAHKPEATUTOM.
JTOCBij crieniajai3oBaHOI'O BiIiJICHHS

H.B. ITysup ! 2, 1. M. Cycak *

! Hartionasnbuuit meguunuii yaisepeurer imeni O. O. Boromosbiis, Kuis

2 KuiBcbka MichbKa KJIiHIYHA JiKapHS IBUAKOI MEAUYHOI JOIOMOIU

3a OCTaHHi JECATHUITTA JiKyBAHHA T'OCTPOro iH(PIKOBAHOIO HEKPOTUYHOrO maHkpeatury (I'THIT) cyrreso
MTOKPAIIHIOCA 3ABJAKUA ITOIVIMOJIEHHIO PO3yMiHHA MEXAHI3MiB mepebily 3aXBOPIOBAHHA T4 BIIPOBALKEHHIO
MaJIOIHBA3UBHUX TEXHOJIOTiIN. EHOCKONIYHI TPAHCIIOMIHAIbHI BTPYYaHHA [IOCIIAIOTh BAKIMBE MICLiE CEPEs
X METOAMK i IPOJOBXKYIOTH YAOCKOHAIIOBATUCA AK 3 TEXHIYHOL, TAK i 3 TAKTUYHOI TOYKHU 30DY.

Mera — OLIHUTU PE3Y/IBIATU CHIOCKOIIIYHOI TPAHCIIOMIHAIbHOI HEKPO3eKTOMil y martieHTis 3 I'THIT Ta y3arainb-
HUTHU JOCBIJI CIIELia/Ii30BAHOTO BilJIJIEHHS.

Marepianu Ta MeToau. B 1OCIpKeHHs YBIMwIoO 28 martieHTis: 15 (53,6 %) 40n0BikiB Ta 13 (46,4 %) JKIHOK,
3 cepenHiM BiKoM (52,6 +12,5) poky, sikum rpotsarom 2021—2024 pokiB BUKOHAHO €HIOCKOITYHY TPAHCIIIO-
MiHaIbHY HEKpo3ekToMilo (ETH) 3 mpuBoy OOMEKEHOIO HEKPOTUYHOTO MEP]i-/MAHKPEATUIHOIO CKYITYEHHS
(OHCO), sike 6€3110CEPENHBO KOHTAKTYBAJIO 3 IUIYHKOM T4,/400 ABAHALATHIIAION KUMKOIO. [THIT cepeHbOro
cryneHs TspKKoCTi Manu 19 (67,9 %) mariienTis, Tsokkuit epebir — 9 (32,1 %). Cepentiit posmip OHC CTaHOBUB
109,6 +32,9 mm. Peaynsraru ETH OIiHIOBAIN SIK [IOBHUIA, YaCTKOBHI 2460 BiICYTHII KIHIYHUHN YCITiX.
PesyawsrarH. [lepina cecist ETH BUKOHAHA B cepeJHhOMY Ha 36,2+ 16,1 106y (Bix 22 10 86 1i6) Bt mepIoro
IIPUCTYITY 3aXBOPIOBAHHA. BCbOIO BUKOHAHO 48 €HIOCKOMIYHUX TPAHCIIOMIHAIBHUX CECiH, Bix 1 10 4, Hariyac-
Tile — ogHy Ha ogHOro nanieHTay 14 (50,0 %). Inreppaii MK HOCIIOBHUMM CECIAMM HANYACTIIIE CTAHOBWIN
6—7 ni6. [Iporounwui taBaxx OHC 3aiticaeHo 17 (60,7 %) XBOpUM.

TpuBaIicTh MaHIMy/sIii craHoBwIa Bim 60 xB. 10 90 XB. PiBeHb iHTPAOIEPATIMHUX YCKIATHEHb CTAHOBUB
3,6 % (mpodysHa KpoBoTeya). [TOBHOTO KIHIYHOTO YCITiXy TOCATHYTO v 18 (64,3 %) maIlieHTiB, 9aCTKOBOTO —
v 8(28,6%),y 2 (7,1 %) KIHIYHOTO YCITiXy He 3a(hiKCOBAHO. 3araioM OyKato 25 (89,3 %) MaIlie€HTiB, TeTATbHICTh
CcTaHoBWIA 3 BUNaaAku (10,7 %).

Bucuosku. ETH ripu I'THIT ripu JOTpHUMaHH{ TOKA3iB MOXKE 6YTH OCHOBHHUM METO/IOM JHKyBaHH: y 64,3 % marii-
€HTIB, A TAKOXK Y YACTUHHU TAITEHTIB (28,6 %) — SIK IEPEXiHMUI €TaTT IO OUTBIN iHBA3UBHUX OTepariiit. BUKoHaH-
n4a ETH 3 mopaibmyM 3aCTOCYBAHHAM ITPOTOYHOTO JIABAXKY NMOPOKHMHK OHC mifgBHIIye MMOBiIPHICTD JOCAT-
HCHHST IIOBHOT'O KJIHIYHOTIO YCIIiXY v 2,26 pa3y MOPIBHIHO 3 MAIEHTAMH, SIKUM TAKHUH JIABAK HE IIPOBO/IUBCS
(RR=2,26;95% 111 1,01—5,10; p=0,0485).

K1r040Bi c/10Ba: rOCTPHIT TAHKPEATUT, TOCTPUH iH(DIKOBAHMI HEKPOTUYHHUN NTAHKPEATHT, OOMEKEHE HEKPO-
TUYHE CKYITYEHHA, €HOCKOITYHA TPAHCIOMiHAIbHA HEKPO3EKTOMis, IIPAMA €HAOCKOIIYHA HEKPOZEKTOMIs.

FOR CITATION

I PuzyrNV,Susak YM.Endoscopic transluminal necrosectomyin patientswithacuteinfected necrotizing pancreatitis. Experience of aspecialized center. General Surgery (Ukraine). 2025:(1);50-
59. http://doiorg/10.30978/GS-2025-1-50.

General Surgery 3azanvsnaxipypeis © 2025 * Nel (12) 59



CLINICAL CASE  Kniniunuii sunadox

ISSN 2786-5584 PRINT
ISSN 2786-5592 ONLINE

UDC 616.381-003.2-02:616.423-001.4-005.91]-073.75-089
DOI http://doi.org/10.30978/GS-2025-1-60

Indocyanine green lymphography as a method
for the diagnostics and management of a hylous
ascitis. Clinical case

J. Pavulans "2, S. Likina! 2, R. Laguns !, V. Lobarevs !, H. Plaudis ! 2

I'Riga East Clinical University Hospital, Latvia
2 Riga Stradins University, Latvia

DX} Prof. Haralds Plaudis: hplaudis@gmail.com

J. Pavulans, http://orcid.org/0000-0002-0049-8940
S. Lokina, http://orcid.org/0009-0004-4796-8606
R. Laguns, http://orcid.org/0009-0007-8501-5824
V. Lobarevs, http://orcid.org/0000-0003-1098-7702
H. Plaudis, http://orcid.org/0000-0002-3951-5437

Chylous ascites is an uncommon complication following invasive procedures, occurring in fewer than 5% of
cases. Most patients with low output lymphorrhea respond favourably to conservative management. However,
in cases of persistent lymphatic leakage, surgical intervention may be warranted.

CASE PRESENTATION. A 42-year-old male developed lymphorrhea following ultrasound-guided percutaneous
drainage of a large perisplenic hematoma and hemoperitoneum. Despite repeated drainage of ascitic fluid (per-
formed three times) and conservative therapy, including dietary modifications, the patient exhibited persistent
chylous ascites that necessitated surgical intervention. A total of five abdominal computed tomography (CT) scans
and two magnetic resonance imaging (MRI) studies failed to identify the site of lymphatic leakage. The patient
was admitted to Riga East Clinical University Hospital, where additional CT and MRI imaging of the abdomen was
performed. Surgical treatment was scheduled. During laparotomy, intraoperative fluorescence lymphography was
employed using near-infrared imaging with indocyanine green (ICG) injection. Lymphatic leakage was identi-
fied in the vicinity of the left diaphragmatic crus. Approximately three minutes after paraaortic administration
of ICG, intact lymphatic vessels became visible, and within five minutes, the precise site of leakage was localized
via fluorescence-guided extravasation. The leaking lymphatic vessel was coagulated and sealed using a TachoSil®
hemostatic patch. A surgical drain was placed adjacent to the repair site for postoperative monitoring. No recur-
rence of chylous ascites was observed during a four-month follow-up period. Intraoperative identification of
lymphatic leakage remains challenging due to the small calibre of lymphatic vessels and the low-pressure flow of
lymph, which is often imperceptible to the unaided eye. Fluorescence-guided lymphography using ICG signifi-
cantly enhances intraoperative visualization of compromised lymphatic structures. In cases of refractory chylous
ascites, surgical management incorporating this technique appears to be both safe and effective.

Concrusions. This case highlights the successful surgical management of refractory chylous ascites utilizing
intraoperative indocyanine green fluorescence lymphography, which enabled precise identification and closure
of the lymphatic leakage site.

KEYWORDS
fluorescence guided surgery, indocyanine green, lymphography, lymphorrhea, lymphatic leakage, chylous asci-
tes, image guided surgery, fluorescence lymphography, acute pancreatitis.
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Chylous ascites is an uncommon clinical condi-
tion, with incidence rates varying depending
on patient population and clinical context. It is
most frequently associated with disorders that
disrupt lymphatic flow, such as lymphomas, ma-
lignancies, or infections involving the lymphatic
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system. Overall, chylous ascites accounts for less
than 1% of all ascites cases, including those due
to cirrhosis and malignancy. In cirrhotic patients,
the incidence ranges from 0.5% to 1.0 %, while
in malignancy-associated ascites it can reach up
to 6.7 % [26].
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Although lymphatic leaks are relatively rare, they
can pose considerable clinical challenges. For in-
stance, the incidence of lymphatic leakage following
pancreatic resections is approximately 2.6 % [17],
while in gynaecological surgeries involving pelvic
and/or para-aortic lymph node dissection, the rate is
around 0.17 % [20]. The management of such leaks is
often complex and requires multimodal approaches.
Traditional non-invasive and minimally invasive
methods include percutaneous drainage and aspira-
tion. More targeted techniques, such as lymphatic
vessel ligation and sclerotherapy, may also be em-
ployed [14]. Given the higher incidence of lymphatic
injury in vascular surgery — reported in up to 18 % of
arterial procedures — microsurgical interventions, in-
cluding lymphatic-lymphatic and lymphatic-venous
anastomoses, are increasingly utilized in managing
lymphatic leakage and associated lymphedema [24].

We present the case of a patient who developed
high output lymphorrhea and refractory chylous
ascites following acute pancreatitis complicated
by a large perisplenic hematoma and hemoperito-
neum. After undergoing endovascular embolization
of the splenic artery and percutaneous drainage via
ultrasound-guided pigtail catheter placement, the
patient developed persistent chylous ascites. De-
finitive treatment was ultimately achieved using
intraoperative fluorescence-guided lymphography.

Case presentation

A 42-year-old male was admitted to Riga East Clini-
cal University Hospital with persistent high-output
chylous ascites and lymphorrhea. These symptoms
developed following abdominal hemorrhage due to
ruptured splenic artery pseudoaneurysm complicat-
ed with a large perisplenic and intra-abdominal he-
matoma, which had been managed previously with
ultrasound-guided drainage using a pigtail catheter.

This event resulted in chronic chylous ascites
that persisted over a seven-month period. Prior
to his referral to our institution, the patient was
managed conservatively in one of largest hospi-
tals in United Kingdom. Treatment included strict
dietary modifications intended to reduce lymph
production. During this time, he underwent three
therapeutic paracenteses, five computed tomogra-
phy (CT) scans, and two magnetic resonance imag-
ing (MRI) examinations for the detection of pos-
sible lymphatic duct leakage. Ascitic fluid analysis
showed markedly elevated triglyceride levels (16
mmol/L), low protein content, and no evidence of
infection—findings consistent with chylous ascites.

The initial episode occurred on July 1, 2024,
when the patient presented to a regional hospital
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in the UK with acute abdominal pain, generalized
weakness, and dyspnoea. Laboratory investigations
revealed severe anaemia (haemoglobin 5.1 g/dL),
necessitating transfusion of five units of packed red
blood cells. CT angiography demonstrated a splenic
artery pseudoaneurysm, a large perisplenic and epi-
gastric hematoma, hemoperitoneum, and multiple
pancreatic pseudocysts. On July 2, the patient un-
derwent endovascular embolization of the splenic
artery. He was transferred from the intensive care
unit (ICU) to the surgical ward on July 3.

Follow-up abdominal CT on July 15 showed
no significant progression of the intra-abdominal
hematoma. On July 18, ultrasound-guided percu-
taneous drainage of the epigastric hematoma was
performed, yielding 300 mL of haemorrhagic fluid.
A subsequent CT scan on July 20 revealed a marked
reduction in the size of the haemorrhagic collection.
The drainage catheter was removed on July 26, and
the patient was discharged two days later.

The first signs of ascites appeared four months
after the initial intervention. In November 2024,
the patient underwent the first ultrasound-guided
percutaneous drainage procedure due to progres-
sive abdominal distension and discomfort. Ap-
proximately 8 litres of milky white ascitic fluid
were drained. A second drainage procedure was
performed one month later, yielding 11 litres of
similar fluid. Despite additional CT and MRI imag-
ing, the site of lymphatic leakage could not be local-
ized. A third drainage was performed on January 21,
2025, shortly before the patient travelled to Latvia
for further evaluation.

Upon admission to Riga East Clinical University
Hospital on January 28, 2025, the patient reported
mild abdominal pain, controlled with tramadol. He
also described constitutional symptoms, including
a 10 kg weight loss over six months. On physical ex-
amination, he was 184 cm tall and weighed 71 kg,
reflecting a significant catabolic state. Persistent
high output lymphorrhea was observed, with daily
drainage volumes ranging from 800 to 1200 mL. Re-
peated CT imaging of the abdomen was performed
but failed to identify the precise site of lymphatic
leakage. MRI revealed mild fibrotic changes in ret-
roperitoneal adipose tissue and a linear structure
adjacent to the splenic vein, near the left diaphrag-
matic crus (Fig. 1). Although suggestive, these find-
ings did not definitively confirm the location of the
lymphatic leak. Due to the patient’s deteriorating
clinical condition—including severe malnutrition,
chronic pain, ongoing protein and electrolyte loss-
es, and increased risk of life-threatening complica-
tions—a multidisciplinary decision was made to pro-
ceed with surgical intervention. Since preoperative
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Figure 1. MRI findings (arrow) - linear structure at
the projection of the splenic vein close to the left
pedicle of the diaphragm

lymphangiography was not feasible, intraoperative
fluorescence-assisted lymphography with indocya-
nine green (ICG) was selected to enable real-time
localization of the lymphatic leak and guide defini-
tive surgical repair.

Surgical Management
Under general endotracheal anaesthesia, an upper
midline laparotomy was performed following three
consecutive rounds of surgical site preparation us-
ing antiseptic disinfectant solution. Upon entry
into the peritoneal cavity, a large volume of white,
milky chylous fluid was encountered (Fig. 2).
Complete evacuation was achieved using suction
and copious warm saline irrigation. Dense adhe-
sions between intestinal loops and the abdominal
wall were meticulously dissected using a LigaS-
ure device to minimize tissue trauma and haemor-
rhage, thereby improving exposure and access to
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Figure 2. White, milky content known as chylous
ascites

retroperitoneal structures. The abdominal cavity
was irrigated until the effluent was macroscopically
clear. Subsequently, the mesenteric root was exposed
to facilitate intraoperative lymphatic mapping. In-
docyanine green (ICG) dye at a concentration of
2.5 mg/mL was injected (1 mL) into three retro-
peritoneal sites. Near-infrared fluorescence imaging
was initiated one-minute post-injection. Although
several small-calibre, intact lymphatic vessels were
visualized, no obvious leakage site was initially ob-
served, prompting an extension of the surgical field.
The lesser sac was accessed via division of the gas-
trocolic ligament. Significant venous engorgement
along the gastroepiploic arcade was noted, sug-
gesting portal hypertension. Careful dissection to-
ward the left diaphragmatic crus—corresponding to
a suspicious area previously identified on MRI was
performed. During this stage, a lysed, haemorrhagic
splenic cyst was encountered and evacuated. To im-
prove visualization, an additional 7.5 mg of ICG dye
(1 mL per injection) was administered into three
para-aortic locations. Repeat fluorescence lym-
phography revealed focal extravasation of the dye,
indicating active lymphatic leakage. The identified
site was thoroughly irrigated with 0.9% sodium
chloride solution. Following field clearance, ICG
lymphography was repeated to confirm the leakage
site. Targeted coagulation of the leaking vessel was
performed using monopolar electrocautery. Haemo-
stasis and lymphostasis were reinforced by applying
a 10 x5 cm TachoSil® fibrin sealant patch over the
treated area with gentle compression (Fig. 3, 4).
A drainage tube was positioned adjacent to the re-
pair site for postoperative monitoring. Final irriga-
tion was completed, and the abdomen was closed in
anatomical layers using non-absorbable sutures for
fascia and absorbable sutures for skin.

The intraoperative and early postoperative courses
were uneventful, classified as Clavien-Dindo Grade L.
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Figure 3. Fluorescence lymphography,
electrocoagulation knife coagulation
of the damaged area

Figure 4. Fluorescence lymphography, visualization
of the damaged area

No chylous drainage was observed over the first three
postoperative days, and the drain was removed ac-
cordingly. The patient was discharged on postopera-
tive day four in stable condition with appropriate out-
patient follow-up. No recurrence of lymphatic leakage
or ascites was observed during subsequent evalua-
tions during the period from March to June.
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Discussion

Chylous ascites refers to the pathological accumula-
tion of triglyceride-rich, milky-appearing lymphatic
fluid in the peritoneal cavity, typically resulting
from traumatic disruption of lymphatic vessels. The
condition was first described in the literature in
1912 [4]. Common ethiologies include trauma, lym-
phatic obstruction with consecutive rupture, ma-
lignant infiltration of the cisterna chyli, disruption
of retroperitoneal lymphatic pathways or the tho-
racic duct, and elevated peritoneal lymphatic pres-
sure [7]. Loss of chyle from the lymphatic system
compromises nutritional, immunological, and fluid
balance. Key complications include severe protein
depletion, electrolyte imbalance, immunosuppres-
sion, and dehydration. These complications are par-
ticularly pronounced in high output lymphorrhea
(> 1000 mL/day) [21], and thus necessitate early di-
agnosis and timely intervention to mitigate morbid-
ity and preserve quality of life. Conservative therapy
remains the first-line approach and includes dietary
modification (low-fat, high-protein, MCT-enriched
diet), total parenteral nutrition, and pharmacologic
agents such as somatostatin or octreotide. However,
resolution is only achieved in approximately 62 % of
patients treated conservatively [1], highlighting the
importance of timely surgical referral in refractory
cases. The intraoperative identification of lymphatic
injury is technically challenging due to the micro-
scopic size of lymphatic vessels. While the thoracic
duct measures 2—5 mm in diameter [23], most ab-
dominal lymphatics are < 1 mm and capillaries range
from 10-60 um [19], making them difficult to visu-
alize intraoperatively without adjunctive tools. Pa-
tients with postoperative lymphatic leakage often
present with non-specific symptoms—progressive
abdominal distension, dyspnoea, fatigue, malnutri-
tion, and hypoalbuminemia [5]. Diagnostic evalu-
ation includes biochemical analysis of ascitic or
drainage fluid (appearance, triglyceride concentra-
tion), imaging (CT, MRI), lymphangiography, lym-
phoscintigraphy, and diagnostic paracentesis [12].
Lymphatic injuries, although rare, may occur even
after minimally invasive procedures. Reported inci-
dences range from 2.6 % in left colectomies to 9.6 %
in right colectomies [18, 27], reflecting proximity of
key lymphatic structures to retroperitoneal dissec-
tion planes. Surgical intervention is generally re-
served for cases unresponsive to conservative ther-
apy. Standard operative strategies include laparoto-
my or laparoscopy with identification and ligation
of the leaking lymphatic channel, often augmented
by haemostatic sealants (e.g., fibrin glue, oxidized
cellulose) [6, 8]. Preoperative localization improves
success rates to nearly 97 % [ 18], but guidelines for
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management when the site remains unidentified are
lacking. In this case, intraoperative ICG fluores-
cence lymphography was used successfully to local-
ize and treat a persistent lymphatic leak when con-
ventional imaging failed. Although only a few cases
employing this technique have been reported, ICG
lymphography offers clear advantages by providing
real-time visualization of lymphatic flow and allow-
ing precise targeting of the leak.

Conclusions

Chylous ascites remains a rare but challenging com-
plication, particularly in patients with high output
lymphorrhea refractory to conservative manage-
ment. Surgical intervention is often required, yet in-
traoperative identification of the leaking lymphatic
vessel is frequently impeded by the anatomical com-
plexity and extremely small size of the lymphatic
system. This case highlights the clinical utility of in-
traoperative ICG fluorescence lymphography as an
effective diagnostic and therapeutic adjunct in the
surgical treatment of chylous ascites. By enabling
real-time visualization of lymphatic structures and
extravasation, ICG lymphography facilitates accu-
rate localization and targeted intervention, signifi-
cantly improving outcomes. Only a limited number
of such cases have been described in the literature,
emphasizing the need for broader clinical experi-
ence and research. Further studies are needed to es-
tablish standardized protocols for ICG use in lym-
phatic surgery and to evaluate its long-term efficacy
in the management of chylous ascites. Nonetheless,
this case exemplifies the value of innovative intra-
operative techniques in resolving complex surgical
dilemmas and advancing patient care.
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Jlim@porpadis 3 iHAOIIiaHIHOM 3€JIEHUM K METO/, JialrHOCTUKH
TA JJIKYBaHHA I''JIOBUBHOI'O ACIIUTY.
KiiaiyHHUM BUITIAJOK

J. Pavulans 12, S. Likina -2, R. Laguns !, V. Lobarevs !, H. Plaudis ! 2

! Puspka CxizHa KIiHiYHa yHIBEpCUTETCHKA JiKapHs, JlaTBisg

2 Pusbkuii Mmeguunuii yuisepcurer imeni I1. Crpagins, Jlarsis

XUTbO3HMI ACLUT € PifIKICHUM YCKIAJHEHHAM IiC/Is iHBA3UBHUX MPOLIEAYP, IO TPAIUIAETHCA MEHII HIK Y 5 %
BUIIA/IKiB. BUIBITICT NAIi€HTIB i3 HU3BKUM PiBHEM JIIM(OPET T06PE PearyioTb Ha KOHCEPBATUBHE JIKyBAHH, A7I€
Y BHUIAJKAX, KON BUTIK JTiM(DU TPUBAE, MOKE 3HAJOOUTHCS XipypriuHe BTPYYaHHS.

KiriHidHHI BHIIAZOK. ONUCAHO BUIIQIOK 42-piYHOIO YOIOBIKA, SIKUU OTPHUMAB IMONIKOPKEHHS JIiM(PATUY-
HOI CyJUHU IIiCJI1 YEPE3MIKIPHOIO APEHYBAHHA BEJIMKOI IIEPUCIVIEHIYHOL I'€MATOMH Td I'€MOIIEPUTOHEYMY ITiJ]
KoHTposeM Y3/, ITonpu 6araropasose JPEHyBaHH:A (TPHUUi) Ta KOHCEPBATHUBHY TEPAIIIIO (3MiHA Ji€TH), y Malli-
€HTA CIIOCTEPIraBCs CTIMKUNI XITBO3HUI ACIIUT, IO NOTPEOYBAB XipypriyHOIO BTPYYaHHS. 3arajoM 6y/0 Mnpo-
BEJICHO IT'SITb KOMITIOTEpHUX TOMOTrpadirt (KT) uepeBHOI NOPOKHUHU Ta ABi MATHITHO-PE30HAHCHI TOMOrpadil
(MPT), npote Miclie BUTOKY JIiM(U BUSABUTU HE BAIOCA. [1arienTa 6y/10 rocnitanizysano o Pusbkoi CxigHol
KJIIHIYHOI YHIBEpCHUTETCHKOI JTiIKapHi, /ie 6y/10 TpoBeicHO A0AaTKOBI KT Ta MPT uepeBHOI HOPOXKHUHU Ta 3aILIa-
HOBAHO Xipypriune JikyBaHHs. I1if gac janapoToMii 6yna 3aCTOCOBAHA iHTpaonepalifina (pIroOpeCEHTHA
JiMdorpadis 3 BBEJIEHHAM iHIOIiaHiHY 3€JIEHOTO B O/IIPKHbOMY iH(Dpad4epBOHOMY Aianta3oHi. Butik nimdu 6yno
BUSIBJICHO B JIUITHII JIIBOT HEKKH Aiacpparmu. ITpUOIM3HO Yepe3 TPH XBUWINHU i/ TAPAaOPTAIBHOTO BBE/ICHHS
iHIOLIIaHIHY 3€JIECHOI'O CTA/IM BUAMMUMU iHTAKTHI JIIM(PATUYHI CyJUHHU, 4 IIPOTATOM IT'STH XBWIHH 32 JJOIIOMOI'OIO
(PIIyOPECIIEHTHO-KEPOBAHOI €EKCTPABA3ALLil TOYHE MiCIIe BUTOKY JIiM(pHU 6y/10 JTOKAI30BaHO. ITOMKOAKEHA CY/IU-
Ha 6y/1a KOAryJIbOBAHA Ta TEPMETU30BAHA 34 JJOIIOMOT'OI0 FEMOCTATUYHOI TYOKU TachoSil. V 1UIsaHI BTpydaHHs
OYJIO BCTAHOBJIEHO XipYypriuHUM APEHAXK YIS MiCAONEPALIMHOIO KOHTPOIO. ITpOTArOM 4OTHPUMICIIHOTO
HEPIOAY CIIOCTEPEIKCHHA PELUINUBIB XUIBO3HOI'O ACLIUTY HE CIIOCTEPIranocs. IHTpaonepaniine BU3HAUCHH
BUTOKY JIiM(PU 3THIITAETHCS CKIAHUM 3aBAAHHAM Y€PE3 MATTNN KTOP JIIM(MATUYHUX CYAHH i BUTIK JIIMU iz,
HHU3BKUM THCKOM, 110 POOUTD MPOIIEC HETTOMITHUM /IS HEO36POEHOTO OKA. BUKOPHCTAHHS iHTpaonepariifitHol
moopectieHTHOT TiMdorpadil 3 iHOITIaHIHOM 3€/IEHUM MOKE 3HAYHO TTOJICTIITATH BUSABICHHS TTOMIKOPKECHUX
JIM@ATUYHUX CTPYKTYP. Y BUMAJIKAX CTIMKOI'O XiJIbO3HOI'O ACIUTY XipypridyHe JIKyBAHHA i3 3aCTOCYBAHHAM 11i€]
METO/IUKU € 6E3IEYHUM Ta €(PEKTUBHUM.

BucHoOBKH. HaBeneHNN BUITAIOK JEMOHCTPYE YCILIIHE XipypriyHe JIKYBAHHA CTiIMKOI'O XUIbO3HOI'O ACLIUTY 3
BUKOPHCTAHHAM iHTPAONEPALIHHOI (PrryopecteHTHOT JTiMdorpadii 3 BBEICHHAM iHIOLIaHIHOBOIO 3€JIEHOIO
JUIS1 TOUHOT'O BU3HAYEHHS MiCIIl BUTOKY JIiM(PU Ta KOO 3AKPUTTSL.

Kirro4uoBi ci1oBa: (pr1yopecrieHTHO-ACUCTOBAHA Xipypris, iHOIiaHiH 3es1eHni, TiMdorpadis, tiMpopest, BUTIK
JIiMH, XiTbO3HUI ACLINAT, Xipyprid i Bi3yali3alliffHUM KOHTPOJIEM, (hyopecieHTHA JiMporpadisd, rocTpui
AHKPEATUT.
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This clinical case presents the complex and multistage management of a 48-year-old woman with a recur-
rent hiatal hernia following previous laparoscopic surgical treatment. The initial surgery was complicated by
technical errors, leading to early recurrence of the hernia. Subsequent laparoscopic reintervention included
mesh-reinforced hernioplasty and revision fundoplication. However, the postoperative course was complicated
by the development of acute gastric fundus ischemia and necrosis, which necessitated urgent atypical wedge
resection of the stomach. Despite initial recovery, the patient later developed further complications, including
a mesh-related gastric ulceration and the formation of a chronic inflammatory infiltrate in the upper abdomi-
nal cavity. These adverse events required a relaparotomy, complete mesh removal, proximal gastrectomy, and
complex gastrointestinal reconstruction using the double-tract method. The management of this case illustrates
several critical challenges: the risk of ischemic complications following fundoplication, the long-term sequelae
of mesh implantation at the gastroesophageal junction, and the technical considerations necessary for success-
ful reconstruction after proximal gastrectomy. Special attention was paid to minimizing postoperative reflux,
preserving nutritional function, and ensuring a high quality of life. This clinical case highlights the importance of
careful patient selection, meticulous surgical technique, and the necessity for early recognition and management
of postoperative complications. Through a stepwise, multidisciplinary surgical approach, a positive long-term
outcome was achieved, with the patient demonstrating good tolerance to a regular diet, no signs of reflux, and
satisfactory functional recovery.
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Hiatal herniais a prevalent condition that can present
with heartburn, postprandial discomfort, and epigas-
tric pain. When conservative therapy fails, surgical
intervention becomes necessary. Laparoscopic cru-
roplasty remains the standard surgical approach for
controlling reflux symptoms rather than for repairing
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the hernia itself. However, postoperative complica-
tions, including hernia recurrence, gastric necrosis,
and mesh-related erosion, may significantly impair
outcomes and require complex reoperations.

The presented case is of particular clinical inter-
est due to the rare combination of gastric fundus

General Surgery 3azansuaxipypeis © 2025 ¢ Nel (12)



necrosis and mesh erosion into the gastric lumen,
following laparoscopic hiatal hernia repair and fun-
doplication. These complications underscore the
importance of meticulous surgical technique, prop-
er selection of mesh material, and vigilant postop-
erative surveillance.

According to published data, the recurrence rate
of hiatal hernia after primary laparoscopic surgery
ranges between 10 % and 30 %, depending on tech-
nical factors and patient-specific risks. Complica-
tions such as ischemic damage to the gastric fundus
or mesh-related erosion are rare but life-threaten-
ing, often necessitating urgent intervention and re-
constructive procedures.

Clinical case

In 2016, a 48-year-old female patient began experi-
encing heartburn and discomfort in the epigastric
region. Conservative management provided only
partial symptom relief. In 2020, she underwent
laparoscopic Nissen fundoplication at a local clinic.
No concurrent cruroplasty was documented. One
month postoperatively, she experienced a recur-
rence of heartburn and discomfort. Imaging and
endoscopic evaluation confirmed a recurrent hiatal
hernia. However, no surgical revision was pursued
over the next three years due to the moderate sever-
ity of her symptoms.

In February 2023, the patient presented to the
National Cancer Institute (NCI) with worsening
symptoms, including severe heartburn, regurgita-
tion, and epigastric pain. Diagnostics, including
esophagogastroduodenoscopy (EGD) and contrast-
enhanced computed tomography (CT), identified
a large sliding hiatal hernia (type I) with significant
anatomical disruption. (Status post-surgical treat-
ment for hiatal hernia. At the level of the diaphrag-
matic segment, the esophageal lumen was dilated
up to 18.7 mm, and the esophageal wall thickness
measured 13.7 mm. At the gastroesophageal junc-
tion, the gastric wall prolapsed towards the left and
superiorly, measuring up to 23.0 x 15.6 mm.) Con-
servative management was deemed ineffective, and
redo laparoscopic surgery was indicated to prevent
progressive esophageal damage.

The surgical team opted for laparoscopic hernio-
plasty with synthetic mesh reinforcement. Intra-
operatively, technical errors from the initial fundo-
plication were revealed: inadequate mobilization
of the gastric fundus and excessive tension on the
Dor’s fundoplication wrap (Fig. 1). The hernia de-
fect measured approximately 3 c¢cm, and the hernia
sac contained both the gastric cardia and proximal
body without signs of incarceration.

General Surgery 3azansuaxipypeis © 2025 ¢ Nel (12)

Y. Kondratskyi et al.

A complete takedown of the previous fundoplica-
tion was performed, followed by refashioning a new
360-degree wrap. A 12-cm Symbotex composite
mesh was applied after posterior cruroplasty using
non-absorbable sutures with moderate tension.

The laparoscopic view reveals anatomical dis-
arrangement and improper fixation of the gastric
wrap. These findings confirmed the cause of early
hiatal hernia recurrence and justified the need for
surgical revision.

Three hours postoperatively, the patient was
transferred to a specialized department. After
23 hours, her condition acutely deteriorated, ex-
hibiting clinical signs of hollow organ perforation,
including severe abdominal pain, tachycardia, and
signs of peritonitis.

An emergency laparotomy, performed approxi-
mately 24 hours after the initial surgery, revealed
diffuse fibrinous peritonitis and a large area of gas-
tric fundus necrosis. The gastric fundus and greater
curvature were severely ischemic, flaccid, and cya-
notic. A necrotic perforated ulcer of the gastric fun-
dus was visualized, characterized by necrotic, un-
dermined («lip-like») edges, measuring up to 7 cm
in diameter. Resection of the greater curvature of
the stomach was performed using surgical staplers,
with additional peritonization of the staple line.
A nasogastric tube was placed for gastric decom-
pression. Intraoperative endoscopy was conducted
to assess staple line integrity: the stomach was air-
tight, and resection was performed within healthy
tissue margins.

The postoperative course was uneventful, and
the patient was discharged in satisfactory condition
on postoperative day 5.

Over the next six months, the patient remained
asymptomatic. However, in August 2024, she began
experiencing postprandial discomfort and periodic
nausea, which gradually worsened, but she did not

Figure 1. Intraoperative image during redo
hernioplasty demonstrating technical failure
of the previous fundoplication
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Figure 2. Endoscopic image showing mesh-induced
pressure necrosis penetrating into the gastric lumen

seek medical help. By September 2024, the pain in-
tensity reached 8 out of 10 on the visual analog scale
after eating, prompting her readmission to the NCI.
Repeat EGD revealed a deep mucosal defect on
the gastric staple line, with evidence of mesh ero-
sion into the gastric lumen (Fig. 2).
Contrast-enhanced CT confirmed the absence of
gastrointestinal perforation or extraluminal leakage.
A deep ulcerative defect is visible at the site of prior
hernioplasty, consistent with mesh erosion. The lesion
is characterized by necrotic margins and inflamma-
tory changes in the surrounding mucosa. This finding
was critical in confirming the diagnosis and planning
for surgical intervention in the presented clinical case.
In September 2024, a planned relaparotomy
was performed. Intraoperatively, dense adhesions
were encountered, and the mesh was found to have
eroded into the gastric remnant. A chronic inflam-
matory infiltrate involving the mesh and surround-
ing tissues was present. Proximal gastrectomy was
performed with complete removal of the mesh and
resection of the involved gastric segment.
Reconstruction was achieved using the double-
tract method: a Roux-en-Y esophagojejunostomy with
an additional side-to-side gastrojejunostomy between
the gastric remnant and the Roux limb, approximately
15 c¢m distal to the esophagojejunostomy (Fig. 3).
Postoperative recovery was uncomplicated, and
the patient was discharged on postoperative day 7.
As of the last follow-up in April 2025, the patient
remained asymptomatic, tolerating a regular diet
without significant weight loss or reflux symptoms.
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Figure 3. Diagram of the upper gastrointestinal tract
after proximal gastrectomy with double-track
reconstruction

Discussion

Hiatal hernia repair combined with laparoscopic
fundoplication is a widely accepted method to man-
age symptomatic gastroesophageal reflux disease
(GERD). However, fundoplication alone does not
correct the anatomical defect of the hiatal hernia. Re-
currence of hiatal hernia after repair ranges from 2 %
to 30 %, according to various studies [3, 6, 13, 15, 19],
depending on the quality of the initial surgical tech-
nique, hernia size, and patient factors such as obesity.

Most anatomical recurrent cases are asymptomat-
ic or mildly symptomatic, but approximately 3—6 %
require surgical reintervention [14]. In this case,
technical deficiencies during the initial fundoplica-
tion likely contributed to early hernia recurrence.

In the late postoperative period, our patient de-
veloped a complication — mesh erosion into the
stomach, which clinically manifested as pain and
symptoms of gastric dysfunction. Such complica-
tions related to mesh placement have been reported
both after primary and revisional surgeries. The
main mechanisms of mesh erosion include chronic
inflammation, mechanical pressure on the gastric
wall, and impaired mesh integration [1].

According to recent literature, prevention strate-
gies for mesh erosion involve proper mesh position-
ing, minimizing direct contact between the mesh
and the esophageal or gastric mucosa, and covering
the mesh with adjacent tissues such as the hernia
sac whenever possible [1]. Despite these precau-
tions, mesh erosion remains a significant clinical
problem, particularly after revisional surgeries [11].

General Surgery 3azansnaxipypeis © 2025 ¢ Nel (12)



Li et al. demonstrated that the esophagus is the
most frequent site of erosion (50 %), followed by
the stomach (25 %) and the gastroesophageal junc-
tion (23%) [11]. Mesh erosion typically occurs
within two years after surgery and may necessitate
complex reoperations, including distal esophageal
or partial gastric resections. The type of mesh ma-
terial (e.g., polytetrafluoroethylene [PTFE] or
polypropylene) and the technical aspects of im-
plantation play critical roles in determining the
risk of erosion [11].

The choice of mesh material has a notable impact
on outcomes. According to Lima et al., biosynthetic
meshes may offer a lower risk of long-term compli-
cations compared to permanent synthetic meshes
[12]. Although biosynthetic materials such as BIO-
A or Phasix ST can reduce foreign body reactions
and decrease the likelihood of erosion, direct con-
tact between the mesh and gastrointestinal struc-
tures still carries a risk of serious complications [12].

Furthermore, a network meta-analysis by Rausa
et al. demonstrated that nonabsorbable meshes
were associated with lower hernia recurrence rates
but higher risks of long-term complications such
as erosion and migration, compared to absorbable
meshes [17]. Therefore, when choosing the type of
prosthesis, surgeons must balance the lower risk of
anatomical recurrence against the higher probabil-
ity of severe mesh-related complications.

In our case, given the evidence of mesh erosion into
the stomach, the surgical team performed complete
mesh removal, proximal gastrectomy, and double-
tract reconstruction to restore gastrointestinal conti-
nuity and minimize the risk of further complications.

During Nissen fundoplication, the gastric fundus
is mobilized, wrapped around the esophagus, and
sutured to form a cuff [10]. This process involves
ligating short gastric vessels within the gastro-
splenic ligament. Consequently, the blood supply to
the gastric fundus relies solely on the right and left
gastric arteries, providing limited perfusion in this
area. Gastric fundus necrosis is a rare complication
arising from impaired perfusion due to damage or
ligation of its short vessels during surgery.

The development of gastric fundus necrosis post-
operatively is a rare but life-threatening complication.
Several mechanisms may contribute to this outcome:

1. Vascular Damage: Ligation of short vessels
during the initial operation significantly reduces
blood flow to the gastric fundus. Subsequent trau-
ma to intramural vessels during revision surgery
may exacerbate ischemia.

2. Hypoxia and Secondary Inflammation: Re-
fundoplication and tissue tension during recon-
struction mechanically disrupt microcirculation.
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Impaired blood flow triggers hypoxia and a cascade
of secondary inflammatory processes, leading to
cell death, granulation tissue growth, and transmu-
ral damage.

Early recognition of ischemic complications is
crucial for preventing severe outcomes.

To minimize the risk of necrosis in clinical practice:

Damage to the vascular network during primary

surgery should be minimized.

Excessive tissue tension during cuff formation

should be avoided.

Proximal gastrectomy and double-track
reconstruction

Patients undergoing proximal gastrectomy often re-
port heartburn, postprandial discomfort, and dump-
ing syndrome [2]. In this case, double-track recon-
struction was chosen after proximal gastrectomy,
justified by several key factors:

Physiological advantages

Double-track reconstruction enhances (see Fig. 3)
the patient’s quality of life, preventing significant
digestive disturbances such as gastric juice reflux,
dumping syndrome, or anemia.

Double-track reconstruction is performed after
standard Roux-en-Y reconstruction, adding a side-
to-side anastomosis between the distal stomach and
the Roux limb.

The image illustrates the anatomical configura-
tion following resection of the upper third of the
stomach, preserving the gastric remnant and conti-
nuity with the small intestine.

This approach provides two parallel pathways for
food passage:

Direct passage to the distal small intestine via the
jejunojejunostomy loop, minimizing gastric stasis
and reflux.

Slower transit through the preserved stomach
segment, allowing physiological digestion [23].

This partially preserves gastric digestive func-
tions and improves nutrient absorption, particular-
ly for iron, calcium, and B vitamins [4].

Long-term outcomes
Studies show that patients undergoing double-
track reconstruction demonstrate:

Lower rates of dumping syndrome.

Better tolerance of solid food.

Less pronounced weight disturbances compared

to classical reconstruction.

These factors are especially important for this
patient, who did not have oncological pathology,
as the therapy aimed to treat complications and re-
store normal digestive function [16].
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Reflux prevention

In cases requiring proximal gastrectomy for non-
oncological conditions, double-track reconstruc-
tion effectively prevents severe gastroesophageal
reflux, a common complication of standard esopha-
gogastrostomy.

Quality of life
The patient’s recovery without significant dietary
restrictions or postoperative complications (e.g., sys-
temic inflammatory response, infections, or impaired
transit) confirms the effectiveness of the chosen ap-
proach. High quality of life, minimal dietary limita-
tions, and a return to normal daily activities under-
score the benefits of double-track reconstruction.
Thus, the choice of double-track reconstruction
was based on balancing surgical radicality, compli-
cation prevention, and patient optimization.
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PigkicHUM BUIIAJIOK YCK/IAHEHOI I'€PHIOIVIACTUKH
T4 PEKOHCTPYKILii racTpoe30o(dareaibHOro nepexony:
OaraTroeTanHe JiKyBaHHS 3 IIO3UTUBHUM PE3Y/IBTATOM

I0. Konapanskuii, H. KoBaib, A. Kosnecuuk, €. lllyapak, O. J[lo6kanchkuid,
M. Ilenenin, B. Typuak, A. loponenpbkuii, SI. CBiukap, I. Ykpaineusp, €. Kosak

Hamionanpuuii inctutyT paxky, Kuis

VY crarTi NpeACcTaB/ICHO KIIHIYHUNA BUIIA/IOK CKJI4JHOI'O Td 6AraTOCTYIICHEBOI'O JIIKYBAaHHA 48-pidHOI JKiHKH
3 PELIUBHOIO I'PILKEIO CTPABOXIZHOI'O OTBOPY JiapparMu Hic/Is HONEPEIHBOIO JATAPOCKOIIYHOI'O Xipyprid-
HOTrO BTpy4aHHA. [TepBrHHA orepariia Oyia yCKIaJHEHA TEXHIYHUMH ITOMUWIKAMH, IO IIPU3BEJIO O PAHHBOI'O
pernauBy rproki. [IOBTOpHE JTaIaPOCKOINIYHE BTPYYAHHSA BK/IIOYAIO I'E€PHIOIUIACTUKY i3 3ACTOCYBAHHAM CiT-
4aCTOrO iMIUIAHTA Ta PEBi3ifiHYy QPyHAOIUIKAL{I0. OHAK Yy HiCONEpalifiHoMy epio/ii pO3BHUHYIOCS I'OCTPE
imeMivyHe ypakeHHs Ta HEKPO3 JIHA [IUTYHKA, 1110 IOTPEOYBAJIO TEPMIHOBOI ATUIIOBOI PE3EKLIT HITYHKA KIIMHOIIO-
Ji6HO1 (popmu. [Tonpu NTOYATKOBE OAYKAHHS, Y IMALIEHTKH 3T0JOM BUHUK/IN JOJATKOBI YCKJIAJHEHHSI, 30KpEMa
YTBOPEHHSI BUPA3KOBOTI'O AC(PEKTY, CHPUYNHEHOI'O CiTKOIO, T4 (POPMYBAHHS XPOHIYHOI'O 3aIIAJIBHOTO iH(LIb-
TPATy Y BEPXHBOMY BiJlili YepEBHOI NOPOXKHUHU. 1i CTaHW NOTPEOYBAIN TOBTOPHO] JIAIIAPOTOMIl, IIOBHOT'O
BHUJAJIEHHA CITKH, TIPOKCUMAIBHOI IACTPEKTOMII Ta CKIQJAHOI PEKOHCTPYKIII MUIYHKOBO-KUIIIKOBOTO TPAKTY
32 METOJOM TIOJBIMHOIO TPAKTy. IIpeacTaBnennil BUMAJ0K JEMOHCTPYE HU3KY KPUTUYHHX ACIIEKTiB: PU3UK
imeMiyHUX YCKIAHEHD ITiC/Is1 (PYHAOIUIKALLL, BiJAICHI HACIAKK iMIUIAHTALLil CITKU B AUIAHLI racrpoe3oda-
reaJIbHOI'O NIEPEXOAY TA TEXHIUYHI OCOOIMBOCTI YCIIIHOI PEKOHCTPYKLIT ITiC/IS IIPOKCUMAIBHOI IACTPEKTOMIL.
OcobaMBy yBary Oys10 NPUIUICHO MiHiMizalii Hic/sonepanifiHOro pediitoKcy, 36€peKEHHIO Xap4OBO1 (PYHKILIT
Ta 320€3IIEYEHHIO BUCOKOT IKOCTI sKUTTSL. L€l KIiHIYHNE BUITA/IOK MTIJKPECTIOE BAKINBICTD PETEIBLHOIO BilOOpy
MAIEHTIB, JOCKOHAIOI XipyPridHOI TEXHIKN Td CBOEYACHOI'O BUABJIEHHA U KOPEKIIil MiCIAOTIEPALIMHNX YCKIA/-
HEHb. 3ABAAKA MOETAITHOMY, MYJIBTUIUCIUTUIIHAPHOMY IIXOAY O JIKYBAHHA OyJIO JOCATHYTO HO3UTHBHOI'O
BIJTJICHOT'O PE3YJIBIATy: NALIEHTKA JJOOPE NEPECHOCH/IA 3BUYHUI PALIIOH, HE MaJ1a O3HAK PEQIIIOKCY T IIPOJE-
MOHCTPYBAJIA 32/I0BUIbHE (DYHKIIOHAJIBHE Bi/IHOBJICHHSL.

Ki1r040Bi c10Ba: XiaranpHa I'proka, (PyHIOIUIKALIiS, XipypriuHi yCKIaJHEHHS, PEKOHCTPYKILiS 324 METOIOM
double-tract, HEKpPO3 HUIYHKA, IIPOJICKECHD Bifl CITKH.
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