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Dear colleagues!

I am delighted to introduce the first issue of a new peer-re-
viewed international journal — General Surgery. Our goal
is to bring cutting edge surgical research and advances in
clinical experience to a broad audience of the global surgical
community.

The editorial board consists of a group of leading scientists
from Austria, Latvia, Germany, Turkey, Ukraine, and Sweden,
who have outstanding professional and academic credentials.
They act as ambassadors for the new English-language jour-
nal and, among other things, strongly support the idea of pro-
moting the Ukrainian school of surgery, its knowledge pool,
. achievements and strivings around the world.

Our quarterly journal will consider submissions, including, but not limited to, review articles with focus
on global trends in surgical science and practice, scientific accomplishments of national surgeons, stan-
dards for diagnosis and management of surgical pathology, clinical guidelines, case reports, the latest
information from scientific forums, an overview of the recent events in the field of surgery, and a history
of surgical science.

The editorial board members hope for fruitful cooperation with relevant academic institutions, univer-
sities and medical institutions of the Ministry of Health of Ukraine, foreign University clinics, private
clinical centers, and professional medical associations. We would like to encourage an exchange of opin-
ions regarding the contemporary issues and further development of surgery as a part of the European
research area.

I believe that our international scientific and information project «General Surgery» will be success-
fully realized as an unbiased source of scientific information for both national and foreign practicing and
academic surgeons. Therefore, I sincerely wish success to the members of the editorial board, reviewers,
authors and our publishing team in achieving this high goal.

We look forward to your contributions.

Editor-in-Chief,

Doctor of Medicine,

Professor, Head of the Department of Surgery
with a Course of Emergency and Vascular Surgery,
Bogomolets National Medical University

Yaroslav Susak

General Surgery 3azansuaxipypeis © 2021 ¢ Nel 5
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Professor Volodymyr Zemskov —
a world-renowned Ukrainian surgeon

The article describes the professional and scientific way of professor Volodymyr Serhiyovych Zemskov, a promi-
nent Ukrainian surgeon and a founder of the Kyiv Center for Liver, Bile Ducts and Pancreas Surgery which is
currently based in the Kyiv City Clinical Hospital No10. The article presents the memories of his students and
contemporaries, the facts about his professional biography and career development. The paper describes the
main scientific interests of Volodymyr Zemskov, his achievements and scientific work.

Acute pancreatitis is one of the most dangerous ur-
gent surgical pathologies. Even at present, in the
era of high-tech diagnostic equipment, methods of
low-traumatic surgical interventions, availability
of various pharmaceutical products, acute pancre-
atitis and other conditions of hepato-pancreato-
biliary area contribute to high mortality among the
working age population. It is considered that the
surgeons, who perform upper abdominal surger-
ies, master the art of surgery meticulously and the
specialists, who carry out urgent surgical interven-
tions in this anatomical area must be ready to dem-
onstrate their skills around the clock. That is, 24
hours a day and 7 days a week. Such work schedule
is routine for the Kyiv Center for Liver, Bile Ducts
and Pancreas Surgery which functions in the Kyiv
City Clinical Hospital No10. It’s difficult to count
the number of lives that were saved thanks to the
surgeons of the Center and the number of patients
that were cured by them. The establishment of the
Center became possible by virtue of one person,

© General Surgery, 2021

professor Volodymyr Zemskov, famous for his high
professionalism and organizational talent. And
nowadays, the functioning of this institution plays
a crucial role in the health care system of the capital.

In 1982, professor Zemskov initiated the estab-
lishment of the Center at Oleksandrivska clinical
hospital, one of the oldest hospitals in Kyiv. At that
time, the hospital had at its own disposal 1200 beds.
The Center was placed in the surgical corps which
was almost 100 years old. Neither the absence of
proper financial support and technical conditions
nor a large flow of patients with severe urgent medi-
cal conditions didn’t make professor refuse from set-
ting up the Center. In Volodymyr Zemskov'’s official
personal file, which is kept in the archives as the file
of the official member of Kyiv medical institute, is
noted that from 1982 to 1987 «...the Center provided
more than 30 000 Kyiv residents, the population of
the republic as well as foreign citizens with special-
ized medical assistance, including surgery, hospital
treatment and consultations. Professor Zemskov per-
Jorms about 300 operations annually to manage the
most difficult to treat conditions of the liver, biliary
tract, pancreatic gland and other organs...». In 1989,
the Center was temporarily relocated to Kyiv City
Clinical Hospital No10 because of the reconstruc-
tion of Oleksandrivska clinical hospital. It is, how-
ever, well known that nothing lasts longer than the
temporary, so the Center functions in this medical
facility even today.

Before the establishment of the Center, professor
Zemskov walked a bright but thorny path in surgery.
He graduated from Luhansk (at that time — Voroshi-
lovgrad) Medical Institute in 1962. Years later, pro-
fessor reminisced about his Alma Mater: «Luhansk
Medical Institute was absolutely groundbreaking with
excellent teachers. There was a wide range of things

General Surgery 3azansnaxipypein © 2021 ¢ Nel



that were allowed for us as for students: a lot of atten-
tion was focused on practice sessions, there functioned
special leading-edges of all the main disciplines. I took
part in the operations in the first year of medical stud-
ies. At first, of course, on dogs (by the way, since that
time I've been against experiments on dogs, I like them
so much). In the second or third course of my medical
education I definitely knew that medicine is my way in
life...». An ability to model and take part in experi-
mental surgery influenced future professional prog-
ress of Volodymyr Zemskov. Oleksandr Shalimov
discovered his talents and invited Zemskov to work
for the Institute that he ran.

Before his meeting with Shalimov, Volodymyr
Zemskov had worked in oncology dispensaries in
Perevalne and Alchevsk for about 10 years. During
that period, his working day lasted 18 hours and he
performed over 100 surgical interventions includ-
ing the most difficult ones.

He considered Pavlo Kravtsov, who was a sur-
geon and a chief of the dispensary, his first teacher-
clinician. In 1969, after four unsuccessful attempts
to enter the doctoral program in Moscow and
Kyiv, he finally became a postgraduate student at
Kyiv Research Radiological-Oncological Institute,
where in a twist of fate he met Ivan Shevchenko —
a leading scientist and a founder of the Institute.
In 1972, Volodymyr Zemskov got his PhD degree
under Ivan Shevchenko’s leadership. The theme of
his dissertation research was «A comprehensive di-
agnostics of malignant melanoma of the skin».

Then Oleksandr Shalimov noticed a talented and
forward-looking PhD-surgeon. In 1973, Volodymyr
Zemskov obtained a position of a junior research fel-
low in the department of experimental surgery. Later
Volodymyr Zemskov started working at the depart-
ment of liver, biliary tract and pancreatic surgery,
since 1979 — as a senior researcher and a head of
the department. At that time, Volodymyr Zemskov
worked hard for sanitary aviation, providing special
surgical assistance in the farthest outlying towns in
most of the republics of the former USSR. Volody-
myr Zemskov acquired valuable practical and orga-
nizational experience working under the leadership
of Oleksandr Shalimov and it eventually helped him
establish the Center and the Department of General
Surgery of Kyiv Medical Institute. Professor Zem-
skov said about Oleksandr Shalimov: «I learned
many things from Shalimov: in terms of both orga-
nizational qualities and the skills which are required
for surgical practice and scientific activity».

In 1981, Volodymyr Zemskov obtained a Doc-
tor of Medicine degree with the research «Surgical
treatment of acute pancreatitis and its complica-
tions» and in the same year he took up the position

General Surgery 3azansuaxipypeis © 2021 ¢ Nel
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of the chief of one of the oldest departments of Kyiv
Medical Institute — the Department of General
Surgery. This department was established in 1889.
It developed under the leadership of such famous
surgeons as Oleksandr Pavlovsky, Mykhailo Diteri-
hs, Ivan Zavyalov and others.

Professor Zemskov knew how to reconcile surgi-
cal practice with teaching and scientific work. In
1982, he established the Kyiv Center for Liver, Bile
Ducts and Pancreas Surgery where he spent most
of his time.

In 1985, Volodymyr Zemskov was the first ever
incumbent of Kyiv Medical Institute who received
the State Prize of the USSR. He became a laureate of
such an honorable award for «The development and
clinical implementation of methods and techniques
of cryodestruction of malignant tumours». In 1987,
he was elected a member of the International As-
sociation of Hepatobiliary Surgery. In 1988, profes-
sor Zemskov received the title of the Distinguished
figure of science of the USSR.

One of his most significant merits is his surgery
school. During his career Volodymyr Zemskov was
a teacher for many young surgeons who became
professors and the heads of the department later.
Today, his disciple, professor Yaroslav Susak is the
head of the department of surgery with the course
of emergency and vascular surgery at Bogomolets
National Medical University. Professor Volodymyr
Skyba is chaired by the department of surgery, an-
esthesiology and intensive therapy of postgraduate
education at the same university. Professor Vasyl
Khrapach leads the department of plastic and re-
constructive surgery of postgraduate education at
Bogomolets National Medical University.

«There are surgeons who can operate perfectly, cre-
ate a school to teach doctors and capture them with
their ideas and lead people. This is exactly about my
teacher Volodymyr Zemskov...> — that’s how surgeon
Yuryi Lifshyts said about his teacher and added:
«He belongs to those people who work pushing them-
selves to the limit. His manner of life was very close to
Vysotskyi. He read a lot, he knew everything. A high
intelligence. Shalimov developed and realized the most
difficult researches with Zemskov. For example, treat-
ment of purulent pancreatitis. The mortality caused by
this condition in 1970s was about 70 %. Zemskoov im-
plemented a technique which allowed to reduce it and
defended his doctoral dissertation. He looked after
literally every patient after the operation by himself».

Professor Zemskov, despite his status, personally
participated in the rehabilitation of his patients.
He was an extremely sensitive doctor. Not only
a surgeon, but also a psychologist for his patients.
Volodymyr Zemskov said: «Unfortunately, death is
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In the center — Volodymyr Zemskov, mid-1970s

inevitable, no matter how hard you fight it. But it's
scary when there is an opportunity to save a person,
and it is not used because of someone's stupidity and
laziness. This is a big sin. Sometimes, according to all
prognoses, a person must die, and they still survive. Or
vice versa: the operation was successful, the wounds
heal quickly, but the disease suddenly progresses
again. 1 believe that recovery depends on both the
psychological state and the soul, the presence of the
spiritual in a person, something that we cannot fully
understand...».

Of course, this pace and intensity of work in-
fluenced Professor Zemskov. He finds relief from
chronic fatigue and regular stress at home, with his
family. Professor Zemskov greatly appreciated the
time he spent with his beloved wife and children
who also became doctors in the future. «Family
and home are extremely important. My wife is also
a doctor, we met at the institute, it was love at first

sight. We have been together for more than 30 years
since then. When you come after a hard shift, after
many hours of operations, it is just necessary that
the family supports you, listens, understands... “-
the professor said to his students.

In 1995, Volodymyr Zemskov was awarded the
title of Academician of the Universal Academy
Guglielmo Marconi (Rome, Italy) for his medi-
cal research in the field of cancer. He was elect-
ed a member of the European Order of Dignity
A.S.O.E.M. (Brussels, Belgium) and the Albert
Schweizer Society (Austria), as well as many other
international charitable non-profit organizations.
In 1997, he was elected a member of the Interna-
tional Surgical Society (ISS).

During the 90s, the professor continued to run
the department and the Center. He began to devel-
op the newest, at that time, direction — endovideo-
scopic surgery and to introduce it into the practice
of treatment of acute surgical diseases of the hep-
ato-pancreato-biliary zone. He continued to spend
most of his time at work and in the best traditions of
medical self-sacrificing humanism «burned himself
while shining a bright light on others». One of his
numerous students, Professor Inna Kovalska, re-
called: «Even if other doctors abandoned the patient,
believing that it was impossible to save him, Zemskov
operated. Here is a vivid example: a 16-year-old girl
who was diagnosed with a malignant tumor of the
pancreas which was estimated as inoperable by the
different surgeons, but Volodymyr Zemskov removed
her tumor and prescribed a course of treatment. The
girl survived. The professor always said: «It is not for
us to judge how many days, months, years a person is
allowed, the task of a doctor is to make this time not
a continuous torment, but a real life...».

During his life, Professor Zemskov was the au-
thor of more than 500 scientific papers, 5 mono-
graphs, 45 inventions and patents.

In 2002, a year before the 30th anniversary as
the head of the Department of General Surgery,
Volodymyr Zemskov died of myocardial infarction
at the age of 61. In 2009, a granite memorial plaque,
commemorating Volodymyr Zemskov, was erected
at the surgical building of the Kyiv City Clinical
Hospital No10, where the Center established by the
professor continues to function. His name is forever
engraved in the history of national surgery.

Y. Susak, S. Zemskov, D. Dubenko
Bogomolets National Medical University, Kyiv

General Surgery 3azansnaxipypein © 2021 ¢ Nel
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ITpodecop Bonogumup 3eMCKOB —
BCECBITHbOBIZIOMUI YKPATHCBKUH Xipypr

s. Cycak, C. 3emckos, /1. /Iyoenko
Hamionampanit mepnaamii yaisepeureT iMeri O. O. Boromoubirst, Kuis

V cTaTTi NpeAcTaBIeHo NPOMECIFTHMUIT Ta HAYKOBUN IUIAX Npodecopa Bonoaumupa CepriftoBuya 3€MCKOBA —
BU/IATHOI'O YKPATHCHKOT'O Xipypra, 3aCHOBHUKA KUIBCHKOIO 1ICHTPY Xipypril IIeYiHKH, JKOBYOBUBI/IHUX NIIAXiB
Ta HiAIUIYHKOBOI 3aJIO3H, AKUA CbOrOJHI (PYHKIIOHYE Ha 6a3i KuiBCbKOI MiICBKOI KIiHiYHOI Jylikaphi Ne 10.
HaBezieHO criorai y4uHiB Ta CY4dCHUKIB, (PAKTH MO0 NPOdeCiitHoi 6iorpadii Ta Kap’€pHOrO CTAHOBJICHHSL
TaKOK OIMCAHO OCHOBHI HAYKOBi iHTepecu Bonogumupa 3eMCKOBa, HOTO 3/J00YTKU Ta HAYKOBi POOOTHU.

General Surgery 3azansuaxipypeis © 2021 ¢ Nel 9
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The role of choledochoscopy in transductal
laparoscopic common bile duct exploration

K. Atstupens, H. Plaudis, E. Saukane, A. Rudzats

Riga East University Hospital, Clinic Gailezers, Latvia
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Laparoscopic common bile duct exploration (LCBDE) performed by choledochoscope through the cystic
duct or directly through the incision in the common bile duct (CBD) are well established methods for restor-
ing biliary drainage function in patients with choledocholithiasis. Although it plays a crucial role in the tran-
scystic approach, transductal approach can be achieved differently. However, it has restrictions in availability
due to its expensiveness.

OBJECTIVE — to report efficacy of transductal LCBDE without laparoscopic choledochoscopy.

MATERIALS AND METHODS. This is a prospective study of urgently admitted patients who underwent trans-ductal
LCBDE due to confirmed choledocholithiasis. During laparoscopy, clearance of the CBD was achieved in two
ways: by choledochoscopy (group CS+, n=43) and without it (group CS—, n=34). The data of patient demo-
graphics, comorbidities, operative outcomes, morbidity, mortality and long-term biliary complications were
analysed and compared between the groups.

ResuLrs. Out of a total of 154 patients with confirmed choledocholithiasis, the trans-ductal approach of LCBDE
was applied to 77 patients. In 43 patients, clearance was done with choledochoscope (group CS+) and in 34
patients without it (group CS—). Gallstone related complications and comorbidities did not differ between the
groups. Surgery was done 4 days after admission in both groups. Median duration of the operation was signifi-
cantly shorter in the group CS—, 93 vs 120 minutes (p=0.0306), without any difference in conversion and compli-
cation rates. Clearance rate was markedly high in both groups.

Concrusions. Transductal laparoscopic common bile duct exploration without choledochoscopy is a time-
saving, safe and effective way for CBD clearance, without additional equipment.
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Gallstone related complications resulting from cho-  procedure for the treatment of choledocholithiasis

ledocholithiasis are associated with potentially life-
threatening conditions such as biliary pancreatitis
and cholangitis often accompanied by mechanical
jaundice that requires urgent restoration of biliary
drainage function. Recently reported studies have
shown incidence of the common bile duct (CBD)
stones up to 8—20 % in patients with gallstone dis-
ease [1]. Existing recommendations suggest two
main approaches to the treatment of these condi-
tions — endoscopy first or a one-step surgery.
Endoscopic retrograde cholangio-pancreatogra-
phy (ERCP) is widely accepted and can be a useful
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[2]. However, the method is invasive and associ-
ated with a 5—10 % complication rate and 0.1—1 %
mortality rate [3]. Along with the progressive
course of advanced laparoscopy, laparoscopic com-
mon bile duct exploration (LCBDE) assisted by
laparoscopic choledochoscopy has become an effec-
tive and safe alternative [4] as well as more advan-
tageous in comparison with a two-step approach
[5]. However, choledochoscopy has restrictions
due to its expensiveness and availability.

Despite the fact of consensus on the transcystic
choledochoscopy in patients with small stones and
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not dilated CBD, there is still undefined technique
for LCBDE for transductal approach and the role
of choledochoscopy in it.

OBjECTIVE — to report efficacy of transductal
LCBDE without laparoscopic choledochoscopy.

Materials and methods

Patients

This clinical study includes urgently admitted and
prospectively collected patients during the time
period from January 2012 to February 2016 with
complicated gallstone disease and high risk of cho-
ledocholithiasis according to the criteria of the
American Society of Gastrointestinal Endoscopy
[13] (Fig. 1). All patients were selected for laparo-
scopic cholecystectomy and common bile duct ex-
ploration in a single time. Patients with transcystic
approach were excluded from the study, whereas
patients with transductal approach were further
analysed and stratified in two groups according to
the way of CBD clearance — with (group CS+) or
without choledochoscopy (group CS-) (Fig. 2).
Complicated forms of gallstone disease were based
on evidence of biliary pancreatitis, cholangitis and /
or characteristic symptoms complex of biliary colic

Predictors of choledocholithiasis
Very strong
- CBD stone on transabdominal US
- Clinical ascending cholangitis
- Bilirubin >4 mg/dL
Strong
- Dilated CBD on US
(> 6 mm with gallbladder in situ)
- Bilirubin level 1.8—4.0 mg/dL
Moderate
- Abnormal liver biochemical test
other than bilirubin
- Age older than 55 years
- Clinical gallstone pancreatitis

Assigning a likelihood
of choledocholithiasis based
on clinical predictors

Presence of any very strong predictor ~ High
Presence of both strong predictors High
No predictors present Low
All other patients Intermediate
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frequently accompanied by pale stools and dark
urine. Preoperative diagnosis of cholangitis was
based on the criteria recommended in the Tokyo
Guidelines 2013 — evidence of inflammatory re-
sponse (increased white blood cells > 10-1000/uL)
or CRP>10 mg/L, cholestatic pattern presented
by abnormal liver function tests (alkaline phos-
phatase, GGT, ALT, AST > 1.5 standard deviation)
or bilirubin >34.2 pmol/L and gallstones in the
gallbladder and/or dilatation of the common bile
duct>6 mm confirmed by trans-abdominal US [9,
10]. The diagnosis of biliary pancreatitis was made
when two of the following revised Atlanta 2012
criteria were presented — abdominal pain consis-
tent with acute pancreatitis; serum lipase activity
more than three times greater than the upper limit
of normal; and characteristic findings of acute pan-
creatitis on radiological investigations [11]. Sever-
ity grading of cholangitis and pancreatitis were also
evaluated according to the Tokyo Guidelines 2013
(Fig. 3) and revised Atlanta 2012 criteria (Fig. 4),
respectively. Preoperative anesthesiological status
was assessed in all patients using the American So-
ciety of Anaesthesiologists Physical Status classifi-
cation system (ASA score) [6, 7].

Diagnosis of choledocholithiasis

In the time of admission all patients had trans-
abdominal ultrasound (TAUS) investigation as
a screening where indirect signs of the presence or
absence of CBD stones, specifically the CBD diam-
eter more than 6 mm or intrahepatic bile duct dila-
tion, were evaluated. According to the availability,
part of them had preoperative magnetic resonance
cholagio-pancreatography (MRCP) or computed
tomography (CT) in case of suspected malignancy.
During laparoscopy all patients underwent intra-
operative ultrasound (IOUS) for approval of pre-
viously detected or diagnosing choledocholithiasis.

All urgently admitted patients
with choledocholithiasis (n=154)

Excluded patients
(transcystic LCBDE)
(n=77)

Patients who underwent transductal LCBDE (n=77)

v Y

Group CS+ Group CS—
(n=43) (n=34)

Figure 1. Predictors of choledocholithiasis
(American Society of Gastrointestinal Endoscopy)
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Grade I (mild) acute cholangitis

Grade I cholangitis does not meet the criteria
of Grade III (severe) or Grade IT (moderate)
acute cholangitis at initial diagnosis

Grade II (moderate) acute cholangitis
Grade IT acute cholangitis is associated
with any two of the following conditions:
Abnormal white blood cells count
(> 12,000 mm?, < 4,000 mm?)
High fever (=39 °C)
Age (=75 years old)
Hyperbilirubinemia
(total bilirubin >5 mg/dL)
Hypoalbuminemia
(< standard deviation - 0.7)

Grade III (severe) acute cholangitis
Grade III acute cholangitis is defined as acute
cholangitis that is associated with the onset
of dysfunction in at least one of any of the
following organs/systems:

Disfunctions  Parameters

Hypotension required
Cardiovascular dopamine >5ug/kg per min,
or any dose of epinephrine

Neurological ~ Disturbance of consciousness
Respiratory PaO,/FiO, ratio <300
Oliguria, serum
L creatinine > 2.0 mg/dL
. International normalised
Hepatic

ratio>1.5

Hematological ~Platelet count < 100,000 mm?

Figure 3. Severity grading of cholangitis
(Tokyo Guidelines 2013)

Mild acute
pancreatitis

No organ failure; no local
and systemic complications

Transient organ failure
(< 48 hours) and /or local
or systemic complications
or exacerbation of pre-
existing comorbidities

Moderate acute
pancreatitis

Persistent organ failure
(single or multiple)

Severe acute
pancreatitis

Laparoscopy

The standard four-trocar technique was used for
cholecystectomy and LCBDE. At the beginning of
operation, Callot’s triangle was dissected and cystic
duct, artery and common bile duct were identified.
Cystic duct and artery were clipped and cystic ar-
tery was divided. The gallbladder was left in situ and
retracted during IOUS and LCBDE.

IOUS was performed with BK Medical flex Fo-
cus 800 US machine and special flexible laparoscopic
transducer 8666-RE The US transducer was insert-
ed through the epigastric trocar and placed on the
superior edge of the hepatoduodenal ligament and
slid inferiorly to the distal end for the examination
of CBD. The proximal part of CBD, left and right
hepatic ducts and their junction were investigated
through the right hepatic lobe. Diameter of CBD and
cystic duct, as well as the size and number of stones
were measured for determining the approach of cho-
ledochoscopy. The transcholedochal approach was
chosen in cases when stones in CBD were larger than
the obtainable diameter of cystic duct or when very
distal insertion of the cystic duct in CBD was found
by IOUS, or when common bile duct was more than
10 mm and choledocho-duodenostomy was expect-
ed, or when more than five stones were found.

An incision of the supraduodenal part of CBD was
made longitudinally and the duct was flushed with
normal saline. Afterwards, in group CS+, 2.5 mm flex-
ible choledochoscope was inserted in a distal as well
as in a proximal part of the bile duct and lobar intra-
hepatic bile ducts were examined. The stones were re-
moved using Dormia baskets inserted through the in-
strument channel of the choledochoscope. However,
in the group CS— clearance of CBD was achieved us-
ing Fogarty (No 3 or 4) catheters or extensive flush-
ing with saline. After removal of all stones, clearance
of the common bile duct was confirmed with repeated
IOUS. After clearance common bile duct was closed
in three ways: primary closure with interrupted 3—0
absorbable sutures and in exceptional cases of severe
cholangitis or CBD > 15 mm, T-tubes or choledocho-
duodenostomies were performed.

All TOUSs and LCBDEs were performed by spe-
cially trained surgeons.

The data of patient demographics, comorbidities,
operative outcomes, morbidity, mortality and long-
term biliary complications were analysed and com-
pared between the groups.

Statistical analysis
The interval data was presented in median (Me)
with interquartile range (IQR) and was confirmed

by the Kolmogorov-Smirnov test for the asymmet-

Figure 4. Severity grading of pancreatitis
rical distribution of data. Comparison of the interval

(revised Atlanta criteria 2012)
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data in groups CS+ and CS— was performed with
the Mann-Whitney U test, the nominal data com-
parison was performed using the Pearson %2 test and
Fisher's exact test. Significant dynamics of labora-
tory analysis were revealed by the Wilcoxon test.
The correlation between hospital stays and clinical
data was evaluated using the Spearman rho method.
Also, the correlation coefficient was compared be-
tween the groups. A logistic regression analysis was
performed to identify factors associated with a lon-
ger hospital stay. A p-value <0.05 was considered as
statistically significant. The statistical analysis was
performed with SPSS version 20 and MedCalc ver-
sion 15.

Results

Demographics

Out of a total of 154 patients who were urgently
admitted and had confirmed stones in the common
bile duct, 77 underwent transductal LCBDE (see
Fig. 1). From this cohort, transductal LCBDE was
done by laparoscopic choledochoscope in 43 pa-
tients (group CS+) and without it in 34 patients
(group CS-). There were 22 males and 55 females
in the cohort. The median age in cohort was 65
years (IQR 74.5—55.5) and that did not differ be-
tween the groups as well as there was no obvious
statistically significant difference in gender and
comorbidities (according to the ASA score). Bili-
ary pancreatitis was more evident in the group CS—
(p=0.028), however, cholangitis in the group CS+
(p=0.028). Patients with jaundice were presented
equally in both groups. The median preparation
time for patients before surgery was equally 4 days
in the groups (IQR 6—2) (Table 1).

Preoperative radiological imaging study
Pre-operative screening performed by trans-ab-
dominal US was done in 71 patients of cohort and
CBD stones were found in 28—48 % of patients
without difference in the groups. Specific preopera-
tive diagnostic modalities like CECT and MRCP
were done in 27 patients of cohort (35 %) without
difference between the groups. Choledocholithiasis
was established in 40—67 % of patients examined
by CECT, and in 80—89 % of patients examined by
MRCP (Table 2).

Laparoscopy

The median time of surgery was statistically signifi-
cantly shorter in the group CS— without consider-
able rate of conversions. There were two patients
in the group CS+ with conversion to open surgery
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due to the impacted stones in CBD. IOUS was done
successfully in all patients. Larger stones in CBD as
well as more pronounced dilation of CBD were de-
tected significantly frequently in the group CS—.

Choledocho-duodenostomies were performed
significantly more often in the group CS—, mostly
due to the excessive (over 15 mm in diameter) dila-
tation of CBD and objective signs of papillary ste-
nosis (unsuccessful insertion of 3 mm drain through
the papilla). However, T-tubes were placed in 17
patients of all cohort, mainly due to the cholangi-
tis, without difference between groups. Primary
closure was achieved in 61% of the group CS+,
which is significantly more often compared with
the group CS— (Table 3).

Table 1. Preoperative characteristics

Indicator CS+ (n=43) CS—-(n=34) p
Age, years 62 (74—47) 68 (76—62) 0.087
Male/female 13/30 9/25 0.717
Pre-operative time, days 4 (6—2) 4(6—2) 1
ASAT 8 6 0.936
ASATI 21 18 0.936
ASATII 14 10 0.936
Concomitant pancreatitis 6 12 0.028
Mild 3 0 0.099
Moderate 1 2 0.099
Severe 2 0 0.099
Cholangitis 33 18 0.028
Mild 25 8 0.031
Moderate 8 0.031
Severe 0 2 0.031
Jaundice 29 22 0.801

Quantitative data are presented as mean (interquartile range),
categorial data are presented as a number of cases.

ASA — American Society of Anaesthesiologists Physical Status
classification system.

Table 2. Preoperative radiological imaging study

Indicator CS+ (n=43) CS-(n=34) p

TAUS 11 (28.0%)/40 15 (48.0%)/31  0.070/1
CECT 2(40.0%)/5  2(67.0%)/3  0.155/1
MRCP 8(89.0%)/10  8(80.0%)/9  1/0.745

The data are presented as verified choledocholithiasis/total
number of patients studied.

TAUS — trans-abdominal ultrasound,

MRCP — magnetic resonance cholangiopancreatography;
CECT — contrast-enhanced computed tomography.
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Complication rate

The overall postoperative complication rate was
observed in 11.7%, including mild pancreatitis
in two patients from the group CS+, treated con-
servatively, as well as a bile leak in one patient,
which was conservatively treated for 3 days by
drainage, one bleeding from the liver bed with
obtained hemostasis by re-laparoscopy, one sub-
hepatic biloma drained percutaneously with ul-
trasound guidance, one case with retained stone in
CBD underwent successful endoscopic clearance
and one patient with embolism of pulmonary ar-
tery. However, in the group CS—, one patient de-
veloped hypertension crisis that was averted by
medications, and one patient had a bile leak from

Table 3. Operation data
CS+(n=43) CS-(n=34) »p
120 (140—90) 93 (125—76) 0.036

Indicator

Operation time, min

Diameter of CBD, mm 12 (15—-10) 18 (20—13) 0.001

Largest stone

in the CBD, mm 8 (10-6)

10 (15—10) <0.001

Primary closure 26 (61.0%)  5(15.0%) <0.001
T-tubes 10(23.0%)  7(21.0%)  0.779
Choledocho- o o
e s 7(160%)  22(65.0%) <0.001
Conversion

of laparoscopic 2(5.0%) 0 0.502

to open surgery

Quantitative data are presented as mean (interquartile range),
categorial data are presented as a number of cases and percentage.

Table 4. Main outcomes

Indicator CS+(n=43) CS-(n=34) p
Hospital stay, days 12 (16—9) 11(13—8) 0428
Post-operative time, . .

e 6 (10—4) 6 (8—5) 0.756
ICU stay, days 6 (14.0%) 7(21.0%)  0.440
Morbidity 7(16.2%) 2(5.8%) 0.097
Mortality 0 1(3.0%) 0.442
Readmission 5(12.0%) 3(9.0%) 1
Clearance rate of

CBD. % 95 100 0.189

Quantitative data are presented as mean (interquartile range),
categorial data are presented as a number of cases and percentage.
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choledocho-duodenostomie and bile peritonitis.
Despite the re-operation and repair of anastomosis,
the above-mentioned case resulted in irreversible
multiorgan disfunction and death.

Outcomes

Postoperative and total hospital stay was not signifi-
cantly different in the groups. Totally 13 patients in
postoperative period were treated in ICU without
difference in the number of patients and days be-
tween the groups. One year readmission rate due to
late biliary complications was similar. The reasons
for re-hospitalization included choledocholithiasis,
acute pancreatitis, cholangitis, whereas one patient
was re-hospitalized to evacuate choledochostome.
Choledocholithiasis was successfully managed with
ERCP. Totally complete clearance rate of the com-
mon bile duct was high, without difference in the
groups (Table 4).

Correlation analysis

Correlation analysis revealed that the total hospital
stay had a moderate positive correlation in patients
with inserted T-tubes and a strong positive correla-
tion with severity of biliary pancreatitis in groups
CS+ and CS—-. However, choledocho-duodenosto-
mies in the group CS— patients was associated with
less hospital stay. Prolongation of total hospital stay
was associated with comorbidities according to
ASA score in the group CS+.

Discussion

Consensus exists that the therapy for chole-
docholithiasis should be administered with the few-
est number of procedures, lowest cost and less mor-
bidity. Considering the fact that the recent study
reported 11 %-21 % high incidence of choledocholi-
thiasis in patients with gallstone disease at the time
of cholecystectomy [13] and the variety of different
modalities for CBD stones managing, there is still
no consensus concerning the management of CBD
stones. In general, there are two different approach-
es recommended in the literature for management
of choledocholithiasis, based on more accurate pre-
operative diagnosis followed by endoscopic proce-
dure and delayed surgery or definitive treatment of
choledocholithiasis during laparoscopic cholecys-
tectomy without specific pre-operative radiological
investigation.

Magnetic resonance cholangio-pancreatography
is considered as a routine, specific preoperative non-
invasive diagnostic modality for the biliary tree,
with a high sensitivity (81—100 %) and specific-
ity (92—100%) [21]. However, MRCP may miss
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the stones less than 5 millimetres in diameter and
bile sludge especially in the case of pancreatitis
[22—24]. Moreover, there are some medical restric-
tions in MRCP, like expressed obesity, claustropho-
bia, and metallic prostheses.

Endoscopic retrograde cholangio-pancreatog-
raphy (ERCP) usually combined with endoscopic
papillotomy is a widely used treatment tool for pa-
tients with a high risk of biliary stones [13—15].
Despite the fact of high sensitivity (89 %—93 %)
and specificity (100 %) [15], the complications as-
sociated with ERCP are remarkable. Relatively
high incidence of post-ERCP pancreatitis in gen-
eral population is still a problem and it occurs in
4.5% [16—18]. Other complications like bleeding,
perforation of duodenum or bile duct and post-pa-
pillotomy ascending cholangitis and cholecystitis
can occur in 5 %— 8 %, as well as mortality due to
this procedure in 0.2—0.5% [19, 20]. Even more,
ERCP may fail in case of difficult anatomy, biliary
strictures or large stones (more than 10—15 mm in
diameter or equal to the CBD diameter) even if per-
formed by experienced endoscopists [27].

Considering the requirement of more advanced
skills in laparoscopic surgery and choledochosco-
py, ERCP still remains the first method of choice
in many hospitals, but recently published articles
demonstrated similar or better clearance rate of
biliary stones performed by LCBDE compared to
a two-step approach, as well as the complications
related with papillotomy like cholangitis can be
avoided [28, 29]. Moreover, contrary to the view
that ERCP alone is used more often in elderly pa-
tients with significant comorbidities, LCBDE can
be safe for elderly patients with undifferentiated re-
sults in general population [30]. Most authors sug-
gest common bile duct exploration simultaneously
with laparoscopic cholecystectomy [23—26].

LCBDE is performed either by the application
of trans-cystic or trans-ductal approaches, and the
role of choledochoscopy is paramount. Trans-cystic
approach of choledochoscopy is restricted in many
patients because of the limited size of the stones
(< 6 mm), number of the stones (< 5) and size of
the cystic duct [31, 33]. Moreover, transcystic stone
clearance may be hampered by anomalous anatomy,
proximal (common hepatic duct) stones and biliary
strictures [41]. If the patients are not suitable for
these criteria, the trans-ductal approach should be
applied. Despite the advantages of LCBDE, it is as-
sociated with a higher risk of bile leakage, especially
for the trans-ductal approach, [32] and should be
performed by highly experienced and skilled sur-
geons. However, many limitations for the use of cho-
ledochoscopy still exist. Most of choledochoscopes
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are guided in two planes which restricts manoeu-
vring as well as two trained surgeons are required
for the procedure [34]. Moreover, application of the
choledochoscopy is associated with lack of avail-
ability and prolonged learning curve.

The results of our study confirmed the findings
reported in the literature that the patients’ general
status, comorbidities and typical complications (bile
leakage, bleeding from the liver bed) were similar
in patients who underwent LCBDE. Pre-operative
radiology by TAUS screening was mostly ordered
for detecting indirect signs suggestive of the pos-
sibility of the CBD stones. However, pre-operative
CECT scan and MRCP were performed when other
reasons of bile stasis (mostly malignancy) were sus-
pected [21, 35, 36].

The above-mentioned results demonstrate that
choledochoscopy significantly increases duration
of surgery compared with the group CS— as well as
conversions were not observed in the group CS-.
For the clearance control after CBD exploration as
well as for diagnosis of choledocholithiasis before
exploration we used IOUS. IOUS is a useful, safe,
non-invasive, quick imaging method with a sensi-
tivity and specificity of 80 %-100 % and 98 %-100 %,
respectively [37—39]. It can be repeated in any time
of surgery. Moreover, IOUS is useful in cases with
severe infiltrate and difficult anatomy. High clear-
ance and low readmission rate due to residual stones
in CBD prove efficacy of this method [40], similarly
to our study.

Additional T-tubes were used similarly in both
groups in patients with a significant risk of bile leak-
age from choledochotomy (severe cholangitis, un-
certainty regarding duct clearance, edema or spasm
of the sphincter after exploration), like it is report-
ed in other studies (41) and in any case T-tubes as
a controlled biliary fistula allow postoperative ra-
diological evaluation of the biliary system for re-
tained stones and early endoscopic clearance when
indicated. However, choledocho-duodenostomies
were performed in selected cases, significantly more
often in the group CS— due to the extensive dilata-
tion of CBD. Primary closure of CBD after clear-
ance was achieved in cases that lacked the above-
mentioned conditions, significantly more often in
the group CS+. The similar recommendations and
results for primary closure of CBD were reported by
other authors [42, 43].

According to the results of our study and report-
ed studies, the hospital stay is strongly associated
with a use of T-tubes [42, 43] and severity of biliary
pancreatitis. Similarly to the reported data, comor-
bidities based on ASA score were associated with
a prolongation of hospital stay [44].
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This study shows that LCBDE guided by intra-
operative ultrasonoscopy in transductal approach
without choledochoscope resulted in high clearance
rate, low complication rate and low one-year read-
mission rate.

Conclusions

Transductal laparoscopic common bile duct explo-
ration without choledochoscopy is a time-saving,
safe and effective way for bile duct cleaning without
additional equipment.
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Posb X0/1€e10X0CKOITi1
IIPU YE€EPEIIIPOTOKOBOMY JIAIIAPOCKOIIIYHOMY
JTOC/IHPKEHHI 3ara/JIbHOI JKOBUHOI IIPOTOKU

K. Arcrynenc, X. Ilnaynic, E. Caykane, A. Pyasarc
Pusbka CxinHa yHiBepeureTchKa Jiikaphst «laiiiesepes

Jlarmapockormiune gocmmrenHs (JII) 3araibHOL XKOBYHOL TPOTOKU (3XKIT), K€ BUKOHYIOTb XOJIEAOXOCKOIIOM
Kpi3b MiXypOBY IPOTOKY 460 6€3MTOCEPEAHBO NUIAXOM po3ciueHH 37KI1, € TOMMUPEHUM METOJOM Bi/JTHOBJICHHS
(PYHKIIiT TACAKY JKOBUI y TTAIIEHTIB 3 XOJICJOXOJiTia30M. X0OUa I1€H METOJ] BiZIirpa€ BUPILIIATIbHY POJIb IIPU Y€PE3-
MiXypOBOMY IOCTYIi, OCTAHHII MOKE OYTH BUKOHAHHI PiI3HUMHU CITOCO6aMU. OJJHAK YEPE3 BUCOKY BAPTICTh LIEH
METO/] HE YACTO 3ACTOCOBYIOTb.

MeTa — NOBiJOMUTH PO €(PEKTUBHICTD YEPESPOTOKOBOTO JIATAPOCKOIIIYHOTO JOCTIJPKEHHS 3aTA/IbHOT JKOB-
YHOI IPOTOKM 6€3 JIAITAPOCKOIYHOT XOIEA0XOCKOITT.

Marepiaau Ta MeTOH. [IpOBEICHO MPOCIEKTUBHE TOCHKEHHS 77 TEPMIHOBO IOCTITATI30BAHUX MAIli€HTIB,
SIKUM BUKOHA/IN yepe3npoToxose JI/T 3)KIT 3 mpuBOLy NiATBEPPKEHOIO XOIeA0X0iTiasy. [Tij] yac sanapockorii
BU/IICHHS KOHKpeMeHTiB 37KIT mpoBOAMIN IBOMA CIIOCOOAMU: 3 BUKOPUCTAHHAM XOJIE/IOXOCKOIIII (Tpyna CS+,
n=43) Ta 6e3 Hel (rpyna CS—, n=34). V rpynax JOCI/PKEHHS NOPIBHAHO JIeMOrPa@iyHi IOKA3HUKY, XaPaAKTEP
T4 YACTOTY CYITYTHIX 3aXBOPIOBAHD, PE3Y/IBIATH OINIEPAILLii TA JIETAIbHICTD.

PesynpraTH. 32 YCKIAJHCHHAMU T4 CYIIYTHIMU 3aXBOPIOBAHHAMM, IIOB'SI3AHUMHU 3 XKOBYHOKAM'STHOIO XBOPO-
0010, I'PYIIX HE BiAPi3HAINUC. Onepartito IPOBOAWINA Yepes 4 AHi Micis rocuiranizailii B 000X rpymnax. Meaiana
TPUBAIOCTI onepartii 6y/aa CTaTUCTUYHO 3HAYyIO (p=0,036) MeHmom B rpymi CS— (93 ta 120 XB Bi/IIOBIIHO).
He BUABICHO Pi3HULI 32 4aCTOTOIO KOHBEPCil T YCKIAAHEHD. KilipeHC OyB iCTOTHO BUCOKMM B OOOX I'DYIIaX.

BucHoBKH. Yepesnporokose JIJT 3IDK 6e3 XOneg0X0CKOoii — 11€ €EKOHOMHHIM, 6€3MEYHNUN Ta e(PEKTUBHHUI
croci6 ByjianeHHs KOHKpeMeHTiB 37KIT 6€3 10JaTKOBOTO O6JIaJHAHHSL.

KiIr090Bi cJ10Ba: XOJICJOXOJiTia3, TAMAPOCKOMIYHE JOCT/PKEHHS 3arA/IbHOT »)KOBYHOI IPOTOKHU, IHTPAOIICpa-
L{MTHE YIBIPA3BYKOBE JOC/IKEHHS, XOJIEIOXOCKOITIf.
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Obesity causes increased morbidity, disability and mortality rates as well as affects the quality of life. Given the
known risks to the patient’s health, the International Federation for the Surgery of Obesity and Metabolic Disor-
ders pays special attention to the problem of morbid obesity (body mass index >40 kg/m?), with particular
emphasis on super-obesity (body mass index >50 kg/m?).

OBJECTIVE is to investigate the role of endoluminal interventions in the preparation of super obese patients with
high risk of surgical and anaesthesia-related complications for bariatric surgery.

MATERIALS AND METHODS. From 2011 to 2018, 97 patients with morbid obesity and high risk of surgery and
anaesthesia-related complications (ASA PS III—IV) underwent a course of treatment at the clinical setting of the
Department of General Surgery No2 of Bohomolets National Medical University. The treatment was carried out
in 2 stages. In the main group (n=060), the first stage of treatment included the intragastric balloon placement
for a term of 6 months. The control group (n=37) received a six-month conservative therapy. In the second stage
of treatment the patients of both groups underwent a surgical procedure for the morbid obesity management.

ResuLrs. The outcomes of the first stage of treatment showed that the patients, who underwent the intragastric
balloon placement, had statistically significantly (p <0.001) higher mean the percentage of excess weight loss
(%EWL) than the patients who received conservative therapy. In the main group, the average ASA PS score, which
is identified as an anaesthetic and surgical risk indicator, decreased from 3.28 (95 % confidence interval (CI)
3.17—3.40) to 2.15 (95 % CI 2.06—2.24, p<0.001), and in the control group — from 3.24 (95 % CI 3.10—3.39) to
3.14 (95% C1 296—3.31, p>0.05).

Concrusions. The results of the study provide strong evidence that the intragastric balloon placement for a term
of 6 months reduces surgical and anaesthetic risks, contributes to the improved function of the cardiovascular
and respiratory systems as well as gives a boost to carbohydrate metabolism, and, therefore, can be suggested for
the preparation of super obese patients with high risk of surgical and anaesthesia-related complications for bar-
iatric surgery.
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morbid obesity, bariatric surgery, type 2 diabetes mellitus.
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Obesity is an urgent health problem as its social
and health impact is extremely high today. Around
13 % of adults worldwide are suffering from obesity.
According to the global health estimates, by 2025
about 20 % of the world population will be diag-
nosed with obesity [9]. Obesity causes increased
morbidity, disability and mortality rates as well as
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affects the quality of life [ 7]. Given the known risks
to the patient’s health, the International Federa-
tion for the Surgery of Obesity and Metabolic Dis-
orders (IFSO) pays special attention to the prob-
lem of morbid obesity (body mass index (BMI)
> 40 kg/m?), with particular emphasis on super-
obesity (BMI = 50 kg/m?) [12].
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The inadequate effectiveness of conservative
methods of treatment necessitates the application
of bariatric surgery [3, 8]. However, these patients
have a high surgical and anaesthetic risk, including
in terms of anaesthesia administration. Particular-
ly serious problems result from the complications
of pulmonary embolism, which are presented in
a 24-year retrospective analysis of bariatric inter-
ventions [11]. In general, postoperative mortality
in obese patients is 2 times higher than in people
with normal body weight [10].

E.J. DeMaria et al. (2007) propose the OS-
MRS (The Obesity Surgery Mortality Risk Score)
scale, which is based on five preoperative variables
that increase the risk of morbidity and mortality
within 30 days after gastric bypass. They are age
> 45 years, BMI > 50 kg/m? hypertension, male
gender and pulmonary embolism [1, 5].

A multicenter Brazilian study showed that due
to the use of IGB for 6 months, patients with obesi-
ty lost an average of 26.1 kg (3.6—77.0 kg), the av-
erage % EWLwas 23.5 % (3.0—54.0 %), the average
BMI decreased by 8.5 kg/m? (1.3—24.9 kg/m?),
the clinical picture of comorbid conditions (hyper-
tension, diabetes, sleep apnoea, etc.) improved [13].

Astudy of the effect of IGB on body weight loss and
comorbidity, conducted at the University of Padova
(Ttaly) showed that the use of IGB for 164.4+39.7
days (92—240 days) led to a decrease in body weight
by 26.4 +10.2 kg (5.0—53.0 kg), the average % EWL
was 26.1£9.3% (5.1—55.2 %), the average BMI de-
creased from 58.4%6.6 kg/m? to 49.3+6.2 kg/m?
(p<0.001), decreased surgical risk [14].

In the analysis of 30 studies involving 4,877 pa-
tients, it was shown that the use of IGB BIB led

O.Y. Ioffe et al.

to a decrease in body weight by 4.9—28.5 kg (av-
erage — 17.8 kg), and BMI by 4.0—9.0 kg/m? In
principle, comorbid conditions disappeared or im-
proved in 52—100 % of these patients [15].

Thus, the presence of super-obesity is a direct in-
dication for bariatric surgery. However, it is neces-
sary to use effective strategies to reduce surgical risk.

OBJECTIVE is to investigate the role of endolumi-
nal interventions in the preparation of super obese
patients with high risk of surgical and anaesthesia-
related complications for bariatric surgery.

Materials and methods

From 2011 to 2018 97 patients with super-obesi-
ty and high risk of surgery and anaesthesia-relat-
ed complications (ASA PS III—IV) underwent
a course of treatment at the clinical setting of the
Department of General Surgery No2 of Bohomo-
lets National Medical University (Table 1). The
study included 45 (46.4 %) men and 52 (53.6 %)
women.

The treatment was carried out in 2 stages. In
the main group (n==60), the first stage of treat-
ment included the intragastric balloon placement
for a term of 6 months. The control group (n=37)
received a six-month conservative therapy focused
on dietary changes, physical activity and behav-
ioural therapy. In the second stage of treatment the
patients of both groups underwent surgical proce-
dure for the morbid obesity management [1]. The
main and control groups did not have a statistically
significant difference (p>0.05) in gender, age and
clinical variables; therefore, they were comparable.
The course of the study included 6 months of the

Table 1. Anthropometric variables in patients with super-obesity in the first stage of treatment

Main group (n=60)

Control group (n=37)

Variables p*
Before treatment After treatment p  Before treatment After treatment p
. 192472485  163.55+19.75 ., 1902742337 18697+ 19.94 »
Body weight, kg (132—-231) (115—185) <0.001 (128—927) (120—215) 0.051  <0.001
6830+7.38  5819+7.19 67724920  66.62+879
2 # ##
L (5355—7781) (46.66—69.53) ~0001" 50 8346y  (4807—8377) 0067 <0001
. 1284142098  99.49+17.31 . 1262142139 12291+ 1859
Excessbody weight. kg~ 756 4506y (586-120.1) ~0001" (609 1551) (630—1499)y 0051  <0.001
Actual weight loss, kg 28.92+10.08 (17—52) 3.30+9.94 (—15... +19) <0.001%
% EWL, % 92.46+5.95 (14.30—32.79) 1.8749.25 (~19.21 ... +23.17) <0.001%

Data are presented as mean + SD (min — max).

* Comparison between the main and control group after treatment.
# In one or both groups the distribution of data differs from normal, the comparison was made using the Wilcoxon signed ranks test;
## in one or both groups the distribution of data differs from normal, the comparison was made using the Wilcoxon-Mann-Whitney test.
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follow-up period for all patients in the first stage
of treatment and 12 months — in the second stage.
In this case, the time interval between the first and
second stages was from 1 to 14 days.

After analysis of the anthropometric data of pa-
tients in both groups, it was noted that the mean
BMI was 68.08 (95% confidence interval (CI)
66.45—69.71) kg/m? The mean weight of the pa-
tients was 191.63 (95 % CI 186.75—196.51) kg. The
fact that the vast majority of them were of working
age emphasizes the medical and social significance
of the problem. A co-morbidity was frequently di-
agnosed, in particular, hypertension was observed
in 88 (90.7 %) patients, coronary heart disease — in
61 (62.9 %), type 2 diabetes — in 70 (72.2 %) patients.
The surgical and anaesthetic risk was graded as ASA
PS 3.27 (95 % CI 3.18—3.36). All patients with severe
and life-threatening systemic diseases or systemic pa-
thology were assigned to ASA PS IIT and IV.

The endoluminal therapy included the appli-
cation of an intragastric balloon (IGB), namely
Orbera™ Intragastric Balloon System produced
by Apollo Endosurgery, Inc [6]. Prior to the IGB
placement, esophagogastroduodenoscopy  was
performed to exclude any oesophageal, gastric or
duodenal pathology. The patients received general
anaesthesia with endotracheal intubation. The bar-
iatric team included a bariatric surgeon, an anaes-
thesiologist and an endoscopist.

Under direct endoscopic visualization, the Place-
ment Catheter Assembly containing the intragastric
balloon was introduced perorally and then inserted
down the oesophagus into the stomach. When it
was confirmed that the balloon was below the lower
oesophageal sphincter, the guidewire was removed.
The Luer-Lock connector on the fill tube was con-
nected to the filling system valve. Keeping the fill-
ing system valve open, a 50 cc syringe was used to
fill the balloon to 700 cc. To seal the balloon valve,
a syringe was connected to the fill tube and a gentle
suction was produced on the placement catheter by
withdrawing the plunger of the syringe. The valve
was sealed with the vacuum created. The fill tube
was pulled until it was out of the self-sealing valve
and removed along with the sheath through the
mouth. Control gastroscopy was performed to check
the location of the balloon in the stomach cavity as
well as visually inspect the balloon for leakage. Ad-
ditionally, ultrasound monitoring was carried out to
observe the position of the balloon in the stomach.

The intragastric balloon was removed 6 months
after the placement. The preparation of patients for
esophagogastroduodenoscopy included adminis-
tration of the endotracheal anaesthesia. Esophago-
gastroduodenoscopy was conducted to get a clear
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view of the balloon shell. A puncture needle pro-
duced by Prince medical was inserted down the
working channel of the gastroscope. The needle
was used to puncture the balloon and push the dis-
tal end of suction tubing through the balloon shell.
The needle was removed from the tubing sleeve and
suction was applied to the tube until all fluid was
evacuated from the balloon. After evacuation of the
maximum volume of fluid, the suction tubing was
removed from the balloon and out of the working
channel of the gastroscope. Under endoscopic visu-
alization, a 2-prolonged wire grasper produced by
Prince medical was inserted through the working
channel of the gastroscope to remove the balloon.
The 2-prolonged wire grasper helped firmly grasp
the deflated balloon and extract it with minimal
risk of injury to the stomach wall and oesophagus.
The procedure was completed with the inspection
of the duodenum, stomach, and oesophagus [2, 6].

Data were analysed with the statistical package
IBM SPSS Statistics Base (version 22). All results
were considered statistically significant at a value
of p<0.05. Quantitative data are presented as
mean = standard deviation (SD), unless otherwise
stated. The normality of the data distribution was
checked using the chi-square test (p>0.05). The
comparison was performed using the Wilcoxon sign
rank criterion for related samples and the Wilcox-
on-Mann-Whitney criterion for unrelated samples.
Quantitative assessment of the clinical effect was
performed by calculating the relative risk (RR) and
its 95 % CL

Results and discussion

Before the first stage of treatment, a comparative
analysis of body weight and other anthropometric
variables was performed in the main and control
groups (see Table 1). The findings did not reveal any
statistically significant difference (p > 0.05) between
the main and control groups before treatment.

The outcomes of the first stage of treatment
showed that the patients, who underwent the
IGB placement, had statistically significantly
(p<0.001) higher mean %EWL than the patients
who received conservative therapy (see Table 1).

Six months after the IGB placement there was
observed a statistically significant (p<0.001) de-
crease in the mean systolic blood pressure (SBP)
and the mean diastolic blood pressure (DBP)
from 170.48 (95% CI 166.90—174.07) mm Hg
to 150.30 (95% CI 147.47—153.13) mm Hg and
from 104.88 (95% CI 102.97—106.79) mm Hg
to 87.93 (95% CI 86.42—89.45) mm Hg, respec-
tively. Ejection fraction (EF) increased from
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46.69 (95 % CI 45.36—48.02) % to 49.55 (95% CI
48.58—50.52) % (p<0.001).

The study of the external respiration function
parameters revealed the prevalence of the restric-
tive spirometric pattern in patients with morbid
obesity. Six months after the IGB placement, the
patients of the main group exhibited the unidirec-
tional dynamics of mean values of vital capacity
(VC), forced vital capacity (FVC), forced expira-
tory volume in one second (FEV1), peak expira-
tory flow rate (PEFR), maximum expiratory flow
at 25% VC (MEF25), maximum expiratory flow
at 50 % VC (MEF50), maximum expiratory flow
at 75% VC (MEF75), in the direction of their
growth, which was interpreted as statistically sig-
nificant. Notably, our study established the growth
of FVC from 60.87 (95% CI 59.56—62.18) % to
73.25 (95 % C171.84—74.66) % (p<0.001).

Type 2 diabetes mellitus (DM) was diagnosed
in the vast majority of patients in both groups.
Thus, the glycosylated haemoglobin (HbA1c)
test confirmed DM in 46 (76.7 %) patients in the
main group and 24 (64.9 %) patients in the control
group. 13 (21.7 %) patients of the main group and
11 (29.7 %) patients of the control group had an in-
creased risk of developing type 2 DM according to
the ADA criteria (2018).

In patients of the main group, who underwent
the IGB placement, the level of fasting plasma glu-
cose and the level of glycosylated haemoglobin
(HbA1c) decreased from 8.90 (95 % CI 8.43—9.36)
mmol /L to 7.86 (95% CI 7.43—8.29) mmol/L and
from 7.38 (95% CI 7.09—7.67) to 6.71 (95% CI
6.44—6.97) respectively, in both cases p<0.001.
In the control group, the dynamics of these values
did not reach the degree of statistical significance.
It indicates the insufficient impact of conservative
therapy. After the first stage of treatment that lasted
6 months, the level of fasting plasma glucose and the
level of glycosylated haemoglobin in the main group
were statistically significantly lower than in the con-
trol group (p=0.028 and p = 0.025, respectively).

Before treatment, all patients of both groups were
assigned to ASA PS III—1V, in accordance with the
inclusion criteria of this study. An overview of the
first stage of treatment in terms of surgical and an-
aesthetic risk in the main and control groups sug-
gests that the patients, who underwent the IGB
placement, had statistically significantly (p <0.001)
lower risk than the patients who received conserva-
tive therapy. In this case, the average ASA PS score
in the main group decreased from 3.28 (95% CI
3.17—3.40) to 2.15 (95 % CI 2.06—2.24; p<0.001),
in the control group — from 3.24 (95 % C13.10—3.39)
t0 3.14 (95 % CI 2.96—3.31; p>0.05) (Table 2).
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The IGB placement for a term of 6 months reduces
the initially high ASA PS score. It is essential for the
first stage of treatment of patients with super-obesity
and their preparation for bariatric surgery [1].

By %EWL, an indicator of the effectiveness of
treatment, the patients in the main and control
groups were assessed as % EWL<20% or %EWL
> 20 %. It has been established that the IGB place-
ment results in a 3 times (p<0.001) reduction of
the risk of failure to achieve %X EWL >20 in com-
parison with the conservative treatment methods,
RR=0.33(95% CI0.22—0.47).

The IGB placement and removal were unevent-
ful and without any complications. Short-term mild
nausea was observed in 17 (28.33 %) patients and
temporary discomfort in the epigastric region was
seen in 22 (36.66 %) patients.

All patients of the main group, who underwent
a 6-month treatment that involved the IGB place-
ment as the preparation for bariatric surgery, were
qualified for the second stage of treatment that in-
cluded surgery, the mean %EWL was 22.46 (95 %
CI 20.93—24.0)%. Only 1 (2.7 %) patient in the
control group met the criteria for bariatric sur-
gery. 51 (83.6 %) patients underwent Laparoscopic
Roux-en-Y Gastric Bypass (LRYGB),9 (14.8 %) pa-
tients — Laparoscopic Adjustable Gastric Banding
(LAGB), 1 (1.6 %) patient — Laparoscopic Sleeve
Gastrectomy (LSG). 12 months after surgery, the
mean %EWL was 55.27 (95 % CI 53.32—57.23).

The safety analysis of the surgical methods ap-
plied in the treatment of patients with morbid obe-
sity was also conducted. Thus, no complications
were observed during the intraoperative period.
Among general surgical postoperative complica-
tions, purulent wound infection was detected in
2 (3.3%) patients with super-obesity. No specific
postoperative complications were noted. There was
no postoperative mortality among patients.

Table 2. Distribution of patients by level
of surgical and anaesthetic risk according
to ASA PS in patients with super-obesity
in the first stage of treatment

Main group (n=60) Control group (n=37)

ASA

PIS, Before After Before After
ClasS  treatment treatment treatment treatment
1 0 0 0 0

1I 0 51 (85.0 %) 0 3(8.11%)

I 43(71.67%) 9(150%) 28(75.68%) 26 (70.27%)
IV 17(2833%) 0 9(24.32%) 8(21.62%)
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The debatable question is whether there are
enough endoluminal methods for the treatment of
these patients with MO. Thus, according to a study
by L. Angrisani (2006), after removal of IGB 49.4 %
of patients with a baseline BMI of 54.4 + 8.1 kg/m?,
who were scheduled for further bariatric interven-
tions, abandoned the latter. IGB was used as an
independent method of treatment. However, it is
important to note that their body weight returned
to baseline after 12 months [16]. One of the reasons
for insufficient weight loss or re-gain is non-compli-
ance with the patient’s appointments after bariatric
interventions of the prescribed diet, excess caloric
intake and sedentary lifestyle.

According to the WGO Global Guideline Obe-
sity (2011), the use of IGB can help to form a cer-
tain stereotype of eating behaviour [17]. It has been
shown that the use of IGB alone in patients with
a BMI > 40 kg/m? is ineffective because after re-
moval of the balloon, patients either completely lost
weight or lost weight [3]. This may be thought to be
due in particular to «balloon cheating».

Thus, endoluminal procedures, especially the es-
tablishment of IGB, play an important role in the
treatment of obese patients, but their use cannot be
considered as the only and radical method of bariatric
intervention in obese patients, especially morbid [2].

Conclusions

The presence of surgical and anesthetic risk graded
as ASA PS III—1V in patients with super-obesity
and the mean BMI of 68.08 (95 % CI 66.45—69.71)
kg/m? complicated by pathologies of the cardio-
vascular system, impaired external respiration and
poor carbohydrate metabolism necessitates the
application of two-stage treatment involving the
preparation of patients for bariatric surgery in the
first stage.

The intragastric balloon placement for a term
of 6 months ensures efficient preparation of su-
per obese patients for bariatric surgery as it con-
tributes to surgical and anesthetic risk reduction
from 3.28 (95% CI 3.17—3.40) to 2.15 (95% CI
2.06—2.24; p<0.001), a decrease in BMI from
68.3 (95% CI 66.39—70.20) to 58.19 (95% CI
56.33—60.04) kg/m? (p<0.001), and the improved
function of the cardiovascular and respiratory sys-
tems as well as better carbohydrate metabolism.
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Poib eHgomoMiHAIBHUX BTPY4YaHb

Y HiATOTOBIIi ITAI[iEHTIB BUCOKOI'O PU3UKY

i3 CyIepOKHUPiHHAM A0 6apiaTPUYHOI Ooreparii

0.10. Iodpde, M. C. Kpusomnycros, O. I1. Creunenko, T. B. Tapaciok, 10. II. ITiopa

Hamionanpuuit mepuanmii yaisepcureT iMeni O. O. Boromoubirst, Kuis

OsXUPiHHA IPU3BOAUTD JO IiIBUIICHHS PIBHA 3AXBOPIOBAHOCTI, iHBAIJHOCTI T4 CMEPTHOCTI, 4 TAKOXK BIUIMBAE
Ha AKICTb XKUTTSL. 3 OIVIAY Ha BiZIlOMi PU3UKH VI 370POB’A nauienTa, MixkanapoaHna dpeaepariisa Xipyprii O2KMpiHHA
Ta MeTabomivHux posnatis (IFSO) npuainge oco6mBy yBary rnpooaeMi MOpOiAHOIO OXKUPiHHA (IHAEKC MACU
Tina > 40 Kr/mM?) 3 aKIIEHTOM Ha CYIIEPOXKUPIHHI (iHAEKC MacH Tina > 50 Kr/m?).
Mera — BUBYMTU POJIb CHIOIIOMIHAIBHUX BTPYYaHb Y MiIIOTOBL HALIEHTIB i3 CYIICPOXKUPIHHAM 3 BUCOKUM
PU3UKOM XipyPriyHUX Td aHECTE3iIMHUX YCKIAHEHD 10 6apiaTpUIHO] Xipyprii.

Marepianau Ta merogu. Y niepios 3 2011 10 2018 p. 97 naiieHTiB i3 NaTOJOTiYHUM OKUPIHHAM Td BUCOKHUM
PHU3UKOM XipyprigyHUX i aHECTE310I0ITYHUX YCKIAAHEHD (ASA PS III—IV) nponnuiy Kypc JIiKyBaHHA HA KIiHi4-
Hilt 6a3i kadeapu 3aranbHOT Xipyprii Ne 2 HarlioHaabHOTIoO MEIUYHOTO YHiBepcuTeTy iMeHi O. O. BOroMosbLs.
JIiKyBaHHSI IIPOBOIWIIN B IBA €TAIN. B OCHOBHII rpyti (n=60) MepIuii eTart JiKyBaHHs [Iepea6adaB BHYTPIII-
HBOILTYHKOBY YCTAHOBKY 6ajioHa Ha TepMin 6 mic. KoHTposbHa rpymna (n=37) orpumyBaia 6-MiCIIHY KOH-
CEPBATUBHY TEPAIIIO. JIPYIrUM €TAoM MHali€HTaM OOOX I'PYIl BUKOHAHO OINEPATUBHE BTPYYAHHS 3 METOIO
JIHKYBaHHSI MOPOiTHOTO OXKHPiHHA.

Pesyabrary. Pe3ynsrary nepmoro eraiy JiKyBaHHA [IOKA3AIH, 1O Y HALE€HTIB, SKMM IIPOBEAEHO BHYTPIII-
HBOIITYHKOBY YCTAHOBKY Oa710H4, 6yB CTATUCTUYHO 3HA4YYIIO (p<0,001) BUIIUI CEPEHIN BiZICOTOK BTPATU
HAYIMIIKOBOI MACH TUIA, HUK y HALIEHTIB, AKi OTPUMYBA/IM KOHCEPBATUBHY TEPAITilO. B OCHOBHI I'pyIli cepeHin
6a 32 ASA PS (iHIUKATOP aHECTE3I0NOTiYHOTO TA XiPYPridHOTO PU3HKY) 3HU3UBCA 3 3,28 (95 % AOBipuYnii iHTEp-
Bast (1) 3,17—3,40) 10 2,15 (95 % [11 2,06— 2,24, p <0,001), a y KOHTPOBHIH rpyti — 3 3,24 (95 % [11 3,10—3,39)
710 3,14 (95 % 111 296—3,31; p>0,05).

BHCHOBKH. Pe3y/IBraTH JIOCTIKEHHS CBITIATh, IO BHYTPIITHBOIITYHKOBA YCTAHOBKA 6A7I0OHA Ha TEPMiH 6 MiC
3HIDKYE PU3HKH XipypridHOI'O BTPY4YaHH i aHecTesil, 1ouimiye (PyHKLT ceplieBO-CYAUHHOI T4 JUXAIbHOI CUC-
TEM, 4 TAKOK IIPHUCKOPIOE BYIVIEBOAHUM OOMIH, TOMY €M ITi/IXiJ] MOKHA 3aIIPOIIOHYBATH JUIS ITiITOTOBKH IAIli-
€HTIB i3 CyIIEPOXUPIHHAM 3 BUCOKMM PU3UKOM XipYPIriYHUX YCKIQJHEHD i YCKIAIHEHD, [IOBI3AHUX 3 AHECTESi-
€10, 1O 6aApiaTpUIHO] Xipypril.

K1r090Bi c1oBa: MOPOifiHE OKUPIiHHS, OapiaTpHUYHA Xipypris, IlyKpPOBUH JiadeT 2 TUILY.
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The incidence of splenic injuries among all closed injuries of the abdominal cavity is from 15.5 to 30.0 %, and
a mortality rate is between 7 % and 26 %. The tactics in the treatment of splenic injuries is determined by the
degree of traumatic injury, the patient's condition during the operation, and a concomitant pathology. Studies of
tissue regeneration of the operated spleen allow identifying two main options for its regeneration, associated
with the nature of blood circulation in the preserved part.

OBJECTIVE — to study the regeneration and filtration function of the spleen after various types of surgery for the
management of traumatic spleen injuries.

MATERIALS AND METHODS. The results of treatment of 85 patients in the period 2015—2020 were analyzed. To
investigate the changes in the filtration function of the spleen, a study of the peripheral blood (general blood test)
was performed to assess the shape of erythrocytes. In order to determine the size of the residual splenic paren-
chyma, its structure and regenerative processes were evaluated and sonographic examination was carried out.

REesuLts. The average increase in the size of the residual splenic tissue after subtotal resection of the organ with
the formation of couplings of the parenchyma averages 40.2+ 3.4 % one year after surgery, and in patients who
underwent subtotal resection of the spleen with covering the cut plane with adhesive hemostatic plate 70 % —
49.14+6.77 %. The study of changes in the filtration function of the spleen in patients, who underwent subtotal
resection of the spleen, showed the appearance of target cells, acanthocytes and halocytes in the peripheral
blood, but their number was insignificant and did not exceed normal (not more than 3 %). Any destroyed and
pathologically altered erythrocytes were not visualized in patients, who underwent atypical resection of the
spleen (mass deficit less than 30 %).

CoNcLUSIONS. Spleen regeneration is determined both by the nature of blood supply to the residual splenic tissue
and its size, and does not depend on the nature of the pathological process. Organ-preserving surgical interven-
tions on the spleen allow maintaining the filtration function of the spleen.

KEYWORDS
spleen damage, organ-preserving surgical interventions, splenectomy, filtration function, regeneration.
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The spleen is an unpaired peripheral organ of lym-
phoid hematopoiesis and immune defense. Cur-
rently, one of the urgent problems of surgery is
control of bleeding caused by the damage to the
parenchymal organs of the abdominal cavity as-
sociated with injuries resulting from home-related
and traffic accidents, natural disasters and terrorist
acts. These conditions, based on the data from the
World Health Organization studies conducted in
cooperation with the Harvard Center for Prospec-
tive Studies, are a common cause of death among

24

people of working age. The incidence of splenic
injuries among all closed injuries of the abdominal
cavity is from 15,5 to 30 %, and a mortality rate is
between 7 % and 26 %. [1]. Traumatic injuries occur
in all age groups, but the peak incidence is observed
in adolescence and in the middle age group (15—35
years) [2], which emphasizes the socio-economic
importance of the problem.

The tactics in the treatment of splenic injuries
is determined by the degree of traumatic injury,
the patient's condition during the operation, and
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a concomitant pathology. To date, the most common
method of treating splenic injuries has been surgery
[3]. In about 99 % of adult patients, the spleen was
completely removed. However, this surgery can
lead to severe complications, both in the early and
long postoperative periods, resulting from impaired
immunological homeostasis and is called «postsple-
nectomy hyposplenism», an extremely severe form
of which is instantaneous sepsis [4].

In-depth experimental and clinical studies of tis-
sue regeneration of the operated spleen, allow us
to identify two main options for its regeneration,
related to the nature of blood circulation in the
preserved part. The first option is typical for organ-
saving interventions, when the organ or its part has
a preserved main blood supply. The spleen in the
postoperative period has a characteristic histologi-
cal structure with the presence of elements of both
red and white pulp. Computed tomography (CT)
examination (including after intravenous amplifica-
tion) reveals normal densitometric characteristics
of organ tissue. y-Scintigraphy with labeled autolo-
gous erythrocytes, damaged by heat, shows a suffi-
cient accumulation of radiotherapy in the pulp of
the spleen (preserved filtration function) [5].

The second type of regeneration is described in
humans with free heterotopic autotransplanta-
tion of the spleen [6]. The slow regeneration of the
structures of the spleen pulp is typical and associat-
ed with the germination of capillaries from the sur-
rounding tissues, developing reticular tissue filled
with erythrocytes (analog of red pulp), elements of
white pulp are absent or weak [7]. Densitometric
analysis of CT reveals a decrease in the density of
transferred and newly formed tissue with a weak ac-
cumulation of contrast after its intravenous admin-
istration [8]. The accumulation of radiotherapy in
y-scintigraphy is observed in the projection of the
graft only in the remote postoperative period. The
features of the autotransplanted spleen tissue in
adults are the following [9].

L. The main anatomical changes
1. Reduced weight (< 20 % of normal).

2. Decrease in the number of cells in a gram of tissue.
3. Decreased blood flow (< 10 % of normal).

I1. Architectural changes

1. Structures that are in the normal spleen, but

changed in the graft:

- relatively reduced area of trabeculae, marginal
zone, marginal sinus, PALS (periarterial lympho-
cyte clusters), PALS reticulum, separation of red
and white pulp;
relatively increased area of the capsule, red pulp,
increased hematopoiesis.
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2. Structures that are absent in the normal spleen,
but are in the graft:
- fibrous tissue;
adipocytes in the central zone;
location of white pulp directly under the capsule;
accumulation of lymphocytes under the capsule;
some proteins.

II1. Functional changes: reduced filtration func-
tion, clearance, malaria protection and overwhelming
post-splenectomy infection.

Negative factors include inflammatory compli-
cations after autotransplantation, which in emer-
gency and purulent surgery can reach 30 % with
extraperitoneal location of fragments of the spleen
[10]. Based on the described patterns, we can ex-
pect a better functional result while preserving the
organ or a part of it along with the main blood sup-
ply. This is confirmed by many reports, according to
which autotransplantation of the spleen is accom-
panied by less pronounced immunohematological
changes, compared with splenectomy, but is infe-
rior to organ-sparing operations [11]. At the same
time, according to the literature, removal of 90 %
of the spleen does not lead to the development of
hyposplenism [12]. The presented data significantly
changed the tactics in the management of the dis-
eases of the spleen.

Thus, the spleen is an organ endowed with im-
portant functions in the body. Splenectomy causes
a number of serious disorders that have certain
clinical manifestations. There are methods of clini-
cal, laboratory and instrumental assessment of the
structure and functions of the spleen, as well as hy-
posplenic manifestations.

OgJeCTIVE — to study the regeneration and filtra-
tion function of the spleen after various types of sur-
gery for the management of traumatic spleen injuries.

Materials and methods

According to the analysis of case histories, 156 pa-
tients with splenic trauma were operated at the
clinic of the Department of Surgery No 2 at Bogo-
molets National Medical University (on the basis
of the 1st and 2nd surgical departments of hospital
No 4 in Kyiv) from 2015 to 2020. In order to study
the condition of patients, including filtration func-
tion of the spleen, we arranged appointments with
the operated patients by writing to them. Patients
were invited to come to the clinic and undergo out-
patient examination (laboratory and instrumental
(sonographic). 85 (54.49 %) operated patients re-
sponded. The study included 61 (71.76 %) men and
24 (28.24 %) women. In terms of age distribution
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Job-related — 2 %
Sport —3 %
Tatrogenic — 6 %

Household — 57 %

Road transport — 8 %

Street — 24 %

Figure 1. Distribution of patients with traumatic
injuries of the spleen by the nature of the injury

of splenic injuries, the majority (30.18 %) were pa-
tients aged 20—29 years, while the average age of
patients was 37.61 £ 11.43 (n=106), i.e. persons of
working age. The causes of injury to the spleen were:
a blunt trauma — 68 (80 %) cases; a knife wound —
17 (20 %) cases. The distribution of patients by the
nature of the injury is shown in Fig. 1.

Of the total number of the examined patients,
63 (74.11 %) patients had a history of isolated inju-
ries of the spleen, 22 (25.89 %) were operated on for
combined and multiple injuries.

According to the classification of splenic injuries
proposed by the American Association of Surgical
Trauma [13], 8 (9.41 %) patients were classified as
splenic injuries, 18 (21.18 %) patients with IT degree
injuries, and 28 (32.94 %) patients with III degree,
23 (27.07 %) patients with IV degree and 6 (7.04 %)
patients with V degree. 5 (5.88 %) patients were
diagnosed with post-traumatic cyst of the spleen.
Later, given the size of the residual splenic tissue,
these patients were classified as patients with grade
IT damage to the spleen. The types of surgical inter-
ventions that were performed are presented in Table.

As can be seen from the table, a predominant
number of the examined patients underwent organ-
saving interventions (82.3 %). However, the analy-
sis of their case histories revealed that the propor-
tion of patients whose spleen was removed was 36 %

Table. Types of surgical interventions
for splenic injuries

Method of surgical intervention Amount (n=85)

Standard splenectomy 15 (17.7%)
Subtotal resection of the spleen o
(weight deficit is more than 70 %) SSIELA%)
Atypical resection of the spleen o
(weight deficit is less than 30 %) 25(294%)
Minimally invasive interventions

(electrocoagulation, splenoraphy, 10 (11.7 %)

fenestration of the cyst)
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(compared to 17.7 % in this study). Along with the
traditional operations (cyst fenestration, electro-
coagulation, splenoraphy, atypical resection of the
spleen), patients underwent organ-sparing inter-
ventions, which were carried out using the meth-
odology developed at the Department of Surgery
N 2. These were techniques that allowed to preserve
part of the parenchyma in severe traumatic injuries
of the organ (IT1-V degrees) (the method of subto-
tal resection of the spleen with cutting of couplings
around the arteries of the second order and the
method of subtotal resection of the spleen with cov-
ering the cut plane with adhesive hemostatic plate).

To study the changes in the filtration function of
the spleen (mechanical blood purification function)
in the early postoperative period, the peripheral
blood (general blood test) was checked to detect ag-
ing, damaged erythrocytes, pathological cells (sphe-
rocytes, sickle cells, etc.), as well as assess the shape
of erythrocytes. However, upon careful study of the
hemogram, we found that the shape of erythrocytes
also depended on the method by which blood was
taken for analysis. We compared the informative-
ness of the methods of studying the filtration func-
tion of the spleen during the collection of venous
and capillary blood.

Results and discussion

Analyzing the nature of surgical interventions,
which were performed in different time periods, we
can say that the concept of choosing the method of
surgical intervention in patients with splenic trauma
has changed dramatically. Since 2015, the organ-pre-
serving approach has prevailed. Even in case of se-
vere organ damage (IV—V degree), a subtotal resec-
tion of the spleen is performed. For post-traumatic
cysts of the spleen, laparoscopic surgical techniques
(fenestration of cysts) are most commonly used.
Ultrasound examination of the abdominal cav-
ity allowed visualization of the residual splenic
parenchyma, assessment of its structure and char-
acteristics of the regenerative processes after the
application of organ-saving techniques. The spleen,
including the structure of the left parenchyma, was
studied, and a doppler investigation was ordered to
evaluate blood flow and verify the detected paren-
chymal formation. The size of the spleen stump was
determined by using an associated software package
after measuring its largest size in two-dimensional
orientation and delineation. The sonograms, which
were performed in the early postoperative period
and recorded in the patient’s case history, were
used as a control measurement (Fig. 2). The study
of the spleen in patients, who underwent subtotal
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1.V. Kolosovych, 1.V. Hanol

Figure 2. Ultrasound scan of the left area of the
parenchyma after subtotal resection of the spleen
with the formation of couplings of the parenchyma
(on day 10 of the early postoperative period)

resection of the spleen with the formation of paren-
chymal couplings (parenchymal deficit was more
than 70 %) in the remote postoperative period, re-
vealed a decrease in heterogeneity and an increase
in the size of the residual splenic parenchyma.
Analyzing the obtained data, we found out that
the average increase in the size of the spleen after

Figure 4. Ultrasound scan of the spleen after
subtotal resection of the organ with covering the
plane of the cut with an adhesive hemostatic plate
(4 years after surgery)
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Figure 3. Ultrasound scan of the left area of the
parenchyma after subtotal resection of the spleen
with the formation of couplings of the
parenchyma one year after surgery

subtotal resection of the organ with the formation
of couplings of the parenchyma one year after sur-
gery averages 40.2 + 3.4 % compared to baseline. Ul-
trasound data of the left area of the parenchyma of
the spleen two months after surgery are presented
in Fig. 2 and 3.

In patients, who underwent subtotal resection
of the spleen with covering the incision plane with
adhesive hemostatic plate (parenchymal deficit was
less than 70 %), there was a more intense increase in
the size of the left parenchyma, which, in our opin-
ion, can be associated with a larger surface area of
the left parenchyma (a year after surgery, an increase
in the size was 49.14 £ 6.77 % compared to baseline).
In one patient, 4 years after subtotal resection of the
spleen with covering the plane of the cut with an ad-
hesive hemostatic plate, complete restoration of the
structure and size of the spleen was noted (Fig. 4).

The data described above allow us to conclude
that the regeneration of the spleen is determined
by the nature of blood supply to the residual splenic
tissue and its size, and does not depend on the na-
ture of the pathological process.

Analyzing different ways of blood collection for
the study of the filtration function of the spleen,
it was found that when taking venous blood, the
assessment of changes in erythrocytes can not be
considered informative. This is due to the fact that
according to the method, blood is taken into a test
tube that contains an anticoagulant. Its components
(for example, Trilon-B or citrate) affect erythro-
cytes, changing their shape (Fig. 5).
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Figure 5. Examination of red blood cells in patients
after organ-sparing surgery on the spleen by
venous blood sampling, Pappenheim staining, lens

x 100, microscope Olympus CX 41 (Japan): change in the
shape of erythrocytes

Figure 6. Examination of red blood cells in patients
after organ-sparing surgery on the spleen by
capillary blood collection, Pappenheim staining, lens
x 100, microscope Olympus CX 41 (Japan): normal
erythrocytes

=

Figure 7. Examination of red blood cells in patients
after subtotal resection of the spleen — a deficit of
more than 70 %, Pappenheim staining, lens x 100: 1 —
single target cells

To objectively assess the changes in the hemo-
gram in the norm and in pathological conditions, it
is necessary to use a second drop of capillary blood
when taking it directly from the finger on the slide
(Fig. 6).

When studying changes in the filtration function
of the spleen in patients who underwent subtotal
resection of the spleen (mass deficit of more than
70 %), the appearance of target cells, acanthocytes
and halocytes in the peripheral blood was observed,
but their number was insignificant and did not
exceed normal (not more than 3%). The appear-
ance of fragmented, damaged erythrocytes, as well
as changes in the chromium of erythrocytes in the
studied blood samples, was not observed (Fig. 7).
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Figure 8. Examination of red blood cells in patients
after atypical resection — removal of less than 30 %
of the parenchyma, Pappenheim staining, lens x 100
pathologically altered erythrocytes were not detected

In the blood samples of patients who underwent
atypical resection of the spleen (mass deficit of less
than 30 %), destroyed and pathologically altered
erythrocytes were not visualized or their number
did not exceed normal. This fact can be explained
by a larger surface area of the splenic parenchyma
that is preserved during surgery and less trauma-
tizing surgical procedure, both resulting in more
efficient functioning of the left parenchyma in the
postoperative period. The described data are pre-
sented in Fig. 8.

After splenectomy, a considerable impairment of
the filtration function of the organ was manifested
by a significant number of destroyed (fragmented)
erythrocytes, pathological cells (spherocytes, sickle
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cells, target cells, acanthocytes, etc.), erythrocytes
with different hemoglobin size and content in pe-
ripheral blood (Fig. 9).

Thus, taking into account the described data,
we can conclude that the presence of even a small
amount of the splenic parenchyma and normal blood
flow through it ensure maintenance of the filtration
function of the organ, while removal of the spleen
is associated with serious disorders of the organ.
erythrocytes in excess of normal (more than 3 %).

Conclusions

Regeneration of the spleen is determined by the na-
ture of blood supply to the residual splenic tissue
and its size, and does not depend on the nature of
the pathological process.

Organ-preserving surgical interventions, includ-
ing subtotal resection of the organ, allow the spleen
to perform its filtration function (destroyed and
pathologically altered erythrocytes were not visual-
ized or their number did not exceed normal).

Splenectomy leads to serious and persistent
changes in the patient's hemogram (appearance
of a significant number of destroyed (fragmented)
erythrocytes, pathological cells (spherocytes, sickle
cells, target cells, acanthocytes, etc. in the periph-
eral blood).

To objectively assess the hemogram, capillary
blood sampling from a finger (the second drop is
taken directly on a glass slide) must be performed.

The use of venous blood for research is uninfor-
mative due to the damaging effect of the preserva-
tive on erythrocytes.
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3MiHH (pinpTpaliiHOI PYHKILi CeNe3iHKU
I1iCJIsA OIEPATUBHUX BTPY4YaHb
3 IIPUBOAY TPABMATUYHHUX YIIKO/PKEHb OpPraHa

I. B. Kosocosuu, I. B. Tanois
Hamionanpuuit meguanmii yaiBepeuret iMeni O. O. Boromobirst, Kuis

HYacrora TpaBMATHYHUX YIIKO/PKEHD CEJIE3iHKU CepEe/l YCiX 3aKPUTHX TPAaBM OPIaHiB YePEBHOI HOPOKHUHU
CTAaHOBUTH BiT 15,5 10 30,0 %, nmeTanbHICTb CKIaiae 7— 26 %. TaKTUKA i CIIOCi6 JTIKYBAHHS BUSHAYAIOTHCS CTYIIC-
HEM TPABMATUYHOI'O YIIKO/PKECHHS, CTAHOM XBOPOI'O IIiJI Yac onepaliii Ta HasgBHICTIO CYIyTHbOI I1aTOJIOTIL.
Jocmiprkennsa pereneparitii TKAaHUH IIPOOIEPOBAHOL CEJIEZIHKU TAI0Th 3MOI'Y BUJIIUTH JIBA OCHOBHUX BaPiaHTH
1l perenepartii, NOB’A34aHi 3 XaPAKTEPOM KPOBOOOGII'Y B 30€PEKEHIN YACTUHI.

MeTa — BUBYUTH PEreHEPALiHNY Ta DINBrpanifiiy (PyHKLT CEIE3IHKU ITiC/IA PiI3HUX BU/IIB ONIEPALIil 3 IPHUBOLY
11 TIOIIKO/PKEHHS.

Marepiagau Ta MeTOaH. [IpOaHai30BAHO PE3YIBIaTH JIKyBaHH:A 85 NalieHTiB 32 nepiog 2015—2020 pp. g
BUBYEHHS 3MiH (DUIBTPALiHOI (DYHKII{I CEIE3iHKU MPOBOAWIN JOCIDKEHHS NepU(pPEepUIHOi KPOBI XBOPUX
(3araspHUI aHAII3 KPOBi) 3 OLIHKOIO (POPMH €pUTPOLIUTIB. /11 Bizyasizarliii 3a/IMIIeHOl YaCTUHU MAPEHXIMU
CEJIE3iHKH, OLIHKHU 1f CTPYKTYPHU T4 OCOOIMBOCTEN PETEHEPATUBHHUX MPOIIECIB BUKOPHUCTOBYBAJIU COHOTPadiuHe
JOCJTIKEeHHSI.

PesyabraTn. CepeHilt NPUPICT IO CENE3iHKUA IIPU 3aCTOCYBAHHI CITOCOOY CyOTOTANIBHOI PE3EKIIiT OpraHa
3 (POPMYBAHHAM MY(PT MAPEHXIMHU YEPE3 PiK CTAHOBUB Yy cepeHbOMY (40,2 +3.4) %, a y HallieHTiB, AKUM OYyJI10
34CTOCOBAHO CIOCI6 CYyOTOTAIBHOL PE3EKILiT CENE3IHKN 3 YKPUBAHHAM IUIOMIUHH 3Pi3y KIEMOBOIO FEMOCTATUY-
HOIO ITACTUHOIO (fedinnT napenximu <70 %) — (49,14£6,77) %. [Ipu BUB4EHHI 3MiH QUIBIPaiitHol (PYHKIT
CEJIE3IHKU Y XBOPUX, IKUM OyJIa BUKOHAHA CYOTOTAJIbHA PE3EKILis CENIE3iHKM, BUABIEHO MOSBY MilIEHETTONIOHIX
KJITUH, AaKAHTOIIUTIB i TaIOIUTIB y NEpHU(MEPHUYIHIN KPOBi, OAHAK IX KUIbKICTh Oya HE3HAYHOIO T4 HE MEPEBU-
IIyBaIA OKA3HUKIB HOPMU (HE O6inblie 3 %). V NalieHTiB, AKUM Oy/1d BUKOHAHA ATUIIOBA PE3CKIlisl CEJIC3iIHKU
(medpinut macu < 30 %), 3pYHHOBAH] Ta MATOJIOTTYHO 3MiHEHI EPUTPOLIUTU HE Bi3yali3yBaJIUCh.

BucHOBKH. Perenepariis cene3inku BU3BHA4AEThCA AK XAPAKTEPOM KPOBOIIOCTAYAHHA TKAHUHH, 1110 3A/TUIITNIA-
€4, TAK i 11 KUIBKICTIO, T4 HE 3AJIEXKUTD BiJl XapAKTEPY ITATOIOTTYHOTrO nporiecy. OpraHomaiHi Xipypriyii BTpy4JaH-
HS1 HA CEJIE3iHII IAI0Th 111 3MOTI'Y BUKOHYBATU (DUIBTPALIiFIHY (DYHKILIO.

K/I¥090Bi cJI0Ba: YIIIKO/PKCHHS CEJIE3iHKH, OPTaHONIAIHI XipypriyHi BTpy4YaHHs, CIUICHEKTOMIs, (piBrpaniiina
(yHKI1IisA, pereHepartis.

AsTOopH

DX} Iasonb Irop Bacuibosny: ganoli@ukr.net

1. B. Konocosuy, 71 Mef1. H., mpod., 3aB. kadeapu xipyprii Ne 2 https://orcid.org/0000-0002-2031-4897
1. B. TaHOJb, K. M€/, H., IoLeHT Kadeapu xipyprii Ne 2, https://orcid.org/0000-0002-3470-2102

FOR CITATION

1 Kolosovych IV, Hanol IV. Changes in the filtration function of the spleen after surgery following traumatic organ injuries. General Surgery (Ukraine). 2021:1;24-30.
http://doi.org/10.30978/GS-2021-1-24.

30 General Surgery 3azansnaxipypein © 2021 ¢ Nel



ORIGINAL RESEARCH  Opuzinanvii 00cnioncenis

UDC 616.34-007.43-031:611.957-089.844-089.12
DOI http://doi.org/10.30978/GS-2021-1-31

ISSN 2786-5584 (Print)
ISSN 2786-5592 (Online)

Totally extraperitoneal inguinal hernia repair
versus Lichtenstein repair:
a one-year follow-up study

H. O. Havrylov1, O. V. Shulyarenko 2

! Clinic Medikom, Kyiv
2 Bogomolets National Medical University, Kyiv

DA< Oleg Shulyarenko: oleg.vshu@gmail.com

H. O. Havrylov, http://orcid.org/0000-0002-8425-8134
O.V. Shulyarenko, http://orcid.org/0000-0002-6780-8587

The inguinal hernia has an incidence of 27—43 % in males. Surgical repair is the most accepted treatment to
prevent the development of complications. Laparoscopic inguinal hernia repair has become popular worldwide
and includes the use of a laparoscopic technique for mesh placement behind the defect.

OBJECTIVE — to assess whether totally extraperitoneal (TEP) inguinal hernia repair shows benefits over Lichten-
stein repair in intraoperative and one-year follow-up postoperative outcomes for male patients with primary
unilateral inguinal hernia.

MATERIALS AND METHODS. 53 males were randomly allocated to two groups. Group 1 included 27 patients who
underwent totally extraperitoneal hernia repair using self-gripping lightweight mesh, and group 2 included 26
patients who were treated surgically with Lichtenstein repair using lightweight mesh.

REesurts. Both groups were comparable in mean age, type of hernia, body mass index and patient’s distribution
according to the European hernia society classification. TEP repair takes on average a little less time as compared
to Lichtenstein repair, and this difference is not statistically significant. The mean of visual analogue scale for pain
scoring in the first 24 hours after surgery as well as in the next 24 hours is statistically significantly smaller in
group 1 compared to group 2. The mean time taken to return to work was 2.15 times longer in group 2 than in
group 1, and the difference was statistically significant.

Concrusions. Totally extraperitoneal hernia repair shows potential benefits over Lichtenstein repair for primary
unilateral inguinal hernias as it causes less pain in the postoperative period and ensures early return to work.

KEYWORDS
totally extraperitoneal hernia repair, Lichtenstein repair, inguinal hernia, surgery.

ARTICLE ¢ Received 2021-10-18 ¢ Received in revised form 2021-11-01
© General Surgery, 2021

The inguinal hernia has an incidence of 27—43 %
in males. Surgical repair is the most accepted treat-

Europe allows access to the pre-peritoneal space and
avoids the need for a peritoneal incision [3].

ment to prevent the development of complications
[6, 12, 13]. Mesh repair is generally preferred in in-
guinal hernia surgery. Open non-tension mesh her-
nioplasty has been the «gold standard» in inguinal
hernia surgery for a long time [1]. At first, the lapa-
roscopic inguinal hernia repair (LTHR) was intro-
duced by R. Ger et al. in 1990 [5]. LIHR has become
popular worldwide because laparoscopic placement
of mesh behind the defect where, according to La-
place’s Law, the same forces that cause hernia are
used to reinforce the repair [4]. The totally extraper-
itoneal method (TEP) established by J. L. Dulucq in

General Surgery 3azansuaxipypeis © 2021 ¢ Nel

OBJECTIVE — to assess whether totally extraperi-
toneal inguinal hernia repair shows benefits over
Lichtenstein repair in intraoperative and one-year
follow up postoperative outcomes for male patients
with primary unilateral inguinal hernia.

Materials and methods

53 males with primary unilateral inguinal her-
nia were enrolled in the study and operated in the
clinic «Medikom» from 2016 to 2019 years. Pa-
tients over 18 years of age with primary unilateral
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evident uncomplicated inguinal hernia who fit for
both laparoscopic and open approach were included
in the study. All of them were randomly allocated to
two groups: group 1 included 27 patients who un-
derwent totally extraperitoneal inguinal hernia re-
pair by our method (patent of Ukraine No 102998)
using electric bipolar welding hemostasis and self-
gripping lightweight mesh with polypropylene fi-
bers and polylactic acid micro hooks, and group 2
included 26 patients who were treated surgically
with Lichtenstein repair [10] using electric bipolar
welding hemostasis and lightweight mesh. Preop-
erative evaluation was based on proper analysis of
the medical history, full clinical examination, labora-
tory investigations and ultrasound of the abdominal
cavity, pelvis and inguinal area. Early postoperative
therapy included pain relievers, correction of cardio-
vascular and respiratory disorders, antibacterial and
anticoagulation therapy. Table shows patient demo-
graphics and patient distribution in both groups ac-
cording to the European hernia society (EHS) in-
guinal hernia classification [11].

The following parameters were evaluated: oper-
ating time, pain severity within the first 24 hours
and within the next 24 hours after surgery (using
10-balls VAS score), postoperative complications
over a 12-month follow-up period, mean time taken
to return to work.

The statistical software package was used in this
study. The independent ‘t’ test was used to compare
age, operating time, severity of postoperative pain,
mean time taken to return to work. Quantitative
data are presented as mean and average deviation
from the mean (M £ m). p<0.05 was considered sta-
tistically significant. Patient distribution based on
EHS-classification and on direct/indirect inguinal
hernia type were were analysed by Chi-square test
(%?). p <0.05 was considered statistically significant.

Results and discussion

Table shows that the difference in mean age, type
of hernia, body mass index and patient distribution
according to the EHS classification was not statisti-
cally significant between the two groups. Therefore,
both groups were comparable.

Indirect hernia appeared to be the most common
type of hernia in both groups.

The operating time in minutes was 36.78 £ 0.61
in group 1 and 37.08 £0.82 in group 2 (p>0.05).
The difference is not statistically significant. It
means that the TEP repair takes on average a little
less time as compared to Lichtenstein repair.

In group 2 both inguinal nerves were recognized
in 14 (53.85 %) patients, the ilioinguinal nerve in
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Table. Patient demographics and patient
distribution in both groups according to the
European hernia society inguinal hernia
classification

Variable Group 1 Group 2
Age, years 39.7+2.08 3862+2.33
8o year (19-60)  (18-61)

Inguinal hernia type 5/29 42

direct/indirect

Body mass index, kg,/m? 2415+0.35 23.96+0.38

European hernia society inguinal hernia classification

PM1 1 1

PM2 3 2

PM3 1 1

PL1 4 5

PL2 12 10

PL3 6 7
All p>0.05.

Quantitative data are presented as mean and average deviation
(M*m).
The data range is given in brackets.

4 (15.38 %) patients, the iliohypogastric nerve in
3 (11.54 %) patients, and no nerves in 5 (19.23 %)
patients.

The pain score during the first 24 hours after sur-
gery was 2.41+0.11 balls in group 1 comparing to
3.04£0.17 in group 2 (p <0.05). It suggests that the
difference in pain score was significant, so we can
conclude that within the first 24 hours patients in
group 1 had a less pain score compared to group 2.

The pain score within the next 24 hours was
1.3+0.09 (M £ m) balls in group 1 versus 1.88 + 0.09
in group 2 (p<0.05). The difference is statistically
significant. Thus, within the first 24 hours and
within the next 24 hours, patients in the laparo-
scopic group experienced less pain than patients in
the open surgery group.

In group 1, the postoperative complications were
noted in 1 (3.7 %) patient who developed port site
seroma. The seroma was punctured under ultra-
sound supervision.

In group 2, the postoperative complications oc-
curred in 2 (7.69 %) patients. One of them devel-
oped surgical wound seroma, another one devel-
oped surgical wound hematoma. All these patients
underwent puncture under ultrasound supervision,
and the hematoma was coagulated.

General Surgery 3azansnaxipypein © 2021 ¢ Nel



The mean time taken to return to work was
7.96+0.15(M £ m)daysingroup 1 and 17.08 £0.17
(M £m) days in group 2 (p <0.05).

No wound infection, chronic pain, or recurrence
was found in both groups over a 12-month follow-
up period.

Surgical equipment and surgical techniques are
constantly evolving, so the surgeons can choose
from the most popular ones. To quote J. Bruce of
Edinburgh: «The final word on hernia will probably
never be written» [9]. The introduction of tension-
free repair using prosthetic mesh represented a new
era in inguinal hernia repair [14]. Nonabsorbable
mesh types such as polypropylene, polytetrafluor-
ethylene, and polyester were initially used for her-
nia repair. Among these, heavy polypropylene mesh
was most commonly used because it had many ben-
efits such as being flexible, strong, easily cut, read-
ily integrated by surrounding tissues, and resistant
to the infection. However, postoperative pain and
foreign body sensation constantly bothered pa-
tients, and thus lightweight and ultralightweight
meshes were developed. However, although the
use of the lightweight mesh resulted in much less
postoperative pain and reduced foreign body sen-
sation compared with the use of the heavyweight
nonabsorbable mesh, decreased intraoperative
control and increased recurrence rates were more
common. To maximize both intraoperative control
and postoperative comfort as well as minimize the
recurrence rates, partially absorbable prostheses
have been recently developed and are made up of
nonabsorbable materials, such as polypropylene as
a standard, and absorbable materials, such as poly-
glactin that allows leaving less foreign material in
the recipient’s body without compromising the me-
chanical resistance [15].

Preperitoneal mesh reinforces the internal in-
guinal ring, the Hesselbach’s triangle and annulus
femoralis, where the inguinal hernia sac develops.
Therefore, preperitoneal repair is indicated for the
treatment of indirect, direct and femoral hernias.
The mesh was used in group 1. It is made up of
monofilament polyester and a resorbable polylactic
acid gripping system which perfects true tension-
free repair. The microhooks cover the entire upper
side of the material and allow anchoring the mesh
to the tissue. Therefore, a smaller suture is required,
and there is less chance of nerve entrapment that
can be a reason for postoperative pain. Thus, the use
of such self-fixing mesh in laparoscopic surgery is
safe and feasible and may reduce postoperative pain.
Our study confirms the hypothesis that the fixation
of the mesh with sutures in group 2 is a time-con-
suming procedure and accounts for the majority of
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the operating time. Consequently, open mesh repair
is much more appropriate for all varieties of ingui-
nal hernias such as sliding, irreducible, strangulated
hernia as well as for patients with co-morbidity [2].

Seromas are known to be the most common post-
operative complication after TEP inguinal hernia
repair [15], and they also occurred most often in
this study.

The mean of VAS for pain scoring within the first
24 hours after surgery as well as within the next 24
hours gives evidence of less severe acute pain in the
laparoscopic repair group as compared to Licten-
stein repair group and this difference is statistically
significant. TEP repair produced less surgical trau-
ma than open Lichtenstein hernia repair method.
This result is similar to the results obtained in simi-
lar comparative studies done in the past [7, 8].

The mean time taken to return to work was 2.15
times longer in group 2 than in group 1. It also con-
firms the fact that TEP repair produced less surgical
trauma than open Lictenstein hernia repair method.

There were no life-threatening complications, no
recurrence of hernia over a 12-month median fol-
low-up period in both groups. However, additional
studies are necessary for further investigation of the
previously observed recurrences.

The laparoscopic approach provides magnifica-
tion of the surgical field for inspection of the entire
myopectineal orifice well, allowing surgeons to re-
pair any unexpected hernias simultaneously. Conse-
quently, the recurrence rate can be reduced [3]. Our
study noted the following benefits of laparoscopic
surgery: less pain in the postoperative period, faster
recovery and appropriate safety.

In this study, no mortalities were documented.
In the literature, the mortality rate after an elective
hernia repair doesn’t exceed 0.2 % and is related to
the existing comorbidities [13].

Conclusions

Totally extraperitoneal hernia repair shows poten-
tial benefits over Lichtenstein repair for primary
unilateral inguinal hernias as it ensures less pain in
the postoperative period and early return to work.
Continuous innovations and improved technolo-
gies will ultimately determine whether totally ex-
traperitoneal hernia repair will become a generally
accepted method in surgery.
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ITopiBHAHHSA TOTAJIBHOI EKCTPANIEPUTOHEAIBHOI ITACTUKH
IAXOBO1 I'PYIKI TA IVTACTUKU 34 JIiIXTEHIITEHHOM:

1 pik cnocrepexxeHnHs
I. O. T'apuios !, O. B. Illyaspenko

! Kninika «Megikoms», Kuis

2 Hauionanpuuii Mmeauunuii yaisepeurer imeni O. O. Boromoabiist, Kuis

[TaxoBa Iprrka BUHUKAE y YONOBIKIB y 27—43 % Bunaskis. Xipypriuie BTpyqaHHs — HAUOUIbIT NPUHHATHUNI
METO/I JIKYBAHHSI, 11O /1€ 3MOI'Y YHUKHYTH PO3BUTKY YCK/IAJHEHb. JIamapOCKOIIiYHA TUVIACTUKA ITAXOBOI I'DIIKI
Ha0yJ14 IOIY/IIPHOCTI y CBITi 3aB/ISIKU JIAITAPOCKOIIIYHOMY BCTAHOBJICHHIO CITKH 32 JE(PECKTOM.

Mera — OLiHUTHU IIEPEBATU TOTAIbHOL EKCTPAIIEPUTOHECAIBHOL IVTACTUKU ITAXOBUX I'PYIK IIOPIBHAHO 3 OIEPaLli-
€10 JlixreHurrerHa B inTpaonepaniniug nepiof i mpoTaroMm 1 poky Iic/s onepauii y ImarieHTiB 4oJI0Bidoi craTi

3 IEPBUHHOIO OZJHOGIYHOIO MAXOBOIO IPIKEIO.

Marepiaau Ta MeTOAH. BUIa/IKOBUM YHHOM 53 HAIiEHTU PO3IUIMIIN HA /1Bl TPYIIH 3JIC:KHO BiJl CHOCOOY JTKY-
BaHHA: 1-mma (N=27) — TOTaJIbHA EKCTPANEPUTOHEAIbHA IUIACTUKA 3 BUKOPHUCTAHHAM MOJIETTIEHO] CiTKH, KA
caMoikcyeThest, 2-ra (n=26) — orepariist JIXTEHIITEMHA 3 BAKOPUCTAHHAM ITOJIETTIIEHOT CITKH.
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PesyapraTy. O61/1Bi Py 6yJIM OJJHOPIJIHI 32 CEPEAHIM BIKOM, TUIIOM I'PIIKI, iHICKCOM MACH Ti/Id TA PO3IO/Li-
JIOM TTAL€HTIB 32 €BPONENCHKOIO KIACU(DIKAIIi€IO repHiONOriB. TpUBAIICT BUKOHAHHSA TOTAJIBHOI EKCTPATIEPH-
TOHEAJIBHO]I ITTACTUKH ITAXOBUX I'PHIK B CEPEAHBOMY OY/Ia CTATUCTUYHO HE3HAYYIIO JICIO MEHIIOIO TOPiBHAHO
3 onepartiieto JlixrenmrreitHa. CepeiHe 3HAYCHHS 34 Bi3yaJIbHOIO AHAJIOTOBOIO HMIKAIOIO JIs1 OI{HKH OO0JIIO TTPO-
TATOM IEPIIUX 24 TOJ MICIA ONEPALlii, 4 TAKOXK MPOTATOM HACTYIHUX 24 roj OyJ0 CTATUCTUYHO 3HAYYIO
MeH1Ie B 1-1 rpymi. CepefHsa TPUBAICTD BiJHOBICHHS IIPALE3JaTHOCT] B 2-11 rpyi 6y/1a B 2,15 pagdy CTaTUCTUY-
HO 3HAYYIIO OUIBIIOIO, HEK Y 1-11.

BucHOBKH. [TOTEHLIIMHI ITIEPEBATU TOTAIBHOI EKCTPAIICPUTOHECAILHO] IVIACTUKHN IIOPIBHAHO 3 onepariiero JIix-
TEHINTENHA B Xipypril NEPBUHHUX OJHOOIYHHX [MAXOBUX I'PIDK MOJIATAIOTH Y MEHIIII iHTEHCUBHOCTI ITiCJIA0IIE-
PaLifiHOrO GOJIIO i MBU/IIOMY BiTHOBJICHHI IPAIE3/1dTHOCTI.

KJiI¥04oBi ¢cjI0Ba: TOTATbHA EKCTPATIEPUTOHCAIBHA TIJIACTUKA TPYEKi, ontepariis JIIXTeHIITeHHA, TaX0Ba TPIHKA,
Xipyprist.
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Graves' disease (GD) is a hereditary autoimmune disease which is characterized by persistent abnormal hyperse-
cretion of thyroid hormones and thyrotoxicosis syndrome development. GD affects from 0.5 % to 2.0 % of popu-
lation in different regions. 46 % of these patients develop ophthalmopathy. GD is a common cause of disabilities
in patients under 60 years of age. In recent years, the incidence of GD in Ukraine has increased by 9.9 % — from
106.2 to 117.9 per 100,000 individuals. This can be connected with the improved diagnostic possibilities and
active disease detection as well as with the increased number of autoimmune thyroid disorders. The recent stud-
ies focus on prevention of specific complications and recurrences of GD after surgery.

OBjECTIVE — to compare the levels of antibodies to the thyroid-stimulating hormone receptors (TSHR-Ab) dur-
ing different postoperative periods as well as the incidence of early and late complications depending on the
surgical technique used for the treatment of GD.

MATERIALS AND METHODS. The results of surgical treatment of 130 patients, with GD were compared. 29 male
patients and 101 female patients aged from 19 to 76 (average — 44.1£3.2 years), receiving their treatment for
GD in Kyiv Center of Endocrine Surgery during 2010—2018, were randomly selected and divided into two
groups. At the time of operation the duration of disease was from 1 to 30 years (average — 4.6+ 1.2 years).
Group 1 included 65 patients that underwent total thyreoidectomy (TT) and group 2 included 65 patients that
underwent subtotal thyreoidectomy (ST). The following parameters were compared: surgery duration, the inci-
dence of early postoperative complications, including bleedings and damage to the recurrent laryngeal nerves,
and late outcomes of surgical treatment (persistent hypoparathyreoidism disorder and disorder recurrences)
depending on the method of surgery (ST or TT). Furthermore, the patterns of the TSHR-AD level reduction were
studied for different postoperative periods.

Resurrs. The comparison of surgical outcomes following TT and ST didn’t reveal any statistically significant dif-
ferences in such evaluation criteria as the average surgery duration, the average volume of intraoperative blood
loss and the average duration of the postoperative inpatient treatment. The comparative assessment of the thy-
roid stump volume and the average amount of drained discharge showed statistically significant differences for
TT. It allows considering TT as a surgery which causes less complications than ST. The studied parameters of early
postoperative complications had no significant differences for ST and TT. The long-term (5 years) postoperative
level of TSHR-Ab was statistically significantly lower in patients after TT and made up 1.15+0.13 IU/L (thus cor-
responding to the normal level).

Concrusions. Total thyroidectomy is an optimal surgical technique and is more appropriate compared with
subtotal thyroid gland resection. It should be noted that TT provides lower risk of complications due to signifi-
cantly lower level of TSHR-AD in late postoperative period.

KEYwoRDS
antibodies to the thyroid-stimulating hormone receptors, Graves’ disease, subtotal thyreoidectomy, thyroidectomy.
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The Graves’ disease (GD) is a hereditary autoim-
mune disease, which is characterized by the per-
sistent pathological hypersecretion of thyroid hor-
mones with the thyrotoxicosis syndrome develop-
ment. It develops due to the thyroid-stimulating
globulins which begin to compete with thyreotro-
phin for its receptors and stimulate the production
of thyroid hormones.

Other factors (inheritance, infectious and psy-
chogenic effects) serve as drivers promoting auto-
immune disorders. Infectious diseases (influenza,
angina, chronic tonsillitis, scarlatina, pertussis,
rheumatism, and encephalitis) precede, in 17—20 %
of cases, the development of the clinical picture typ-
ical for GD. Nowadays, GD is considered a classical
autoimmune disease which induces synthesis of the
thyro-stimulating hormone (TSH) antibodies and
their binding to the a-subunit of the TSH receptor
on a thyrocyte membrane causes the activation of
adenylate cyclase, increased levels of the intracel-
lular cAMP (cyclic adenosine monophosphate) re-
sulting in phosphorylation of protein kinase A and
activation of transcription factors [7, 11, 17, 21].
These processes contribute to the increased iodine
capture, synthesis of thyroid peroxidase and thyro-
globulin, and, finally, to hyperthyroidism.

GD affects from 0.5 % to 2.0 % of population in dif-
ferent regions. 46 % of these patients develop ophthal-
mopathy [5, 25]. GD is a common cause of disabilities
in patients under 60 years of age. In recent years, the
incidence of GD in Ukraine has increased by 9.9 % —
from 106.2 to 117.9 per 100,000 individuals. This can
be connected with the improved diagnostic possibili-
ties and active disease detection as well as with the
increased number of autoimmune thyroid disorders.

Despite significant achievements in studying of
GD pathogenesis, there are still many disputable
issues on diagnostics and treatment strategies that
need further research. Thus, the data on the levels
of antibodies to the thyroid-stimulating hormone
(TSHR-ADb) receptors in patients with GD during
different stages of the disease and throughout early
and late postoperative periods are not structured.

The treatment of GD mainly includes conserva-
tive, radioiodine and surgical therapy. However, sur-
gery is the most frequent and preferable option since it
ensures fast removal of thyrotoxicosis manifestations.
The recent studies focus on prevention of specific
complications and recurrences of GD after surgery.

It is believed that the amount of the remaining
thyroid tissue is one of the most important fac-
tors that can be controlled by a surgeon. However,
surgical operation cannot always recover the eu-
thyroid state of a patient. Hypothyreosis or thy-
rotoxicosis recurrence can appear during different

General Surgery 3azansuaxipypeis © 2021 ¢ Nel
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postoperative periods. Surgery indications and out-
comes of surgical treatment are still being discussed.

Aims: The study aimed to compare the levels
of antibodies to the thyroid-stimulating hormone
(TSHR-Ab) receptors during different postopera-
tive periods as well as the incidence of early and late
complications depending on the surgical technique
used for the treatment of GD.

Materials and methods

130 patients (29 men and 101 women aged between
19 and 76 (mean age 44.1 +3.2 years)), receiving
their treatment for GD in Kyiv Center of Endocrine
Surgery, were randomly selected and divided into
two groups: group 1 included 65 patients that un-
derwent total thyreoidectomy (TT) and group 2
included 65 patients that underwent subtotal thy-
reoidectomy (ST).

The following parameters were compared: sur-
gery duration, the incidence of early postoperative
complications, including bleedings and damage to
the recurrent laryngeal nerves, and late outcomes
of surgical treatment (persistent hypoparathyroid
disorder, hypothyroidism (hypoPTH), and thyro-
toxicosis recurrences) depending on the method of
surgery (ST or TT). Furthermore, the patterns of
the TSHR-AD level reduction were studied for dif-
ferent postoperative periods.

TSHR-AD were studied in a commercial labora-
tory, using a Siemens Architect 2000 analyzer for
the chemiluminescent analysis. Reference values for
TSHR-Ab were>0.55 TU/ml for positive results
and <0.55 TU/mL for negative results. The para-
thormone level was determined immunochemically,
using a Cobas 6000 analyzer for the electrochemi-
luminescence detection; reference values for a posi-
tive result were 15—65 pg/mL.

The obtained results were statistically processed
by means of IBM SPSS Statistics Base (version 22),
using various statistical methods. Student’s t-test
was used for the determination of the probability
of average value difference. Data are provided as
M = m. The difference was considered to be statisti-
cally significant in p <0.05. The inter-series correla-
tion analysis of parameters was calculated using the
y? criterion (Pearson’s criterion).

Results and discussion

According to the sex and age distribution, there
were no statistically significant differences in
groups (Table 1). The disease duration as of the mo-
ment of the surgery was from 1 to 30 years, on av-
erage 4.6 + 1.2 years. These patients had coexisting
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Table 1. Patient demographics,
patient distribution depending
on the size of thyroid nodules in groups

Group 1 Group 2
Parameter (n=65) (n=65)
Male 8 5
Female 57 60
Age, years 453+224  41.7+2.08
Diiseaite it iftom 2854022  3.1+031
before operation, years
Volume of the thyroid 3853062 37.01+0.75
gland, cm
Allp>0.05.

Table 2. Comparative analysis of surgery
parameters depending on a surgical technique

Group 1 Group 2
Parameter (n=65) (n=65)
Average surgery duration, min  110.83+6.4 108.79+2.39
Average volume of
intraoperative blood loss, mL 848+1.39 854+1.46
Thyroid stump volume, cm? 0 2.2+0.06%
Average volume of drained 466+093 6586+ 1.33*
discharge, mL
Average hyperthermia 20124068  20.62+0.67
duration, h
Average duration of
postoperative inpatient 6.77 +0.06 6.59+0.07

treatment, days

* The difference between the groups is statistically significant
(p<0.05).

Table 3. Comparative analysis of the incidence
of early postoperative complications
depending on a surgical technique

Parameter ((;rf(:tipS; ((;1:(:2)5?
Postoperative bleeding 2(3.1%) 3(4.6%)
Transient hipoparathyreoidism 5 (7.7 %) 6(9.2%)
Vocal fold paresis 5(7.7%) 6(9.2%)
All p>0.05.
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surgery indications, including multinodular goi-
ter in 79 (60.8 %) patients, recurrent disease — in
80 (61.5%) patients, cardiovascular complica-
tions — in 38 (29.2 %) patients, among which the
heart valvular insufficiency with heart insufficien-
cy (degree III) was observed in 25 (19.2%) pa-
tients, atrial fibrillation — in 10 (7.69 %) patients;
thyrotoxic ophthalmopathy was diagnosed in
38 (29.2 %) patients, presence of thyroid lesions —
in 33 (25.38 %) patients, and a drug allergy — in
3 (2.3 %) patients.

The analysis of the outcomes of surgical treat-
ment is given in Table 2.

The comparison of surgical outcomes following
TT and ST didn’t reveal any statistically significant
differences in such evaluation criteria as the average
surgery duration, the average volume of intraopera-
tive blood loss and the average duration of the post-
operative inpatient treatment.

The comparative assessment of the thyroid stump
volume and the average amount of drained discharge
showed statistically significant differences for TT.
Thus, both surgeries have the same risk of causing
complications under equal initial conditions.

Early postoperative complications are given in
Table 3. There were no statistically significant dif-
ferences in postoperative states of patients after ST
and TT (see Table 2).

The analysis of each clinical case revealed that
the early postoperative period was complicated with
subcutaneous vessel bleeding in 1 patient, bleeding
from the right superior artery in 2 patients, bleed-
ing from the right vascular pedicle in 1 patient, and
bleeding from the thyroid stump in 1 patient.

The symptoms of transient hypoparathyreoidism
were observed on the 3th-5th day in 6 (9.25 %) pa-
tients after TT and in 5 (7.7 %) patients after ST.

It is commonly known that in most cases the vocal
fold mobility is impaired due to the damage to the re-
current laryngeal nerves during surgeries [4, 6]. The
recurrent laryngeal nerves can be damaged due to the
deformation and anatomical mapping relationships
caused by significant thyroid enlargement, anatomi-
cal proximity of the recurrent laryngeal nerve to the
inferior thyroid artery, excessive use of electric co-
agulation, postoperative edemas, hematoma or nerve
involvement into a cicatrization [20, 22].

Based on the course and duration, injuries of
the recurrent laryngeal nerves are divided into two
categories: transient disturbances lasting up to 6
months, and persistent disturbances which last over
6 months [10, 25].

Usually, during the early postoperative period,
the available instrumental methods do not allow
objective differentiation of pareses and paralyses of

General Surgery 3azansnaxipypein © 2021 ¢ Nel



Table 4. Comperative analysis of late postoperative
complicantions in pacients with GD

Parameter ?rf(::ipS; ?IIZUGPS§
Vocal fold paresis 1(1.5%) 2(3.1%)
Persistent hipoparathyreoidism 1 (1.5 %) 3(4.6%)
Thyrotoxicosis recurrence 0 2(31%)

All p>0.05.

Table 5. TSHR-ADb levels (IU/mL) observed in GD
patients during different postoperative periods
after ST and TT

Gopt G2

6 months 13.93+3.7 19.89+£4.2
12 months 8.55£3.08 11.61£3.97
5 years 1.15£0.13  5.48=*0.42*

* The difference between the groups is statistically significant
(p<0.05).

the recurrent laryngeal nerves, whereas the impaired
mobility of vocal folds can be diagnosed [4, 15]. Dur-
ing this early postoperative period, the unilateral
damage of a recurrent laryngeal nerve can cause re-
flex spasms of a contralateral vocal fold, thus simu-
lating the complete laryngeal paresis [12, 16].

The analysis of each clinical case of damaged re-
current laryngeal nerves revealed hoarseness, apho-
nia, moderate or severe breathing disorders, and
coughing fits in 16 (12.14 %) patients on the 1st
postoperative day.

During the mirror laryngoscopy, paresis of a right
vocal fold was detected in 3 (2.3 %) patients, pare-
sis of a left vocal fold — in 4 (3.0 %) patients, and
bilateral paresis — in 4 (3.0 %) patients, paresis of
a left vocal fold, and paresis of a right vocal fold — in
2 (1.54 %) patients, paresis of a right vocal fold and
paresis of a left vocal cord — in 1 (0.76 %) patient,
and bilateral paresis, of vocal folds — in 2 (1.54 %)
patients. The comparison of the occurrence of this
complication did not show any statistically signifi-
cant difference for both groups.

Thus, summarizing the results obtained during
the study of early postoperative complications, we
can conclude that no probable differences related
to the occurrence of such complications as bleed-
ing, hyperparathyroidism, and paresis of the recur-
rent laryngeal nerves were observed for both of the

General Surgery 3azansuaxipypeis © 2021 ¢ Nel
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studied surgical methods of treatment of GD (ST
and TT) (y>-test according to the criterion).

Late postoperative complications include vocal
fold paresis, persistent hyperparathyroidism and
recurrences of thyrotoxicosis. The development of
these late postoperative complications was analyzed
based on the clinical and hormonal examination of
patients within periods from 6 to 12 months (for
vocal fold paresis, and persistent hyperparathyroid-
ism) and five years (for thyrotoxicosis recurrences)
after the surgery.

The analysis of late postoperative complications
in patients with GD is given in Table 4.

No statistically significant difference was detect-
ed for the occurrence of vocal fold paresis, persistent
hyperparathyroidism and thyrotoxicosis recurrence
in the study groups. After surgeries (ST and TT),
the postoperative hypothyroidism was diagnosed in
124 (95.4 %) patients; after ST surgeries, the euthy-
roid state was observed in 6 (4.6 %) patients, and
two of them had delayed thyrotoxicosis recurrenc-
es: after 16 months and within 24 months after sur-
gery. The radioiodine treatment was administered
in case of thyrotoxicosis recurrences (I'3!).

All patients with postoperative hypothyroidism
(95.4 %) were prescribed thyroid hormones (Eu-
thyrox, L-thyroxin) as the substitution therapy.
Daily doses of hormonal drugs in the group of pa-
tients after ST was 125.5+ 12 pg, and in the group
of patients after TT — 131.75+ 14 ug. Thus, no
probable difference in the thyroid hormone doses
was observed for patients of both groups (p > 0.05).

According to the aims of the study, a compara-
tive analysis of TSHR-AD levels during different
postoperative periods was carried out. The patterns
of the reduction of TSHR-AD levels in ST and TT
patients one year after surgery and in the late (5
years) period after it were studied. Table 5 provides
levels of TSHR-Ab during different post-ST and
post-TT periods.

The long-term observation (5 years) showed
that the TSHR-AD level reduced by 76.2 % (com-
pared with the initial value) in the group after ST,
and by 91.7 % — in the group after TT. The differ-
ence is statically significant (p <0.05). The post-TT
level of TSHR-Ab was 1.15+0.13 IU/L, thus cor-
responding to the normal level. However, the same
improvement was not observed in ST patients. After
ST, the TSHR-ADb level for the same period was sta-
tistically significantly higher than reference levels.

The analysis of the patterns of the TSHR-Ab
levels determined that long-term levels of the anti-
thyroid antibodies were statistically significantly
lower in patients after TT than in patients after ST
(p<0.05).
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The incidence of complications developing with-
in different surgical strategies used for GD (TT and
ST) was comparable while long-term postopera-
tive TSHR-AD levels were statistically significantly
lower in patients after TT compared with patients
after ST. It justifies the use of TT for these patients.

Conclusions

The long-term (5 years) postoperative level of
TSHR-Ab was statistically significantly lower
in the group of patients after TT and made up
1.15+0.13 TU/L (thus corresponding to the nor-
mal level).

Total thyroidectomy is an optimal surgical tech-
nique and is more appropriate compared with sub-
total thyroid gland resection. It should be noted
that TT has the same risk of causing complications
but no recurrence of thyrotoxicosis.
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PesynbraTi XipypriayHoro JiKyBaHHs XBOpoOu I'periBca
3AJIEKHO BiJJ HOKA3HUKIB AHTUTUPEOITHUX AHTUTII

C.JI. Hnaxtuy 2, B. P. Antonis !

! Hanjonanpuuii meanunnii yaisepeutrer imeni O. O. Boromoubist, Kuis

2 KuiBcbka MicbKa KJiHiuHa JikapHs Ne 3

XBOpo6a I'peripca (XI') — 1€ CIIa/IKOBE ABTOIMYHHE 3aXBOPIOBAHHS, IO XAPAKTEPUZYETHCS CTIMKOIO TATONIOT 4~
HOIO TiIIEPCEKPELIEIO TUPCOIIHUX TOPMOHIB i3 PO3BUTKOM CUHIPOMY TUPCOTOKCUKO3Y. Hacrora XI'y pisHMX
perioHax craHoBuTh Bif 0,5 710 2,0 %. V 46 % mallieHTiB PO3BUBAETHCS CHJOKPHUHHA O(PTAIBMOIIATISE. XBOPOH2
I'peiBca 4acTo € NPUYHHOIO IHBAIAN3ALIT IPALIE3IaTHOI'O HACEIEHHS BIKOM JJO 60 POKiB. YIIPOAOBXK OCTAHHIX
pokiB nommpents XI' B Vkpaini 3pocsio Ha 9,9 % — 31 106,2 1o 117,9 Bunajky Ha 100 THC. HaceneHmst. e moxe
OYTH NOB’SI3aHO $IK 3 OJIMIIEHHAM JiarHOCTHKY i AKTHBHUM BHUABJICHHAM 3aXBOPIOBAHHS, TAK i 31 361IBIIIEHHAM
KUJIBKOCTi aBTOIMyHHHUX YPAKEHDb HIUTONOAIOHOI 3a/103U. TPHUBAIOTH JOC/HKEHHS 3 NPOMITAKTHKY CrieHudiy-
HUX YCKJIQJIHEHb i PELIUIUBIB IIPH OIICPATUBHOMY JIiKyBaHHI XTI

MeTa — NOPIiBHATU PiBHI AHTUTIN JO PELIENTOPA TUPEOTPONHOIO ropmony (AT-PTTT) y pisHi CTpOKH TIic/s
XipypriyHoOro JIiKyBaHH:, 4 TAKOK YACTOTY PAHHIX T4 Ii3HIX MiCIA0NePalifHNUX YCKIaJHEHD IIPU PiI3HOMY 00Cs-
3i XipypriuHoro JikyBaHHA XBOPOOU I'perBca.

MaTepiaau Ta MeTOOH. [IpOBEAEHO MOPIBHAHHA PE3YIBTATIB XipyprivHoro jikysaHHa 130 nanieHtis 3 XTI’
(29 yomnosikis i 101 xiHka BikoM Bifg 19 g0 76 pokiB (cepeaHiit Bik — (44,1 +3,2) poky), sIKi nepeGyBaan Ha
JIiKyBaHHi y KHIBCBKOMY IIEHTPi €HJJOKPUHHOI Xipyprii B nepiof 3 2010 10 2018 p. TpuBasicTb 3aXBOPIOBAHHA
Ha MOMCHT Orepariii cranosmia Big 1 10 30 pokis (y cepeaabomy — (4,6 + 1,2) poky). IlatieHTiB pangomisy-
BA/IM HA [ABi IPYIIH 3JICXKHO Bii O6CATY XiPpypPriqHOTO BTPYYAHHS: y MEPIIit (n=065) IPOBEACHO TOTAIHHY
Tupeoigexromito (TE), y apyriit (n=065) — Cy6TOTATBHY PE3EKITIIO MUTOTOIOHOT 3am03u (CPI3). TTpoaHati-
30BAHO TPUBAIICTb OIIEPATUBHOI'O BTPYYAHH:, KUIbKICTh PAHHIX (KPOBOTEYI Ta HOMKOAKEHHA IIOBOPOTHUX
TOPTAHHUX HEPBIB) Ta BiIJAJICHUX PE3Y/IBIATIB OIIEPALIMHOIO BTPYYaHHs (PO3BUTOK CTIMKOI'O TiIIOTUPEO3Y
i penuANBIiB TUPEOTOKCUKO3Y) 3ATIEXKHO Biff 00CATYy onepartii. TAKOK BUBYEHO JUHAMIKY 3MEHIIEHHS BMICTY
AT-PTTT y pi3Hi CTPOKH MiCJIs Onepartii.

Pesynrsraru. [1pu nopisusaHHI pe3ynsrartis TE Ta CPII3 HE BUABIECHO CTATUCTUYHO 3HAYYIOI PI3HULL 32 TAKU-
MM KPUTEPISIMU ONEPATUBHOI'O BTPYYAHHS, SIK CEPE/IHS TPUBAIICTD OIlepallii, cepefiHiil 00’eM iHTpaonepartini-
HOI KPOBOBTPATH i CEPEIHA TPUBAIICTD MiCAONIEPALIMHOIO CTAIIOHAPHOIO JiKyBaHHA. [Py CTATUCTUYHO
3HAYYIIO BiIPI3HUIMCS 32 0OO’€MOM KYKCH HIUTOIO/IIOHOI 34JI03U, CEPENHBOIO KUJIBKICTIO BU/IUIEHD 11O JIPEHAXKY.
OTpUMaHi pe3yJIBTaTy IAI0Th TiICTABy BBKATU TE OnepaTUBHNUM BTPYYaHHAM 3 MEHIIIUM PU3UKOM BUHHUKHEH-
HA YCKIAHEHD. 34 KUIBKICTIO PAHHIX IICJIAONEPAIMHUX YCKIAAHEHD CTATUCTUYHO 3HAYYIIOI Pi3HMUILI MK
rpymnamMu He BUsIBIICHO (p > 0,05). Yepes 5 pokis nicis TE piBeHb AT-PTTT 3HMKyBaBCs 1O pepepEHTHUX 3HA-
4yenb ((1,15+0,13) MO /i), nicina CPII3 — sanumascst BUCOKUM ((5,48 £0,42) MO/, p<0,05).

BucHoBkH. Beakaemo TE nopisaaHO i3 CPII3 ONTUMAILHHM 32 OO’€MOM OIIEPATUBHHM BTPYYAHHAM 3 MEH-
MM PU3UKOM BUHUKHEHHS YCKIQ/JHEHD 3 OIVIA/ly HA CTATUCTUYHO 3HAYyIO Hrokuuii pisenb AT-PTTT y Bijga-
JIEHWH TiC/IAONEPALIMHNNA IEPIOz,

KiIro4uoBi c10Ba: aHTUTIA /IO PELIEITOPA TUPEOTPOITHOTO TOPMOHY, XBOpOOa I'peiiBca, CyOTOTAIbHA PE3EKITisA
HTUTONO/IOHOT 3aJI03H, THPEOIIEKTOMISL.
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The association between COVID-19 and acute pancreatitis (AP) has been extensively analyzed in recent research
and review papers worldwide. It should be noted that most studies have focused on AP as a COVID-19 complica-
tion and/or an extra-pulmonary manifestation of the disease, although the investigation reports on the cases of
prior pancreatitis and subsequent COVID-19 infection are limited.

The aim of this case report is to describe the treatment protocol and clinical outcome of a patient with acute
necrotizing pancreatitis who developed nosocomial COVID-109..

CASE PRESENTATION. The data were collected from patient S., a 42-year-old male admitted with AP to the inten-
sive care unit of Kyiv City Clinical Emergency Hospital, in October 2020. This study was reviewed and approved
by the local Ethics Committee (Protocol No 25-15-60). The patient signed written informed consent to partici-
pate in the study, after having been informed of all relevant aspects that could influence his decision.

The patient, primarily diagnosed with AP, was admitted to the hospital without a PCR test for detecting SARS-
CoV-2.21 days after his admission to the hospital, the patient developed COVID-19. AP progression to severe AP
with infected necrosis, the development of systemic inflammatory response syndrome and multiple organ failure
necessitated operative pancreatic debridement, which was postponed due to severe acute respiratory failure.
Operative pancreatic debridement was performed on the 45th day of hospital stay after the resolution of COVID-
19-associated pneumonia. The postoperative period was typical for the disease severity and the extent of the
surgery, and was complicated by external pancreatic and colonic fistulas. The length of hospital stay for this
patient was 115 days which included 20 days of treatment and monitoring in the intensive care unit due to pneu-
monia. He was discharged after clinical symptom improvement.

Concrusions. It is imperative to screen patients presenting with AP for SARS-CoV-2 in order to avoid misdiag-
nosis and inappropriate treatment strategy. Further detailed investigation of mechanisms of pancreatic injury in
patients with SARS-CoV-2 is necessary.

KEYWORDS
Acute necrotizing pancreatitis, SARS-CoV-2, COVID-19.
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The association between Coronavirus disease 2019
(COVID-19) and acute pancreatitis (AP) is com-
prehensively presented in numerous case reports,
a few case cohort studies and review papers since
the onset of the COVID-19 outbreak [4, 5, 7].
It’s currently assumed that the causative agent of
COVID-19 (severe acute respiratory syndrome
coronavirus 2, or SARS-CoV-2) has a wide range
of cellular targets including those in the lungs,
kidneys, liver, heart, brain, blood and etc. [19].
The multitarget nature of COVID-19 infection
can be primarily explained by the expression of
angiotensin-converting enzyme 2 (ACE2) in vari-
ous organs, since it acts as the receptor to which
the SARS-CoV-2 Spike glycoprotein (S) binds to
invade the cells [11].

Consequently, COVID-19 can induce numerous
extrapulmonary manifestations including gastroin-
testinal (GI) ones. GI manifestations of COVID-19
most commonly include but are not limited to dys-
geusia, nausea, vomiting, diarrhea, and abdominal
pain [15]. In the pancreas, SARS-CoV-2 receptive
molecules are expressed by exocrine cells, B-cells,
as well as pericytes [14]. Most of the studies focus
on COVID-19-associated AP [5]. However, the in-
formation on the cases of nosocomial COVID-19 in
AP patients is scarce [8]. Prognosis of AP course
and evaluation of the disease severity in presence of

Y. Susak et al.

nosocomial COVID-19 are quite complicated, and
require the accumulation and analysis of clinical ex-
perience. This case report describes the treatment
protocol and the clinical outcome of the patient
with acute necrotizing pancreatitis and concomi-
tant nosocomial COVID-19.

Case presentation

Herein we report the case of treatment of the patient
with AP who developed nosocomial COVID-19.
Written informed consent was obtained from the
patient and the local Ethics Committee approved
the publication of the case (Protocol No 25-15-60).
A 42-year-old obese male patient S. with abody mass
index (BMTI) of 35 kg/m? and suspected AP was de-
livered to the Kyiv City Clinical Emergency Hospi-
tal by the medical team of the Center for Emergency
Care and Disaster Medicine, Kyiv, on October 17,
2020. On admission, the patient, presenting with
pain of 9-hour duration, reported long-term alcohol
intake and fatty food consumption prior to seizures.
The patient claimed that he didn’t have any contact
with a COVID-19-positive person as well as any
symptoms of viral disease. For these reasons, diag-
nostics of COVID-19 was not conducted. Physical
examination revealed abdominal bloating, sharp
pain in the epigastric region, weakened peristalsis,

Table 1. Laboratory findings throughout the course of the disease

Parameter Day 1 Day 66 Day 80 Day 87 reil’z::'lzr(iit::r}llge
Hemoglobin, g/L 181 62 79 95 130—160
Hematocrit, % 54 20 26 31 40—48
RBC count, 105/pl 5.4 2.2 2.7 3.2 4.5—59
WBC count, 10%/ul 18.2 6.4 11.3 9.7 3.9—10
PLT count, 103/pl 410 198 513 454 180—320
Aspartate aminotransferase (AST), pukat/L 0.48 0.19 0.41 0.56 0.1—0.45
Alanine aminotransferase (ALT), ukat/L 0.44 0.37 0.42 0.45 0.1—0.68
a-amylase (AML), U/L 365.0 39.9 41.0 234 12—32
Glucose, mmol/L 30.2 8.7 8.4 10.7 3.3—6.5
Creatinine, pmol /L 190 151 67 83 71—106
Blood urea nitrogen, mmol /L. 8.2 2.0 7.3 10.0 2.5—8.3
Total serum protein, g/L 50 54 70 71 60—83
Total bilirubin, umol /L 30.5 10.5 10.2 12.4 2—21
Direct bilirubin, 0—5 pmol /L 8.0 2.3 1.8 2.9 0—5
General Surgery 3azanvsnaxipypzis * 2021  Nel 43
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and dry tongue. The patient was hemodynamically
stable and presented with a heart rate of 112 beats
per minute, blood pressure of 158/90 mm Hg, and
a temperature of 37.5 °C. Controlled hypertension
was reported by the patient as the only comorbidity.
The admission laboratory testing showed elevated
blood amylase, pronounced leukocytosis, increased
total and direct bilirubin (Table 1).

Elevated creatinine level (190 umol/L) indicat-
ed moderate renal failure according to the revised
Atlanta classification and Marshall scoring system
[3]. Furthermore, the patient was diagnosed with
new-onset diabetes mellitus considering an increase
in blood glucose to 30.2 pmol /L. Ultrasound of the
abdomen showed enlarged and edematous pancreas,
as well as free fluid in the abdominal cavity. A chest
X-ray on admission didn’t not exclude moderate left
lower lobe pneumonia and left-sided hydrothorax.

According to the local protocol, the patient was
admitted to the intensive care unit, where his condi-
tion was managed using the «rule of four catheters»
(a catheter for epidural anesthesia, the placement
of an enteral feeding probe beyond the ligament
of Treitz, the central vein catheterization, the pro-
grammed laparocentesis with evacuation of 250 ml
of fluid) [18]. In the intensive care unit, the patient
underwent fluid resuscitation with balanced isoton-
ic crystalloid solutions (5.6 L/24 h), epidural anal-
gesia (bupivocaine 3 ml every 3 hours) with blood
pressure control and enteral tube feeding (25—35 %
of the total fluid volume) as well as received panto-
prazole 120 mg/24 h,, insulin 10 U/24h, antibiotic
prophylaxis with leflocin (500 mg. i.v,, twice daily),
metrid (1 g, three times a day), and ceftriaxone
(1 g i.v, twice daily) on the third day of hospital
stay (October 19, 2020).

The patient was transferred to the surgical de-
partment on the 4th day from the onset of the dis-
ease (October 20, 2020). Ultrasound monitoring,
which was carried out on day 7 (October 23, 2020),
revealed fluid accumulation in the omental bursa
up to 500 ml. Consequently, its puncture and drain-
age were performed using a catheter Pig tail 9 Fr.
On day 17 (November 2, 2020), the fluid drainage
was carried out and 600ml of fluid were removed
from the left paracolic retroperitoneal space. On
day 19 of the disease (November 5, 2020), spiral
computed tomography (SCT) revealed destruc-
tive pancreatitis with infiltration of parapancreatic
tissue spreading to the omental bursa, spleen gate,
duodenum and stomach as well as the root of the
small-bowel mesentery.

On day 20 (November 6, 2020), the patient’s con-
dition deteriorated due to progressive respiratory
failure (SpO2 86 %). The patient tested positive for
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Figure 1. Chest X-ray image of the patient S. with AP
after the PCR-confirmed COVID-19 infection on the
20th day of hospital stay

COVID-19. A chest X-ray revealed bilateral poly-
segmental pneumonia (Fig. 1). On day 21 (Novem-
ber 7, 2020), progressive respiratory failure was ob-
served (SpO2 82 %), and endotracheal intubation
with mechanical ventilation was performed. On day
24 (November 10, 2020), the patient underwent
extubation followed by humidified oxygen insuf-
flation through a face mask and nasal catheters. On
day 27 (November 13, 2020), the patient was trans-
ferred to the surgical department as well as insuf-
flated with humidified oxygen (4—10 L/min) due
to his oxygen-dependence.

The objective examination (purulent discharge
through drainage) and signs of SIRS (tempera-
ture>38 °C; heart rate>90 beats/min; WBC

Figure 2. Abdominal SCT scan showing destructive
pancreatitis with parapancreatic infiltrate,
formation of limited peritoneal fluid
accumulations, mesenteric and peritoneal
lymphadenopathy, and bilateral hydrothorax

General Surgery 3azansnaxipypein © 2021 ¢ Nel



Figure 3. Schematic representation of the operative
decompression of the retroperitoneal spaces:

A — hepatic flexure of colon; B — right paracolic
retroperitoneal space; C — the tail area of the pancreas;
D — splenic flexure of the colon; E — left paracolic
retroperitoneal space

count >12-10%/L) necessitated surgery, but it was
postponed due to signs of respiratory failure.

SCT performed on day 40 (November 26, 2020)
revealed destructive pancreatitis with parapancre-
atic infiltration, formation of limited peritoneal flu-
id accumulations, mesenteric and peritoneal lymph-
adenopathy, and bilateral hydrothorax (Fig. 2).

On day 45 of the disease (December 1, 2020),
open operative pancreatic debridement (OPD) was
performed. Several areas of necrotic lesions were
identified, including paraduodenal and right lateral
canal area, parapancreatic area, root of the small-
bowel mesentery and left paracolic retroperitoneal
space. In this case, the Kocher mobilization of the
duodenum and hepatic flexure of colon were per-
formed along with the dissection of splenic-colon
and colon-diaphragmatic ligaments, parietal peri-
toneum of the left lateral canal outward from the
descending part of the colon and mobilization of
splenic flexure (Fig. 3).

The postoperative period was typical for the dis-
ease severity and the extent of the surgery, and was
complicated by external pancreatic and colonic fis-
tulas.

Serum level of o-amylase and WBC count
were progressively decreasing during post-sur-
gery period, and reached normal value on day 87
(see Table 1). Glucose level was also decreasing,
but exceeded the reference range. Along with mild

General Surgery 3azansuaxipypeis © 2021 ¢ Nel
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elevation of AST level and moderately increased
serum creatinine, it indicated ongoing diabetes.
The patient was discharged after clinical symptom
improvement.

Discussion

Increasing number of cases of coexistence of AP and
COVID-19 necessitate studying clinical experience
on thisissue. In most cases, AP is regarded as the sec-
ondary or even primary presentation of COVID-19
considering the tropism of SARS-CoV-2 to differ-
ent tissues including pancreatic and parapancreatic
ones [11, 19]. It presumably causes GI symptoms
of COVID-19, which mimic typical AP manifes-
tations. In all these cases, patients have ongoing
COVID-19 infection, confirmed by the results of
PCR-test and CXR/CT, at the time of AP onset.
The most common features of AP are the absence of
similar attacks in the past medical history, most of-
ten the absence of any other etiological factors that
could cause the development of the disease (exces-
sive alcohol and fatty food consumption, trauma,
gallstone migration and etc.) as well as mild course
of the disease (results of CT) with moderate abdom-
inal pain [2, 10, 12, 16]. In addition, AP can develop
as the complication of the underlying COVID-19.
At the time of AP onset, PCR-test can be negative
and patients can be presented with resolved pneu-
monia, therefore, AP can be an early presentation of
COVID-19-associated multisystem inflammatory
syndrome [1, 17].

In our case, a different picture of the AP and
COVID-19 association was observed when typical
symptoms of coronavirus infection were second-
ary to AP and developed in presence of pancreati-
tis symptoms. Similarity of the clinical pattern of
these diseases significantly complicates diagnosis
in the absence of molecular detection of the patho-
gen. GI symptoms are widely reported for patients
with COVID-19. SIRS signs are typical for both
pathologies. Moderate respiratory failure in AP pa-
tients could mimic mild COVID-19 course. Even
new-onset diabetes mellitus, which is noted as the
commonest comorbidity in COVID-19 [13], is also
inherent to AP [20].

Our assumption concerning the nosocomial ori-
gin of COVID-19 was based on the course of the
inflammatory component of AP. It is well docu-
mented that SIRS lasts about 14 days in patients
with AP, gradually leading to compensatory sys-
temic anti-inflammatory syndrome (CARS) with
compromising immune system patrolling function
and increased risk of infection [6]. Nevertheless,
the presence of COVID-19 cannot be excluded
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on admission, since according to Galanopoulos et
al., 2020, patients, presenting exclusively with GI
symptoms, have delayed diagnosis of COVID-19
and in their case the first respiratory symptoms
appear later [9]. Therefore, it can be assumed that
viral infection of the pancreas along with exces-
sive alcohol and fatty food consumption reported
by the patient on admission triggered pancreatitis.
COVID-19 diagnostics on admission could facili-
tate decision making and prediction of the clinical
course of the disease.

Conclusions

Although there is no satisfactory evidence show-
ing that COVID-19 can cause AP or negatively
influence prognosis, we consider that it is man-
datory to screen patients presenting with AP for
SARS-CoV-2in order to avoid misdiagnosis and in-
appropriate treatment strategy. A deep insight into
the mechanisms of SARS-CoV-2 pancreatic injury
is needed for exploiting a causal relation between
these two entities in differential diagnostics.
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IToBigOMIIEHHS IIPO BUIIAJOK TSHKKOI'O TOCTPOI'O ITAHKPEATHUTY
3 iHPiIKOBAHHUM HEKPO30M Ta CYITyTHbOIO KOPOHABIPYCHOIO
XBOPOOOK0-19 (COVID-19): BHYTPIIIHBOJIKAPHAHA iH(EKITiA
41 BiATEpPMiHOBAHUU PECHiPATOPHUI BHAB BipyCHOi XBOpPOOU?

A. Cycak ! 2, O. Trauenko?, O. Jlo6anosa 2, JI. CkiBka®

! Hanjonanpuuii meanunnii yaisepeuter imeni O. O. Boromosbiis, Kuis
2 KuiBcbka MichKa KJIiHi9Ha JiKapHs MIBHAKOI I0IIOMOTT

SHHITL «IucruryT Giosorii Ta Meaunman» Kuisebkoro HaifionanbHoro yHiBepeutety imeni Tapaca [leBuerka

B3aeMO3BI30K MiK KOPOHABIPYCHOIO XBOPO6010-19 (COVID-19) Ta roctpum maHkpeatutoM (ITI) mmpoko
OBTrOBOPIOETHCS Y AOCTTHUIIBKUX TA OIVIJIOBUX MyOsTiKalifaX. Y Ou1bmocTi npans I'TI po3risgaloTh K YCKIA/-
HeHHsA COVID-19 Ta/a60 NO3aJIETEHEBUI BUAB 3aXBOPIOBAHHA. 3HAYHO MEHIIIE YBATH NPHUAUIAETHCA BUITAIKAM
MAHKPEATUTY 3 HACTYIIHUM PO3BUTKOM COVID-19.

MeTo10 1IbOT'O 3BiTY € OIIUC IIPOTOKOJY T4 KIIHIYHUX PE3Y/IBTATIB JIIKYBAHHA ITAIIIEHTA 3 TOCTPHUM HEKPOTUYHUM
MAHKPEATUTOM, Y AKOI'O PO3BHHY/IACA BHYTPiHbOIiKapHAHA COVID-19.

Kainigaui BUnagok. [amienT C. (0IOBIK, 42 pOKN) FOCIITATI30BAHNH 3 oniepeiHiM fiarnoszom I'T1 y Bii-
JICHHS iHTEHCHUBHOI Tepartii KHIBCbKOI MiCbKOT KIIHIYHOT JIIKapHi HIBUIKOI IOIIOMOI'H Y »k0BTHi 2020 p. IIpoTo-
KOJI JIOCTI/KEHHS GY/IO PO3IVITHYTO TA CXBAJICHO MICIIEBHUM KOMITETOM 3 6ioeTHku (TIpoToKo Ne25-15-60).
ITrncpMoBa iHPOPMOBAHA 3r0JjA OTPUMAHA Bif] MALIIEHTA ITiC/IS ITIOSICHEHHST 3MICTY JJOCIPKEHHSL

V¥ manjenTa 3 nepBUHHUM JiarHo30M ['T1; AKOMYy Ha MOMEHT IOCHiTasIi3a1lii HE IIPOBOAWIN BUABICHHA 34 JOIIO-
MOTOIO NOJIIMEPA3HOI JIAHIIOIOBOI PEAKIIii KOPOHABIPYCY THKKOI'O I'OCTPOrO PECHiPATOPHOIO CHHAPOMY-2
(Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)), uepes 21 f1eHb I1iC/Is HAIXOPKEHH 10 JIKap-
Hi 6y710 giarnocrosano COVID-19. ITporpecysanss I'TI (10 TspKKOT (hopMu 3 iH(PIKOBAHUM HEKPO30OM, CUH/IPO-
MOM CHCTEMHOI 3aIaJbHOI PEAKIlii T4 MOJIOPraHHOIO HEJOCTATHICTIO) MOTPEOYBAIO MAHKPEATOHEKPCEKBE-
CTPEKTOMil, IKY 6YJIO BiZIKJIa/ICHO YePE3 TSLKKY FOCTPY AUXATIbHY HEIOCTATHICTh. Onepaliiio NpoBeICHO Ha 45-Ty
J106y mepeOyBaHHs y JIiKapHi Mic/IA yCYHEHHs THEBMOHII, mop’a3aHoi 3 COVID-19. ITicnsonepauiiiHuii nepios
nepebiras BiOBITHO JIO TSHKKOCT] 3aXBOPIOBAHHSA Ta 06’eéMy onepallil i 6yB yCK/IaAHEHUH 30BHIIHIMM TAaHKPe-
ATUYHOIO T4 TOBCTOKUIIIKOBOIO HOPUIIAMHU. [TatlieHT nepedysas y JikapHi Bpoaosx 115 11i6, 3 Hux 20 1i6 6y
MiJ] HAIVIAJIOM Y BiJJIJIEHH] iHTEHCHUBHOI TEPAITii, IPU3HAYEHOMY I BUIT/IKiB [THEBMOHIL Bil 6yB BUIIMCAHWIA
MiC/IS HOJLIINEHH CUMIITOMIB Y 33/IOBI/IBHOMY CTAHi.

BucHOBKH. Ha MOMEHT rocriiTanizaniii naieHTis 3 nonepegHiM AiarHozom [T1 c1ijy mpoBOANUTH CKPUHIHT HA
HaABHICTb SARS-COV-2 3 METOIO YHUKHEHHS IIOMIJIKOBOI'O Aial'HO3Y T4 OIITUMI3ALlil CTPATeTii JIIKyBaHHA, 3 OIVIA-
Iy Ha IOJiOHICTh CHMIITOMOKOMIUIEKCY I'T11 a64OMiHATBbHHUX CUMIITOMIB O3a1eTeHeBOI MaHiecTanii COVID-19.
[IMO6OKOro BUBYEHHA Y KOHTEKCTI iCHYIOUO! KOMOPOIAHOCT] MOTPEOYIOTh MEXAHIZMU YPAKEHHS MiAIUTYHKOBOL
3a1103U SARS-CoV-2.

KIro4oBi ¢J10Ba: roCTpUit HEKPOTUYHUN MAaHKPeaTuT, SARS-CoV-2, COVID-19.
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A rare and unpredictable complication of firearm and missile injuries is projectile embolism. With only a few
cases described in the literature, bullet embolism may become a diagnostic challenge for emergency physicians
and military surgeons. Bullet embolization is a rare phenomenon, but the complications can be devastating.

CASE PRESENTATION. A 34-year-old man sustained a severe complex abdominoskeletal mine-blast injury with
damage to the hollow organs (duodenum and transverse colon), inferior vena cava and both low extremities.
The internal hemorrhage was stopped by phleborrhaphy. The wounds of the duodenum and large intestine were
sutured, and gunshot fractures of both anticnemions were stabilized by extrafocal osteosynthesis. The whole-
body CT showed that there was a projectile embolus into the branch of the right mid-lobe pulmonary artery. No
clinical manifestations of pulmonary artery embolism were observed in the patient. After surgery, he developed
multiple necrosis and transverse colon perforations that resulted in fecal peritonitis. The suture line leakage that
caused the formation of a duodenal fistula and postoperative wound infection were also detected. The complica-
tions were managed by multiple reoperations. The attempts of endovascular bullet extraction weren’t under-
taken due to severe concomitant injuries, complications and asymptomatic clinical course of pulmonary artery
projectile embolism. Open surgery retrieval of the embolus was successfully performed on the 80th day after
injury. The patient was discharged from the hospital in good condition on the 168th day after the missile wound.
Concrusions. Patients with missile wounds and no exit gunshot perforation should be examined using the
whole-body CT for determining possible migration of a projectile with the blood flow. Patients with asymptom-
atic pulmonary artery embolism should be managed nonoperatively. In case of symptomatic pulmonary artery
projectile embolism, it is reasonable to consider the possibility of open thoracic surgery.

KEYWORDS
missile wound, inferior vena cava, pulmonary artery, venous missile embolism.
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The hybrid war of Russia against Ukraine has been
ongoing in certain districts of Donetsk and Luhansk
oblasts within the Donbas area since 2014 and this
armed conflict is officially entitled as an antiterror-
istic operation (ATO) by Ukrainian government
[16]. The pro-Russia separatists use various types
of weapons against Armed Forces of Ukraine, for in-
stance, artillery, multiple launch rocket systems, and
such explosive devices as land mines or improvised
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explosive devices (IED). The administration of
high-energy weapons is associated with severe in-
jury of military personnel, which frequently results
in thoraco-abdominal traumas or upper/lower ex-
tremity amputations.

A rare complication of combat injuries is arterial
or venous embolism caused by bullet or fragmenta-
tion of explosive devices, which is described in case
report studies [6, 7, 10]. IED fragment embolism
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may be a cause of death due to its association with
limb-threatening ischemia, sepsis, endocarditis,
cardiac valves insufficiency, pulmonary embolism,
and stroke [31]. Furthermore, diagnosis of arterial
embolism can be challenging due to the migration
of the fragment, rare presentation and diagnostic
difficulties.

According to the previously published case re-
ports, X-ray and computed tomography (CT) are
used for detection of bullet emboli into blood ves-
sels following gunshot injuries in non-war situ-
ations. This type of embolism is rare and may be
suspected in patients with perforating injuries or
bleeding into the peritoneal /retroperitoneal space.
Nevertheless, the possibility of bullet or metal frag-
ment embolism cannot be ignored [14, 23]. The
previously published reports suggest the following
criteria that indicate a high risk of projectile embo-
lism: the changing shrapnel position in the subse-
quent X-ray images referred to as «<roaming bullet»
phenomenon; absence of an exit wound [40]; there
are more entrance wounds than exit wounds [10];
the actual location of the embolic metal fragment,
as seen on X-ray or CT, that does not correspond
with the location of the bullet wound channel [6,
7, 23, 31]. If the above-mentioned diagnostic signs
are observed in a patient after gunshot injury, the
whole-body CT and angiography are justified for
specifying a projectile position and evaluation of
distal circulation [7, 10, 40].

The aim of this study was to report a clinical case
of a combat patient who was injured in an armed
conflict in eastern Ukraine, underwent the whole-
body CT scan and was diagnosed with pulmonary
artery embolism caused by a fragment after a booby
trap explosion. Furthermore, the study was aimed
to review the existing data suggested by previously
published case reports on the clinical features of
blood vessel embolism caused by bullet or projectile
fragments.

Case presentation

On May 30, 2017, a 34-year-old male received
a complex abdominoskeletal mine blast trauma at
approximately 09:10 am during a combat mission
in the area of the battle conflict zone in eastern
Ukraine (Donetsk region, Leninske settlement).
Aspects of trauma — mine explosion (tripwire trap).
Type of trauma — penetrating blind wound of the
abdomen with the injury to the colon and duode-
num, as well as marginal injury of the inferior vena
cava. Multiple gunshot missile wounds of both
lower extremities with the gunshot fractures of the
tibia and fibula in the upper third of the left shin
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and in the lower third of the right shin with the dis-
placement of fragments; injury to the right posterior
tibial artery. A gunshot missile perforating wound of
soft tissues of the right hand.

Medical emergency treatment was provided on
the spot by the medical personnel of the unit: a mili-
tary emergency tourniquet was placed on the right
lower extremity; one dose of narcotic pain medica-
tion (Butarphanolum 2 mg), an antibiotic (Doxycy-
cline 100 mg) and tetanus toxoid (Anatoxin tetanus
0.5 ml) were administered intramuscularly; aseptic
dressing was applied to the wounds of the abdo-
men and extremities; the transport immobilization
of both lower extremities was carried out using the
ladder splint. The wounded casualty was urgently
evacuated by ambulance to the nearest stage of pro-
viding qualified medical assistance.

Qualified surgical treatment was provided in the
Central district hospital of Toretsk city, reinforced
by specialists in military medicine. The wounded ca-
sualty was admitted to the hospital within 55 min-
utes after injury, according to the principle of the
«golden hour». At the time of admission to the stage
of qualified surgical care, the patient had absolute
signs of a penetrating wound of the abdominal cav-
ity (the dressing was impregnated with intestinal
contents and blood) and a clinical picture of the con-
tinuing internal bleeding with severe hemorrhagic
shock. Consequently, the wounded casualty under-
went emergency laparotomy without preoperative
preparation. During the operation, there were found
out such injuries as: a through and through missile
wound of the transverse colon with torn edges,
a perforating missile through and through wound of
the horizontal part of the duodenum (the 3rd part),
a focus of primary traumatic necrosis of the head
of the pancreas, diffuse fecal peritonitis in reactive
phase; tense retroperitoneal hematoma of large
size with severe blood loss (approximate volume
of blood loss was 1800 ml). The disclosure, evacu-
ation and revision of the retroperitoneal hematoma
was performed, its source was revealed and included
a marginal wound of the infrarenal part of the infe-
rior vena cava. The first stage was placing a vascu-
lar suture on the wound of the inferior vena cava to
achieve persistent hemostasis. Intensive transfusion
of blood preparations (3 doses of erythrocyte mass,
2 doses of fresh frozen plasma) and infusion therapy
with colloids and crystalloids were started for ar-
resting the phenomena of severe hemorrhagic shock
caused by massive plasmic-blood loss. Taking into
account the critical condition of the wounded casu-
alty, the decision to perform minor surgery for small
and large intestinal wounds was made. According to
the damage-control tactics, the surgical procedure
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Figure 1. Spiral computed tomography scan of the wounded casualty on the 3rd day after the injury:
A, B — frontal and sagittal reconstruction of the image; C — 3D-reconstruction; D — computed tomography
angiography; E, F — computed tomography angiography with 3D image reconstruction.

The arrow indicates the location of the missile in the branch of the right mid-lobe pulmonary artery
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included placing a three-row suture on the wound
of the transverse colon, placing a double-row suture
on the wound of the horizontal part of the duode-
num, insertion of nasojejunal tubes, drainage of the
abdominal cavity (to the sites of the sutures on the
duodenum, inferior vena cava and small pelvis), and
laparotomy wound suturing. Resection of necrotic
foci in the head of the pancreas was not performed.
In order to stabilize the systemic hemodynamics af-
ter the abdominal stage of the operation, a 30-min-
ute pause was made for intensive infusion therapy.
After stabilization of hemodynamics, operation on
the lower extremities was carried out. After remov-
ing the military emergency tourniquet, bleeding
from the right tibial artery was revealed, but there
were no signs of critical limb ischemia. Due to the
extremely severe condition of the patient, the mul-
tiple nature of the lesions and the absence of signs
of critical limb ischemia, and according to the dam-
age-control tactics, a decision was made to perform
final hemostasis on the right lower extremity using
ligation of the right posterior tibial artery, which is
the least traumatic type of surgery. In order to sta-
bilize the sites of gunshot fractures of the bones of
the left tibia, extra-focal metalosteosynthesis was
performed with a rod external fixation device. As
the final evaluation of the right shin viability after
ligation of the posterior tibial artery was impossi-
ble, metalosteosynthesis on the right limb was not
performed. On June 31, 2017 (the 2nd day after in-
jury), the patient was evacuated by air transport to
the stage of specialized surgical treatment.
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Specialized surgical treatment was provided to
the wounded casualty in the Military Medical Clini-
cal Center of the North Region (Kharkiv). Upon
admission, the patient underwent ultrasonography
of the abdominal and pleural cavities, and the spiral
computed tomography (SCT) of the cranial, thoracic
and abdominal cavities. According to ultrasonogra-
phy, the inferior vena cava was not dilated, the blood
flow was retained, and there was a small amount of
fluid in the right paranephric fatty tissue. According
to the SCT, there were no signs of retroperitoneal he-
matoma; a foreign body of metallic density of 9.5 % 6.5
mm was detected in the branch of the right mid-lobe
pulmonary artery (Fig. 1). No wound holes were de-
tected on the chest and the diaphragm, so it was as-
sumed that the missile migrated from the inferior
vena cava to the pulmonary artery after surgery. Tak-
ing into consideration the absence of clinical mani-
festations of the pulmonary artery missile embolism,
severe patient’s condition and the presence of severe
combined abdominoskeletal trauma, no attempt of X-
ray endovascular removal of the missile was made.

Due to the viability of the tissues of the right
lower extremity after ligation of the posterior tibial
artery on the 2nd day after injury, repeated surgi-
cal treatment of the secondary necrosis foci of both
extremities was performed and fixation of the bones
of the right shin with a rod external fixation device
was carried out.

The patient was provided with daily changes of
the wound dressing, infusion detoxification, antibac-
terial therapy (Ceftriaxone 4 g/day, Metronidazole

Figure 2. Intraoperative
photo on the 9th day
after injury. A zone of
necrosis and perforation
(indicated by an arrow)
at the suturing site of the
perforating wound

of the transverse colon,
local limited fecal
peritonitis

51



I Tsema et al.

& | » ST ST

B —- ¥ f—— T st . | L T

Figure 3. Dynamics of reparation of the gunshot fractures of the bones of the upper third of the left shin
and the lower third of the right shin, metal osteosynthesis by rod external fixation devices:

A — the 102nd day after injury; B — the 154th day after injury; C — the 168th day after injury, the external fixation
devices were dismantled, and the patient was discharged from the hospital)
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Figure 4. The position of the missile-embolus in the right mid-lobe pulmonary artery on the 63th days after
injury: A — chest X-ray; B — SCT of the lungs with axial reconstruction of the image. The arrow indicates the position
of the missile

Figure 5. Intraoperative
photo of the missile-
embolus removal from the
right mid-lobe pulmonary
artery (A), and removed
missile-embolus (B). White
holder — the trunk of the right
pulmonary artery after the origin
of the lower-lobe artery; red
holder — right mid-lobe
pulmonary artery; the dark navy
holder is a branch of the right
mid-lobe artery to the medial
segment (thrombosed); yellow
holder — medium-lobe
pulmonary vein; the arrow
indicates the missile extracted
from the lumen of the vessel
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1 g/day), parenteral nutrition, supporting medica-
tion (Pantoprazole 40 mg/day, Metoclopramide
hydrochloride 20 mg/day, Drotaverine hydrochlo-
ride 80 mg/day, Enoxaparin sodium 80 mg/day,
iron preparations 200 mg/day), transfusion of the
same group erythrocyte mass (2 doses), fresh-frozen
plasma, albumin (20 g/day), infusion and vitamin
therapy (B,, B,,), and physiotherapy.

In the course of the treatment, the patient's con-
dition remained severe stable, the wound process
on the lower extremities proceeded according to
the nature of the primary lesion. On the 3rd day
after injury, enteral feeding was started through
the inserted nasojejunaltube, and the drains were
removed from the suture site of the inferior vena
cava and small pelvis.

On the 8th day after injury, bile discharge through
the drainage was detected at the suturing site of the
horizontal part of the duodenum. The patient un-
derwent SCT of the abdomen with double contrast.
In the native phase, contrasts were found in front of
the descending part of the duodenum with dimen-
sions of 6 x 5 x 6 mm without clear boundaries (con-
trast output from the bowel lumen). A limited fluid
cluster (32 x 38 x 34 mm) with air bubbles without
clear boundaries was found out (intra-abdominal
abscess was suspected) in the same region.

On the 9th day after injury, due to the developed
complication that required a long-term highly spe-
cialized treatment, the patient was transported by
car to the National Military Medical Clinical Cen-
ter of the Ministry of Defense (Kyiv) for further
surgical treatment.

On the 9th day after injury, the patient under-
went relaparotomy. In the right upper quadrant
of the abdominal cavity, an infiltrate was revised.
During its separation, about 50 ml of fecal content
was released from the perforation zone of the large
necrosis areas in the transverse colon (25 x 30 mm
and 15 x40 mm) at the suturing site of the perforat-
ing gunshot wound. Necrosis was probably caused
by secondary irreversible changes in the zone of
molecular shock resulting from the missile wound.
After sanation of the fecal content, a partial suture
line leak, along with the pancreatic juice and bile
outflow, was also revealed (Fig. 2).

Considering the intraoperative findings, the leak-
ing site in the duodenum was sutured; right hemico-
lectomy and side-to-side ileotransverse anastomosis
were performed. Taking into account the presence
of local peritonitis, post-traumatic pancreatitis as-
sociated with an injury to the pancreatic head, as
well as pancreatic necrosis, the decision was made
to disconnect the stomach and the sutured zone of
the duodenum from the passage of food.
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Therefore, anantecolic gastroenteroanastomo-
sis with Braun anastomosis was imposed, machine
stitches were placed on the antral part of the stom-
ach, and a feeding tube was inserted into the efferent
jejunal loop of Braun anastomosis. For the purpose
of biliary decompression, ultrasound-guided tran-
shepatic cholecystostoma was applied in the right
upper quadrant. There were 4 drain tubes in the
abdominal cavity (right iliac region, small pelvis,
suturing site of the duodenum and gastroentero-
anastomosis). The laparotomic wound was sutured.

Massive soft tissue wounds of the lower extremi-
ties were treated by repeated surgical procedures,
accompanied by the installation of a VAC system
with its reassembly within 3—4 days and excision
of the soft tissues affected by secondary necrosis.
On the 5th day after relaparotomy, suppuration
of the laparotomic wound occurred and had to be
managed by secondary surgical treatment. Further-
more, the post-traumatic and postoperative period
was complicated by right-sided upper-lobe nosoco-
mial preumonia and nonspecific reactive hepatitis,
which were corrected with medications.

In the postoperative period, the patient received
Doripenem monohydrate 1.5 g/day, Gatifloxacin
400 mg/day, Fluconazole 100 mg/day, Nadroparin
calcium 2850 U, Pantoprazole 40 mg/day, epi-
dural block, enzymes, physiotherapy, and enteral
feeding. The bile discharge (daily production of
100—120 ml) was noted as a consequence of the re-
peated suture line leak at the site of the duodenum
on the 2nd day after relaparotomy, and an external
duodenal fistula formed. Due to the gastric discon-
nection and biliary decompression via the chole-
cystostoma, the volume of the discharge from the
duodenal fistula gradually decreased. On the 18th
day after imposition of the gastroenteroanastomo-
sis, bile outflow from the fistula was 40—50 ml, the
drainage tube was removed, and the fistula healed
on the 29th day after the duodenum was discon-
nected from the food passage.

On the 52nd day after injury, the patient was
transferred to the stage of rehabilitation treatment
as his general condition was satisfactory.

Rehabilitation treatment was conducted in the
Military Medical Clinical Center of Occupational
Pathology of Personnel (Irpin). The patient was
prescribed and provided with physiotherapy, ex-
ercise therapy, massage, change of dressings, and
symptomatic medications for multi-fragment gun-
shot fractures of both shins. There was observed
a sluggish course of the bone callus formation at the
fracture sites (Fig. 3A, B).

Due to the fact that the presence of a missile in
the right mid-lobe pulmonary artery had no clinical
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manifestations and the patient suffered from bullous
lung disease of the upper lobe of the same lung, the
decision was made to perform open thoracic surgery
after the completion of the rehabilitation course. 2.5
months after injury, the possibility of endovascular
projectile extraction was not considered as the frag-
ment was firmly lodged in the vessel wall. In addi-
tion, the patient had an indication for resection of
the same lung due to the diagnosed bullous lung dis-
ease with a high risk of spontaneous pneumothorax.

The patient was transferred to the clinic of tho-
racic surgery of the National Military Medical
Clinical Center (Kyiv), where the preoperative ex-
amination was performed. According to the results
of chest X-ray and computed tomography, the po-
sition of the missile-embolus in the right mid-lobe
pulmonary artery did not change (Fig. 4).

On the 80th day after injury, the patient under-
went right-sided thoracotomy in the 5th intercostal
space. During palpation of the right lung, a dense
foreign body, measuring approximately 10 mm in di-
ameter, was revealed in the basal region of the middle
lobe. The mediastinal pleura was incised, the branch-
es of the right upper pulmonary vein were identified,
the right pulmonary artery and the mid-lobe artery
were taken by the holders (Fig. 5A). During further
examination, a foreign body was detected in the lu-
men of the branch of the right mid-lobe artery of the
medial segment (immediately after the bifurcation of
the lobar artery). Above the foreign body, the wall of
the vessel was opened and a metal missile with dimen-
sions of 8 x6 mm (Fig. 5B) was discovered. It lodged
firmly in the vessel wall (the form of the missile-em-
bolus was similar to a piece of metal wire, which is
used in the production of anti-personnel mines for the
maximum crippling effect). The distal lumen of the
artery was thrombosed, whereas the blood supply to
the middle lobe of the right lung and its aeration were
preserved due to the collateral blood flow. The missile
bed was washed with antiseptic; the proximal and dis-
tal ends of the vessel were ligated. An atypical resec-
tion of the upper lobe of the right lung was performed
in response to the presence of the bulls up to 15 mm in
the upper lobe of the right lung.

The postoperative period was uneventful. Cipro-
floxacin (600 mg/day), ertapenem (1g/day), amika-
cin sulfate (1 g/day) were administered. The patient
was provided with change of dressings, physiothera-
py, and exercise therapy. The patient was transferred
to the stage of rehabilitation treatment. Bone frac-
tures of both extremities were consolidated, external
fixation devices were dismantled on the 168th day
after injury (Fig. 3C). The patient was discharged
from the hospital in a satisfactory condition and then
he was medically retired from the military service.
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Discussion

History. The first case of intravascular foreign
body emboli in a 10-year-old boy was reported by
Thomas Davis in 1834, and describes venous embo-
lization of a wooden projectile to the right ventricle
[10, 22, 41]. The incidence of bullet embolization is
very low, with fewer than 200 cases reported [6, 7,
10, 26]. With the exception of an institutional series
of 28 cases presented by Mattox et al. in 1979 [22],
almost all cases are presented as single case reports.

Epidemiology. A review of 7500 gunshot wounds
during the Vietnam War demonstrated a 0.3 % inci-
dence of bullet embolism [10, 22, 31]. The incidence
of missile embolization after penetrating injury was
reported to be 1.1% in the Afghanistan and Iraq
Wars (of 346 casualties surveyed) [2, 31, 33]. The
incidence of bullet embolization in the civilian set-
ting is unknown, but it could be higher because of
the lower velocity weapons with lower kinetic en-
ergy found in the civilian setting [31].

Pathogenesis. The scenario for a bullet embo-
lism is set up when a low-velocity projectile con-
tains the amount of kinetic energy enough for the
initial tissue penetration so that it may traverse
only one wall of a vessel, and then gets trapped
within the lumen. Commonly, a bullet embolism
occurs mostly with [1, 3, 7, 40]:

small-caliber guns;

relatively low-powered projectiles, such as BB
guns [7], and airgun pellets [4];

shotgun ammunition, which scatters multiple
small metallic pellets.

According to the clinical reports, the follow-
ing conditions, which influence the migration of an
intravascular foreign body, can be marked:

missile size [10];

hydrostatic pressure from blood flow [1, 7, 27];

gravity [1, 27];

patient body position [10, 27];

vascular anatomy [7, 40];

muscular and respiratory movement [ 1, 10].

In the presented case report, a soldier suffered
from a missile wound with an injury to the inferior
vena cava caused by a projectile. The projectile was
a piece of a metal wire, which is usually used for addi-
tional filling of anti-personnel landmines to achieve
the maximum crippling effect and invalidization of
those who fall into a tripwire trap. The cylindrical
shape of the projectile caused a complete obturation
of the pulmonary vein branch and led to its thrombo-
sis. The missile embolism became possible in the pre-
sented case because the projectile lost a great amount
of its initial kinetic energy while passing through the
anterior abdominal wall and the walls of the large
intestine and duodenum. Finally, the shrapnel broke
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through one wall of the inferior vena cava and got
into the blood flow. In the available literature, we
haven't found the cases of missile pulmonary embo-
lism resulting from a mine-blast injury. In the ma-
jority of the described cases, the projectile-embolus
didn’t pass with the bloodstream further than the
right ventricle because it was delayed within the tri-
cuspid valve cusps and tendon chords, or the bullet-
embolus retrogradely moved against the blood flow
[1,8,26]. About half of the projectile-emboli fall into
the right ventricle, 1/3 — into the pulmonary artery,
and the rest — into the hepatic vein, inferior vena
cava, popliteal, femoral and common iliac vein [26].

Classification. Depending on the nature of the
vessel into which the bullet-embolus falls, the mis-
sile embolism is divided into arterial embolism and
venous embolism [7, 10, 31]. Overall, approximately
75—80 % of reported cases are arterial, embolizing
to the periphery, and 20—25 % of cases are venous
[1, 3, 4, 6, 10, 26]. Arterial embolization most often
occurs in the lower extremities, more commonly in
the left side than in the right side [6].

The review of case reports showed that venous
embolism was caused by primary injuries of the fol-
lowing veins:

external iliac vein [6, 21, 43];
inferior vena cava [23, 31];

portal vein [18];

renal vein [22];

femoral vein [10];

right ventricle of the heart [14];
cranial venous sinus [7, 9, 12, 13, 30];
subclavian vein [28];

neck veins [31, 42].

Depending on the pattern of the venous projec-
tile-embolus movement after falling into the blood
flow, the next scenarios of bullet-embolus migration
can be distinguished:

antegrade venous embolism — a bullet-em-
bolus migrates with the blood flow towards the
right ventricle of the heart; in cases of passage
through the tricuspid valve, a missile-embolus gets
to the pulmonary artery [7, 10, 23, 43];

retrograde venous embolism — a bullet-em-
bolus moves against the blood flow under the influ-
ence of gravity in the distal direction from the loca-
tion of the vein injury [3, 35, 25];

paradoxical embolism — a shrapnel-embolus
gets into the bloodstream and reaches the right side
of the heart, and then through the arteriovenous fis-
tula or perforation of the atrioventricular septum, or
ventricular defect, gets through the patent oval fora-
men and falls into the arterial bed causing arterial
embolism (venous-arterial paradoxical embolism);
the cases of the arteriovenous paradoxical embolism
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have also been described [5, 8, 22, 24, 27, 29, 36, 41];

«roaming» venous embolism — a projectile-
embolus is alternately displaced within the venous
bed back and forth: in the direction to the heart
(along the blood flow) and then in the direction
from the heart (against to the blood flow) [10, 31];
sometimes, a bullet-embolus can migrate into the
contralateral eponymous vein on the other side of
the injured vein [6].

Retrograde venous embolism is extremely rare,
with only 14 cases presented in the literature |3,
6]. Retrograde venous embolization occurs in up to
15 % of patients, and the effect of gravity has been
suggested as a cause [31].

Depending on the time of the bullet-embolus mi-
gration, the following types of venous embolism can
be distinguished:

acute venous embolism, developing immedi-
ately or on the first day after injury during evacua-
tion of an injured person [6, 10, 31, 43];

tardive venous embolism, developing within
months or years after injury (there is a case report of
the venous tardive missile embolism that developed
14 years after injury [3, 22].

Clinical presentation. Arterial and paradoxical
emboli typically migrate peripherally to the ex-
tremity and present early with limb or end-organ
ischemia [6, 10, 31]. Bullet embolization into the
arterial system is generally symptomatic in 80 % of
patients and is usually discovered early [25, 31].

Venous bullet embolization, however, is asymp-
tomatic in approximately 70 % of patients [3, 6, 25].
However, missile pulmonary emboli may present
clinically with many of the same vital findings that
one would suspect in case of thromboembolic pul-
monary embolism, including tachycardia, tachy-
pnea, hypoxemia [23], dyspnea, chest pain, he-
moptysis [15, 35, 40]. Symptomatic patients with
venous embolization may present late, sometimes
within months or years after the initial injury [5,
20, 22, 25, 26, 37].

Complications. Potential sequelae of missile ve-
nous emboli include delayed embolization to the
heart or pulmonary vasculature, arrhythmia, valvu-
lar dysfunction, sepsis [6], vascular occlusion with
pulmonary infarction, [7, 39], pulmonary abscess,
erosion in the bronchus [8], pulmonary gangrene,
erosion through the arterial wall and subsequent
hemorrhage [15,23,41], endocarditis, venous throm-
bosis, thrombophlebitis, severe hypoxia [31], and
death (6 %) [37, 40]. F. L. Shannon et al. reviewed
102 cases of venous bullet emboli from 1930 to 1987
and reported a 25 % overall complication rate [37].

Diagnostic clues. Due to its relative rarity, the
possibility of a missile pulmonary embolism isn’t
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given much consideration when evaluating trauma
CTs for complications, such as viscus perforating in-
juries or free bleeding into the peritoneal /retroperi-
toneal spaces. Nevertheless, this possibility should
not be ignored [23]. Taking into consideration the
existing reports of bullet-embolism cases, it is rea-
sonable to define the following diagnostic clues that
help define the risks of projectile embolism:

the changing shrapnel position as seen in the
subsequent X-ray images — «roaming bullet» phe-
nomenon [6, 26, 31];

the presence of entrance perforation but the
absence of exit perforation [7, 40];

the number of entrance bullet holes is larger
than the number of exit bullet holes [10];

the actual location of the fragment according
to the X-ray or CT data doesn’t correspond with the
position of the bullet wound tract [40].

If the above-mentioned diagnostic signs are ob-
served in patient after gunshot injury, the whole-
body CT and angiography are justified for specify-
ing a projectile position and evaluation of the distal
circulation [7, 10, 40].

Management. The treatment of bullet emboliza-
tion depends on the location of the bullet and partly
on the presence or absence of symptoms [6]. Due to
the developed ischemia, most arterial emboli cause
immediate symptoms that require emergency sur-
gical intervention [6—8, 26, 27]. Generally, most
authors agree that arterial bullet emboli should be
retrieved as soon as they are recognized [31].

Asymptomatic venous bullet embolization has
historically provoked debates over the need for its
removal, but the management guidelines haven’t
been clearly established [3, 7, 10, 23]. The treat-
ment planning often depends on whether or not
the patient is symptomatic: in a symptomatic pa-
tient, embolectomy is often pursued, whereas in an
asymptomatic patient, some still advocate embo-
lectomy [38, 40], while others promote more con-
servative measures, such as supportive care [17,
22, 32]. FE L. Shannon reported that about 25 %
of patients would suffer eventual morbidity from
venous embolization, and the author recommends
a mandatory extraction in the acute setting [37].
Whereas, J.B. Kortbeek reported a series of 32
cases of bullet embolism to the pulmonary artery,
14 of which were managed non-operatively. None
of the non-operatively managed patients for whom
follow-up data were available suffered an adverse
effect from the embolus [17]. As reported by some
authors, the right ventricular bullet emboli could
be observed if the bullet was less than 5 mm, firmly
lodged, with no evidence of arrhythmia or valvular
dysfunction [27].
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Endovascular treatment. The first report of
endovascular retrieval of a bullet, performed by
G. O. Hartzler in 1980, describes retrieval of a bul-
let from the right ventricle using a snare device [6,
11]. This was perfected by S. J. Sclafani in 1991, who
recommended the application of the balloon occlu-
sion of the proximal vein to prevent procedure-re-
lated central embolization [34]. While the number
of reported cases remains small, recent publications
report growing use and success of endovascular re-
trieval [26, 29]. So, endovascular extraction should
be the first-line treatment of symptomatic cases of
pulmonary bullet emboli when feasible [10]. Some
authors recommend pulmonary embolectomy in as-
ymptomatic patients only if the bullet is accessible
viaan endovascular approach, even in the absence of
symptoms, to prevent delayed complications [26].

Both successful and unsuccessful cases of endo-
vascular extraction of projectiles are described in
the literature. For example, C. O. Carter described
a case of successful endovascular retrieval of a bul-
let from the left external iliac vein using percuta-
neous angiographic bullet extraction [6]. Whereas,
T. Nolan reported about multiple unsuccessful at-
tempts of endovascular extraction of a bullet-em-
bolus from the retrohepatic inferior vena cava; in
2 weeks, the bullet-embolus accidentally migrated
to the common iliac vein, from where it was suc-
cessfully removed by an endovascular method [31].
We didn’t find any reports of successful cases of
primary endovascular retrieval of a projectile-em-
bolus from the pulmonary artery due to the tech-
nical difficulties of this procedure. Thereby, M. G.
Yamanari reported about multiple unsuccessful at-
tempts of bullet retrieval from the lingular segment
of the left pulmonary artery [43].

G.G. Fernandez-Ranvier described several at-
tempts of right internal iliac vein laser embolization
and inferior vena cava filter placement to prevent
a venous missile embolism. However, all these at-
tempts were unsuccessful and a bullet-embolus mi-
grated to the pulmonary artery [10].

Review of 45 cases of venous bullet emboli from
1987 to 2010 revealed 14 of 45 patients (31 %) were
managed successfully without extraction [26]; 26
cases (58 %) were managed by surgical interven-
tion. Some authors were in favor of extraction of the
missile in all patients with intracardiac missiles and
of observation in selected asymptomatic patients
with pulmonary arterial emboli [26, 31].

In the presented case, we didn’t try to perform
endovascular extraction of a projectile from the
pulmonary artery because the patient had an as-
sociated severe abdomino-orthopedic mine-blast
injury with gunshot damage of the hollow body
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organs (duodenum and transverse colon) and in-
ferior vena cava. These complex injuries required
multiple urgent surgical interventions to manage
comorbid damages of the duodenum and transverse
colon, as well as complications of these injuries.
Furthermore, the patient didn’t have any clinical
manifestations or complications of pulmonary ar-
tery missile embolism. F L. Shannon advises the
same management of the case, even if more than 6
weeks have passed after injury [37].

Open surgery. Surgical intervention should be
considered when endovascular procedures fail [10].
A review of 17 patients with bullet emboli in the
pulmonary arteries found that seven out of nine pa-
tients died when embolectomy wasn’t performed,
compared to no deaths in eight patients who under-
went surgical embolectomy [39].

We consider open surgery an optimal method for
surgical treatment of patients with projectile pul-
monary artery embolism who were injured more
than 2 months ago. The fragment lodges firmly in
the vessel wall over time, which is one of the causes
of unsuccessful endovascular extraction of a bullet.
The video endoscopy is used for a bullet extraction
in the clinics with technologically advanced equip-
ment for video-assisted thoracic surgery which is
operated by experienced and specially trained sur-
geons. We didn’t consider this type of surgical pro-
cedure due to lack of experience in performing such
operations.

The substantial risk of surgery, involving the pul-
monary artery, and even endovascular intervention
within the artery, must be carefully weighed so as to
avoid potential long-term embolus-related compli-
cations in each particular clinical case [28].

Complex wound. It should be noted that in the
majority of cases, shrapnel venous embolism re-
sulted from a single gunshot vascular injury. In the
literature, we found only three clinical reports of
venous bullet embolism caused by magistral vessel
wound associated with a gunshot injury of the in-
ternal organs: 2 cases of magistral vein wound as-
sociated with a terminal ileum injury [6] and 1 case
of a through and through injury to the liver, small
intestinal injury at two locations, and a single in-
jury to the infrarenal vena cava [31]. An overview
of the previously published clinical reports showed
that the cases of associated abdomino-orthopedic
wound with an inferior vena cava injury compli-
cated by venous missile embolization of the pulmo-
nary artery were not described in the scientific lit-
erature. Lack of the information on this issue makes
our study original and novel. The presence of con-
comitant internal injuries can significantly change
the above-described management of patients with
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projectile venous embolism. It was to some extent
outlined based on the analysis of almost 200 cases
of missile embolism. First of all, the damage-control
tactics and the concept of «golden hour» must be
applied to wounded patients, including their evac-
uation to the hospital stage of surgical care within
60 minutes [16]. Further accumulation of experi-
ence in the management of missile embolism in pa-
tients with severe associated injuries of the inter-
nal organs will allow developing guidelines for the
treatment of these patients.

Conclusions

Major vein gunshot wounds can be associated with
bullet penetration into a vein lumen and its further
migration to the right side of the heart and pulmo-
nary artery. Patients with a missile wound and no
exit gunshot perforation should be examined using
the whole-body CT for determining possible mi-
gration of a projectile with the blood flow. Patients
with asymptomatic pulmonary artery embolism
should be managed non-operatively as all attempts
of endovascular extraction of a bullet are usually
unsuccessful. In case of symptomatic pulmonary ar-
tery projectile embolism, it is reasonable to consider
the possibility of open thoracic surgery.
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IToegHaHe MOPAHEHHA HIKHBOI ITIOPOKHUCTOL BEHU
3 YJIAMKOBOIO €MOOJII€I0 JIETEHEBO1 apTepii:
KJIIHiYHE CIIOCTEPEKEHHA TA OIVIA/ JIITEPATYPU

€. Ilema ! 2, 1. Xomenko !, d. Cycak?, [I. ly6enko 2

! Hartionambuuii BificbkoBo-Meanunmii kiainianuii nentp Minicrepersa O6oponn Yrpainu, Kuis

2 Hauionanpuuii Mmeauunuii yaisepeurer ivmeni O. O. Boromounbis, Kuis

Kys1b0Ba €MOO1ist JIereHeBOT apTepii — 1€ piAKiCHE Ta HenlepeadadyBaHe YCKIAAHEHHA BOIHEIIAIbHUX Td MiHHO-
BUOYXOBHUX IIOPAaHEHb. [IiarHOCTHKA Ky/JIbOBOI €MOOJII 3a/IHIIAETHCA 3HAYHHUM JIKYBAJIbHO-1iarHOCTUYHHUM
BUKJIMKOM SIK JUIS HEBIAKIAAHUX, TAK 1 /I BiMCBKOBUX XipypriB. Y JlireparTypi TPaIuIIOTbCA ITOOAMHOKI
l'[OBiJI[OMJIeHHH PO TAKC YCKIAJHCHHA BOTHCHIA/IbHUX ITOPAHCHDb i HEMAE KOOHUX CUCTCMHHUX CIIOCTCPCIKCHDb
niel narosorii. Heapaxkarouu Ha Te, IO Ky/JIbOBA €MOOJIis € PiIKICHUM KIiHIYHUM (DEHOMEHOM, MOI'O HAC/I/IKA
MOKYTb 6yTHU KATACTPOMIYHUMU JJIA JKATTA T4 3[J0POB’A [IOPAHEHOTO.

KixinigyHe crocrepeskeHH:A. YOIOBiK BiKOM 34 POKIB OTPHMAB TSDKKE MOEAHAHE CKEJIETHO-A00MIHATBHE
MiHHO-BHOYXOBE INOPAHEHHA 3 BOTHENAIBHUMH [TOPAHEHHAMM BHYTPIIIHIX OPraHis (JBaHAALATHIIANA i TTOTe-
peuHa 060/10BA KHIIIKA), HIPKHBOI TIOPOKHUCTOI BEHH T4 060X HIDKHIX KiHITIBOK. MaCHBHA 3204€PEBUHHA KPO-
BOTEYA 3 HIDKHBOI IIOPOKHUCTOT BEHU 3yIIMHEHA KPAMOBMM YIIMBAHHAM CyJJMHN HENIEPEPBHUM IIBOM. I[TIpose-
JIEHO MEPBHUHHY XipypriyHy O6pOO6KY IMOPAHEHD ABAHA/LIATHIIAION T4 TOBCTOI KUIIOK 3 IIEPBMHHUM YIITHBAHHAM
PaHOBHUX Je(MEKTiB. MHOKUHHI 6araTOy/IaMKOBi IEPEIOMHU HIDKHIX KiHITIBOK CTA011i30BaH] 32 JOITOMOIOIO ama-
partiB 30BHIMTHBOI (piKcatlii. 3 OIVIAY Ha HAABHICTb MHOKHHHOTO 6araToy/IaMKOBOTI'O BOTHENAJIBHOTO TOPAHEH-
HA TALIEHTOBI IPOBEAEHO KOMITIOTEPHY TOMOI'PAMIIO BCHOI'O Tid, 32 PE3YIBIATAMHU AKOI B IPABIH CepeHii
JIOJIbOBIH T JIETEHEBOT apTEPIl BUABIECHO (DIKCOBAHUN YIAMOK-€MOOIL. YV paHHIN Mic/IATPaBMaTHIHUIN IEPiof
y HOPAHEHOTI'O He 6yJI0 XKOJHUX KIiHIYHUX BHABIB KyJIbOBOI €MOOJIil JIETEHEBOI aPTEPii, 4 TOKKICTH MOT'O CTAHY
OyJ1a 3yMOBJIEHA MOEAHAHOIO MHOKUHHOI TOPAKO-a0/IOMiHAIbHOIO TPABMOIO. B Mic/ATpaBMaTuaHuA nepios
Yy XBOPOT'O BUHHMK/IA HHU3KA YCKIAAHEHb: MHOKMHHI HEKPO3HU T4 NIepdopaliii HonepevHoi 0600BO1 KUIIIKH, 11O
CHPUYUHWIN KAJIOBUM TIEPUTOHIT, HECIIPOMOKHICTD IIBiB ABAHAJLATUIIAIION KAIIKH, 1110 IPU3BEJIO 10 POPMY-
BAHHA 30BHIIIHBOI AyOJEHAIILHOI HOPHIL, MHOXHMHHI PAHN MAKUX TKAHWUH HIKHIX KiHIIBOK YCKIQJIHWIACH
PaHOoBOIO iH(EKIi€0. 3a3Ha4YeHi yCKIAAHEHHA NOTPEOYBAIN MIPOBEACHHS €TANHUX XipYPriyHUX BTPYYaHb.
ITics cTabinizanii cTaHy XBOPOro cripo6 €HJJOBACKYJIIPHOI PETPAKILil YIIaMKa-eM60J1a 3 JIETEHEBOI apTepii He
371iCHIOBAIM YEPE3 HASIBHICTD TSHKKUX MOEAHAHUX CKEIETHO-A6[JOMIHAIBHUX OPAHEHD, IX YCKIAJHEHHS T4
OE3CHUMIITOMHHN NEPEHIT Ky/IbOBOT €MOOTIT IEreHEeBOT apTepii. YCHIIHE BUIAICHHS Y/IAMKA-eMOO0JIa IIPOBEACHO
Ha 80-Ty 106y Mic/I1 NOPAHEHHA: BUKOHAHO TOPAKOTOMIIO, BUAAJICHHS YJIAMKA i3 CEPEIHbOI JIOMBOBOI apTepi,
HAK/IA/ICHO CYJMHHMIA I1IOB, Y€PE3 Bi/ICYTHICTD ABUIL CKIIEPO3Y UM iH(PAPKTY JIET€Hi PE3EKILii JIereHeBO1 ITapEeHXi-
MU HE TIPOBOIMIIH. [TaITieHTa Y 33/I0BUTBHOMY CTAHi BUITMCAHO 3i CTAIIOHAPY HA 168-My N06Y TTiC/Is1 MiIHHO-BUGY-
XOBOI'O TIOPAHEHH I aMOY/IATOPHOT ICUXOCOMATUYHOI PEaOuIiTaIlil.

BrcHOBKH. [TanjienTaM 3i CIITMMU MHOKMHHHMU YJIAMKOBUMMU IIPOHHUKAIOYMMU BOI'HEIIAJIbHUMU IIOPAHCHHSA-
MM [TOKA34HO IIPOBEJICHHS KOMITIOTEPHOI TOMOTpaii BCbOT'O Tijia /I BUABIEHHS IOTEHII{IITHOI BHYTPIillIHbOCY-
JIUHHOI MiTpariil yJIaMKiB 3 TOKOM KPOBi. Y HAIi€HTIB i3 6E3CHMIITOMHOIO KyJIbOBOIO €EMOOJII€IO BUJIATIEHHS YIAM-
Ka-eMOOIa MOXKE OYTHU BiZICTPOYECHE /IO 3aBEPLICHHS XiPYPridHOrO JIKYBAHHS IPOB{IHOIO OPAHEHHS TA HOrO
YCKIQIHEHD. ITpU pO3BUTKY KIHIYHUX BHUSBIB KyJIbOBOI €MOOJIT JIET€HEBOI apTepPii JOUTBHO PO3IVITHYTH MOXK-
JIUBICTb BUKOHAHHA BiZIKPUTOI TOPAKA/IbHOI OII€PALIil.

KIro4oBi CJI0Ba: YITAMKOBE MOPAHEHHS, HIDKHSA ITOPOKHUCTA BEHA, JIETEHEBA APTEPIiA, BEHO3HUN KyJIbOBHIA
€MOO0Ii3M.
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Opver the last few decades, excess weight and obesity have become a considerable health problem that has a last-
ing impact on communities worldwide. According to the WHO, about 1.9 billion people over the age of 18 are
overweight [32]. Obesity accounted for about 4.7 million premature deaths in 2017. Globally, obesity was associ-
ated with an increase in mortality rate from 4.5 9% in 1990 to 8 % in 2017 [32]. Bariatric surgery is currently recog-
nized as the most effective treatment option for morbid obesity. Over the past 10 years, gastric bypass surgery has
proved more effective than any other surgical methods due to its optimal metabolic effects.

The aim of the review is to carry out an analysis of literature data in order to identify main complications after
gastric bypass in patients with obesity.

The complication rate after bariatric surgery decreased from 10.5% in 1993 to 7.6% in 2006 [3]. The mortality rate
after bariatric surgery was 0.08 % within 30 days after surgery and 0.31 % after 30 days [13]. According to the BOLD
study (2010), for 57,918 bariatric operations, the complication rate was 6,240 (10.77 %) and the mortality rate was
78 (0.135 %), within 30 days after surgery — 0.089 %, within 90 days after surgery — 0.112%. Roux-en-Y Gastric
Bypass (RYGB) was carried out in 30,864 cases, and 4,588 (14.87 %) patients developed postoperative complications.
Early complications include anastomotic leaks (0—5,6 % for laparoscopic approach and 1,6—2,6 % — for laparoto-
my), small bowel obstruction caused by a blood clot (0—0,5 %), bleeding from the sutures (1,5 %), and thromboem-
bolic complications (0,2—5 %). Late complications include stenosis of the gastrointestinal tract (3—27 %), marginal
ulceration (MU) — 0,6—16%, an incarcerated Petersen’s space hernia — 2,51 %, perforation of the stomach and
small intestine (1—2 %), gastrogastric fistula formation — 1,5—6,0 %, weight regain (to 17,1 %).

Increasing global demand for bariatric surgery as the best option for the management of excess weight and obe-
sity necessitates more detailed investigation of possible complications it may induce. Therefore, further research
is required to develop and study new effective methods for prevention and treatment of complications after
surgical treatment of patients with morbid obesity.

KEYWORDS
obesity, bariatric surgery, gastric bypass, anastomotic leaks, small bowel obstruction, marginal ulceration,
Petersen’s space hernia, gastrogastric fistula, weight regain.
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Over the last few decades, excess weight and obe-
sity have become a considerable health problem that
has a lasting impact on communities worldwide. Ac-
cording to the WHO, about 1.9 billion people over
the age of 18 are overweight [32]. Obesity account-
ed for about 4.7 million premature deaths in 2017.
Globally, obesity was associated with an increase
in mortality rate from 4.5 % in 1990 to 8 % in 2017
[32]. Bariatric surgery is currently recognized as the
most effective treatment option for morbid obesity.
Over the past 10 years, gastric bypass (GBP) sur-
gery has proved more effective than any other sur-
gical methods due to its optimal metabolic effects.
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According to the latest global statistics, presented in
the statistical report «Fifth IFSO Global Registry
Report 2019», which included data from 61 coun-
tries, 833,687 bariatric operations were performed
between 2014 and 2018. However, a respective
structural analysis was carried out for the period
2015—2018. Tt showed that 520,983 bariatric op-
erations were performed within this time frame, in-
cluding 305,242 (58.6 %) operations done as a sleeve
gastrectomy, 162,613 (31.2 %) gastric bypass sur-
geries, 21,613 (4.1 %) mini-gastric bypass surger-
ies, 19,255 (3.7 %) gastric banding procedures and
8,665 (1.7 %) other surgical interventions. The vast
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majority of operations (99.1 %) were conducted us-
ing laparoscopic abdominal access technique [13].

The complication rate after bariatric surgery
decreased from 10.5% in 1993 to 7.6% in 2006
[3]. The mortality rate after bariatric surgery was
0.08 % within 30 days after surgery and 0.31 % after
30 days [13]. According to the BOLD study (2010),
for 57,918 bariatric operations, the complication
rate was 6,240 (10.77 %) and the mortality rate
was 78 (0.135 %), within 30 days after surgery —
0.089 %, within 90 days after surgery — 0.112 %.
Roux-en-Y Gastric Bypass (RYGB) was carried out
in 30,864 cases, and 4,588 (14.87 %) patients devel-
oped postoperative complications [24].

Early complications include anastomotic leaks,
small bowel obstruction caused by a blood clot,
bleeding from the sutures, and thromboembolic
complications [9].

Late complications include stenosis of the gas-
trointestinal tract, gallstone disease, marginal ul-
ceration (MU), an incarcerated Petersen’s space
hernia, intussusception, perforation of the stomach
and small intestine, gastrogastric fistula (GGF)
formation, weight regain, lack of vitamins and mi-
croelements [6].

According to various statistical data, anasto-
motic leakage (AL) after gastric bypass surgery is
0—5.6 % for laparoscopic GBP and 1.6—2.6 % for
open GBP. In specialized bariatric centers, this vari-
able reaches 1.5% [1, 6, 19, 23, 32].

According to the day of appearance, AL can be
divided into early (within 4 days after surgery),
medium-term (between day 5 to 9 after surgery),
late (after 10 or more days) [19, 24, 52]. According
to the severity, AL can be graded as type I, which is
manifested by a small defect with or without minor
systemic disorders, and type II, which is diagnosed
when large defects with systemic manifestations or
air-fluid accumulation in the abdominal cavity are
observed. Anastomotic leaks can be localized around
the sites of the gastrojejunal anastomosis (53.3 %),
staple lines on the gastric pouch (18.3%), staple
lines in the place of the jejunal transection (15.0 %),
the jejunojejunal anastomosis (5.5%) and staple
lines on the excluded gastric remnant (1.7 %) [19].
The development of AL is influenced by mechanical
and ischemic factors that interfere with the normal
healing process. However, another complicating fac-
tor is associated with an increase in pressure within
the stomach and small intestine, which results in
greater tension along the suture [42, 67]. Other fac-
tors that may contribute to the development of this
complication are advanced age over 50 years, male
gender, BMI> 50 kg/m? and previous bariatric sur-
gery [28]. Anastomotic leaks that appear in the first
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5 days after surgery are most often linked to the ap-
plication of improper operation technique, and those
that develop after 5 days are most likely the result of
local ischemia or infection [5]. To prevent the occur-
rence of AL, various techniques are currently used
for suture reinforcement with fibrin sealant [9]. An
important factor that reduces the incidence of AL is
the experience of the surgeon. The study of L. El-
Kadre et al. (2013) that included 2,281 patients,
who underwent laparoscopic RYGB, revealed that
after 500 surgical procedures, the operation time and
postoperative complication rates reduced. The mor-
tality rate was 0.43 %, the main cause of death was
pulmonary embolism and AL (0.14 % each) [26].

Surgery is the gold standard of AL treatment.
Surgical treatment includes restoration of the gas-
trointestinal tract integrity, drainage of the abdom-
inal cavity and prevention of future complications
[32]. Endoscopic interventions are used in both
the diagnosis and treatment of AL. The endoscopic
therapy includes stent placement at the defect site,
defect clipping, AL site drainage, Vacuum-Assisted
Closure therapy, and fibrin sealant injections [66].
During endoscopic interventions, the technique
of vacuum-associated endoscopic drainage is also
used. A nasogastric tube with a sponge at the distal
end, which is fixed with sutures, is inserted. An en-
doscopic device is guided into the lumen of the or-
gan to place the sponge in it. Then a negative pres-
sure is created in the area of the defect through the
nasogastric tube to allow the sponge to absorb fluid
and remnants of the non-viable tissue. The pres-
sure ranges from —125 to =75 mm Hg. The sponge
should be changed every 3—4 days [37, 8]. The level
of full resolution is from 85 % to 100 % [37].

Acute mechanical bowel obstruction (BO)
caused by a blood clot is very rare (up to 0.5 %) after
laparoscopic RYGB. The most common localization
of BO is the site of the jejunojejunal anastomosis.
Most obstructions occur 2—5 days after surgery.
Computed tomography of the abdominal cavity is
the main method of diagnosing bowel obstruction,
including BO arising from a blood clot [35]. On radi-
ography of the organs of the abdominal cavity, there
are signs of intestinal obstruction, and the contrast
study of the gastrointestinal tract allows detecting
the distention of the stomach and jejunal loops [60].
In the cases described in the meta-analysis, patients
underwent relaparotomy with enterotomy and re-
moval of a blood clot from the lumen [53].

Postoperative bleeding after GBP occurs in
1.5 % of patients and is associated with high mor-
tality, increased hospital stays, and other compli-
cations [76]. Bleeding events are observed around
the sites of the gastric pouch (30 %), the excluded
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gastric remnant (40 %), and the jejunojejunal anas-
tomosis (30 %) [36]. Postoperative bleeding events
after GBP are identified as early and late (up to 30
days and after 30 days from the time of surgery).
From all bleeding events after RYGB, early bleed-
ing accounts for 71.4 % of all cases and usually ap-
pears after 3.2 days. 43 % of bleeding events occur
within 24 hours after surgery [36].

About 80 % of acute postoperative bleeds in pa-
tients after bariatric surgery stop on their own and
don’t require any medical attention [32]. Immedi-
ate administration of proton pump inhibitors is in-
dicated for patients with bleeding into the stomach
or intestine [6]. The patients with severe bleeding
require urgent surgical intervention. Endoscopic,
laparoscopic or open access techniques are used. If
the source of bleeding is in the organ cavity and is
accessible for endoscopic treatment, clipping or epi-
nephrine injection is performed. The use of electro-
surgery is not recommended due to the high risk of
perforation in the late period [29]. Indications for
surgery are impaired hemodynamics of the patient,
bleeding into the abdominal cavity, the bleeding site
is inaccessible for endoscopic treatment, or the en-
doscopist doesn’t have appropriate skills and train-
ing in endoscopic hemostasis techniques.

Both laparotomy and laparoscopy are used. The
main mission of the surgeon is to find the source of
bleeding, evacuate hematoma and perform hemosta-
sis [29]. Angioembolization of the left gastric artery
has been used in isolated studies to stop bleeding,
but due to the high risk of the gastric pouch isch-
emia, it is recommended only in case of ineffective
endoscopic treatment in patients with severe course
and contraindications for reoperation [30].

Internal herniation (IH) after RYGB occurs in
about 2.51 % of patients. Symptoms most often ap-
pear between 16—35 months [31]. According to
the location, hernias are most frequently detected
in the mesentery of the colon (69.0 %), Peterson’s
space (18.0 %), and at the site of the jejunojejunal
anastomosis (14.4 %). The mortality rate is 1.17 %.
The major risk factor for internal herniation is rapid
weight loss [32]. The studies indicate a reduction in
IH if the mesenteric defects are closed. The mesen-
teric defects are described as the places of the main
localization of IH. They include a defect in the mes-
entery of the colon, which is formed during surgery
and through which the alimentary loop passes, Pe-
terson’s space, which occurs between the mesentery
of the alimentary and biliopancreatic loops after the
jejunal loop transection and mobilization, as well
as jejunal defect, which can develop at the site of
the side-to-side jejunojejunal anastomosis which
is constructed by suturing the efferent loop to the

62

afferent loop with interrupted sutures [9]. N. Geub-
bels et al. (2015) state that the best option is the
antecolic procedure with closure of all defects (Pe-
tersen’s space, jejunal defect) that reduces the inci-
dence of TH (1.0 %) [33]. Clinically, the most com-
mon manifestation was abdominal pain after meal
and it was noted in 24 (53.4 %) patients. Abdominal
pain syndrome with nausea was seen in 8 (17.8 %)
patients. Abdominal pain syndrome with nausea
and vomiting was observed in 8 (17.8 %) patients.
Acute abdominal pain was present in 2 (4.4 %) pa-
tients. Acute abdomen was noted in 1 (2.2 %) pa-
tient [38]. Amylase/lipase levels were higher in pa-
tients with acute obstruction than in patients with
chronic symptoms (64 % vs. 28 %). Patients with
biliopancreatic loop obstruction also had more el-
evated levels of amylase/lipase than patients with-
out obstruction (65 % vs. 21 %). The most elevated
levels were observed in acute obstruction of the
biliopancreatic loop (94 %) compared with acute
alimentary obstruction (27 %). It is evidence of the
existing link between increased amylase/lipase lev-
els and acute obstruction of the biliopancreatic loop
[70]. Instrumental examinations include abdominal
radiography and computed tomography of the ab-
dominal cavity. M. S. Altieri et al. (2015) developed
an algorithm for diagnosing TH in patients after
RYGB. The study included 52 patients with TH.
The findings of the study showed that the sensitiv-
ity of CT for the diagnosis of TH was 76 %, specific-
ity was 60 %. However, when the blood neutrophil
levels were included into the evaluation process, the
sensitivity increased to 96 % [48].

The onset of symptoms of intestinal obstruction
due to TH requires immediate surgical treatment.
Laparoscopic access is used at an early stage, when
there is no significant distention of the intestinal
loops. Laparotomy is recommended in case of severe
peritonitis. Typical TH sites should be checked. If
a hernia is found, it is fixed, and the defect is closed
with a continuous or non-absorbable purse-string
suture. When strangulation occurs, resection of the
unviable part of the intestine is performed with the
formation of anastomosis [16, 57].

Gastro-gastric fistulas occur in 1.5—6.0 %. The
causes of fistulas are insufficient transection of
the stomach, tissue ischemia, leakage of intestinal
contents into the excluded gastric remnant, the
presence of foreign objects (catgut and staples, im-
proper suturing) [40]. Gastro-gastric fistulas usu-
ally form 25 days after a diagnosed gastrojejunal
anastomotic failure. Gastro-gastric fistulas are clas-
sified as type 1 that are located at a distance of 2 cm
from the gastrojejunal anastomosis, and type 2 that
are located at a distance of less than 2 cm from the
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gastrojejunal anastomosis [10, 62]. L. Carrodeguas
et al. (2005) identified 6 main causes of Gastro-gas-
tric fistulas, including iatrogenic (incomplete gas-
tric transection, presence of perigastric fat included
in the transected tissue), gastrojejunal anastomotic
leaks, technical reasons, gastric wall tissue migra-
tion after surgery, ulceration and perforation, for-
eign body erosion resulting from the placement of
preanastomotic rings to prevent dilatation of the
anastomosis [10].

The tactics of treatment of patients with GGFs
include observation, conservative treatment, sur-
gery or endoscopic intervention. Observations are
recommended for patients with Gastro-gastric fistu-
las, which are accidentally found and do not cause
any discomfort [9]. Indications for surgical treat-
ment are ineffectiveness of conservative treatment,
worsening of symptoms that reduces the quality of
life of patients, weight gain or insufficient weight
loss, gastrointestinal bleeding associated with ulcers,
large Gastro-gastric fistulas [9]. The tactics depend
on the postoperative period, the cause, the presence
of the ulcer, and the patient’s general condition. The
type 1 Gastro-gastric fistulas require transection of
the fistula tract that is carried out vertically to the
gastrojejunal anastomosis. The type 2 Gastro-gastric
fistulas necessitate full resection of the fistula tract
and the gastrojejunal anastomosis which is followed
by the formation of a new anastomosis [62]. Lapa-
roscopic access is more optimal than laparotomy if
the operation is initially performed laparoscopically,
and Gastro-gastric fistulas are diagnosed at an early
stage, as late diagnosis reveals the distorted anatomy
due to inflammation and adhesions [18, 30]. Large
Gastro-gastric fistulas require surgical removal of
the excluded gastric remnant together with the fis-
tula tract [18, 64]. Endoscopic obturation of the fis-
tula tract opening is performed by using fibrin seal-
ant, suturing of the opening, and clipping [9, 29, 55].

Marginal ulceration is a defect of the mucous
membrane that penetrates through its muscular lay-
er around the sites of the alimentary loop, the gastric
pouch or excluded gastric remnant. They occur in
0.6—16.0 % [58, 15]. of patients after laparoscopic
RYGB, a certain number of patients with asymp-
tomatic ulcers should also be taken into account.
In a study by A. Csendes et al. (2009), 315 patients
underwent Esophagogastroduodenoscopy 1 month
and 17 months after laparoscopic RYGB. Marginal
ulceration was diagnosed in 25 patients (6.0 %) af-
ter 1 month, 7 of whom were asymptomatic. After
17 months, only 1 new ulcer and 1 recurrent ulcer
were diagnosed after Proton-pump inhbitor ther-
apy [20]. From 9% to 33 % of patients with MU
require surgical treatment [58, 20, 11]. Marginal
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ulcers complicated by perforation are found in about
1—2 % of patients after RYGB, whereas 20 % of MU
turn out to be complicated by perforation [15]. They
most commonly occur between 3 and 24 months af-
ter surgery. About 20 % of perforations occur in pa-
tients with asymptomatic MU, and risk factors are
nonsteroidal anti-inflammatory drug, smoking, and
glucocorticosteroids [27]. The treatment is surgical,
open or laparoscopic, with drainage of the abdominal
cavity and suturing of the defect. In the group oper-
ated laparoscopically, 1 patient developed hydro-
thorax, which required drainage under ultrasound
control. In the group of laparotomies, 1 patient de-
veloped pulmonary embolism, and 1 patient died of
sepsis and multiple organ failure [39].

About 5% of ulcers that form after laparoscop-
ic RYGB are complicated by bleeding, with acute
massive bleeding developing in 1.1—4.0 % [25, 54].
Administration of anticoagulants or antiplatelets
increases the risk. Conservative tactics include in-
travenous access, infusion therapy, and transfusion
if needed. Insertion of a nasogastric tube is avoided.
Urgent EGD is recommended if the patient has
stable hemodynamics, with clipping or epinephrine
injection. The rate of re-bleeding after EGD is 22 %
and 4 % of them require surgery [73].

Stenosis after gastric bypass procedure usually
occurs in 3—27 % of patients 3—4 weeks after sur-
gery [14, 21, 69, 34, 43]. After laparoscopic RYGB,
strictures and stenoses are most frequently found at
the site of the gastrojejunal anastomosis. Risk fac-
tors for the anastomotic stricture after laparoscop-
ic RYGB are advanced age over 60 years, circular
staple suture, postoperative anastomotic failure and
ulcer formation. In a meta-analysis of H. Khalayleh
et al. (2018), there is evidence of more frequent de-
velopment of the anastomotic stricture after using
a circulatory stapler [41].

The treatment includes endoscopic balloon dilata-
tion of the stricture. It is recommended to use a bal-
loon with a diameter of up to 18 mm during the first
dilatation. The use of balloons of larger diameter can
cause rapid emptying of the gastric pouch and lack
of effect from the operation [46, 69]. The longer the
postoperative period (p=0.007) and the smaller the
diameter are after the first dilatation (p=0.015),
the lower dilatation efficiency is achieved. Perfora-
tions occurred in 3 patients (1.8 %) after conserva-
tive treatment [21]. According to a cohort study of
36,362 patients after RYGB, registered in the Scan-
dinavian Registry of Bariatric Surgery, the gastroje-
junal anastomotic stricture occurred in 101 patients
within 1 year after surgery. Risk factors were defined
as advanced age over 60 years OR — 6.2 (95% CI
2.7—14.3), use of a circular stapler for the formation

63



V. O. Nevmerzhytskyi

of the gastrojejunal anastomosis OR — 2.7 (95 % CI
1.4—5.5), postoperative insufficiency of the anasto-
mosis OR — 8.9 (95% CI 4.7—17.0), the presence
of marginal ulcers OR — 30.0 (95 % CI 19.2—47.0).
75% of strictures were diagnosed within the first 70
days after surgery. Two or fewer endoscopic dilata-
tions were 50.0 % effective. Perforations occurred
in 10.0 % of patients during dilatation. In general,
the risk of perforation during endoscopic dilatation
is 3.8 % [4]. 38.0 % of patients require more than 1
endoscopic dilatation. The complication rate after
dilatation is 4.0 %. In the case of refractory stricture,
steroid injections are used before dilatations. In case
of perforations, it is recommended to carry out con-
servative treatment, and stents are used for large per-
forations [7]. For chronic refractory strictures found
before dilatations, stents have been used in isolated
studies. The authors recommend the placement of
stents only in patients with severe strictures as part
of preparation for surgical treatment [61, 12, 74].

After bariatric intervention during the first
18—24 months, patients have the <honeymoon»
period, when they experience weight loss. Most pa-
tients subsequently stop losing weight and gradual-
ly gain weight. According to various studies, weight
gain occurs 2—5 years after surgery [45, 49, 17].

Some researchers consider weight gain as the
difference between the highest and lowest body
weight after surgery; increase in Body Mass Index;
% EWL=lost body weight (kg) : overweight (kg) -
100, or the difference between the weight before and
after the operation expressed as a percentage [5, 75,
47]. Weight gain occurs in about 20 % of patients after
laparoscopic RYGB [65, 22, 51]. In the study, weight
gain of more than 10 % of the lowest body weight in
the postoperative period was recorded in 24 % of pa-
tients [75]. In a 2007 study, from 782 patients, weight
gain was noted in 46 % two years after surgery and in
64 % 4 years after surgery [49]. Comparing weight 1
and 2 years after surgery, a 5% increase was identi-
fied in 33 % of patients [71]. The review of 16 scien-
tific studies allowed classifying of the causes of weight
gain into 5 groups: eating disorders, psychological
problems, endocrine or metabolic disorders, physical
inactivity and anatomical surgical factors [63].

Due to the negative psychological and physical
impact of weight regain, revisional bariatric sur-
geries are recommended 1 year after surgery, but it
should be borne in mind that the risk of postopera-
tive complications for secondary bariatric surgeries
is higher than for the primary procedures [63]. The
review of 24 studies showed that 866 patients had
significant weight loss in the early period after revi-
sional bariatric surgery, which followed unsuccessful
RYGB. Secondary bariatric surgery was performed
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with the application of 5 different techniques, but
only 3 of them, including biliopancreatic shunt-
ing, distal gastric bypass and gastric banding, led to
weight loss with a low incidence of complications.
Endoluminal interventions and creation of a new
Roux loop are not recommended [72]. Endoscopic
techniques that are widely used nowadays include
Apollo OverStitch (Apollo Endosurgery, Austin,
Texas), which is the formation of a fold and reduc-
tion of the gastrojejunal anastomosis diameter, and
sclerotherapy and OTSC (Over-The-Scope-Clip)
clipping, in which special clips are used to reduce the
gastrojejunal anastomosis diameter [44]. Sclerother-
apy is performed by injecting a sclerosant, usually
Morrhuate Sodium, into the tissue at the site of the
gastrointestinal anastomosis to increase the restric-
tive effect. The study shows that 91.6 % of patients
lose weight 1 year after injection [44].

Thus, increasing global demand for bariatric sur-
gery as the best option for the management of excess
weight and obesity necessitates more detailed in-
vestigation of possible complications it may induce.
Therefore, further research is required to develop
and study new effective methods for prevention and
treatment of complications after surgical treatment
of patients with morbid obesity.
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PanHi Ta Ni3Hi YCKIaJHEHHA I1iC/IA IYHTYBAHHA NUTYHKA.
Orap aireparypu

B. O. HeBMep:KuIbKuii

Harmtionanpunit meguanuii yaiBepcurteT imeri O. O. Boromoubirs, Kuis

OsKUpPIiHHSA Ta HAIMIPDHA MACa TUIA BXXE MPOTATOM 0araTbOX POKIB € BAIUBOIO CYCIIUIBHOIO POOIEMOIO. 32 JAHUMU
BOOS3, 6imspko 1,9 Minbgpaa mogei crapiie 18 pokiB MaloTh HAJAMIPHY Macy Tina. Bansbko 4,7 MiIbHOHIB /moaei
B 2017 poLi noMep/iy NepeadacHO BHACIIIOK OKUPIiHHAL [TIO6AIBHO CMEPTHICTS Bil O:KMPiHHA 3pocia 3 4,5 % B 1990
poui 10 8% B 2017 poui. BapiarpyuyHa Xipyprig Ha CbOIOJHI BU3HAHA HAMOUIbII €(PEKTUBHUM METOJIOM JIKyBAHHHA
MOpPO6iTHOTrO OxxUpiHHA. Cepel; 0apiaTPUYHHX ONEPATUBHUX BIPYYaHb 34 OCTAHHIX 10 POKIB, IIUTyHKOBE HTyHTYBAHHS
ITIITBEP/IVIIO CBOIO €(PEKTUBHICTD YE€PE3 OIITUMAIBHUI METAOOTIYHII e(PEeKT.

Merta o1ty — IPOBECTU AHANI3 JAHUX JITEPATYPU Il BU3HAUYCHHSI OCHOBHUX YCKIAHCHB IIiC/I ITYHKOBOI'O
HIYHTYBAHHSA Y XBOPUX 3 OKHUPIHHAM.

32 IaHUMH OIVIAJKY JITEPATYPH, KUIbKICTD YCKIAJHEHD ITiC/IA 6apiaTpUYHUX onepariiii 3MeHmmwIace 3 10,5 % B 1993
710 7,6% B 2006. PiBeHb CMEPTHOCTI ITICTIsI 6APIATPUIHUX BTPYIAHb CTAaHOBUTH 0,08 % B mieprrti 30 HIB Micst onepa-
nif, i 0,31 % nicna 30 guis. 3a pesynsraramu gocnipkennsa BOLD (2010) cepen 57 918 6apiaTpyuyHUX BTPY4YaHb
piBeHb yCKIaJHEHb CTAaHOBUB 6240 (10,77 %), a piBeHb eTansHocTi — 78 (0,135 %), mpoTsirom 30 HIB TCIT BTPY-
gannst — 0,089 %, nporsrom 90 nuiB — 0,112 %, [y racTpomyHTyBaHHs 32 Py (30 864 Brpy4YaHHs) PiBEHb YCKIA/I-
HeHb OyB 4588 (14,87 %). J10 paHHIX YCKIAAHEHb HATIEKATh — HECIIPOMOXKHICTD aHACTOMO3Y (0— 5,6 % /15t Tarapoc-
KOITIYHOI'O JIOCTYILY, T2 1,6— 2,6 % JyIst TaIapOTOMIYHOTO), OOTYPAIIiFiHA KHUIIIKOBA HEITPOXiJIHICTh KDOB'STHUM 3I'YCT-
KoM (0—0,5 %), KpoBoTeua 3 AIAHKK 1BiB (1,5 %), TpoM6eMb0i1iuHi ycrnagHeHHs (0,2—5 %). JJo misHixX yCKIaj-
HEHb — CTEHO3 IVITHKU [ITyHKOBO-KHIIIKOBOI'O TPAKTY (3— 27 %), MapriHaiabpHa Bupaska — 0,6— 16 %, 3anemicHa
BHYTpIlIHA rprka (rprka [erepcena) — 2,51 %, nepdopaliisg CTIHKM HITYHKA Td TOHKOI KUIIKU (1 —2 %), HUIyHKO-
BO-TIUTYHKOBA HOPHII — 1,5—06,0 %, perinans MOPGITHOTO OKUPiHHS (10 17,1 %).

TaKuM YHMHOM, BPAXOBYIOYM CBITOBY TEHJEHIIIO 30UIbIIEHHA KUIBKOCTi 6apiaTPUYHUX ONepaLii, Ha 4aci — BUPi-
LIECHHS U TAHHS MOMJIMBHUX IX YCKIAHEHD. Uepes 1ie, HEOOXITHUM € IIOIIYK HOBUX €(DEKTHBHUX METO/IB IPOMLIAK-
THUKU T4 JIKYBAHHA YCKIAJHEHD MiC/IA XiPpyprivHOrO JIIKYBAHHS ITALIIEHTIB 3 OKUPIHHAM.

KIIro4oBI CJIOBA: OXXMPIHHA, 6apiaTpUYHi omepartii, MUIYHKOBE NIYHTYBAHHSA, HECIIPOMOKHICTbh AHACTOMO3Y,
06TypalliffHa KUIIKOBA HENIPOXiAHICTb, MAPIiHa/JIbHA BUPA3Ka, I'PIKa Ilerepcena, UIyHKOBO-IIUTYHKOBA HOPHLIA,
PENUANB OKHUPIHHA.
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Chronic constipation is a frequently diagnosed heterogeneous pathology that significantly impairs the quality of
life in all population groups and its frequency increases with age. It commonly affects up to 10—15 % of the popu-
lation. There are numerous classifications of constipation due to a great number of disorders that cause it. The types
of constipation are identified based on the etiology or mechanism of its development. Different criteria are used to
specify the categorization of constipation, but it is still difficult to find one general classification including all types
of constipation. The Rome IV criteria categorize disorders of chronic constipation into four subgroups. The treat-
ment depends on the subtype. The significant increase of constipation cases is observed nowadays. This disorder is
facilitated by a sedentary lifestyle, insufficient amount of fiber and fluid in the diet, a wide range of diseases that
directly lead to the development of chronic constipation, congenital and acquired pathologies, abnormal intake of
laxatives and opioids or a combination of these factors. Despite numerous publications on slow transit constipa-
tion, the latter is still the subject of research for many specialists. A lot of recent scientific works have been dedi-
cated to the immunohistochemical studies of interstitial pacemaker cells. The numbers of markers they express
were found. Consequently, the investigations of modern scientists are aimed to develop and implement new labo-
ratory methods for determining the indications for surgical treatment depending on a diagnosed disorder of the
intestinal neurophysiology. These methods will ensure a differentiated selection of patients for surgical treatment.
The step approach to the diagnosis of chronic constipation allows choosing an adequate treatment method in
order to improve symptoms, the quality of life, and patient satisfaction. The literature review indicates that surgery
still remains the most radical treatment method for patients with slow transit constipation.
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Particular attention to constipation syndrome has
been paid since the middle of the 19th century. The
first articles on this problem appeared in the sci-
entific medical periodicals. Most of them were de-
scriptive and included the clinical cases from the
medical practice and the results of autopsies. Much
attention was paid to the clinical picture and such
treatment methods as cleansing enemas and various
herbal medicines.

At the beginning of the 20th century, Sir William
Arbuthnot Lane, a famous Scottish physician and
scientist, firstly described refractory chronic disease
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in women and paid attention to its clinical picture,
proposed to treat them surgically. In tribute to the
scientist, this type of constipation is called «Lane's
disease» [11]. In 1905, the possible causes of consti-
pation syndrome were analyzed, and the character-
istic clinical symptoms were described [49].

Thus, the history of chronic constipation treat-
ment began in the depths of centuries. The scientists
correctly identified the main links in the develop-
ment of the disease, and gave them accurate descrip-
tions. In those scientific works, previously unknown
mechanisms of constipation were revealed, and new
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classifications were introduced. However, to this
day, many scientific discoveries on pathogenesis and
treatment of chronic constipation are still made.

Chronic constipation commonly affects up to
10—15 % of the population and impairs the quality
of life. There are numerous classifications of consti-
pation due to a great number of disorders that cause
it. The types of constipation are identified based on
the etiology or mechanism of its development. Dif-
ferent criteria are used to specify the categorization
of constipation, but it is still difficult to find one
general classification including all types of consti-
pation. The Rome IV criteria categorize disorders of
chronic constipation into four subgroups: (a) func-
tional constipation, (b) irritable bowel syndrome
with constipation, (¢) opioid-induced constipation,
and (d) functional defecation disorders, including
inadequate defecation propulsion and dyssynergic
defecation. The first-line management for these
disorders is focused on diet, lifestyle and the use of
standard over-the-counter laxatives. The treatment
is provided according to the subtype [6].

Constipation is defined as difficulties in defeca-
tion: infrequent bowel movements, hard or lumpy
stools, excessive straining, and sensation of incom-
plete evacuation or blockage and, in some instances,
the use of manual maneuvers to facilitate evacua-
tion. Acute symptoms typically last up to one week
and are commonly precipitated by a change in diet
and /or lifestyle (low fiber intake, decreased physi-
cal activity, stress, etc.). Chronic constipation is
commonly defined by symptoms that persist up to
3 months [48].

Epidemiology
The prevalence of chronic constipation ranges from
3% to 27 % [76].

The global prevalence of chronic constipation has
been estimated as 14 % based on a large metanaly-
sis of 45 surveys, comprising 261,040 adults [80]. In
healthy people constipation occurs occasionally as
a result of diet, traveling or emotional factors. Fe-
males, aged patients and low socioeconomic status
patients are affected by chronic constipation more
commonly [14, 80]. The population-based survey, us-
ing the Rome IV diagnostic questionnaire, revealed
the following data: the prevalence of chronic consti-
pation is approximately 9 %, with ~ 6 % of functional
constipation (FC) and the remaining 3 % split evenly
between irritable bowel syndrome with constipation
(IBS-C) and opioid-induced constipation (OIC)
[61]. A global epidemiological study of functional
gastrointestinal disorders is currently underway.
Functional defecation disorders, such as inadequate
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defecatory propulsion and dyssynergic defecation,
always require special diagnostic methods [48, 72]

Constipation may be a symptom of different eti-
ologies, and for this reason, many diagnostic ap-
proaches and treatment options are available, rang-
ing from simple lifestyle changes and general mea-
sures to sophisticated pharmacological treatments
and surgical intrusions. [56, 58, 74] The prevalence
of chronic constipation increases with age [19, 82]
and consequently is expected to rise over the next
few years [81]. European Society of Neurogastroen-
terology and Motility (ESNM) decided to develop
European guidelines to improve the quality of life
in patients suffering from common functional and
motor disorders. The ESNM guidelines for chronic
constipation were also discussed.

Predominance of females in the prevalence of con-
stipation was mostly reported by different authors
[62]. According to the studies, the mean female/
male ratio was 1.78 (median 1.58), but differed ac-
cording to the definition of constipation (1.7 for
Rome I, 1.8 for Rome I, and 2.3 for self-reporting of
constipation). The epidemiological study in patients
with functional constipation based on Rome III Cri-
teria also showed a higher prevalence in female stu-
dents (17.4 %) than in male students (12.5 %) [52].

Hormonal factors play a significant role in con-
stipated women: luteal phase of the menstrual cycle
and the effect of progesterone in pregnant women,
pelvic floor muscles damage during childbirth or
gynecological surgery. Premenopausal and older
women were also compared in order to measure
a colon transit time. Premenopausal women aged
25—49 years were shown to have a longer transit
time than older women (64.0 vs 59.5 hours; differ-
ence 4.6 hours, 95 % CI 1.1—8.1 hours) [32, 67]. The
latter means less pronounced gender differences in
constipation prevalence in the older population.

Genetic factors may also play a role in FC [16].
Patients with a positive family history of FC
showed younger age at onset (median 11—20 years
vs 21—30 years, p<.001) and longer duration of
constipation (20+14 vs 15+13; p=0.016). Much
more complications, such as symptomatic hemor-
rhoids, anal fissure and rectal prolapse (54.2% vs
40.4 %, p=0.034), fewer precipitating factors lead-
ing to the onset of constipation (35.6 % vs 49.1 %,
p=0.037), and more frequent use of digital evacua-
tion (27.1 % vs 13.2 %, p=0.008), were observed in
patients with a positive family history of FC. W. Os-
twani et al. [60] showed significantly higher rates of
constipation in parents of children with functional,
habitual constipation than in controls (30 % vs 7%
and 42 % vs 9 %, respectively; p=0.001). Thus, in-
dividuals of lower social, economic, and educational

General Surgery 3azansnaxipypein © 2021 ¢ Nel



levels have a tendency toward higher constipation
rates [13]. Additionally, according to another scien-
tific study [53], constipation correlated with a low
maternal educational level (1.60; 1.08—2.35). All of
the abovementioned can be related to less consump-
tion of fiber, fruit, and vegetables in low socioeco-
nomic status groups [1].

Pathophysiology

Different pathophysiological mechanisms may lead
to FC. Constipation can be classified into three cat-
egories: functional defecatory disorders, normal co-
lonic transit, and slow colonic transit (STC) [76].

The pathophysiology of constipation, in particu-
lar STC, is not completely studied even nowadays.
To understand the causes of defecation disorders, it
is necessary to know its mechanism. The normal act
of defecation requires a series of synchronized ac-
tions, including relaxation of puborectalis muscles,
pelvic floor lowering with anorectal angle straight-
ening, inhibition of segmental intestinal peristalsis,
contraction of anterior abdominal wall muscles and,
finally, relaxation of the external anal sphincter
with further expulsion of fecal masses. Colorectal
motility disorders presenting with constipation
include slow-transit constipation (STC, colonic
inertia), pelvic floor dysfunction and combination
syndromes. Although sometimes it is impossible to
draw a clear distinction between these factors [66].

STC typically affects young women, with the on-
set of symptoms before 25 in most cases. Etiopatho-
genesis of STC is not clear. Pelvic floor dyssynergia
(anismus) is described as inappropriate contraction
or failure to relax the pelvic floor during the at-
tempt to defecate. T. Wedel et al. [88] reported that
the colonic motor dysfunction in STC is associated
with quantitative alterations of the enteric nervous
system (oligoneuronal hypoganglionosis), which
cannot be detected just by submucosal biopsy be-
cause they primarily affect myenteric plexus and
external submucous plexus.

The pathogenesis of the slow-transit type of mo-
tor-evacuation disorders can be represented by the
suppression of the intestinal motor activity which,
in turn, slows down the transit of the contents. As
a result, we observe an increase in the contact time
of the intestinal contents with the mucous mem-
brane, in the reabsorption of fluid with preserved
epithelial transport, as well as in the bacterial fer-
mentation of unabsorbed carbohydrates. A change
in viscosity and a decrease in the volume of intesti-
nal contents weaken the sensory sensitivity of the
intestinal wall to tension, and inhibit its transit,
thus slowing down the vicious circle.
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The prolonged time of the presence of feces in the
intestine leads to its thickening and decreased size,
resulting in insufficient pressure on the rectum nec-
essary for defecation reflex. Accordingly, this group
of patients requires more pressure for defecation
than healthy people. Various physiological and his-
tobiochemical studies have been carried out in or-
der to explain the phenomenon of slow-transit con-
stipation: a decrease in cholinergic and an increase
in adrenergic responses [85]; weak gastrointestinal
reflex [36]; dyssynergy of rectosigmoid intestinal
activity [7]; neurodegeneration [38] of the intesti-
nal wall in the myenteric plexus ganglia and inter-
stitial cells of Cajal (ICC; Latin interstitium — in-
terval) [89]; abnormalities of intestinal neurotrans-
mitters, such as substance P of vasoactive intestinal
peptides [45, 77], nitric acid [45, 84]. With regard
to the neuropathological aspects of chronic consti-
pation, the intestinal nervous apparatus plays the
main role. Cajal cells are very important in impaired
intestinal motility in chronic slow-transit constipa-
tion. The role of ICC was analyzed in STC patients,
with a focus on motility. They found a significantly
decreased volume of ICC in all layers of sigmoid co-
lonic specimens in STC patients compared to con-
trols. Neuronal structures within the colonic circu-
lar smooth muscle layer were also decreased. Inter-
stitial cells of Cajal are cells that play an important
role in the control of spontaneous motility of the
gastrointestinal tract (GIT) and serve as pacemak-
ers that set the frequency for slow waves of electri-
cal potential for smooth muscle, which determine
the frequency of peristalsis in various parts of the
gastrointestinal tract [39].

Interstitial cells of Cajal are derivatives of the
mesenchyme, localized in the interstitium between
nerve endings and smooth muscle cells. Electro-
physiological evidence of these cells in establish-
ing the slow waves rhythm of smooth muscles was
obtained at the end of the 20th century. Interstitial
cells of Cajal are found in all parts of the digestive
tract from the lower third of the esophagus to the
internal sphincter of the anus and are widely repre-
sented in loose connective tissue. Interstitial cells of
Cajal are represented by networks associated with
the smooth muscles. They have close connections
with the nerves that provide innervation. The mor-
phological studies suggest that the functions of ICC
in the organs of the digestive tract are as follows:

generation of slow waves in smooth muscles (de-

scribed below);

spread of electrical phenomena in the tissues of

organs;

role of intermediates in neuromuscular transmis-

sion.
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In patients with chronic slow-transit constipa-
tion, which requires surgery due to its resistance to
conservative therapy [30], the histology of resected
bowel sections showed a significant decrease in the
neurons number (due to the phenomenon of apop-
tosis) and ICC compared to control group, as well
as a significant decrease in the number of intestinal
glial cells (EGC) in the intermuscular and submu-
cosal plexuses not due to apoptosis [8].

Ahypothesis about a disturbance of the gut — brain
interactions presents various factors of relevance that
include visceral hypersensitivity, abnormalities in
sensory/motor function, delayed colonic transit, and
altered central perception [6]. Thus, in the instance
of OIC, the cause is directly linked to the agonism of
opioid receptors in the gastrointestinal tract leading
to the reduced intestinal secretion and motility. OIC
was introduced as a new diagnosis in the Rome IV
disorders of chronic constipation. However, the Rome
IV working committee opted to include OIC to help
facilitate its recognition and aid further research [24].

Diagnostic methods

Anamnesis vitae, anamnesis morbi, complaints and
physical examination are mandatory for evaluation
of patients with constipation. The main aim of addi-
tional diagnostic procedures is exclusion of anatom-
ic (colonoscopy, barium enema) and extracolonic
causes of constipation. The next step is a 6-month
conservative treatment, including dietary modifica-
tions, physical exercise, behavioral and pharmaco-
logical therapy. In case of failure to manage the prob-
lem, a referral to colonic and anorectal physiologic
testing should be considered.

Chronic constipation is evaluated similarly to any
other gastrointestinal complaint. That’s why, its or-
ganic etiology (i.e., colorectal cancer, inflammatory
bowel disease) should be initially excluded. A clini-
cal history, gastrointestinal examination and basic
laboratory tests are necessary. Further investiga-
tions to diagnose an organic pathology should then
depend on whether warning signs are present [48].

If patients had symptoms of chronic constipation in
the last 3 months (with the onset of at least 6 months
prior to it), and no organic gastrointestinal pathology,
they can be categorized according to the Rome IV cri-
teria into one of the following diagnoses [48, 70].

a. Irritable bowel syndrome with constipation
(IBS-C) — manifested by abdominal pain at least
1 day per week, where the pain is associated with at
least two of the following:

change in stool frequency — toward infrequent

bowel movements;

change in stool form — toward harder stools;
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related to defecation.

Patients have to report changes, when they have
abnormal stools, to detect constipation and diag-
nose IBS-C.

b. Functional Constipation (FC) — these pa-
tients do not fulfill the criteria for IBS, because
abdominal pain is absent/not predominant or oc-
curs less than 1 day per week. Patients, who con-
sume opiates, should be excluded from a diagnosis
of functional constipation as they rather fit within
the realms of opioid-induced constipation.

The symptoms of FC must include two or more
of the following:

straining (more than 25 % of defecations);

lumpy or hard stools (BSFS type 1 or 2), more

than 25 % of defecation;

sensation of incomplete evacuation (more than

one-fourth (25 %) of defecations);

sensation of anorectal obstruction/blockage

(more than one-fourth (25 %) of defecations);

manual maneuvers to facilitate more than one-

fourth (25 %) of defecations;

fewer than three spontaneous bowel movements

per week.

c. Opioid-induced constipation — symptoms of
constipation occur after initiating, changing, or in-
creasing opioid therapy.

d. Functional defecation disorders (inadequate
defecatory propulsion and dyssynergic defeca-
tion) — the criteria for IBS-C or FC, features of im-
paired rectal evacuation as demonstrated by two of
the following three tests:

- abnormal balloon expulsion test;

abnormal anorectal evacuation pattern with ano-

rectal manometry (or anal surface electromyog-

raphy (EMG);

impaired rectal evacuation on defecography, but

without structural lesions.

The Bristol Stool Form Scale (BSFS) is a vali-
dated tool for stool consistency assessment because
stool consistency has been shown to be a more reli-
able indicator of colonic transit than stool frequen-
cy. There are seven types of stools [48]:

type 1 and 2 — hard or lumpy stool;

type 6 and 7 — loose or watery stool.

The presence of other gastrointestinal symptoms
(e.g., abdominal pain, bloating, and vomiting) or
warning symptoms, which include unintentional
weight loss, rectal bleeding and a family history of
colorectal cancer or inflammatory bowel disease,
have to be assessed [1]. Also, we must take into
consideration some neurological disorders, such as
Parkinson’s disease, or medications, such as opiates,
calcium channel blockers, and tricyclic antidepres-
sants, that can be manifested by constipation.
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According to most studies, straining, hard stools,
abdominal discomfort, bloating, infrequent bowel
movements, and feeling of incomplete evacuation
after bowel movement were frequent symptoms of
chronic constipation. [42] Patient Assessment of
Constipation Symptoms (PAC-SYM) question-
naire or the Bristol stool scale help to provide the
clinical evaluation of patients with constipation [6].

The Rome IV criteriainclude the following symp-
toms: (a) straining; (b) hard stools (Bristol 1-2); (¢)
sensation of incomplete evacuation; (d) sensation
of anorectal obstruction; (e) need for manual ma-
neuvers to facilitate evacuation; and (f) less than 3
spontaneous bowel movements per week [56].

The authors suggest the application of the 25 %
rule (a symptom present in 25% of stool move-
ments) to all symptoms to facilitate the use of the
criteria in the clinical setting [61, 75, 78, 90].

As mentioned in the Rome IV criteria, function-
al bowel disorders are an only part of the disorders
with great overlap in clinical practice. Bloating
and abdominal pain are typical for constipated pa-
tients. According to the recent recommendations,
the diagnosis of IBS should be considered only in
patients with abdominal pain [9, 10, 56, 83]. But
the problem arises as a result of lack of objective
biological markers for FC and IBS-C.

As a side effect of opioid intake, constipation
may be observed in 81 % of patients, even if they
are concomitantly prescribed laxatives [2]. Due to
the increasing use of opioids in Western countries,
there is a strong need to rule out the use of opioids
in patients with constipation, especially consider-
ing that opioid consumption is not always reported
by patients [2, 26, 34, 56, 75, 90]. Opioids exert
their analgesic effects by crossing the blood — brain
barrier and binding to opioid receptors within the
central nervous system. Our GI tract is also abun-
dant with opioid receptors and their agonism leads
to the reduced intestinal secretion and motility,
giving rise to OIC. Indeed, OIC occursin 51—87 %
of patients receiving opioids for cancer and be-
tween 41 % and 57 % patients receiving opioids for
chronic non-cancer pain [25].

Physical examination

First of all, an organic disease, the presence of ab-
dominal masses and lymphadenopathy, as well as
warning signs have to be rule out. According to the
existing guidelines, the diagnosis of constipation is
mainly made on the basis of symptoms alone [23,
56,90]. A US survey showed that the most frequent
symptoms of chronic constipation were strain-
ing, hard stools, abdominal discomfort, bloating,
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infrequent bowel movements, and feeling of incom-
plete evacuation after bowel movement.

Anoscopy or colonoscopy should be also provid-
ed. A digital rectal examination should be undertak-
en to palpate for anorectal strictures, hemorrhoids,
anal fissures, to assess for perineal descent and anal
sphincter relaxation; the presence of parodoxical
anal contraction may imply dyssynergic defecation
[70]. The sensitivity and specificity of digital rectal
examination for dyssynergic defecation is 75 % and
87 %, respectively. So, further confirmation with
anorectal manometry is required, and if abnormal
findings are obtained, it can be successfully treated

with biofeedback.

Laboratory methods

This includes blood tests checking for anemia, in-
flammation, hypothyroidism, hypercalcemia, and
celiac disease [48]. Although celiac disease is com-
monly perceived as a diarrheal illness, 1 in 10 pa-
tients present with constipation [79]. A transab-
dominal /vaginal ultrasound scan should also be
performed in postmenopausal women with recent
onset constipation, localized lower abdominal pain,
bloating or distension; rarely, ovarian cancer can be
the underlying cause.

Instrumental methods

a. For patients with warning symptoms, a colonos-
copy or cross-sectional study should be prescribed af-
ter clinical evaluation. There is little diagnostic yield
of performing a colonoscopy for chronic constipation
in those without any alarm features [48]. No associa-
tion between chronic constipation and the develop-
ment of colorectal cancer was found [33].

b. The balloon expulsion test is used to asses rec-
tal evacuatory disorder, such as dyssenergic defeca-
tion. The test is done by timing how long it takes
a patient to evacuate a rectal balloon, filled with ei-
ther 50 ml of water or air; in health, most will evacu-
ate within 1—2 min. However, there are important
considerations for the balloon expulsion test. It can
lack sensitivity as the balloon may not mimic the
patients’ regular stool and thus be evacuated even
in those with a defecatory disorder. Some delicate
issues also interfere with its specificity as, despite
individuals being asked to expel the balloon whilst
sitting on a commode behind a private screen, they
may still not feel comfortable being outside the con-
fines of their own toileting environment. Finally, an
abnormal result cannot differentiate between inad-
equate defecatory propulsion, dyssynergic defeca-
tion, and a structural evacuatory disorder. As such,

71



I.M. Leshchyshyn et al.

the test is commonly performed and interpreted
alongside high-resolution anorectal manometry and
defecography [70].

c. Anorectal manometry — for patients in whom
a functional defecation disorder (inadequate def-
ecatory propulsion and /or dyssynergic defecation),
following the initial digital rectal examination or
when standard medical therapy has failed [70].
During the anorectal manometry, the rectal propul-
sive pressure is also assessed to diagnose patients
with inadequate defecatory propulsion. Normally,
ARM should demonstrate adequate coordination
between the increase in intrarectal pressure and
anal relaxation. Weak abdominal compression and
inadequate relaxation of the anal canal. The recto-
anal inhibitory reflex (RAIR) depends on gut in-
nervation. An abnormal RAIR is typically found in
Hirschsprung's disease, Chagas disease [72].

The functional defecation disorders can be clas-
sified into the manometric subgroups (type I and
III describe dyssynergic defecation) that are given
below [70].

Type I — Adequate intrarectal propulsive pres-
sure but increased anal sphincter pressure.

Type II—Inadequate intrarectal propulsive pres-
sure and increased anal sphincter pressure.

Type IIT — Adequate intrarectal propulsive pres-
sure but absent /insufficient anal sphincter relaxation.

Type IV — Inadequate intrarectal propulsive pres-
sure and absent/insufficient anal sphincter relaxation.

The main purpose of functional testing is to de-
termine the pathophysiological mechanisms of con-
stipation and subsequently guide therapeutic mea-
sures [71].

Defecography is the most commonly used test
before surgical management of constipation/evacu-
ation disorders that aims at reversing demonstrable
posterior compartment abnormalities (e.g., rectal
prolapse, rectocele, high-grade intussusception),
which are consistent with the presentation of symp-
toms. This radiological procedure dynamically im-
ages the rectum and pelvic floor during attempted
defecation and also assesses functional parameters
(anorectal angle at rest and straining) [70].

Colonic transit studies are indicated for patients
after unsuccessful medical conservative treatment,
and before surgical intervention planning [20].

Radio-opaque marker testing. Patient should
swallow 10 radio-opaque markers per day for six
consecutive days, followed by fluoroscopic imag-
ing on the morning of day 7 to count the number
of remaining markers; the colonic transit time can
then be calculated (in days) by dividing the num-
ber of retained markers with the daily dose [65,
86]. This test is useful for the evaluation of oro-anal
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transit, with the advantages of low cost, simplicity,
and wide availability. However, the protocols are
not standardized, and the technique varies depend-
ing on the center. Usually, STC is characterized by
a delayed colonic transit time [72].

None of the tests are sufficient to diagnose a def-
ecation disorder, at least two abnormal evacuation
tests are necessary to diagnose a functional defeca-
tion disorder (FDD) [70].

Conservative treatment

The first-line management of patients with consti-
pation that is carried out at any level of the health-
care system and according to the existing recom-
mendations [76] is presented in Fig. 1.

The initial treatment of chronic constipation is
always conservative and includes basic lifestyle and
dietary modifications. There are main principles of
conservative treatment for patients with chronic
constipation: general health issues, high fiber diet
and medications (laxatives and enemas). The gen-
eral health issues are body training (e.g., jogging,
hiking, and gymnastics) and enough fluid intake
(at least 1.5—2.0 L/day). Taking into consider-
ation a systematic review and metanalysis of the
nine randomized controlled trials, involving 680
participants, physical training can be recommended
for chronic constipation as its benefits and feasibil-
ity are evidenced by these studies [31]. The effects
of exercise may be observed through modulation of
anti-inflammatory and anti-oxidative mechanisms
[37]. Hence, patients should increase their physical
activity as tolerated, starting with a 20-minute walk
(e.g., roughly 1 mile) each day. Usually, patients are
told to increase their fluid intake. A randomized
controlled study in patients with chronic constipa-
tion showed that those allocated to 2 L of mineral
water per day increased stool frequency compared to
the group allocated ad libitum fluid intake (~1 L per
day); however, the findings may be confounded by
the mineral water containing magnesium [3]. Addi-
tionally, patients should be informed that physiolog-
ical bowel activity is high in the morning after get-
ting up. That is why, patients should use the «gastro-
colic reflex» in having enough time after breakfast for
evacuation («toilet training»). Some suppositories,
which increase rectal contractility, can augment the
reflex. The physician should talk to patient in order
to identify the patient’s concerns and understand-
ing of the disorder. It’s very important to involve the
patient in treatment decisions rather than issuing
directives. This approach improves patient satisfac-
tion and compliance with the prescribed therapy, as
well as reduces subsequent physician visits [24].

General Surgery 3azansnaxipypein © 2021 ¢ Nel



1.M. Leshchyshyn et al.

Symptoms of chronic constipation

Evaluation of the need for expanded investigation
* Late onset (> 50 years)  * Presence of alarm symptoms  * Suspected organic disease on examination

No \ies

Consider withdrawal /reduction Yes Assess use of constipating Normal Investigation incl.

if possible medications blood test and colonoscopy

No Abnormal

Yes No Lifestyle and general measures advice
Suggest options for rescue therapy Treatment

Yes o No
Remission

‘ Scheduled bulking agents or osmotic laxatives (+ probiotics) ’

Yes o No
Remission

. - o Yes . .
Clinical suspicion of evacuation disorder Anorectal function testing

No

Evacuation

Optimize osmotic laxatives
disorder

(rescue: enemas or stimulant laxatives)

{

Yes o No
Remission

Anorectal function test
 Anorectal manometry ¢ Balloon expulsion test ¢ Defecography

s { N

[ Functional defecation disorder [ No evacuation disorder ] [ Structural evacuation disorder ]

Biofeedback Specific treatment
Yes No ] . Normal
Colonic transit time
Delayed Y
Consider alternative diagnosis
— Treatment of or
[ Clinical control J slow transit constipation normal transit constipation

(Fig. 2)

Figure 1. First-line management of patients presenting with constipation at any level of the healthcare
system [70]. Defined as difficult, unsatisfactory, or infrequent defecation for at least 3 previous months [58]. Rescue
therapy may include suppositories or rectal enemas, if accepted by the patient, or the use of fiber or osmotic laxatives
upon request. The level of evidence is very low. It is strongly recommended [82]. The use of probiotics seems promising;
however, no strong evidence of their effectiveness exists [19]. When available, anorectal function testing may be
indicated at this stage when there is a clinical suspicion of an evacuation disorder (manual maneuvers, hemorrhoids,
prolapse or rectocele, painful evacuation, etc.) [81]. Alternatively, other treatments, including prokinetics or
secretagogues, could be tried
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Patient with poor response to
general measures, bulking agents
and osmotic laxatives

!

Add/change to one of
- prokinetics
- secretagogues
- stimulant laxatives

{

Remission

Yes

No

Add/change to other treatment
option: prokinetics, secretagogues,
stimulant laxatives

Yes

Remission

No

Add/change to other treatment
option: prokinetics, secretagogues,
stimulant laxatives

Yes

Remission

Y

Evaluate alternative
treatments and/or

[ Clinical control
surgical treatments

Figure 2. Treatment of constipation that is not
caused by an evacuation disorder and is refractory
to first-line management [76]. The primary choice
depends on the patient's characteristics, such as
coexistence of abdominal pain or distension, cost/efficacy
evaluation, and local pReferences [58]. As a rescue therapy,
stimulant laxatives may be used, as well as suppositories,
rectal enemas, or rectal irrigation

Supplementing the diet with fiber can be of benefit
because it serves to enhance the water holding proper-
ties of the stool, form gels to provide stool lubrication,
and provide bulk for the stool and stimulate peristalsis.

The American College of Gastroenterology
(ACG) issued recommendations, based on these six
trials, in which fiber and soluble fiber in particu-
lar are considered effective in the management of
chronic constipation [28]. The latter appear to re-
late to the relief of constipation, which further sup-
ports the use of soluble fiber in patients with con-
stipation, either FC or IBS-C.
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Bulking agents, such as psyllium, bind water and
prevent absorption of water from the lumen. It leads
to the increased small bowel water content and in-
creased colonic volumes [55]. These effects can ex-
plain both positive impacts of bulking agents, result-
ing in increased stool frequency, and potential side
effects, such as bloating, distension, flatulence, and
cramping. The presence of adverse effects may limit
the use of insoluble fiber, especially if the increased
fiber intake is not introduced gradually [28].

Pharmacological treatment

Laxatives. Osmotic laxatives were found to be supe-
rior to a placebo for FC first-line treatment accord-
ing to six randomized controlled trials [29]. Polyeth-
ylene glycol was superior to lactulose and non-infe-
rior to prucalopride [5, 22]. A randomized controlled
trial demonstrated its superiority over a placebo
with regard to the improved stool frequency, stool
consistency and straining [17]. Bloating, gas, and
loose stools can be dose dependent adverse effects.
Stimulant laxatives are also commonly used when
osmotic laxative fail in FC patients [28]. According
to two relatively recent randomized controlled tri-
als, bisacodyl and sodium picosulphate were found
to be superior to a placebo [44, 57]. The most com-
mon adverse effects associated with stimulant laxa-
tives are abdominal pain, cramping, and loose stools.

The evidence, supporting the usefulness of saline
laxatives, especially polyethylene glycol (PEG), is
strong. A few substantial, high-quality trials sug-
gest that PEG works better than a placebo in im-
proving symptoms in patients with chronic consti-
pation [29]. Also, PEG is proved to be superior to
lactulose in patients with chronic constipation, re-
sulting in more frequent and looser stools, and less
abdominal pain according to a Cochrane review.
PEG also increases the number of spontaneous
complete bowel movements, improves stool con-
sistency, and reduces severity of straining, without
clearly affecting abdominal pain, in patients with
IBS-C. The most common side effects with PEG
are diarrhea and abdominal pain.

Only some clinical experience maintains the ben-
efits of osmotic laxatives in patients with chronic
constipation. Moreover, side effects, such as abdomi-
nal cramping and bloating, limit clinical usefulness
of the unabsorbed mono/disaccharides, sugar alco-
hols, lactulose, lactitol, mannitol, and sorbitol. In
a randomized controlled trial, dried plums (contain-
ing sorbitol, which acts as an osmotic laxative, di-
etary fibers and polyphenols) were found to be use-
ful, palatable and more effective than psyllium for
the treatment of mild-to-moderate constipation [4].

General Surgery 3azansnaxipypein © 2021 ¢ Nel



If osmotic laxatives fail, stimulant laxatives are
commonly used [28]. Bisacodyl and sodium picosul-
phate were proved to be superior to a placebo [44].
Abdominal pain, cramping, and loose stools were
the most common side effects.

Luminally acting prosecretory agents have been
evaluated in patients with either FC or IBS-C,
where they can be used as a second-line therapy af-
ter standard laxatives. Linaclotide and Plecanatide,
guanylate cyclase-C agonists were included in this
group. Activation of this receptor on colonic epi-
thelial cells leads to the increased intracellular pro-
duction of cyclic guanosine monophosphate. Dual
action was observed for these laxatives, comprising
salt and water secretion into the intestinal lumen,
and attenuation of visceral afferent pain signaling.
Additionally, linaclotide and plecanatide improve
stool consistency and frequency, and reduce abdom-
inal pain. According to the randomized controlled
trials, these laxatives demonstrated their superior-
ity compared to a placebo in the treatment of FC
and IBS-C [12, 18, 50, 68, 69]. The most common
side effect was diarrhea in up to 20 % of patients.
Lubiprostone is a chloride-channel activator that
stimulates intestinal fluid secretion. Lubiprostone
was proved to be better than a placebo and relieved
the symptoms of FC and OIC. The good effect was
seen at 1 month but was no longer significant at 3
months [51,41]. Diarrhea and nausea were the most
common side effects (~8 %).

SHT, agonists (prucalopride). Serotonin (5-hy-
droxytryptamine, 5-HT) accelerates gastrointes-
tinal motility, and Prucalopride provides its effect
through being a 5SHT, receptor agonist. Analyzing
six randomized controlled trials, prucalopride was
proved to be superior to a placebo in patients with
functional constipation and OIC toward achiev-
ing at least 3 spontaneous bowel movements per
week. Common side effects included diarrhea and
headache, but the symptoms normally disappeared
within the first week of treatment [15].

Peripherally acting mu-opioid receptor antago-
nists (PAMORAs). PAMORAs (i.e., nalexagol,
naldemedine, methylnaltrexone) reduce the symp-
toms of OIC by blocking the mu-opioid receptors
within the GI tract, but as they do not cross the
blood—brain barrier, they neither diminish the cen-
tral analgesic effect of opioids nor induce withdraw-
al symptoms. PAMORASs were found to be superior
to a placebo in the treatment of OIC [54]. Accord-
ing to a recent European expert consensus state-
ment, PAMORAs have to be prescribed if standard
laxatives fail. Prucalopride and lubiprostone in OIC
patients can be prescribed after standard laxatives
but before PAMORA [6].
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Future therapies

Japan is the only country that has approved the
drug for the treatment of chronic constipation. Elo-
bixibat is an ileal bile acid transporter inhibitor. It
induces a state of bile acid malabsorption, thereby
increasing the colonic bile acid pool and leading
to increased stool frequency and looser stool con-
sistency. A randomized, double-blind, placebo con-
trolled, phase 3 trial and an open label, single arm,
phase 3 trial conducted in Japan found that elobixi-
bat resolved the symptoms of FC in a short period of
time, and was well tolerated during both a short and
long-term treatment [59].

Anorectal biofeedback

Biofeedback is a training technique that can be used
effectively to manage individuals with dyssynergic
defecation. This technique can also improve slow
transit constipation as a secondary phenomenon to
dyssynergic defecation. According to the random-
ized controlled trials, biofeedback seems to be su-
perior to a standard therapy (i.e., laxatives) for dys-
synergic defecation [21, 40]. Home-based biofeed-
back improves bowel symptoms and its physiology
is similar to office-based biofeedback according to
a recent randomized controlled trial [73].

Transanal irrigation

Transanal irrigation is useful in patients with a neu-
rogenic bowel dysfunction. It is also indicated for
patients with FC in whom pharmacological thera-
pies have failed before surgery. Transanal irrigation
can improve bowel function and the quality of life,
but more than one third of patients continue their
treatment within the first year [43].

Nerve stimulation

Sacral nerve stimulation is an invasive surgical pro-
cedure with high morbidity rates (due to displace-
ment, pain, wound infection, and hematoma) rang-
ing between 13 % and 34 % [64]. It was initially in-
dicated for patients with refractory cases of chronic
constipation with treatment success ranging be-
tween 57 % and 86 %. Thus, sacral nerve stimulation
for refractory chronic constipation is an expensive,
invasive procedure which lacks proven benefit [6].

Colonic surgery

Sir William Arbuthnot Lane was the first to propose
surgical treatment of constipation [49]. The treat-
ment methods of resistant constipation remained
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unchanged for many years; surgery was a method
of despair; it was indicated when conservative man-
agement failed. The indications for surgical treat-
ment, its extent, the timing of conservative treat-
ment and the criteria for evaluating its effectiveness
were not clearly defined for a long time [11].

According to the scientific reviews, patients with
slow-transit constipation, refractory to a medical
therapy and not associated with pelvic outlet ob-
struction or functional problems, demonstrate suf-
ficient rates of clinical improvement (50 %—100 %)
after total abdominal colectomy with ileorectal
anastomosis (TA CIRA), as compared with a seg-
mental colon resection, after which failure rates for
the treatment of slow-transit constipation can be as
high as 100 % [47], [87]. Morbidity after TA CIRA
includes anastomotic leak (1%-11%), bowel ob-
struction (8—33 %) [63], and prolonged postopera-
tive ileus (24 %). Laparoscopic TA CIRA also dem-
onstrated great results [35]. Although constipation
generally improves after TA CIRA for slow-transit
constipation, patients may experience diarrhea,
abdominal pain, fecal incontinence, and recurrent
constipation [63]. Despite this,>90 % of patients
reported that they would undergo TA-CIRA again
to treat their constipation [27].

Thus, colonic resections (i.e., ileorectal anasto-
mosis or ileostomy) are rarely indicated and should
only be considered as a last resort in patients with
intractable FC, in whom there is clear evidence of
slow transit and where pharmacological therapies
have failed despite being of optimal dosage and du-
ration. The evidence of benefit of colonic resections
is derived almost exclusively from observational
studies. A systematic review of 40 articles, provid-
ing outcome data in 2045 patients, reported that
colectomy may benefit some patients with FC but
at the cost of substantial short-and long-term mor-
bidity. Complications occurred in 25 % of patients.
Recurrent episodes of small bowel obstruction were
observed in about 15 % of patients in the long term,
with significant burden of rehospitalization and fre-
quent recourse to surgery. Hence, current evidence
is insufficient to guide patient or procedural selec-
tion [46]. Moreover, it should be avoided in those
with panenteric dysfunction, and neither does it
have a role in IBSC, OIC or dyssynergic defecation.

Conclusions

Chronic constipation is still considered a function-
al or idiopathic disorder. However, there is recent
evidence that its pathophysiological grounds may
be actually due to a complex system of abnormali-
ties of the enteric nervous system of these patients.
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In particular, as reported in this review, the enteric
glial cells seem to be constantly involved in con-
stipated patients, suggesting that (at least some
forms of) constipation should be considered as true
neuro-gliopathies.

The last decade has seen an increase in the rep-
ertoire of pharmacological therapies available for
the treatment of chronic constipation. By adopting
a logical step-wise approach toward the diagnosis
of chronic constipation and its individual subtypes,
clinicians have the opportunity to tailor a therapy
accordingly and improve symptoms, the quality of
life, and patient satisfaction.

Despite numerous publications on slow transit
constipation, the latter is still the subject of re-
search for many specialists. The literature review
indicates that surgery still remains the most radi-
cal treatment method for patients with slow transit
constipation. A lot of recent scientific works have
been dedicated to the immunohistochemical stud-
ies of interstitial pacemaker cells. The numbers of
markers they express were found. Consequently,
the investigations of modern scientists are aimed
to develop and implement new laboratory methods
for determining the indications for surgical treat-
ment depending on a diagnosed disorder of the
intestinal neurophysiology. These methods will en-
sure a differentiated selection of patients for surgi-
cal treatment.
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XPOHiYHi 3aI0PU: CY4ACHUU ITOIJVIA]T HA TPOOIEMY.
Ornap rireparypu
I. M. Jlemumun, 5. M. Cycak, O. 1. Oxoupka, I1. JI. buxk, JI. FO. Mapkyaan, O. B. ITanuyk

Hamionanpuuit mepuanmii yaisepcureT iMeni O. O. Boromoubirs, Kuis

XPOHIYHHN 3aII0P € IIOIIMPEHOI I'eTEPOICHHOO ITATOIOIEIO, O TPAIUIAETHCA TAd 3HAYHO IOTiPIIye AKiCTb
SKUTTSL B YCiX TPYIIAX HACEACHHSL. [i 9acToTa 361IhIIyeThCs 3 BIKOM. 1€ 3yMOBICHO MAIOPYXIMBUAM CTIOCOGOM
JKUTTA, HEAOCTATHHOIO KUIbKICTIO XaPYOBUX BOJIOKOH i PiIMHU B PAIliOHI, IIIMPOKUM CIIEKTPOM 3aXBOPIOBAHD,
AKi 6€3110CEPENHBO NPU3BOJATD JJO PO3BUTKY XPOHIYHOIO 3AII0PY, iIHTEPKYPEHTHUX 3aXBOPIOBAHD, 3/IOBKHUBAH-
HAM IIPOHOCHUMM 460 KOMOIHAIII€IO 3A3HAYEHNUX YMHHUKIB. XpOHIYUHI 3aII0PU YPAXKAIOTh IPUOIM3HO 10—15 %
JIOPOCJIOrO HACETEHH, 3HAYHO IOTiPITYIOYM AKICTD KUTTA. OCKUJIBKU € BEJIMKA KiJIbKiCTb PO3JIAZIiB, IO IIPHU3BO-
JATD 10 3aM0PiB, iCHYIOTh YMCIEHHI KI1aCHU(iKallil OCTAHHIX, 3aCHOBAHMX, 3a3B1YAI1, HA IXHil €TiONorii 460 Mexa-
HizMmax. /11 TOYHOI KIacHu@iKalil 3a110piB BUKOPHUCTOBYIOTBCS Pi3HiI KPUTEPIL, aj1€ BCE 1€ BAXKKO 3HANTH OJHY
KIACU(IKaLLiIO, IKA 6 OXOIUIIOBAIA BCi THUIIN. PUMCBHKI kpuTepii IV ki1acudikyBanyu posiaiu XPOHiYHOI'O 3a110Py
Ha YOTHPH HiATrpynu. JIIKyBaHHA 3JIEKATD BiJl i THITy. He3Bakaioun Ha HASABHICTD ITyOsIiKALLiH, IIPUCBAYEHUX
MOBIILHOTPAH3UTHUM 3aI10PAM, OCTAHHI € IPEAMETOM BUBYECHHA 1A 6araTbOX (PAXiBLIiB y PI3HUX HAYKOBHUX
rary3ax. OCTaHHIMM POKAMM 0AraTo HAYKOBUX IIPALb OyJI0 NMPUCBAYEHO iMyHOTiICTOXiMIYHHM JTOCI/DKEHHAM
IHTEPCTULIAIBHUX TIEUCMENKEPHUX KIITHUH. BHABIEHO MApPKEPH, sIKi BOHH E€KCIIPECYIOTh. [OJIOBHOIO METOIO
CYyY4aCHUX BUCHUX € PO3POOKA TA BIIPOBA/PKCHHSA HOBUX JIAOOPATOPHUX METO/IB, SIKi O OCTATOYHO BU3HAYH/IN
IMOKA3AHHA JIO XipypridHOIro BTPYYdHHs 3 YPAXYBAHHAM BUABICHUX ITOPYIIEHb HEUPOMI3ionorii KUIeyHnKa
i mam 3Mory AMQEPEHIIIOBAHO BiIOUPATHU XBOPHUX U OIIEPATUBHOIO JIIKYBAHHA. [ToeTarnmii migxis 1o Aia-
I'HOCTUKU XPOHIYHOI'O 3a110Pa JIA€ 3MOT'Y BUOPATU aJEKBATHUI METO/] JIKYBAHHA 3 METOIO IOJIIIIIEHH CUMII-
TOMIB Ta AKOCTi XKUTTA i HiIBUIIIEHHA 32/I0BOJIEHOCTI MalieHTiB. ITiicyMOByIOUM OIJIsA/1 JIiTEPATYPHU 3 L1i€l IIPO-
61eMH, MOJKHA JiATH BUCHOBKY, 11O XipypriyHe BTPYYAHHA 3IUIIAETHCA HANOUIBII PAJIUKAILHUM METOJOM
JIKYBAaHHS HALIEHTIB i3 IIOBUIbHOTPAH3UTHUMH 3AII0OPAMH.

K1r090Bi ¢10Ba: NOBIBHOTPAH3UTHHH 310D, TPOHOCHI, TOTA/IbHA KOJIEKTOMIf, IEOPEKTOAHACTOMO3.
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