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Abstract

Background: Acute pancreatitis is a major issue in surgical practice, with high
complications and mortality rates. It severely affects patient quality of life and places a
significant economic strain on healthcare systems, making its study crucial for public
health. This study aims to analyze trends in acute pancreatitis incidence in the Akmola
region from 2009 to 2022.

Materials and methods: The study is based on a retrospective analysis of data from
the Ministry of Health of the Republic of Kazakhstan according to the International Clas-
sification of Diseases-10 code: K85. Methods of health statistics and time series analy-
sis were used to assess the dynamics of morbidity.

Results: There was an increase in the total number of hospitalizations from 865
cases in 2009 to 1.061 in 2022. The percentage of surgical interventions decreased from
5.7% to 4.2%, while the share of conservative treatment increased to 95.8%. The mor-
tality rate among operated patients was 20.4% in 2019 and increased to 33.3% in 2022.
The incidence of hospitalization increased from 117.1 per 100000 population in 2009 to
144.6 per 100000 population in 2022, with a decrease in the rate of late visits from 42.6
to 36.1 per 100000 population, respectively.

Conclusion. The study highlights the need to improve medical approaches to acute
pancreatitis in the Akmola region. The results indicate the critical importance of early
diagnosis and timely hospitalization to reduce complications and mortality. Additional
research is needed to develop more effective clinical protocols.

Introduction

Acute pancreatitis represents a sig-
nificant challenge in contemporary sur-
gical practice, characterized by a high
incidence of complications and a sub-
stantial mortality risk.” The urgency of

accurate diagnosis and the necessity for
effective therapeutic strategies highlight
the complexity of managing this disease
and underscore the importance of a
multifaceted approach.?

The study of acute pancreatitis holds

BECTHUK XUPYPITMU KASAXCTAHA N23+2024
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considerable relevance in the realm
of public health and medical practice,
owing to its profound impact on patient
quality of life and the economic burden
on healthcare systems.® The incidence
of acute pancreatitis is approximately 20
cases per 100.000 individuals annually,*
with heightened risk among the elder-
ly population. The risk factors for acute
pancreatitis are varied, encompassing
lifestyle factors such as alcohol con-
sumption and smoking, as well as medi-
cal conditions like gallstone disease and
metabolic disorders.®

Regional disparities in the incidence
and outcomes of acute pancreatitis can
be attributed to differences in the ac-
cessibility and quality of medical care,
necessitating the adaptation of medical
strategies to local conditions.®

In the context of the Akmola region,
modifying diagnostic and treatment pro-
tocols, enhancing the training of medical
personnel,” ensuring access to advanced
diagnostic equipment, and establishing
a rapid response system could markedly
improve patient outcomes and alleviate
the burden on the healthcare system.??

The objective of this study was to an-
alyze the epidemiological trends of acute
pancreatitis in the Akmola region.

Materials and Methods

Data Collection: This study is ground-
ed on a retrospective analysis of data
provided by the Ministry of Health of the
Republic of Kazakhstan concerning acute
pancreatitis (ICD-10: K85) from 2009
to 2022 in the Akmola region. The data
were meticulously extracted from Form
14, which encompasses comprehensive
information on all reported cases of
acute pancreatitis within the specified
region.

Statistical Analysis

Descriptive Analysis: This initial phase
aimed to establish a general overview of
hospital incidence through the calcu-
lation of incidence rates per 100.000 of
the total population. This foundational
step facilitated the subsequent in-depth
analyses by providing a baseline under-
standing of the data.

Time Series Analysis: Advanced time
series methods were employed to eluci-
date trends in incidence rates over the
study period. This included the appli-
cation of the least squares method for

BULLETIN OF SURGERY IN KAZAKHSTAN N23 2024

trend identification and calculation of
the average annual growth or decline
rates, thereby enabling a robust tempo-
ral assessment of disease trends.

Parametric and Nonparametric Meth-
ods: These statistical techniques were
used to evaluate the statistical sig-
nificance of the observed trends. The
combination of these methods ensured
a comprehensive analysis, addressing
both normally and non-normally distrib-
uted data.®?

All statistical computations were ex-
ecuted using Microsoft Excel for basic
analyses and an advanced online sta-
tistical package for more sophisticated
analyses, ensuring accuracy and reli-
ability in the findings.

Ethical Considerations. This study
was conducted exclusively using pub-
licly accessible administrative data,
negating the need for direct interaction
with individual participants and, conse-
quently, ethical approval. Nevertheless,
all data handling procedures strict-
ly adhered to thelLaw of the Republic of
Kazakhstan No. 257-1V dated March 19,
2010, “On State Statistics”. Additionally,
the confidentiality of information was
rigorously maintained following the
principles outlined by the Ethical Prin-
ciples for Medical Research Involving Hu-
man Subjects (World Medical Association
Declaration of Helsinki, 2013], ensuring
that data were utilized solely for statis-
tical purposes.

Results

A retrospective analysis of hospital-
ization data for patients diagnosed with
acute pancreatitis (ICD-10: K85) in hos-
pitals within the Akmola region revealed
a significant increase in the number of
cases from 2009 to 2022. Specifically, in
2022, the number of hospitalized patients
reached 1.061, representing a 22.7% in-
crease compared to the 865 cases re-
ported in 2009. Over the entire period
analyzed, the total number of hospitaliza-
tions amounted to 13.642 patients.

The therapeutic approaches ad-
opted in these cases were primarily
conservative, with surgery being per-
formed on 814 patients, accounting for
6% of the total cases. Conversely, con-
servative treatment was applied in 94%
of cases, encompassing 12.828 patients
(Figure 1).



ACUTE PANCREATITIS IN AKMOLA REGION ACCORDING TO EMERGENCY SURGERY

Figure 1.

The number of patients with
acute pancreatitis in hospitals
in Akmola region in 2009-2022

Figure 2.

Dynamics of the number of
operated/non-operated
patients with acute pancreatitis
in hospitals of Akmola region
in 2009-2022
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The dynamics of the proportion of
surgical interventions during the re-
viewed period indicated a downward
trend, decreasing from 5.7% (49 cases])
in 2009 to 4.2% (45 cases) in 2022. This
decline may reflect advancements and
improvements in conservative treat-
ment methods, as well as potential

shifts in the criteria for selecting pa-
tients for surgical intervention. Addi-
tionally, enhancements in diagnosis and
the optimization of primary care have
been noted, contributing to the pre-
vention of complications and reducing
the necessity for surgical interventions
(Figure 2.
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An analysis of mortality rates among
patients diagnosed with acute pancre-
atitis revealed that 274 individuals suc-
cumbed to the condition over the 14-
year period, constituting 2% of the total
number of hospitalized patients. Among
those who died, 35.4% (97 individuals)
had not undergone surgery, whereas
64.6% (177 individuals) had undergone
surgical procedures. The mortality dy-
namics among operated patients war-
rant particular attention; in 2009, the
mortality rate among operated patients
was 20.4% (10 out of 49 patients), which
increased to 33.3% (15 out of 45) in 2022.

BECTHUK XUPYPIMU KABAXCTAHA

This upward trend suggests potential
issues in clinical practice or changes in
the disease’s nature.

Special attention should be directed
towards analyzing the timing of hospital
admissions. Out of the total number of
patients with acute pancreatitis, 5.687
(41.7%) were admitted to the hospital
more than 24 hours after the onset of
symptoms. Among these, 441 patients
(7.8%) underwent surgical interven-
tion, with a mortality rate of 18.8% (83
deaths). In contrast, the mortality rate
among those who did not undergo surgi-
cal treatment (5.246 patients) was signifi-

N23 - 2024
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cantly lower at 0.9% (49 deaths) (Figure
1). These findings underscore the critical
importance of early diagnosis and timely
hospitalization in reducing mortality risks
associated with acute pancreatitis. Fur-
ther research to investigate the under-
lying causes of high mortality in specific
years and among particular patient cat-
egories could contribute to the develop-
ment of more effective clinical protocols
and improved patient outcomes.

A study of the dynamics of hospital
incidence of acute pancreatitis among
the population of the Akmola region re-
vealed a statistically significant increase
in the incidence, rising from 117.1+4.0
cases per 100000 population in 2009 to
144.6+4.4 cases per 100000 population
in 2022. This increase underscores the
need for ongoing public health mea-
sures to address the rising burden of
acute pancreatitis (Figure 3).
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The t-test value of 4.62, with
p=0.000, indicates the statistical signif-
icance of the observed changes in hos-
pital morbidity within the region’s pop-
ulation. The average annual hospital
morbidity rate for the analyzed period
was 132.4+4.8 cases per 100000 popu-
lation, with a 95% confidence interval
ranging from 123.0 to 141.7. This study
highlights the necessity of continuous
monitoring of epidemiological indica-

tors and analyzing factors contributing
to morbidity trends, which can inform
the development of targeted preventive
and therapeutic interventions to en-
hance public health outcomes.

A study of the hospital incidence dy-
namics of acute pancreatitis due to de-
layed treatment (more than 24 hours af-
ter symptom onset) in the Akmola region
revealed significant changes from 2009
to 2022 (Figure 4).
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Figure 3.

Dynamics of hospital incidence
of acute pancreatitis in Akmola
region in 2009-2022

Figure 4.

Dynamics of late hospital
incidence of acute pancreatitis
in Akmola region in 2009-2022
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In 2009, the average annual rate of
hospitalizations associated with late
treatmentwas 42.6+2.4 cases per 100000
population, with a 95% confidence inter-
val from 37.9 to 47.3. By 2022, this rate
had significantly decreased to 36.1+2.2
cases per 100000 population, with a 95%
confidence interval from 31.8 to 40.5.
The difference between the 2009 and
2022 data was statistically significant, as
confirmed by a t-test value of 2.0 and a
significance level of p=0.046. The anal-
ysis of the decline rate in late hospital
morbidity indicators showed an average
annual decrease of 4.5%. However, the
coefficient of determination (R?=0.2995)
indicates a low degree of model approx-
imation, reflecting the instability of the
observed decreasing trend in late appli-
cant morbidity. This decline may be asso-
ciated with improved public awareness of
the symptoms and complications of acute
pancreatitis, increased early diagnosis
programs, better access to medical care,
and enhanced quality of primary care.
These results underscore the importance
of sustained awareness campaigns and
improving healthcare service accessibil-
ity to prevent late referrals and reduce
associated morbidity and mortality.

Discussion

Comparing the findings from the
Akmola region with global data reveals
several key aspects and differences in
the epidemiology, diagnosis, and treat-
ment of acute pancreatitis.

According to the Global Burden of
Disease study, morbidity and mortality
from acute pancreatitis vary significantly
by region. Regions such as Eastern Eu-
rope exhibit high morbidity and mortali-
ty rates, aligning with the data from the
Akmola region which also shows elevat-
ed incidence and mortality. These dis-
parities can be attributed to differences
in access to healthcare, the quality of
medical services, and the prevalence of
major risk factors such as alcohol con-
sumption and smoking.'®"

International studies indicate an
overall improvement in the outcomes of
acute pancreatitis due to early diagnosis
and effective initial management, which
includes adequate rehydration and early
nutritional support. This trend is mirrored
in the Akmola region, where a decrease in
the number of surgical interventions and

an increase in conservative treatments
have been observed. However, the high
mortality rate among patients undergo-
ing surgery, as noted in your study, sug-
gests a need for further analysis of the
quality of surgical care and the timeliness
of medical intervention."

The significance of timely access
to qualified medical care in improving
patient prognoses for acute pancreati-
tis is well-documented in internation-
al literature. Effective early treatment
strategies, such as proper hydration and
early nutrition, have been shown to re-
duce mortality and complication rates.
These findings underscore the necessity
for improving medical protocols and en-
hancing the training of healthcare pro-
fessionals to optimize early-stage treat-
ment of pancreatitis.™

Limitations: The limitations of this
study include its retrospective design,
which may not provide the same depth
of clinical detail as prospective research.
Additionally, focusing solely on the Ak-
mola region may limit the broader appli-
cability of the findings to other regions
with varying healthcare systems and
population characteristics. The study’s
reliance on administrative data intro-
duces the possibility of variability in re-
porting accuracy and completeness.

What’s known? Acute pancreatitis is
a common and serious condition often
requiring emergency surgery due to its
potential for severe complications.Lit-
erature highlights the unpredictability
of the disease’s progression, with time-
ly intervention being crucial to reducing
mortality and minimizing the impact on
healthcare resources.

What’s new? The study provides new
insights into the trends of acute pancre-
atitis in the Akmola region, showing an
increase in hospitalizations and a shift
towards conservative treatments over
surgical interventions.lt underscores
the importance of early diagnosis and
timely hospitalization in reducing com-
plications and mortality, with the need
for improved clinical protocols

Conclusion

The results underscore the impor-
tance of ongoing monitoring of epide-
miological indicators and the analysis of
factors contributing to changes in mor-
bidity and mortality from acute pancre-
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atitis. This continuous monitoring will
enable the development of targeted pre-
ventive and therapeutic measures aimed
at improving public health outcomes and
reducing the burden on the healthcare
system.By identifying and addressing
the factors contributing to high mortality
rates, particularly among surgical pa-
tients, and by refining treatment proto-
cols, healthcare providers in the Akmola
region can enhance the quality of care
for patients with acute pancreatitis. This
approach will not only improve patient
outcomes but also help in the efficient
allocation of healthcare resources.
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Abstract

Gastrointestinal bleeding (GIB) remains a significant cause of hospitalization and
mortality worldwide, including in Kazakhstan. This retrospective study analyzes the in-
cidence, treatment outcomes, and mortality of GIB in the Republic of Kazakhstan over
a 10-year period (2014-2023) using data from 101,703 patients across 254 medical in-
stitutions. The study differentiates between non-variceal and variceal GIB, highlighting
a 24.5% increase in non-variceal cases and a 45.1% increase in variceal cases due to
higher rates of acute ulcerative lesions and liver cirrhosis, respectively. Men were dis-
proportionately affected, accounting for 69.3% of cases, with the highest incidence in
the 18-59 age group. Despite a 27.8% increase in GIB cases, overall mortality decreased
from 7.8% in 2014 to 5.0% in 2023, largely due to advances in endoscopic hemostasis
and critical care management. The mortality rate for non-variceal GIB decreased to
3.0%, while variceal GIB decreased from 23.8% to 13.6%. The results underscore the
need for improved prevention, especially in high-risk populations using NSAIDs and an-

ticoagulants, and in those with chronic conditions such as liver disease.

Introduction

Gastrointestinal bleeding (GIB] re-
mains a prevalent and dangerous com-
plication of diseases affecting the di-
gestive system, as well as other organs
and systems. GIB is one of the leading
causes of hospitalization and mortality
worldwide.™ According to the World So-
ciety of Emergency Surgery (WSES), the
annual incidence of GIB ranges from 40
to 150 cases per 100000 population, with
hospital mortality rates varying from 2%
to 14%.25¢

According to the worldwide clas-
sification, GIB can be categorized into
non-variceal and variceal GIB. The pri-
mary causes of non-variceal bleeding
are peptic ulcers of the stomach and du-
odenum, “acute” symptomatic erosions
and ulcers, as well as Mallory-Weiss

BECTHUK XUPYPIMUA KA3BAXCTAHA

syndrome. GIB of variceal etiology is a
complication of liver cirrhosis and portal
hypertension.’3%¢

In the United States, more than
300000 individuals are hospitalized an-
nually due to GIB.” The mortality rate for
gastrointestinal bleeding reaches up to
10%.7® In our country, GIB is a leading
cause of death, accounting for 17-25%
of all fatalities in surgical wards.

According to studies by Simon et al,
the majority of GIB cases were caused
by peptic ulcers of the stomach and duo-
denum (31-67%).° Erosive and ulcerative
lesions of the upper gastrointestinal
tract accounted for 7-31%, stomach tu-
mors for 2-8%, and Mallory-Weiss syn-
drome for 4-8%.548

Over the past few decades, the pat-
terns of morbidity and mortality from
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GIB have undergone significant chang-
es. Several factors could play role in
these changes. For example, advance-
ments in pharmacology and the conse-
quent possibility for of Helicobacter pylori
eradication, as well as improvements in
intraluminal endoscopy, and enhanced
management of critically ill patients in
intensive care units have all played key
roles in reducing the risk of GIB.27

On the other hand, several factors
could contribute to an increased prev-
alence of GIB in the population. These
include a higher average life expectan-
cy, the growing prevalence of cardiovas-
cular diseases and other serious con-
ditions, as well as the uncontrolled use
of certain medications, such as NSAIDs,
antiplatelet agents, and anticoagulants,
which significantly contribute to the rise
in GIB cases®.

In 2019, a study in Turkey examined
the treatment outcomes of 652 patients
with GIB across different periods. The
patients were divided into two groups
based on the treatment period: Group
1, consisting of 421 patients treated be-
tween 1993 and 1995, and Group 2, with
231 patients treated between 2015 and
2016. In the latter period, there was a
significant increase in the number of el-
derly patients, as well as an increase in
bleeding from acute ulcers in patients
with comorbidities who were receiving
anticoagulant therapy’.

Another study conducted in Finland
examined the incidence and mortality
from GIB in the general population, ana-
lyzing 39054 patients from 1987 to 2016.
The incidence of upper gastrointestinal
tract bleeding varied annually, ranging
from 40 to 66 cases per 100000 people.
Overall mortality from GIB ranged from
4.7% to 10.1%, with an average of 7.0%.’

Between 1993 and 2005, a mortality
analysis of upper gastrointestinal tract
bleeding was conducted in China at the
Chinese University of Hong Kong. A to-
tal of 9375 patients with non-variceal
bleeding were treated, with a mortality
rate of 577 patients (6.2%). Notably, most
patients (460 or 79.7%) died from caus-
es unrelated to the bleeding itself. The
most common causes of death were ter-
minal-stage malignant tumors (33.7%],
multiple organ failure (23.9%]), and lung
diseases (23.5%). Heart diseases, in-
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cluding acute coronary syndrome and
heart failure, accounted for 13.5% of the
deaths, while cerebrovascular diseases
contributed to 5.4% of the mortality.™

In Russia, a retrospective study of
emergency surgical care was conducted
over 17 years. From 2000 to 2017, there
was a 31.4% decrease in the number of
patients operated on for GIB. Postopera-
tive mortality showed a slight reduction,
from 12.8% in 2000 to 11.9% in 2017.2

The aim of the current study is to
analyze the incidence and mortality of
both non-variceal and variceal GIB in the
Republic of Kazakhstan over the past 10
years. The findings of this study provide
an assessment of the current state of
GIB management and treatment in Ka-
zakhstan.

Materials and Methods

A retrospective study was conducted
at the A.N. Syzganov National Scientific
Center of Surgery to analyze the treat-
ment outcomes of patients with gas-
trointestinal bleeding (GIB) who were
urgently hospitalized in 254 medical or-
ganizations across the Republic of Ka-
zakhstan over a 10-year period.

The materials were extracted from
the information system of the Ministry
of Health's “Electronic Registry of Hos-
pitalized Patients” (ERHP). Data were
extracted from ERIP based on the main
diagnosis of patients who were treated in
emergency situations for GIB on surgical
wards across the country from 2014 to
2023. The selection process was com-
prehensive, including the entire popu-
lation. Ethical standards were upheld,
and no personal patient information was
disclosed.

A total of 101 703 patients were
treated in the Republic of Kazakhstan
over 10 years, of which 69.3% were men
and 30.7% were women. The age of the
patients ranged from 18 to 98 years. The
incidence of GIB per 100 000 population
increased from 52.3in 2014 to 82 in 2023.
Over 10 years, the number of non-var-
iceal upper gastrointestinal bleedings
increased by 24.5%, largely due to a rise
in acute and symptomatic ulcerative
lesions of the upper Gl tract. The num-
ber of cases of variceal gastrointesti-
nal bleeding increased significantly by
45.1%, reflecting a rise in liver cirrhosis
and its complications in the country.
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Figure 1.
Dependence of gastrointestinal
bleeding frequency on age

For the analysis of non-variceal up-
per gastrointestinal bleeding, the fol-
lowing ICD-10 codes were considered
for the primary diagnosis:

K22.6 - Gastroesophageal lacera-
tion-hemorrhagic syndrome;

K25.0 - Acute gastric ulcer with
hemorrhage;

K25.4 - Chronic or unspecified gas-
tric ulcer with hemorrhage;

K26.0 - Acute duodenal ulcer with
hemorrhage;

K26.4 - Chronic or unspecified duo-
denal ulcer with hemorrhage;

K27.0 - Acute peptic ulcer of unspec-
ified location with hemorrhage;

K27.4 - Chronic or unspecified peptic
ulcer with hemorrhage;

K28.0 - Acute gastrojejunal ulcer
with hemorrhage;

K28.4 - Chronic or unspecified gas-
trojejunal ulcer with hemorrhage;

K92.0 - Hematemesis;

K92.1 - Melena:;

K92.2 - Unspecified gastrointestinal
hemorrhage.

For bleeding of “variceal” etiology,
the following ICD-10 codes from surgical
departments were used:

185.0 - Esophageal varices with

bleeding;

185.9 - Esophageal varices without
bleeding;

K70.2 - Alcoholic fibrosis and sclero-
sis of the liver;

K70.3 - Alcoholic cirrhosis of the liver:;

K74 - Fibrosis and cirrhosis of the
liver;

K76.6 - Portal hypertension.

The study included individual cases
of the disease, and a single patient could
be included more than once if they were
rehospitalized with a GIB diagnosis.

The following were excluded from
the study: patients with lower gastro-
intestinal bleeding, rectal bleeding, pa-
tients under 18 years of age, and those
admitted for planned (non-emergency)
treatment.

Statistical Analysis The study car-
ried out a correlation analysis using the
Spearman method. Spearman’s correla-
tion coefficient (p) is -1.0. The relation-
ship between the studied characteris-
tics is inverse, and the strength of the
relationship, according to the Chaddock
scale, is functional.

The number of cases of gastrointes-
tinal bleeding decreases inversely with
age (Figure 1).

Dependence of gastrointestinal bleeding frequency on age
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As shown in Figure 2, the total num-
ber of treated GIB cases ranged from 8
978in2014to 11 480in 2023, an increase
of 27.8%. By type of bleeding: 82.8% (84
223 cases) were non-variceal, and 17.2%

60-74

R==10,9512

75-90

S0+ Age

(17480 cases) were variceal in origin.
There was an increase in both non-var-
iceal bleeding cases from 7 497 in 2014
to 9 331 in 2023 and variceal bleeding
cases from 1481in 2014 to 2 149 in 2023.

BECTHUK XUPYPIMU KASAXCTAHA N23+2024



RESULTS OF GASTROINTESTINAL BLEEDING TREATMENT IN THE REPUBLIC OF

KAZAKHSTAN OVER 10 YEARS

12500
9977 9975
9661 9214
100003078
8305 7043 8446 8238
7500 @
5000
2500481 1266 1271 1531 1737
0
2014 2015 2016 2017 2018

losgo 11104 11480
10149 10185

8012 so12 331
8330 gayo
1510 1966 1968 2192 2149
2019 2020 2021 2022 2023

=@=Total GIB =@=Non-variceal GIBE =—@=Variceal GIB

Of the total number of treated pa-
tients, men accounted for 69.3% or 70
480 cases, while women accounted for
30.7% or 31 223 cases. The patients were
classified according to the WHO age
classification. The vast majority of the
bleeding cases occurred in young and

middle-aged individuals, from 18 to 59
years, making up 70.3% or 71 518 cases.
Among those affected in this age group,
74.9% were men, equating to 53 565 cas-
es. In the elderly, senile, and long-lived
age groups, the proportion of men was
56.0%, or 16 915 out of 30 185 cases.

Age Total Male Female
Number Propor- | Number | Propor- | Number | Propor-
tion (%) tion (%) tion (%)
Young 18-44 36 482 35.9 28 333 40.2 8 149 26.1
Mid-
dle-aged | 45-59 35036 34.5 25232 35.8 9 804 31.4
Elderly 60-74 21172 20.8 12 898 18.3 8 274 26.5
Senile 75-90 8 787 8.6 3 947 5.6 4 840 15.5
Longev-
ity 90+ 226 0.2 70 0.1 156 0.5
Total 101 703 100 70 480 69.3 31223 30.7
* Age according to WHO classification

Table 2 presents the number of treat-
ed cases and the mortality rate from GIB
during the period from 2014 to 2023.
There is a noticeable annual increase in
the number of hospitalized patients with
GIB. A gradual decline in mortality is ob-

served, from 7.8% in 2014 to 5.0% in 2023.
However, overall mortality from GIB re-
mains high, primarily due to the high
fatality rate from liver cirrhosis compli-
cations, such as bleeding from varicose
veins in the esophagus and stomach.

Years Treated, total Mortality, Total Overall Mortality, %
2014 8978 699 7.8
2015 9 661 827 8.6
2016 9 314 706 7.6
2017 9977 642 6.4
2018 9975 696 7.0
2019 10 149 698 6,9
2020 10 185 779 7.7
2021 10 880 773 7.1
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Figure 2.

Number of treated patients
with GIB from 2014 to 2023.
Results

Table 1.
Distribution of Patients by
Gender and Age

Table 2.

Overall Mortality

from Gastrointestinal Bleeding
from 2014 to 2023
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Figure 3.

Number of Deceased Patients
by Type of Gastrointestinal
Bleeding from 2014 to 2023

Figure 4.

Overall Mortality Rates from
Different Types of Gastroin-
testinal Bleeding from 2014 to
2023

2022 11104 665 6.0
2023 11 480 577 5.0
Total 101 703 7062 6.9

Figure 3 illustrates the annual dy-
namics of fatalities from GIB from 2014
to 2023. Over the 10-year period, a to-
tal of 7 062 patients died from GIB. Fa-
tal outcomes from non-variceal upper
gastrointestinal bleeding occurred in 3

1000

827

470 patients (49.1%). Variceal bleeding
was the cause of death in 3 592 patients
(50.9%). Throughout the 10 years, there
has been a decline in the number of fa-
talities from both non-variceal GIB and
variceal GIB.
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Figure 4 shows the 10-year
trend in mortality for non-variceal

upper gastrointestinal bleeding and
variceal bleeding. Mortality from non-
variceal bleeding decreased from
4.6% to 3.0%. A significant reduction
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in mortality from variceal bleeding
was observed, from 23.8% in 2014 to
13.6% in 2023, which is attributed to
improvements in treatment strategies
and the widespread use of endoscopic
hemostasis methods.
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We studied the incidence and mor-
tality associated with various types of
non-variceal upper gastrointestinal
bleeding. Depending on the etiological
factors and pathogenesis, all non-varice-
al bleedings were divided into three major
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groups: bleeding from “acute” symptom-
atic ulcers, chronic ulcers, and Mallo-
ry-Weiss syndrome. Table 3 presents the
number of treated patients and mortali-
ty rates for acute and chronic ulcers, as
well as for Mallory-Weiss syndrome.
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(%) (%)
2014 7497 344(4.6) 4462 226 (5
2015 8395 |498(5.9]| 5067 |318(6
2016 7943 |415(5.3)| 4704 |268(5
2017 8 446 |302(3.6)| 5218 [192(3
2018 8238 |293(3.6)|] 5130 |189(3
2019 8330 |326(3.9]| 5284 |215(4
2020 8219 |353(4.3)| 5227 |231(4
2021 8912 |363(4.1)| 5721 |227 (4
2022 8912 |292(3.3)| 5801 [175(3

. Table 3.
N To\t/al PPPT:BIB Acute Ulcers Chronic Ulcers Me;’llozy Weiss Number of treated patients
Years on-varicea : : : yndrome : and mortality rates by types
Treated Mortality Treated Mortality Treated Mortality Treated Mortality| of upper non-variceal bleeding

(%) (%) (2014-2023)
0] 1705 89(5.2) | 1330 | 29(2.2)
3] 1846 |138(7.5)| 1482 | 42(2.8)
T 1791 [1121(6.2)| 1448 | 35(2.4)
) 1869 | 93(5.00 | 1359 | 17(1.3)
) 1765 | 92(5.2) | 1343 | 12(0.9)
A 1719 | 77(4.8) | 1327 | 34(2.6)
4)) 1603 | 85(5.3) | 1389 | 37(2.7)
0| 1765 | 99(5.6) | 1426 | 37(2.6)
0) 1684 | 89(5.3) | 1427 | 28(2.0)

2023 | 9331 |284(3.0)] 5575 |145(2

6] 2026 109(5.4)) 1730 | 30(1.7)

84223 | 3470 | 52189 | 2186 | 17773 983 14 261 301

Total | (100%) | (4.1%) | (62.0%) | (4.2%) | (21.1%) | (5.5%) | (16.9%) (2.1%)
- L . Diagram 1.
Plf'OpOl'tIOH Of TypES Of Non V&PICEﬂl Proportion of treated cases by
Bieedlng [2014—2023] type of Non-Variceal Bleeding
(2014-2023)

Diagram 1 shows the number and
proportion of treated cases of non-vari-
ceal upper gastrointestinal bleeding from
2014 to 2023. The diagram clearly illus-
trates that acutesymptomatic ulcers are

B Acute Ulcer=52
189

# Chronic Ulcer =
17773

® Mallory-Weiss
=14 261

the primary cause of non-variceal bleed-
ing. This group includes all cases of GIB
not associated with peptic ulcers of the
stomach and duodenum (chronic ulcers),
as well as Mallory-Weiss syndrome.

Diagram 2.
Mortality from Non-Variceal Bleeding Mortality Rate Proportion by
Type of Non-Variceal Bleeding
(2014-2023) (2014-2023)

Diagram 2 presents the distribu-
tion of mortality by type of non-varice-
al bleeding over 10 years. It shows that

BULLETIN OF SURGERY IN KAZAKHSTA

M Acute Ulcer = 2186
H Chronic Ulcer = 983
B Mallory-Weiss = 301

63% of fatal outcomes were caused by
bleeding from acute ulcers. This indi-
cates a shift in the structure of gastro-
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Figure 5.

Mortality by Types

of Upper Non-Variceal
Bleeding (2014-2023)

Diagram 3.
Mortality from GIB
by Gender and Age

duodenal ulcer bleeding, with acute
symptomatic ulcers now being the pre-
dominant cause, often as a complication
of severe comorbid conditions. Many
authors attribute these changes in the
structure of non-variceal bleeding to the
increased life expectancy of the popula-
tion, the rise in comorbid pathologies,
the widespread use of ulcerogenic med-

8

6.7
7 6.1
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5

2014 2015 2016 20mm7 2018

=@—Acute ulcer =—@—=Chronic ulcer

Figure 5 shows the dynamics of mor-
tality from the main types of non-vari-
ceal bleeding from 2014 to 2023. From
2014 to 2023, there is a noticeable de-

B Men
30

10

Total

(18-44)  (45-59)

ications in clinical practice, and the lack
of a unified program for preventing acute
erosive and ulcerative lesions of the gas-
trointestinal tract.''2

The predominance of high mortality
from acute symptomatic ulcers among
all types of non-variceal bleeding is at-
tributed to the severity of the underlying
conditions of the patients.

1.8

2019 2020 2021 2022 2022

=i=M allory-Weiss
crease in mortality by half for bleeding
from acute ulcers. However, there is no

downward trend in mortality for bleeding
from chronic ulcers.

B Women
264

(60-74)  (75-90) (90 and older)

Age

Diagram 3provides an analysis of fa-
talities from GIB by gender and age. A
total of 70,480 men were treated, with
5,010 fatal outcomes, resulting in a
mortality rate of 7.1%. Among women,
the mortality rate was 6.6%, with 2052
deaths out of 31223 treated cases.

Discussion

Despite advancements in the treat-
ment of peptic ulcers in the stomach and

duodenum, the number of patients ad-
mitted to surgical hospitals with upper
gastrointestinal bleeding remains quite
high. Our research has shown that the
incidence of gastrointestinal bleeding
(GIB) in Kazakhstan increased from 52.3
per 100000 population in 2014 to 82 per
100000 in 2023.7

When analyzing patients by gender
and age, the following was observed:
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men accounted for 69.3% of the cases,
while women made up 30.7%. A sig-
nificant portion of GIB cases (70.3% or
71518 cases] occurred in individuals of
working age (18-59 years)."™

In terms of GIB types, 82.9% were
non-variceal in origin, while 17.1% were
variceal. The number of non-variceal
bleedings increased by 24.5%, largely
due to a rise in acute symptomatic ul-
cerations in the upper Gl tract. The use
of NSAIDs and antiplatelet agents, often
in the context of severe comorbid condi-
tions, is now seen as a key factor contrib-
uting to the formation of ulcers and the
onset of bleeding. Severe comorbidities
are also linked to increased mortality.?

Over the 10-year period, cases of var-
iceal bleeding increased by 45.1%, rising
from 1481 cases in 2014 to 2149 in 2023,
indicating an increase in liver cirrhosis
and its complications in Kazakhstan.

The proportion of fatal outcomes
from non-variceal GIB over 10 years was
49.1% (3470 patients), while variceal GIB
accounted for 50.9% of deaths (3592 pa-
tients).

Thanks to the implementation of
comprehensive measures, the wide-
spread use of endoscopic hemostasis,
the development of new medications,
and improved management of critically
ill patients in intensive care units, over-
all GIB mortality decreased from 7.8% in
2014 t0 5.0% in 2023. Acute symptomatic
ulcers were more than twice as likely to
be the source of bleeding compared to
chronic ulcers.?

Limitations: The limitations of this
study include its retrospective design,
which may not provide the same depth of
clinical analysis as a prospective study.
The research was conducted using sta-
tistical data from the information sys-
tem, which does not include data from
clinical, laboratory, and instrumental ex-
aminations, nor details about the types
of endoscopic hemostasis.

What’s known? Gastrointestinal
bleeding remains one of the most com-
mon problems faced by surgeons, en-
doscopists, and physicians from other
specialties in clinical practice. Currently,
despite all the advancements in modern
pharmacology, endoscopy, and intensive
care, gastrointestinal bleeding remains
one of the most serious complications
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of many diseases and, in some cases, is
an indication for emergency surgery. It
is associated with significant morbidity,
mortality, and an economic burden on
healthcare.

What's new? This study allows us to
assess the current situation regarding
the prevalence of gastrointestinal bleed-
ing in the Republic of Kazakhstan. The
increase in morbidity highlights the im-
portance of preventing gastrointestinal
bleeding, particularly in patients with
severe chronic conditions.

Conclusion

Based on the findings of this study,
we observe a rise in the number of treat-
ed cases, which could be attributed to
improved diagnostic methods, popula-
tion growth, and the uncontrolled use of
anticoagulants and antiplatelet agents,
as well as an increase in the number of
patients with ulcerative diseases and liv-
er cirrhosis.

Men were predominant in the young
and middle-aged groups, accounting for
70.3% of all GIB patients. The study also
noted an increase in mortality with age,
which is directly related to the onset of
comorbidities and the chronic progres-
sion of existing conditions.

The results of this study provide
a comprehensive assessment of the
current situation in surgical services
dealing with gastrointestinal bleeding
in Kazakhstan and help identify trends
in the treatment, surgery, and mor-
tality rates of these patients. This can
serve as a foundation for developing
recommendations to improve the or-
ganization of these services, aiming to
reduce morbidity and mortality from
this condition. Further detailed inves-
tigation into the causes of high mortal-
ity and determining optimal treatment
strategies are promising areas for fu-
ture research.
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Baimakhanov B.B., Shokebayev A.A., Kanatov K.M.,
Baiguissova D., Abilseit A., Kalibekova A., Markelova A.,
Kalshabay Y., Mukhamedzhanova A., Orynbassar N.T., Nazar T.A.

Syzganov National Scientific Center of Surgery,
Almaty, Kazakhstan

Abstract

Background. The sensitivity and specificity of multislice computed tomography is
of great importance in the detection of gastric and esophageal cancer, and also expands
the possibilities of preoperative staging using computed tomography.

Materials and methods. A retrospective study at the A.N. Syzganov National Scien-
tific Center of Surgery from 2022 to 2024, included 121 patients: 48 females (39.6%), 73
males (60.3%), with an average age of 60 years. Sensitivity, specificity were calculated
to assess diagnostic accuracy. Esophageal and gastric cancer staging via computed to-
mography was done using the TNM classification and compared with esophagogastro-
duodenoscopy, pathohistological examination results.

Results. The sensitivity of computed tomography was 96.49%, the specificity was
85.71%. Esophagogastroduodenoscopy showed a sensitivity of 79.75%, specificity of
95.24%.

Conclusion. Computed tomography is highly informative, sensitive in detecting
esophageal and gastric cancer, with superior diagnostic accuracy compared to esoph-
agogastroduodenoscopy. Given the detection of esophageal and gastric cancer at T2 and
T3 stages, along with the presence of distant metastases in some patients, implement-

ing protocols for early diagnosis is advisable.

Introduction

(EC) is the eighth most commonly di-
agnosed cancer and is the sixth leading
cause of cancer death worldwide. There
is a significant statistical difference be-
tween males and females, with 418350
cases among males and 185750 cases
among females. The main risk factors of
EC are gastroesophageal reflux disease
(GERD), Barrett'sesophagus, achala-
sia, tylosis, Plummer-Vinson syndrome,
esophagus injuries, lifestyle and dietary
habits.

Gastric cancer (GC) is the fifth most
common cancer and the third leading
cause of cancer death worldwide.”® The

BULLETIN OF SURGERY IN KAZAKHSTAN

incidence of GC progressively increases
with age; the average age at diagnosis
in Kazakhstan is lower in men (63.1£0.1
years) than in women (65.120.1 years).*
On average, the incidence of GC is two to
three times higher in men than in wom-
en. The incidence rate is highest in East
Asian countries (35 per 100 000 peo-
ple)).*® The incidence of GC in Kazakh-
stan is 23.6 + 0.50/0000 in men and 13.9
+ 0.50/0000 in women.* The main risk
factors of GC are genetic predisposition,
HP-associated gastritis, peptic ulcer dis-
ease, precancerous conditions, lifestyle,
and dietary habits."

Multispiral computed tomography

N23 » 2024

DOI:10.35805/BSK2024111003
Baimakhanov B. B.
https://orcid.org/0000-0002-7750-1634
Baiguissova D.Z.
https://orcid.org/0000-0001-5724-7707
Shokebayev A.A.
https://orcid.org/0000-0003-2395-3843
Kanatov K.M.
https://orcid.org/0000-0002-7750-1634
Kalshabay Ye.
https://orcid.org/0000-0003- 0493-6685
Mukhamedzhanova A.
https://orcid.org/0000-0002-4487-1604
Orynbassar N.T.
https://orcid.org/0000-0001-5369-8682
Nazar T.A.
https://orcid.org/0009-0004-5011-293X
Abilseit A.
https://orcid.org/0009-0004-3609-6275
Kalibekova A.
https://orcid.org/0009-0007-1985-6596
Markelova A.
https://orcid.org/0009-0000-1490-6370

recieved: 27.08.2024
accepted: 05.09.2024

Author for correspondence:
Baimakhanov B. B.

Doctor of medicine, Professor,
Academician, transplant-surgeon,
chairman of Board of JSC

«National Scientific Center of Surgery
named after A.N. Syzganov»
infoldbaimakhanov.kz.

Conflict of interest:

The authors declare no potential
conflict of interest requiring disclosure
in this article.

Keywords:

esophageal cancer, gastric
cancer,adenocarcinoma, multispiral
computed tomography, biopsy,
histology.



DIAGNOSTIC ACCURACY OF MULTISPIRAL COMPUTED TOMOGRAPHY IN DETECTING
AND STAGING OF ESOPHAGEAL AND GASTRIC CANCER

(MSCT) in combination with esophago-
gastroduodenoscopy (EGD] is the stan-
dard imaging method for preoperative
diagnosis and staging of EC and GC.*
Recently, MSCT methods have improved
the accuracy of determining the depth
of invasion of the primary gastric tumor
(T stage), as well as lymph node involve-
ment (N stage) and distant metastases
(M stage).””” These studies have shown
that EC and GC causes thickening of the
gastric and esophageal wall with mod-
erate or marked contrast enhancement
in the early stages.'®'? The sensitivity of
CT in various publications ranges from
61% to 75%, the specificity - 61-75%,
and for surrounding organs, it reaches
100%."*"®* Nowadays, the gold standard
for detecting EC and GC is upper endos-
copy in combination with tissue biopsy.
This method has sensitivity and specific-
ity values of 69% and 96%, respectively.
Unlike colorectal cancer and other types
of gastrointestinal cancer, GC demon-
strates a variety of different pathologi-
cal factors, including histological type,
degree of differentiation, and infiltration
pattern.

The most common histological sub-
type is adenocarcinoma.' ' Histological
type is one of the most important fac-
tors, as it has a close relationship with
tumor aggressiveness and the prognosis
of GC patients.'®2

Two distinct histological subtypes
predominatein EC, and should be con-
sidered biologically separate disease
entities. These subtypes are esopha-
geal adenocarcinoma (EAC) and esoph-
ageal squamous cell carcinoma (ESCC).
Around 90% of worldwide cases are
ESCC, which has particularly high inci-
dence in South America and the Asian
esophageal cancer belt. EAC is, by con-
trast, more prevalent in Europe and high
income North America, where its inci-
dence has increased fourfold over the
past four decades.

The aim of the study is evaluate the
sensitivity and specificity MSCT in the
detection of EC and GC, alsothe possibil-
ities of preoperative CT staging.

Materials and methods

Retrospective single-center study
was performed at the Syzganov Nation-
al Scientific Center of Surgery, based on
the Department of Radiology, Endoscopy,

and the Laboratory of Pathomorphology,
in the period from 2022 to 2024 years.

Imaging techniques. MSCT was per-
formed on all patients with EC and GC
using a 160-slice Canon Aquilion tomog-
raphy scanner (Tokyo, Japan). Scanning
parameters: slice thickness 0.5 x 80 mm,
pitch 0.8, tube rotation speed 0.5 s, tube
voltage 120 kV. After the native scanning
phase, a water-soluble iodine-contain-
ing contrast iopromide (Germany] was
injected intravenously using a pump in-
jector at a rate of 1.2 ml per 1 kg of the
patient’s body weight, respectively, at a
rate of 4-5 ml/s. After the bolus injection
of the contrast substance, saline solu-
tion (40-50 ml) was administered at the
same rate. Arterial, venous, and delayed
scanning phases were obtained 8, 10, 15,
and 120 seconds after the density in the
aorta reached 100 Hounsfield units (HU).

To assess the stage of EC and GC, the
international TNM classification (AJCC,
June 18, 2018) was used.

To confirm the results of MSCT, a
pathological and histological conclusion
and EGD were compared. EGD was per-
formed on 121 patients using an Olympus
video endoscope [Tokyo, Japan). A patho-
histological examination was conducted
on 121 patients during the endoscopic
examination with targeted biopsy. The
biomaterial was delivered in a glass vial
filled with 10% neutral buffered forma-
lin, with appropriate labeling and a re-
ferral for research.

Ethical approval. This study was ap-
proved by the local ethics committee ac-
cording to the protocol of meeting No.4
dated November 10, 2023.

Statistics. Data analysis of patients
was presented as meantstandard devia-
tion. Sensitivity and specificity were list-
ed to assess the diagnostic accuracy of
MSCT and EGD. The Kolmagorov-Smirn-
ov test was used to determine the nor-
mal distribution of the sample, and the
Mann-Whitney U test was used to deter-
mine a statistically significant difference
in the prevalence of EC and GC between
females and males. A p value<0.05 was
considered to indicate statistical signif-
icance. Statistical analyses were con-
ducted using SPSS software (IBM corp.,
28 version, US).

Results

The research group included 121 pa-
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tients: 48 women (39.6%) and 73 men
(60.3%), with an average age of 60+11.8
years, ranging from 26 to 78 years. We
did not find a statistically significant dif-
ference in the incidence of GC between
females and males (p=0.264).

EC divided by localization into: upper
esophagus - 12 (24.0%), mid esopha-
gus - 13 (26.0%), lower esophagus - 25
(50.0%).

GC divided by localization into: car-
dioesophageal - 15 (21.1%], cardial - 13
(18.4%), fundus - 1 (0.7%), body - 22
(31.7%), antrum - 5 (7.0%), pyloric - 15
(21.1%).

MSCT compared with the patholog-
ical and histological conclusion showed

a false positive result in 1 case (0.8%), a
false negative result in 4 cases (3.3%), a
true positive result in 110 (90.94%) cas-
esand false negative 6 (4.96%) cases.

EGD showed a false negative result in
16 (13.2%) cases, a false positive result
in 2 (1.6%) cases, a true positive result
in 63 (52.1%) cases and false negative 40
(33.1%) casescompared to biopsy.

In the pathological and histological
study: 48 patients (96%) had esopha-
geal squamous cell carcinoma (ESCC],
of which G1 - 12 (24%) patients, G2 - 13
(26.0%) patients, G3 - 25 (50.0%) pa-
tients; the remaining 2 patients (4%) had
esophageal adenocarcinoma (EAC]. Fig-
ure 1 -A, B, C.

Figure 1.
A, B, C. Macroscopic view of
the esophageal tumors

A B C

A. Ulcerative defect of the esophageal wall in the form of a circular ulcer with
raised edges of cartilaginous density and dirty gray loose deposits at the bottom,
the length of the defect in its largest dimension is 4.4 cm, depth - 0.6 cm, from the

level of the unchanged mucous membrane (cT2)

B. ulcerative defect of the esophageal wall in the form of a circular ulcer with
raised edges of cartilaginous density and dirty gray loose deposits at the bottom,
the length of the defect in its largest dimension is 3.8 cm, depth - 0.5 cm from the

level of the unchanged mucous membrane (cT2).

C. ulcerative defect of the esophageal wall with raised edges of cartilaginous
density and dirty gray loose deposits at the bottom, the length of the defect in its
largest dimension is 6.0 cm, depth - 0.5 cm, from the level of the unchanged

mucous membrane (cT2).

In the pathological and histological
study: 68 patients (95.7%) had adenocar-
cinoma, of which G1-12(17.6%]) patients,
G2 - 25 (36.8%) patients, G3 - 31 (45.6%)

patients; the remaining 3 patients (4.2%)
had metaplasia, MALT lymphoma and ul-
cerative defect. Figure 2 - A and B.
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Figure 2.
A and B. Macroscopic view of
the gastric tumors

A. Stomach tumor (type 3 according to Borrmann) with defect dimensions
of 8.5 x 10.0 cm, depth in the central part - up to 0.5 cm from the level
of unchanged mucous membrane (cT3).
B. Stomach tumor with ulceration in the center (type Il according to Borrmann)
with defect dimensions 7.0 x 5.5 cm and growth to the serous membrane (cT3).
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Radical surgical interventions were
performed in 84 (69.4%) patients, of
which: subtotal distal resection was per-
formed in 15 (12.3%), combined subto-
tal distal resection - 1 (0.8%]), combined
gastrectomy - 11 (9.0%), standard gas-
trectomy - 16 (13.2%), subtotal distal
gastrectomy - 1 (0.8%] patient, Ivor Lew-
is esophagectomy - 32 (26.4%), McKe-
own esophagectomy - 8 (6.6%). The re-
maining 37 (30.5%) patients underwent
palliative surgical treatment.

The sensitivity of MSCT is 96.49%,
relative to 95%CI [91.26%; 99.04%], the
specificity is - 85.71%, relative to 95%Cl
[42.13%; 99.64%], and the accuracy
is 95.87%, relative to 95%CI [90.62%:;
98.64%].

The sensitivity of EGD is 79.75%,
relative to 95%CI [69.20%; 87.96%], the
specificity is 95.24%, relative to 95%Cl
[83.84%; 99.42%], and the accuracy
is 85.12%, relative to 95%CI [77.51%:;
90.94%].

Discussion

This study analyzed the gender, age
of the patients, location and prevalence
of EC and GC, the types of surgical inter-
ventions performed. It was determined
that the number of men prevailed in the
entire group of patients, the average age
at the time of diagnosis was 60 years
which corresponds to the indicators of
literature.?"22

The most common types of surgical
intervention were standard gastrectomy,
Ivor Lewis esophagectomy and palliative
surgical treatment. As a rule, cancer in
the early stages is asymptomatic, so the
key to reducing the burden of advanced
cancer is its timely detection. %

MSCT is a highly informative and
sensitive method for detecting EC and
GC. The possibility of detecting EC and
GC was 96.49% and the specificity of the
method was 85.71% in the entire group
of patients, which exceeds the indica-
tions of literature data and confirms the
high quality of the virtual image of MSCT.

The sensitivity of EGD was 79.75%,
specificity - 95.24%, which is close to
the indicators of review articles. This
method of early diagnosis of EC and GC
is also highly informative, and it allows
you to clarify preoperative histological
types and morphological characteris-
tics. However, it is an invasive method of
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research, and it also cannot assess the
damage to lymph nodes, the presence of
metastases in other organs, the involve-
ment of vessels and other adjacent an-
atomical structures in the process, nor
can it assess the degree of tumor inva-
sion, especially in early EC and GC with a
small lesion, which are significant disad-
vantages compared to MSCT."%7

A limitation of this research is that it
was conducted in a single center with a
small sample of patients, and therefore
further larger-scale research on this
topic is necessary. It should be noted
that there are no screening programs
in Kazakhstan for earlier detection of
esophageal and gastric cancer in peo-
ple at risk, that's why it is necessary to
develop some screening protocols. Such
screening methods would lead to early
detection of EC and GC, ultimately in-
crease overall survival.??

Modern MSCT technology facilitates
not only the accurate staging ofesopha-
geal and gastric cancer, but also serves
as a valuable tool for the primary diag-
nosis of the disease.

Limitations: of this research are that
it was conducted in a single center with a
small sample of patients, and therefore
further larger-scale research on this
topic is necessary; also not less import-
ant are difficulties in exchanging data
with medical organizations at various
levels for the analysis of instrumental
research methods in the primary diag-
nosis of EC and GC.

What’s known? The sensitivity of CT
in various publications ranges from 61%
to 75%, the specificity 61-75%. Upper
endoscopy in combination with tissue
biopsy has sensitivity and specificity of
69% and 96%, respectively.

What's new? In our single center
study, high sensitivity of computed to-
mography was determined - 96.49% and
the specificity - 85.71%, while esoph-
agogastroduodenoscopy showed similar
sensitivity of 79.75% and specificity of
95.24%.

Conclusion

Computed tomography is highly in-
formative, sensitive in detecting esoph-
ageal and gastric cancer, with superior
diagnostic accuracy compared to esoph-
agogastroduodenoscopy. Given the de-
tection of esophageal and gastric cancer
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at T2 and T3 stages, along with the pres-
ence of distant metastases in some pa-
tients, implementing protocols for early
diagnosis is advisable.
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Abstract

Kidney cancer with inferior vena cava thrombosis represents a complex condition
that requires meticulous surgical treatment. The most common malignant kidney tumor
in adults is renal cell carcinoma. The incidence of renal cell carcinoma has increased
recently due to the enhanced resolution of imaging techniques. Most cases are discov-
ered incidentally. Renal cell carcinoma’s ability to spread to vascular systems without
developing metastases is a significant feature. Venous involvement can manifest as a
tumor thrombus in the renal vein on the affected side, potentially extending to the right
atrium or the inferior vena cava. The risk of having a tumor thrombus in the renal vein
or inferior vena cava ranges from 2-10%, with the right side being more frequently af-
fected. The level of tumor thrombus extension can reach the hepatic veins and even the
right atrium. This condition thus requires a multidisciplinary approach and a rational

surgical strategy, focusing on achieving favorable outcomes in such complex cases.

Introduction

Renal cell carcinoma (RCC) rep-
resents 85% of all renal malignancies
and is the most prevalent kind of kid-
ney cancer.? RCC frequently shows no
symptoms until it progresses, at which
point it may manifest as hematuria, flank
discomfort, and a palpable lump. It cor-
relates with worse prognosis, aggres-
sive histology, and advanced illness.>®
Tumor thrombus extension into the re-
nal vein and, in certain situations, into
the inferior vena cava (IVC) is one of the
more serious side effects of advanced
RCC.*' This condition’s intricate anato-
my and the IVC’s vital function in venous
return make surgical therapy extremely
difficult.

About 4-10% of RCC instances result
in inferior vena cava thrombosis, which
is linked to an increased risk of morbid-
ity and death.”" When IVC thrombus is
present, careful surgical technique is
required, frequently requiring multidis-
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ciplinary cooperation. Depending on the
degree of thrombus involvement, several
techniques are used, from a simple ne-
phrectomy to more involved treatments
such as thrombectomy and, in certain
situations, cardiac bypass.™

RCC with IVC thrombus poses a sig-
nificant surgical challenge due to the
complexities of achieving complete tu-
mor resection while minimizing compli-
cations. The presence of IVC thrombus
impacts survival outcomes negatively;
however, aggressive surgical interven-
tion has shown to improve survival rates
significantly. Survival rates decrease
with higher levels of thrombus exten-
sion. For localized stages (like Level 1),
the 5-year survival rate can be around
93%. For regional involvement (Levels
[l and Ill), the survival rate drops to ap-
proximately 74%. Distant stages, which
include Level IV, have a significantly low-
er b-year survival rate of about 17%.%17

This report describes a case that
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demonstrates the clinical presentation,
diagnostic process, and surgical treat-
ment of a patient who has both severe
IVC thrombosis and RCC. We go over the
preoperative planning, intraoperative
difficulties, and postoperative results,
offering an understanding of the inter-
disciplinary approach needed in such
complicated situations. We hope that
this case report will add to the body of
knowledge on RCC with IVC involvement
and highlight the significance of special-
ized surgical techniques for successful
treatment.

Case presentation

Patient H, a 60-year-old male, pre-
sented to our center with a chief com-
plaint of hematuria persisting for one
week. He was referred to our urology
department after a renal ultrasound re-
vealed a mass in the right kidney. Upon
admission, Patient H. underwent fur-
ther evaluation, including a computed
tomography (CT) scan with contrast.
The imaging revealed a large mass in
the right kidney, extending into the in-
ferior vena cava (Figure 2). Laboratory
investigations indicated thrombocyto-
penia, elevated liver enzymes (ALT and
AST], while coagulation parameters re-
mained within normal limits. A chest CT
scan showed no evidence of metastasis.
The renal CT scan depicted a heteroge-

Z .
JAK Level 1

Diagnosis: Right kidney mass with
inferior vena cava thrombosis. Staging:
T3bN1MO. Level IlI.

Comorbidities: Patient H. had a his-
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neous mass measuring 12x8.5x9.6 cm,
with clear, irregular contours, located
in the upper and middle thirds of the
right kidney. The mass deformed the re-
nal contour and extended into the renal
vein, reaching the lumen of the renal tu-
bular vein (4.8 cm in length). Collateral
vessels, up to 1.1 cm in diameter, were
observed. Intense contrast agent ac-
cumulation within the mass was noted
post-injection. In order to determine the
complexity of the surgery required and
the likelihood of complications we used
The Mayo Clinic classification (Figure 1).

It is based on the level of the tumor
thrombus extension into the inferior
vena cava. This classification helps in
planning the surgical approach and pre-
dicting the prognosis. The classification
is divided into four levels:

1. Level I: The tumor thrombus ex-
tends into the renal vein but does not
reach the IVC or extends slightly into the
IVC but remains below the diaphragm.

2. Level ll: The tumor thrombus ex-
tends into the IVC but remains below the
liver (subhepatic).

3. Level Ill: The tumor thrombus
extends into the IVC up to the liver but
does not involve the heart (intrahepatic).

4. Level IV: The tumor thrombus
extends above the diaphragm and may
involve the heart or right atrium.

tory of ischemic heart disease, aneurysm
of the interatrial septum, stage 1 arterial
hypertension (high risk], and liver cirrho-
sis (Child-Turcotte-Pugh class B, MELD-9)

N23 2024

Figure 1.

The Mayo classification of
macroscopic venous invasion
in RCC. Level I: A tumor
thrombusis present at the
renal vein entrance or inside
the IVC less than 2 cm from the
renal vein and IVC confluence.
Level Il: The thrombus stays
below the hepatic veins but
spreads more than 2 cm into
the IVC above the junction of
the renal and IVC veins. Level
Il: The intrahepatic IVC is
involved in thrombosis. The
thrombus can vary in size,
from filling the lumen and
expanding the IVC to having

a small tail that reaches in to
the IVC. Level IV: The thrombus
grows into the right atrium or
over the diaphragm. Inferior
vena cava or [VC."78
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Figure 2.

Contrasted computed
tomography (CT) scan.
Imaging showed a sizable
tumor that extended into the
inferior vena cava in the right
kidney.

secondary to chronic viral hepatitis C.
After thorough consultations with a car-
diologist and hepatologist, Patient H.
provided informed consent for surgical

intervention. The proposed surgical ap-
proach included laparotomy, nephrecto-
my, and thrombectomy with reconstruc-
tion of the inferior vena cava.

Surgical treatment

Patient H. was positioned supine on
the operating table under general an-
esthesia. Preoperative antibiotics were
administered, and standard monitoring
devices were applied. A right laparotomy
was performed to access the retroper-
itoneal space and gain exposure to the
right kidney and inferior vena cava. The
incision provided adequate access to the
affected structures while minimizing
intraoperative complications. The right
kidney was carefully dissected from the
surrounding tissues, ensuring preser-
vation of adjacent structures. Additional
vessels and collaterals were isolated,
ligated, and divided. The ureter in the
lower third was isolated, ligated, and di-
vided. The renal vein, along with its entry
into the inferior vena cava, was isolated
and secured with a vessel loop. Three
renal arteries were isolated, clamped,
divided, and ligated. A Satinsky clamp
was applied to the IVC at the entry of the
renal vein. The renal vein was divided,
and an incision was made in the IVC. The
entire kidney, including the tumor mass,
was exciseden bloc. Attention was then
turned to the inferior vena cava, where

BECTHUK XUPYPITUN KA3SAXCTAHA

the thrombus was located. Special care
was taken to avoid dislodging the throm-
bus during manipulation. Using metic-
ulous dissection techniques, the 5cm
thrombus was carefully removed from
the lumen of the vena cava (Figure 2),
ensuring complete clearance of the ves-
sel. Following thrombus removal, the in-
tegrity of the inferior vena cava was as-
sessed. Reconstruction of the vena cava
was performed using primary closure
(Figure 3). Hemostasis was ensured, and
meticulous attention was paid to con-
trolling any bleeding points. The surgi-
cal field was thoroughly irrigated with
saline to remove any debris or residual
thrombus. The surgical procedure was
successful, with complete removal of
the renal tumor and thrombus from the
inferior vena cava. Patient’s H. postop-
erative recovery was uneventful, and he
was discharged home with appropriate
follow-up instructions. This surgical ap-
proach highlights the importance of me-
ticulous dissection techniques and care-
ful vascular management in achieving
favorable outcomes in Patients H. with
renal cell carcinoma and inferior vena
cava thrombosis.
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Figure 3.
Removal of a tumor thrombus
from the IVC lumen

Figure 4.
Closure of vena cava

Figure 5.
Gross specimen of a kidney
with a tumor thrombus
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Discussion

Renal cell carcinoma with inferior
vena cava thrombus presents a signifi-
cant surgical and clinical challenge, ne-
cessitating a multidisciplinary approach
for effective management. This case
highlights several critical aspects of
surgical and perioperative management,
contributing to the broader understand-
ing of advanced RCC treatment.

RCC often remains asymptomatic
until it reaches an advanced stage, as
illustrated by our Patient’'s H. presenta-
tion with hematuria a common symptom
of advanced renaltumors. The diagnostic
journey began with a renal ultrasound, a
standard initial imaging modality, which
identified a mass in the right kidney. Fur-
ther evaluation with contrast-enhanced
computed tomography was crucial for
detailed anatomical assessment. Con-
trast-enhanced CT scans are indispens-
able in RCC cases for visualizing tumor
extension, vascular involvement, and po-
tential metastases.™

The CT scan in this case revealed a
large, heterogeneous mass in the right
kidney with clear, irregular contours ex-
tending into the IVC. The ability of CT im-
aging to provide detailed visualization of
the tumor thrombus was instrumental in
surgical planning. This aligns with find-
ings in the literature that underscore the
importance of high-resolution imaging
for accurate staging and preoperative
assessment.?0

The surgical management of RCC
with IVC thrombus is complex and re-
quires a highly specialized approach.
The choice of a cherry right laparotomy
provided optimal exposure to the kidney
and IVC, facilitating meticulous dissec-
tion and thrombus removal. Nephrec-
tomy, combined with thrombectomy and
IVC reconstruction, was necessary due
to the extent of the thrombus. This ap-
proach is consistent with current surgi-
cal guidelines that recommend aggres-
sive resection to achieve complete tumor
removal and minimize recurrence."

The intricacies of performing throm-
bectomy from the IVC involve preventing
thrombus dislodgement, which could
lead to potentially fatal pulmonary em-
bolism. In this case, careful surgical
technique and intraoperative manage-
ment were critical to avoiding such com-
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plications. Literature reviews support
that experienced surgical teams and
meticulous technique are essential for
successful outcomes in such high-risk
surgeries.”

This case presented several intra-
operative challenges, including the Pa-
tient’s H. thrombocytopenia and elevated
liver enzymes, indicating an increased
risk of bleeding. Careful intraoperative
hemostasis was paramount to man-
age this risk effectively. The presence
of significant comorbidities—ischemic
heart disease, arterial hypertension,
and cirrhosis—required comprehensive
preoperative optimization and interdis-
ciplinary collaboration. Preoperative
consultations with cardiology and hepa-
tology were essential for risk stratifica-
tion and management, highlighting the
importance of a holistic approach to pa-
tient care.?

Postoperative care involved inten-
sive monitoring to detect and address
early complications, such as bleeding or
thromboembolic events. The successful
outcome in this case, marked by the un-
eventful recovery and confirmed paten-
cy of the IVC on postoperative imaging,
underscores the effectiveness of the
surgical approach and the importance of
comprehensive perioperative care.?

The Patient’s H. recovery was facil-
itated by a multidisciplinary team that
included surgeons, anesthesiologists,
intensivists, and nursing staff, ensur-
ing that all aspects of the patient’s care
were addressed. The literature supports
the role of multidisciplinary teams in im-
proving surgical outcomes for complex
cases such as RCC with IVC thrombus.?.

The management of RCC with IVC
thrombus has evolved significantly, with
advances in imaging, surgical tech-
niques, and perioperative care contrib-
uting to improved outcomes. Studies
have shown that aggressive surgical in-
tervention, even in advanced cases, can
lead to prolonged survival and improved
quality of life.® However, the inherent
risks of such extensive surgeries, in-
cluding morbidity and mortality, must be
carefully weighed against the potential
benefits.

Emerging surgical techniques, such
as minimally invasive approaches and
robotic-assisted surgeries, offer the po-
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tential for reduced morbidity and faster
recovery times. Initial studies on these
techniques have shown promising re-
sults, although further research and
long-term data are needed to establish
their efficacy and safety in managing
RCC with IVC thrombus. %

Limitations: The primary constraints
of this research were the retrospective
nature of data collection and the very
small sample size, which may have re-
sulted in underpowered statistical anal-
yses. To validate the findings and eval-
uate the impact of the categorization
system and related surgical techniques
and methods on both short- and long-
term survival, more research with a big-
ger sample size is required.

What’s known? Renal cell carcinoma
with inferior vena cava thrombosis is a
complex and challenging condition. The
involvement of the IVC raises the risk
of mortality and morbidity. Surgical re-
section, that includes nephrectomy and
thrombectomy, is the mainstay of treat-
ment which often involves a multidisci-
plinary team as well as advanced surgi-
cal techniques. Survival depends on the
extent of thrombus, where early stage
involvement has higher survival rates

What’s new? This particular situa-
tion emphasizes the competent surgical
treatment of a patient suffering from re-
nal cell carcinoma along with thrombo-
sis of the inferior vena cava level three
through a careful method of dissection
plus reconstruction.
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Abstract

In this clinical case, stenosis of a renal artery of transplant was detected in time by
angiography using dynamic Doppler ultrasound control. The chosen treatment method
allowed the restoration of arterial patency and thus renal graft function in the shortest
possible time and with minimal trauma. However, due to the high risk of restenosis
in the plastic area, continuous dynamic ultrasound monitoring and monitoring of the
patient’s creatinine level are required. The purpose of this presentation is to present
a case of early detection of a postoperative complication by Doppler ultrasound, which
made it possible to prevent vascular dysfunction, often leading to loss of the renal graft.

Materials and Methods. In this article, we report a case of timely detection of renal
artery stenosis by ultrasound in a patient, followed by confirmation by angiography and
restoration of renal artery and graft function by endovascular balloon angioplasty. All
major hemodynamic changes in Doppler ultrasound parameters characteristic of renal

artery stenosis are described in this article.

Results. Dynamic Doppler ultrasound monitoring and angiography allowed early
detection of the described complication of renal transplantation. The optimal choice of
treatment tactics allowed the restoration of arterial patency and renal graft function in
the shortest possible time, thus preventing graft rejection.

Conclusion. Our clinical case demonstrates the importance of the monitor in the
assessment of renal perfusion. The outcome of kidney transplantation largely depends
on the successful resolution of these issues, which determines the relevance.

Introduction

Renal graft arterial stenosis devel-
ops in 2-12%,"'? and according to some
sources in up to 23% of cases,® and
more frequently in the delayed period,
from 3 months to 2 years after trans-
plantation.4 In most cases, this compli-
cation is diagnosed in the first 6 months.
Stenosis of the renal artery after trans-
plantation can lead to uncontrolled in-
creases in blood pressure and kidney
graft dysfunction.*®

A significant amount of scientific re-
search is devoted to analyzing the diag-
nostic efficacy of the resistance index.
Literature data indicate that the resis-
tance index (RI] is the most important
parameter for quantitative determina-
tion of renal blood flow changes in renal
pathology. Thus, for example, Patel K.N.
with co-authors, when using the thresh-

BULLETIN OF SURGERY IN KAZAKHSTAN

old value, RI - 0.7, obtained a sensitivity
equal to 78% with a low specificity of -
40%, while with the threshold value of
Ri equal to 0.9, the specificity was 100%,
sensitivity - 16%.°

Case presentation

Patient Zh., born in 1980, underwent
living donor kidney transplantation into
the right iliac region at the Center for
Hepatopancreatobiliary Surgery, Onco-
hepatology and Organ Transplantation
of LLP NNOC on May 26, 2023. After the
surgery, the kidney transplant function
was satisfactory, and the creatinine lev-
el gradually decreased. However, from
June 8, 2023, there was an increase in
the creatinine level, which peaked at 370
pmol/L. According to ultrasound and
Doppler ultrasound: at the level of the
renal artery anastomosis, the peak sys-
tolic velocity (PSV] increased to 600 cm/s
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(Figure 1), with a stenotic blood flow pat- parvus” blood flow pattern in the inter-
tern, resulting in decreased renal graft lobular arteries, and a sharp decrease in
perfusion, the appearance of a “tardus resistance index (RI) to 0.29 (Figure 2).

Figure 1.

Elevated velocity in the renal
artery at the anastomosis
level.

Figure 2.

Low velocity and Rl in the renal
artery in the kidney transplant
parenchyma. Rl - resistance
index.
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PSV in the external iliac artery was
219 cm/s and the iliac-renal artery ratio
(RAR]) was 2.7. A hemodynamically sig-
nificant stenosis was noted at the renal
artery anastomosis, with a progressive
decrease in velocity parameters and Rl
at the intrarenal level.

Clinically: decreased urine output.

BECTHUK XUPYPITUN KA3SAXCTAHA

It was decided to perform diagnostic
angiography in the Interventional Sur-
gery Department of the NNOC. On July
11, 2023, angiography revealed: suboc-
clusion of the renal artery at the level of
the renal artery anastomosis of the kid-
ney transplant (Figure 3).
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Figure 3.
& Angiography before balloon
angioplasty: stenosis at the
level of the renal artery
anastomosis.

i

Predilatation was performed with a dilatation was performed at 12-14 atm
2.0mm*20mm Powerline balloon in the for 60 seconds. On control arteriogra-
stenotic segment followed by placement phy: patency of the renal graft artery was
of a 4.0mm x 150mm balloon. Balloon restored (Figure 4).

Figure 4.

Blood flow in the interlobular
and arcuate arteries of the
renal artery has been restored.
RI within normal limits. RI -
resistance index; RA - renal
artery.

RI
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On July 17, 2023, follow-up Doppler
ultrasound showed: with color Doppler
mapping, the vascularization of the graft
was closer to satisfactory, and paren-
chymal blood flow was preserved.

Velocity parameters: blood flow in
parenchymal arteries: PSV - 40 cm/s, R
- 0.54; in the main trunk at the hilum PSV
- 127 cm/s, Rl - 0.65; at the projection of
the renal artery anastomosis PSV - 179
cm/s, RI - 0.74, without spectral chang-
es.

Ultrasound and Doppler findings are
within acceptable limits (Figures 3 and
4).

Laboratory and instrumental data
from January 20, 2022: creatinine 101
pumol/L.

There are several parameters to
evaluate the efficacy of the procedure,
i.e., changes in the arterial lumen con-
firmed by angiography and ultrasound,
hemodynamic parameters measured by
Doppler ultrasound, and clinical param-
eters such as decreased blood pressure,
reduced edema, increased glomerular
filtration, appearance of diuresis, and
graft survival. All parameters should be
assessed immediately after the proce-
dure and several months later.

Discussion

Early detection and treatment of
complications helps to preserve the
function of the transplanted kidney. In
particular, the vascular anastomosis
zones of the renal arteries require reg-
ular postoperative Doppler ultrasound
monitoring due to the high risk of isch-
emia and graft loss. Modern methods
such as ultrasound and radiography
are the most minimally invasive and in-
formative. Although only angiography
provides a definitive diagnosis, Doppler
ultrasound is the best screening method
because it does not cause the complica-
tions associated with radiologic contrast
studies. Duplex scanning requires no
contrast media, no radiation exposure,
is relatively inexpensive, and has high
sensitivity (87-94%) and specificity (86-
100%)."2

Endovascular balloon angioplasty
is currently the first-line treatment for
patients with RA stenosis. This is due to
the lower incidence of restenosis (10%)
compared to surgical correction (16-
62%]).° There is also evidence that the

immediate technical success rate of
this procedure is greater than 80%, with
clinical success ranging from 74-87%.
Long-term clinical success, defined as
improvement in blood pressure or sta-
bilization or improvement in renal func-
tion, is reported to be 53-70% within one
year.*S

Ultrasound with Doppler remains a
key tool in the diagnosis and monitoring
of postoperative complications with a
sensitivity of 95.7%. Radiologic methods
confirm the presence of complications
and help to clarify their nature, thus
guiding further treatment tactics.

The presented clinical case illus-
trates a rather dangerous but revers-
ible complication that occurred after
allotransplantation. Differentiation of
complications after kidney transplanta-
tion is a complex process. The similarity
of symptoms may lead to misinterpre-
tation of the nature of the complication
and incorrect treatment, possibly result-
ing in graft loss or death.

Limitations: This study is a case re-
port and the problem requires a large-
scale study of the effectiveness of
monitoring for possible vascular com-
plications after kidney transplantation.

What's known? Early detection of
complications, followed by immediate
treatment, allows preserving the func-
tioning of the transplanted kidney. In
particular, the areas of vascular anasto-
mosis of the renal arteries require reg-
ular postoperative ultrasound Doppler
monitoring due to the high risk of devel-
oping ischemia of the renal transplant
and its loss.

What’'s New? In this clinical case,
thanks to dynamic, regular Doppler US
control, the early detection of the com-
plication of kidney transplantation was
possible. Since ultrasound and Dop-
plerography is an operator-dependent
method, the technique of proper and
accurate determination of the location
of stenosis, the degree of severity and
dynamic daily control of accurate speed
indicators in the stenotic zone. In this
clinical case, the early and accurate de-
tection of the complication of the early
post-transplant period by ultrasound
made it possible to provide the patient
with immediate treatment and preserve
the function of the kidney transplant.

BECTHUK XUPYPITUU KABAXCTAHA N23-2024
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Conclusion

In this clinical case, thanks to dy-
namic Doppler US, angiography was
able to detect the above-mentioned
complication of kidney transplantation
in time. The chosen method of treat-
ment made it possible to restore the
arterial patency and thus the function
of the kidney graft with minimal trau-
ma.
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Abstract

Background. In adult living donor liver transplantation with the right lobe, the ve-
nous outflow of the anterior sector is typically restored during the procedure to form a
neo-middle hepatic vein. Restoring the middle hepatic vein for the drainage of the ante-
rior sector is critically important for achieving optimal graft function. Various conduits
are used for this reconstruction, such as synthetic and biological grafts (e.g., the recip-
ient's portal vein, vessels from a deceased donor, and modified great saphenous vein).
However, the selection of the best option remains a topic of discussion. This study eval-
uates the effectiveness of using biological and synthetic grafts for MHV reconstruction.

Materials and methods. A retrospective analysis of outcomes was conducted in
patients who underwent transplantation of a modified right liver lobe due to end-stage
liver disease from 2011 to 2024.

Results. A transplantation of modified right liver lobes was performed on 80 pa-
tients. In 69 cases, the reconstruction of the hepatic veins was carried out using a bio-
logical graft, while in 11 cases, a synthetic graft was used. Statistically significant differ-
ences were noted in mortality and the postoperative period. No significant differences
were found in the frequency of intraoperative complications.

Conclusion. Our study demonstrates that the use of a biological graft for the recon-
struction of the hepatic veins of segments 5 and 8 is more effective than the application
of a vascular prosthesis.

Introduction

Liver transplantation from a liv-
ing donor (LDLT) is a critical treatment
method for end-stage liver diseases, es-
pecially in regions where thereis a short-
age of organs from deceased donors.'
LDLT is a viable alternative, though it is
technically more complex and requires a
profound understanding of the anatomy
of the donor’s liver, careful preoperative
preparation, and meticulous surgical in-
tervention. The resection of parenchyma
from the donor liver must be performed

BECTHUK XUPYPIMUA KA3BAXCTAHA

in such a way as to ensure not only a
suitable liver graft and sufficient volume
of the remaining liver but also to pre-
serve the graft with healthy vascular and
biliary structures.?

The selection of the graft in LDLT is
a fundamental process that takes into
account not only the metabolic needs of
the recipient and the preservation of the
anatomical integrity of the graft but also
the volume of the donor organ, which
is crucial for ensuring donor safety.? In
adult patients, the size of the graft is a

Ne3 - 2024
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structural limitation since a graft from
the left lobe typically constitutes less
than 40% of the total liver volume, which
may be inadequate to ensure an appro-
priate match between the donor and re-
cipient sizes.?

In LDLT, the most common proce-
dure is the transplantation of the right
liver lobe (RL), and many centers employ
a technique in which the middle hepat-
ic vein (MHV) trunk is preserved on the
donor side.> When considering the stan-
dard approach to performing right hemi-
hepatectomy, if the MHV is not included
in the graft, this provides greater safe-
ty for the donor compared to extended
right hemihepatectomy, where the MHV
is part of the graft.* The problem is that
in LDLT using an RL graft without MHV,
there can be extensive congestion in the
graft, such that after reperfusion, venous
outflow from the right anterior sector to
the MHV may be compromise.®.

The right hepatic vein drains sepa-
rately into the inferior vena cava (IVC],
while the middle and left hepatic veins
typically have a common trunk in 65-
85% of patients. The MHV drains the
central part of the liver and receives
tributaries from segments 4, 5, and 8.
During the transplantation of the RL of
the liver, it is important to consider the
potential reconstruction of significantly
larger veins from segments 5 and 8 (over
5 mm in diameter) to avoid congestion in
the anterior sector of the transplant.”
Impairment of venous drainage from the
transplant is one of the main causes of
liver failure in the postoperative period.®

To ensure the integrity of the trans-
plant function, adequate venous drain-
age of the transplant is as important as
blood supply to the liver. Therefore, to
achieve optimal outcomes for both the
transplant and the recipient, it is neces-
sary to reconstruct all hepatic veins (HV)
during the transplantation of the RL of
the liver.

The aim of this study is to investi-
gate the effectiveness of using the great
saphenous vein for the reconstruction
of the hepatic veins in right lobe liver
transplantation.

Materials and Methods

This is cross-sectional study of the
observational retrospective-prospective
study involving patients with end-stage

BULLETIN OF SURGERY IN KAZAKHSTAN N3 - 2024

liver disease who received treatment at
the Hepatopancreatobiliary Surgery and
Liver Transplantation Department of the
A.N. Syzganov Scientific Center of Sur-
gery from 2011 to 2024.

From December 2011 to August
2024, a total of 297 liver transplants (LT)
were performed in adults and children.
Among these, 268 (90.2%) were from
living donors, including 50 (18.6%] liv-
er transplants in children and 29 (9.8%)
from deceased donors. Of the adult pop-
ulation, 218 liver transplants were per-
formed, with the right lobe used in 178
cases. Reconstruction of the hepatic
veins of segments 5 and 8 during right
lobe liver transplantation was performed
in 80 cases (44.9%). Reconstruction of
the hepatic veins can indeed be justified
for patients with hepatic vein diameters
greater than 5 mm and a graft-to-recip-
ient weight ratio (GRWR) of less than 1.
These criteria allow for the selection of
the most suitable candidates for the pro-
cedure, thereby ensuring higher chanc-
es of a successful outcome and minimiz-
ing complications.

Inclusion criteria:

Age between 18 and 60 years

Gender: male and female

Type of graft: RL with reconstruction
of HV from segments 5 and 8

Voluntary consent of the patient to
participate in the research study.

Exclusion criteria:

Pediatric transplantation

Transplantation from a deceased do-
nor

Type of graft: left lobe, whole liver,
RL without reconstruction of HV from
segments 5 and 8.

Ethical approval. The clinical trial
protocol, the informed consent form,
and the information sheet were ap-
proved by the Local Bioethics Committee
of the National Scientific Surgery Center
named after A.N. Syzganov (protocol of
meeting N%4 dated November 10, 2023).

Statistical analysis. Data were an-
alyzed using IBMSPSS Statistics soft-
ware (IBMSPSS Inc.). Numerical vari-
ables were expressed as mean + SD and
categorical variables as numbers and
percentages. Nonparametric statistics
were performed for dataset analysis.
Between-group comparisons were as-
sessed for numerical variables, and the
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Figure 1.

Reconstruction of the
hepatic veins of segments
5and 8 using the
recipient’s PV.

Chi-square test was used for categorical
variables. P value <0.05 was considered
statistically significant. The analysis
of the main risk factors and their cor-
responding causal relationships was
assessed by calculating the Odds Ra-
tio (OR): OR=1 means that the odds are
equal in both groups; OR>1 means that
the event is directly related and has a
chance of occurring in the first group;
OR<1 means that the event has an in-
verse relationship and chance to occur
in the second group.

Results

Depending on the material used for
the reconstruction of the HV of segments
5 and 8, the patients (n=80) were ret-
rospectively divided into two groups. In
the first group, reconstruction of the HV
of segments 5 and 8 was performed us-
ing biological grafts in 69 (86.25%) cases
(recipient portal vein (PV) n=60, modified
great saphenous vein (GSV] n=7, vessels
from post-mortem donors n=2). The sec-
ond group of patients completed the re-
construction of the HVof segments 5 and
8 using vascular prostheses in 11 (13.75%)
cases. All patients underwent transplan-
tation of the RL of the LDLT. The study was
approved by the local ethics committee.
Written informed consent was obtained
from all patients prior to the operation.

BECTHUK XUPYPTUU KASAXCTAHA

To perform differential and topical
diagnosis, a comprehensive examination
was conducted, including general clinical
and biochemical laboratory methods, ul-
trasound, magnetic resonance cholangi-
ography, and CT of the abdominal organs.

Surgical intervention in both recip-
ients and donors was standardized for
the entire group of patients. As the stan-
dard protocol for donor selection, we
chose grafts with a future liver remnant
(FLR) >30% and a GRWR> 0.7. The veins
of segments V and VIII, which join the
MHYV, were separated. During the prepa-
ration of the graft on the back table, the
anterior sectoral veins of the graft were
reconstructed using various materials.
A neo-vein was formed by performing
an end-to-end anastomosis on the main
vein of segment V (V5), followed by an
end-to-side anastomosis on the vein of
segment VIII (V8]. Furthermore, all veins
larger than 5 mm in diameter or with
significant outflow during static perfu-
sion were side-to-side anastomosed to
create a neo-MHV. The distal end of the
neo-MHV was connected to the MHV in
the graft. If present, significant lower HV
were anastomosed separately to the IVC.
In all cases, intraoperative duplex scan-
ning was performed, and satisfactory re-
sults were achieved before closure.

N3 - 2024
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Figure 2.

Reconstruction of the hepatic
veins of segment 5 using a
vascular prosthesis.

Figure 3.

Reconstruction of the
hepatic veins of segments

5 and 8 using a modified GSV.

Eighty patients who underwent LDLT operative, and intraoperative data are
due to end-stage liver disease were in- presented in Table 1.
cluded in our study. Their demographic,

Reconstruction with . -(;Z:l:r;i and clinical
Characes™ | abio graft R ot squared | 95%Cl  Pvalue  Characteritic
n=69 n=11
Age [years]) 43.1+£8.5 49.4 +8.7 | 2.276° | - [0.7;11.8] 0.026*
Gender (%)
Male | 33 (41.3%) 5(6.3%) |- 2.230% | [11.3;52.8] 0.135
Female | 36(45.0%) 6(7.5%) - 2.9518 [5.2;54.8] 0.086
MELD 17.5+4.9 20.0+3.6 | 1.620 - [0.5;5.6] 0.109
Ischemia (min)
Cold | 87.8+46.1 105.1+45.9 | 1.157 - [12.5;47.1] 0.251
Thermal| 37.8+16.7 35.0+14.6 | 0.524 - [13.4;7.8] 0.602
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GRWR 1.07+0.15 | 1.08+£0.17 | 0.202 | - [0.09;0.1] 0.841
Duration of 766.7 £ 827.2+ |1.684 |- [11.0;132.0] 0.096
the opera- 107.3 128.8

tion (min)

Volume of 24115+ 29727+ |1.216 |- [357.3;1479.7] | 0.227
blood loss 1388.02 1627.3

(mU)

Graft weight | 706.6+£105.6 | 690.2+99.4 | 0.482 |- [84.1;51.3] 0.631
Reconstruc- | 19 (23.8%) 5(6.3%) |- 0.722 [28.3;40.7] 0.396
tion HV5

Reconstruc- | 16 (20.0%) 2(2.5%) |- 0.348 [48.7:41.9] 0.556
tion HV8

Reconstruc- | 34 (42.5%) 4(5.0%) |- 2.0698 | [13.6;54.7] 0.150
tion HV5

and HV8

Post-op pe- | 28.7£13.7 | 40.7£13.7 | 2.698° |- [3.1;20,8] 0.008*
riod (days)

a: The value relative to the degree of freedom corresponds to a significance level
<0.05;

B: The observed frequency distribution is significantly different from its expected fre-
quency distribution; *Statistically significant difference P<0.05

The risk of in-hospital mortality in
the second group with a vascular pros-
thesis was 3 (3.8%), which is not sig-
nificantly higher than in the first group
with a biological graft, which was 13
(16.3%), OR = 1.62, 95% CI [0.3; 6.9], P
value = 0.519. The risk of postoperative
complications in the second group with a
vascular prosthesis was 5 (6.3%), which
was the same as in the first group with a
biological graft - 28 (35.0%), OR = 1.22,
95% CI[0.3; 4.4], P value = 0.761.

The chance of impaired blood flow
based on control studies using Doppler
ultrasound and CT angiography within 7
days in the second group with a vascular
prosthesis was 2 (2.5%), which is twice
as high as in the first group with a bio-
logical graft 6 (7.5%), OR = 2.333, 95% ClI
[0.4; 13.4], P value = 0.342.

The assessment of the chance of ab-
sent blood flow according to the control
Doppler ultrasound and CT angiography
data after 7 days also showed that in the
second group with a vascular prosthesis,
the rate was 3 times higher - 1 (1.3%),
compared to the first group with a bio-
logical graft 2 (2.5%), OR = 3.350, 95% Cl
[0.3; 40.4], P value = 0.341.

Discussion

Transplantation of the right hepatic
lobe is the most commonly performed
procedure for LDLT. This procedure is

believed to provide a greater likelihood
of obtaining a sufficient volume of func-
tioning graft compared to the left lobe
graft, which is typically smaller in size.
There are two types of RL grafts: the first
is the RL graft without the main MHV.?
The second is with the main MHV (known
as the extended right lobe graft).'® When
choosing the type of graft, the main cri-
terion is that its functional volume must
be adequate to meet the metabolic
needs of the recipient. A consensus has
been reached regarding a standardized
methodology for obtaining the RL graft,
which includes preserving the MHV in
the donor for safety, provided that the
expected volume of the donor’s remain-
ing liver is considered sufficient (prefer-
ably more than 35%)."" However, trans-
plantation of the RL of the LDLT without
the main MHV can lead to congestion of
segments 5 and 8 of the graft or the right
anterior sector due to impaired outflow,
which raises certain concerns.'. Grafts
without the main MHV that are larger in
size are more susceptible to damage or
small graft syndrome under congestive
conditions. Even with an adequate RL
GRWR, ideally exceeding 0.8, a non-func-
tioning area of the right anterior sector
may require further assessment prior to
surgery.™

The transplantation of the right he-
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patic lobe without reconstruction of the
HV of segments 5 and 8 may lead to ear-
ly graft dysfunction, resulting in hemo-
dynamic disturbances, increased levels
of liver parameters, and insufficient liver
regeneration. To prevent congestion in
the anterior sectors, several technical
modifications have been developed. The
Toronto team described a case demon-
strating the reconstruction of partial
MHV using the recipient’s renal vein as
a bridging graft to the IVC."' The Asan
Medical Center group in Korea has made
the most significant contribution to ex-
panding the application of RL graft while
simultaneously enhancing donor safety.
In their landmark study, Lee and col-
leagues were the first to address the
problem of anterior sector overload and
its impact on graft function."” They also
described the clinical implications of
this phenomenon for the recipient and
potential solutions, including the use of
intermediate vascular grafts for the an-
terior sector, namely the reconstruction
of HV V5-V8, known as «modified RL»."

For the reconstruction of HV, various
types of autologous and homologous
venous grafts were used depending on
availability, as recommended for this
type of venous reconstruction (e.g., in-
ternal iliac vein, umbilical vein, internal
jugular vein, renal vein, PV, aorta and its
branches, as well as IVC, etc.)."'8 Addi-
tionally, the use of vascular prostheses
is well-established. Synthetic vascular
grafts have their unique features, ad-
vantages, disadvantages, and patency
rates: 72.4% at one week, 42.1% at three
months, and 24.1% at twelve months'™
Preoperative planning is critical as it en-
sures easy access to native or prosthetic
grafts during the surgery.

Lee etal. in their study compared two
groups, depending on the material used
for reconstructing the drainage of the
anterior sector, using biological grafts
n = 252 [recipient's veins, recipient’s
arterial grafts, vessels from post-mor-
tem donors) versus synthetic grafts n =
177 (vascular prostheses). The patency
rate in the first group after one week
was 61.9%, and after three months was
46.8%. In the second group, the patency
rate after one week was 72.4% and after
three months was 42.1%." The study by
Li et al. showed that synthetic grafts had

BULLETIN OF SURGERY IN KAZAKHSTAN N23 2024

better early patency (at one week], but
after three months, the patency turned
out to be lower than that of biological
grafts. Durairaj et al. also compared two
groups, one using the recipient’s PV n =
62 and the other using vascular pros-
theses n = 60. The patency rate in the
first group after two weeks was 93.5%
and after three months was 85.5%; in
the second group, it was 90% after two
weeks and 81.7% after three months.™
In our study, the patency rate using bio-
logical grafts was 91.4% after one week
and 88.6% after two weeks, while the
patency rate for vascular prostheses
was 81.9% after one week and 72.8% af-
ter two weeks. Our study demonstrates
that the use of biological grafts shows
a significantly higher level of patency
compared to grafts made from synthetic
materials.

Itis currently widely accepted that all
HV of segments 5 and 8 with a diame-
ter greater than 5 mm should be recon-
structed.?’ If there are multiple veins V5
or V8, neighboring tributaries may be
combined into a single orifice. It could
also be assessed during the donor op-
eration after the clamping of the artery
and the corresponding hepatic vein, re-
sulting in the formation of a dark zone of
blood accumulation at the drainage site.
When performing reconstruction using
both native and prosthetic grafts, with
careful surgical technique, early patency
rates (within 1 month) range from 80% to
100%, which is critical for graft regener-
ation.? Long-term patency of intermedi-
ate grafts for hepatic veins V5 and V8 is
not a major concern, as late graft occlu-
sion typically has limited clinical conse-
quences.?'

Limitations: This cross-sectional
analysis was conducted mainly based on
the results of a retrospective analysis,
however, a long-range analysis requires
a wide coverage of patients before and
after liver transplantation from a living
donor for prospective material collection
and data analysis.

What’s known? Reconstruction of the
hepatic veins of segments 5 and 8 of the
right lobe liver transplant requires pre-
cise execution of the surgical technique.
Venous outflow directly affects the func-
tion of the graft and the general condition
of the recipient. Adequate reconstruction
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of the hepatic veins determines the out-
come of the right lobe liver transplant.

What's new? The results of the re-
construction of the use of a vascular
prosthesis or with a bio graft depend on
factors such as age, time of cold isch-
emia and MELD, which affects the risk of
impaired blood flow in the transplant in
the early and late postoperative periods.

Conclusion

Taking into account that this study re-
corded a higher patency rate of biological
grafts compared to vascular prostheses,
we believe that biological grafts should
be considered the preferred option for
reconstruction using neo-MHV during
RL liver transplantation from a living do-
nor. The higher patency rate of biological
grafts compared to vascular prostheses
may indicate better functional outcomes
and a lower incidence of complications.
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Abstract

Background. Chronic heart failure is a major global health issue. As a complication
of most cardiovascular diseases, it affects 4% of the population. Heart transplantation is
the gold standard in the treatment of patients with end-stage heart failure. Objective of
the study was to evaluate early and long-term outcomes of heart transplants performed
at the Heart Center University Medical Center (Heart Center) over a 10-year period.

Materials and methods. Cross-sectional study was conducted from 2012 to 2022,
86 orthotopic heart transplants were performed at the Heart Center. The analysis of the
obtained results was conducted retrospectively.

Results. From August 2012 to December 2022, 114 patients were on the waiting list
for heart transplantation. Of these, 86 (75.4%) patients underwent transplantation; 10
(8.7%) patients were excluded. Among the 86 patients, 49 (56.9%) had previously under-
gone cardiac surgery. Of these, 42 (48.8%) had a left ventricular assist device implanted
earlier, 3 (3.4%) had a fully artificial heart, and 2 (2.5%) were on temporary mechanical
support (central veno-arterial Extracorporeal membrane oxygenation). Hospital mor-
tality was 8 (9.3%) recipients. In 2.7% of cases, the cause of death was an acute cerebro-
vascular accident on the second day post-surgery. Postoperative renal dysfunction was
noted in 28 (32.5%) patients. An analysis of all performed heart transplantation cases
showed a 30-day survival rate of 94%, a 1-year survival rate of 84.3%, and a 5-year sur-
vival rate of 64.7%.

Conclusion. In the hospital period and the first 6 months after heart transplanta-
tion, infectious-septic complications were predominant, whereas in later periods, rejec-
tion reactions were more common.

Introduction

Chronic heart failure (CHF) is a ma-
jor global health issue. As a complica-
tion of most cardiovascular diseases, it
affects 4% of the population. The mor-
tality rate within a year for this group,
even with treatment in specialized hos-
pitals, is 10.2%." For patients with re-
fractory CHF, the one-year mortality rate
can reach 50%.2 The number of patients
reaching the end stage of CHF is con-
stantly increasing. This is due to both the
rise in life expectancy and the improved
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effectiveness and quality of cardiovas-
cular disease treatments. Heart trans-
plantation (HT) is the gold standard in
the treatment of patients with end-stage
heart failure.

Modern pharmacotherapy includes
the use of beta-blockers, angioten-
sin-converting enzyme inhibitors, sacu-
bitril/valsartan, dapagliflozin and em-
pagliflozin, and diuretics, including
aldosterone receptor antagonists.® As a
complement to pharmacological ther-
apy, cardiac resynchronization therapy
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(CRT) is used.* The use of CRT in pa-
tients with left ventricular dyssynchrony
can prevent or delay the need for heart
transplantation or serve as a bridge
to transplantation.>® For patients, with
severe mitral regurgitation, the mi-
tral clipping technique—transcatheter
mitral valve repair—can be applied.’
Heart transplantation is performed only
when all other measures have failed
to produce the desired results. Due to
the increasing number of patients with
end-stage heart failure and the limited
availability of donor organs, not every-
one in need of a heart transplant can
receive one.® Survival rates after heart
transplantation are significantly higher
compared to the natural progression of
terminal heart failure. According to the
latest data provided by the International
Society for Heart and Lung Transplan-
tation, the 1-year survival rate is 84.5%
and the 5-year survival rate is 72.5%.7
These survival rates have significantly
improved compared to the 1980s, when
the 1-year survival rate was 76.9% and
the 5-year survival rate was 62.7%. At
the University Hospital Zurich in Swit-
zerland, a 20-year survival rate of 55.6%
was reported.’ Over the past decades,
there has been a significant improve-
ment in heart transplantation out-
comes, primarily related to increased
survival during the first year post-oper-
ation. In the longer term, patient sur-
vival is significantly influenced by com-
plications such as chronic transplant
vasculopathy, malignancies, infectious
complications, transplant rejection,
and renal failure.® Until 2011, surgical
treatment for heart failure was virtually
unavailable in Kazakhstan. In 2011, our
Center performed the first implantation
of a left ventricular assist device (LVAD).
We anticipated that the implementation
of our mechanical circulatory support
program would serve as a catalyst for
developing the first heart transplanta-
tion program in our country. This vision
came to fruition when the first heart
transplantation was successfully per-
formed in August 2012.

The aim of our study was to evalu-
ate the early and long-term outcomes of
heart transplantations performed at the
Heart Center of University Medical Cen-
ter over a period of 10 years.
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Materials and Methods

This study was an observational, an-
alytical, cohort, retrospective analysis
of 86 orthotopic heart transplantations
conducted at the Heart Center of Univer-
sity Medical Center from 2012 to 2022.
The analysis of the obtained results was
conducted retrospectively.

Ethical approval. The study was
conducted in strict accordance with the
principles outlined in the Helsinki Dec-
laration. Prior to commencement, the
study received approval from the Local
Bioethics Committee of the Corporate
Foundation “University Medical Center,”
protocol #3 dated 14/07/2023.

Statistical Analysis. Statistical analy-
ses were performed applying Stata (ver-
sion 3.6.3). The significance level for all
statistical tests was set at 0.05. Data were
presented as mean values + standard de-
viation (SD] or medians for quantitative
variables and percentages for qualitative
variables. The 30-day survival rate adds
the 1-year survival rate was calculated by
Kaplan-Meier survival analysis. The anal-
ysis of the main etiological factors in the
development of terminal chronic heart
failure and the corresponding causal re-
lationship was assessed by calculating
the odds ratio (OR].

Results

Recipients From August 2012 to De-
cember 2022, there were 114 patients
on the heart transplant waiting list. Of
these: 86 patients (75.4%) underwent
heart transplantation.10 patients (8.7%)
who were in the hospital setting died
due to progressive heart failure with no
possibility of heart transplantation or
use of mechanical support as a bridge to
transplantation. 4 patients (3.5%) exited
the hospital setting for various reasons.
One patient achieved disease remis-
sion, showing improved hemodynamic
parameters and ejection fraction due to
tailored therapy. The etiology of terminal
heart failure among the recipients was:
Dilated cardiomyopathy in 52 patients
(60.4%). Ischemic cardiomyopathy in 22
patients (25.8%). Valvular pathology in 7
patients (8.1%].

Other causes (arterial hypertension,
hypertrophic cardiomyopathy) in 5 pa-
tients (5.8%].

There were 68 male patients (79.5%)
and 18 female patients (20.5%). The
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Characteristics of recipients

Etiology of terminal chronic

average age of recipients was 42 + 9.4
years (ranging from 17 to 64 years). The
average duration of illness at the time of
transplantation was 4.33 + 2.51 years.
By the time of the operation, 60 re-
cipients (69.7%) were classified as NYHA

functional class IV of chronic heart fail-
ure according to the New York Heart As-
sociation (NYHA)] classification.

Characteristics of recipients and the
etiology of terminal heart failure were
detailed in Tables 1 and 2.

Data Quantity (percentage)

Men 68 (79.5%)

Women 18 (20.5%)

Age 42 + 9.4 years

Diabetes 9 (7.7%)

Cardiorenal syndrome 17 (19.7%)

Chronic obstructive pulmonary disease 19 (22.1%)

History of acute cerebrovascular accident 7 (8.1%)

Previously undergone surgery 49 (56.9%)

Left ventricular assist device 42 (48.8%)

Artificial heart for adults CARMAT 3 (3.4%)

Extracorporeal membrane oxygenation 2 (2.5%)

Disease Men | Women OR 95%Cl P val-
(n-68) | (n-18) ue

Dilated cardiomyopathy 38 14 0.316Y |[0.10;1.21] |0.997

Cardiac ischemia 20 2 3.333°¢ | [0.70;15.85] |0.130

Rheumatic disease 3 1 0.785Y | [0.08;8.03] 0.838

Congenital heart disease 3 - 3.648 | [0.18;74.46] | 0.400

Hypertensive cardiomyopathy 2 - 1.391¢ | [0.06;30.26] |0.834

Hypertrophic cardiomyopathy 1 1 0.253v |[0.02;4.07] |0.341

Ilvemark Syndrome 1 - 0.822v |[0.03;21.03] | 0.906

®- OR>1 means that the event is directly related and has a chance of occurring in the

first group;

8-OR=1 means that the odds are equal in both groups;

¥~OR<1 means that the event is directly related and has a chance of occurring in the

second group

The echocardiographic data were
characterized by significantly reduced
left ventricular myocardial contractility
- left ventricular ejection fraction (LVEF)
of 17.6 + 4.9% (range 8-27%), cardio-
megaly (end-systolic left ventricular di-
mension of 71.3 £ 9.8 mm (range 35-95
mm), end-diastolic left ventricular vol-
ume of 273.25 + 84.2 ml (range 52-524
ml), and high pulmonary hypertension
(mean pulmonary artery pressure of 55.6
+ 13.27 mmHg (range 25 to 82 mmHg].

Theevaluationincludedatestassess-
ing the degree of heart failure (6-minute
walk test), which averaged 210.08 + 96.6
meters. 60 recipients (69.7%) were clas-

sified as NYHA functional class IV, while
the remainders were classified as NYHA
functional class IlI.

According to the results of right
heart catheterization, pulmonary vascu-
lar resistance was 2.4 + 1.7 Wood units
(ranging from 1.0 to 7.4 Wood units).
Peak oxygen consumption (VO2max) was
determined using cardiopulmonary ex-
ercise testing. The average VO2max val-
ue was 11.7 + 2.73 ml/kg/min.

The evaluation aimed at determining
eligibility for heart transplantation also
included assessment of a wide range of
clinically significant comorbidities. Type
2 diabetes mellitus was present in 9
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(7.7%) patients, cardiorenal syndrome in
17 (19.7%), chronic obstructive pulmo-
nary disease (COPD) in 19 (22.1%), prior
cerebrovascular accident in 7 (8.1%) re-
cipients, and a frontal lobe cavernoma in
1 (1.2%) patient.

In 49 (56.9%) cases, patients had
previously undergone cardiac surgery,
including 42 (48.8%) who had received
a left ventricular assist device, 3 (3.4%)
who had a total artificial heart CARMAT,
and 2 (2.5%) who were on temporary
mechanical support (central veno-arte-
rial extracorporeal membrane oxygen-
ation (ECMO).

Donors. The main causes of death
among donors were acute cerebrovas-
cular events - 66.6%, traumatic brain
injury - 31%, and isolated brain tumors
- 2.1%. The average age of donors was
36 + 0.7 years (ranging from 20 to 67
years). There were 53 (61.2%) males
and 33 (38.7%) females. The most sig-
nificant limiting factor for performing
heart transplantation is the insuffi-
cient number of donor organs available.
Therefore, we considered donors with
expanded criteria, including those old-
er than 50 years and those with signifi-
cant myocardial hypertrophy (more than
1.4 cm). When selecting donor-recipient
pairs, body weight was considered, with
a maximum difference of 30% between
the donor and recipient.

Surgical Features. Considering var-
ious factors such as a significant pro-
portion of patients previously implant-
ed with various long-term mechanical
circulatory support systems and the
geographical distance between donor
hospitals and the transplant center, the
ex vivo donor heart conditioning system
(OCS) was utilized in 56 (65.11%) cases.
Bicaval and biatrial techniques were ap-
plied in 57 (66.3%) and 29 (33.7%) cas-
es, respectively. Temporary parameters
included: cross-clamp time of 248.4 +
86.7 minutes (ranging from 108 to 672),
anoxia time of the donor heart when us-
ing the OCS system was 68.9 + 15.4 min-
utes (ranging from 45 to 129), average
duration of normothermic perfusion in
the Organ Care System apparatus was
275 + 104 minutes, and the mean op-
erative time was 386.7 £ 129.5 minutes
(ranging from 185 to 775). In 32 (37.2%)
cases, central veno-arterial ECMO was

BULLETIN OF SURGERY IN KAZAKHSTAN N23 -2024

implanted intraoperatively with an aver-
age duration of 7.7 days. Additionally, in
6 cases, superior vena cava reconstruc-
tion was performed using a xenopericar-
dial patch. The average length of stay in
the intensive care unit was 12.2 + 8.67
days.

Immunosuppressive Therapy. During
heart transplantation, we utilized induc-
tion therapy aimed at reducing the risk
of acute rejection and delaying the ad-
ministration of nephrotoxic calcineurin
inhibitors. In our case, induction immu-
nosuppression included:

Oral administration of tacrolimus
(Prograf) at a dose of 0.1 mg/kg over 3-6
hours before the operation,

Infusion of anti-thymocyte globulin
(ATG) at a dose of 1.5 mg/kg. One-third
of the ATG dose should be infused before
clamping the aorta, and the remainder
after unclamping, to be continuously in-
fused for up to 6 hours,

Administration of methylpredniso-
lone 500 mg intravenously over 30 min-
utes to 1 hour before surgery. In the first
three days, ATG is administered every
24 hours for 6 hours under CTD moni-
toring. During the first day post-trans-
plantation, methylprednisolone 125 mg
was administered intravenously every
8 hours (3 times a day). On the second
day, methylprednisolone 100 mg was ad-
ministered intravenously every 8 hours.
After extubation, patients received a
three-component tablet immunosup-
pressive therapy based on their blood
tacrolimus levels: Prograf (tacrolimus],
CellCept (mycophenolic acid) 2000 mg/
day, and prednisolone 1 mg/kg oral-
ly with a reduction of 5 mg every other
day. The immunosuppressive therapy
was tailored to minimize the toxic ef-
fects of the medications on the recipient.
Histological evaluation of biopsies was
conducted according to the ISHLT-2005
classification. The average length of stay
in the hospital for recipients was 46.4 +
11.4 days.

Discussion

86 patients were included in outpa-
tient follow-up. Hospital mortality was
observed in 8 (9.3%] recipients. The most
common cause of early mortality was in-
fectious-septic complications and multi-
organ failure (MOF), accounting for 54%
of the fatalities. Specifically, the combi-
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Figure 1.
Frequent complications after
transplantation

nation of sepsis and MOF led to death in
32%, while 30% succumbed solely due to
sepsis. In 2.7% of cases, death occurred
due to stroke on the 2nd day.
Postoperative renal dysfunction was
noted in 28 (32.5%) patients. Among
them, 11 recipients experienced oliguria,
progressing to anuria, with significant
increases in potassium, urea, and creat-
inine concentrations, necessitating he-

15,30%; 22% ‘

8,20%; 12%

1,21%; 2%

8,20%; 11% 159{); 21%

Acute rejection episodes (ARE)
during the hospital period were diag-
nosed in 4 (4.6%) recipients. To manage
acute rejection crises, pulse therapy
with methylprednisolone was adminis-
tered (at a dose of 1000 mg over 4 hours,
for 3-5 days). For cytomegalovirus in-
fection prophylaxis, all patients received
antiviral medications (valganciclovir 900

mg/day).
Two patients (2.3%) received per-
manent pacemakers [(PPM] due to

post-transplant third-degree atrioven-
tricular block and sick sinus syndrome.
In the long-term period, 19 recipients
deceased. The primary cause of late
fatalities was rejection reaction, occur-
ring in 10 (52.6%) cases, with 2 cases
in combination with multiorgan failure.
One patient passed away after 3 years
due to prostate cancer development.
One patient died from pulmonary tuber-
culosis 4 years after HTx. Two patients
died from chronic renal failure (CRF)
5 and 6 years after HTx. In 5 cases, the

16,80%; 24%

5,80%; 8%

modiafiltration (HDF), with the number
of sessions varying from 1 to 13 per pa-
tient. In 13 recipients, renal function fully
recovered after HDF was performed.

Infectious complications during the
hospital period were represented by
bacterial pneumonia in 18.3% of cases
among patients.

Complications after heart trans-
plantation are presented in Figure 1.

m Dyslipidemia, CAV
Diabetes

® High blood pressure

m Chronic Kidney Disease

B Malignancies

® Rejection

m Infections

cause of death was COVID-19 after HTx.
As is known, long-term survival after
HTx mainly depends on coronary artery
disease (the main reason), infectious
complications, and acute rejection of the
transplant after the first year following
HTx. In the long term, rejection reactions
occurred in 6 cases, accounting for 6.9%,
and infectious complications in the form
of pneumonia of specific origin (mainly
Pneumocystis etiology) were observed
in 9 (10.4%) patients. After 5 years post-
HT, coronary artery disease of the trans-
planted heart (CADTH] was verified in
1 patient, with coronary angiography
(CAG) showing two-vessel disease of
the coronary artery. Mammary-coro-
nary bypass grafting of the anterior in-
terventricular branch and aortocoronary
bypass grafting of the obtuse marginal
artery were performed. Subsequently,
coronary angiography + graftography
confirmed adequate functioning of the
grafts. Vasculopathy post-HT was noted
in 6 (6.9%) cases during scheduled CAG
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and intravascular ultrasound (IVUS) ex-
amination. In all cases, intensified im-
munosuppression and lipid control were
implemented. Follow-up IVUS examina-
tions showed improvement.

According to various sources, the
most significant kidney impairment de-
velops within the first year post-HT and
directly correlates with the level of tac-
rolimus in the blood. In this case, the
main preventive measures include fre-

quent monitoring of tacrolimus levels in
the blood and maintaining fluid balance.
In our case, renal dysfunction developed
after HT within the first 6 months in 4
patients, and after this period, in 7 recip-
ients.

An analysis of all performed HT cas-
es was conducted. The 30-day survival
rate was 94%, the 1-year survival rate
was 84.3%, and the five-year survival
rate was 64.7% (Figure 2 and 3).

Kaplan-Meier survival estimates after HTX
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Limitations: This study has poten-
tial limitations. Small sample size may
restrict the generalizability of the find-
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ings and increase the potential for bias.
Moreover, this study describes the expe-
rience of one center and we can’t gener-
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Figure 2.

Survival of patients who were
previously on long-term
mechanical support and
without it: Previous MCS
(Mechanical Circulatory
Support) - patients with
previously implanted
long-term mechanical
support devices.

Figure 3.

Patient survival with and
without OCS (Organ Care
System] for donor heart
conditioning.
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alize the findings of this research. Future
research with a larger number of studies
and more standardized methodologies
would be beneficial to confirm and ex-
tend these findings.

What’s known? Heart transplanta-
tion is the gold standard in the treatment
of patients with end-stage heart failure.
Survival rates after heart transplanta-
tion are significantly higher compared
to the natural progression of terminal
heart failure.

What’s new? During the hospitaliza-
tion period and the first 6 months post-HT,
infectious and septic complications pre-
dominated, while rejection reactions were
more common in later periods. To reduce
complications after HT optimization of
immunosuppressive therapy is essential.
Implementation of non-invasive diagnos-
tic markers for detecting organ rejection
should be integrated into practice.

Conclusion

Based on a 10-year experience, it
can be unequivocally stated that heart
transplantation is an effective treat-
ment method for patients with severe
heart failure. It increases patient sur-
vival rates, improves tolerance to phys-
ical activity, enhances quality of life, and
enables most patients to return to active
life. During the hospitalization period
and the first 6 months post-HT, infec-
tious and septic complications predom-
inated, while rejection reactions were
more common in later periods. To re-
duce complications after HT in both the
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Abstract

Trauma remains one of the leading causes of mortality worldwide, particular-
ly among the young population. A significant number of people die within the first 48
hours due to acute cardiovascular pathology. Cardiac injury is a significant predictor
of adverse outcomes following multiple trauma, associated with poor prognosis and
prolonged hospitalization. Systemic elevation of cardiac troponin levels is linked to sur-
vival, the severity of trauma, and catecholamine consumption in patients after multiple
trauma. Clinical signs of the so-called "commotio cordis” include arrhythmias, such as
ventricular fibrillation and sudden cardiac arrest, as well as wall motion abnormalities.
In trauma patients with inadequate hypotension and a lack of adequate response to
fluid therapy, the possibility of cardiac injury should be considered. Therefore, a com-
bination of electrocardiography, echocardiography, and the systemic determination of
cardiomyocyte injury markers, such as troponin, appears to be an appropriate diagnos-
tic method for identifying cardiac dysfunction after trauma. However, the mechanisms
of post-traumatic cardiac dysfunction continue to be actively studied. The aim of this
review is to discuss cardiac injury following trauma, focusing on the mechanisms of
post-traumatic cardiac dysfunction related to inflammation and complement activation.
The review illustrates the causal relationship between cardiac dysfunction and blunt
chest trauma, multiple trauma, and hemorrhagic shock.

Introduction
Polytrauma, a condition in which a
patient sustains multiple injuries af-

massive bleeding experience organ dys-
function, including cardiac dysfunction.
Even in the absence of direct cardiac

fecting several organs or systems, is a
leading cause of mortality among young
people.! According to the World Health
Organization (WHO) as of December 13,
2023, road traffic accidents are the pri-
mary cause of polytrauma, resulting in
approximately 1.19 million deaths annu-
ally and causing disability in 20 to 50 mil-
lion people.? In the early period follow-
ing combined tissue damage and shock,
hemostasis is disrupted, leading to the
development of traumatic coagulopathy
and massive bleeding. Many survivors of
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injury in polytrauma, recent studies in-
dicate the development of asymptomat-
ic myocardial dysfunction within specific
time frames—1 to 3 days, 1 to 6 months
after the injury—often associated with
the development of systemic inflamma-
tion or the so-called “double hit” theory.?
The “double hit” theory considers ear-
ly and late complications of polytrauma
through the lens of primary soft tissue
and organ damage; secondarily, it consid-
ers the Systemic Inflammatory Response
Syndrome (SIRS), respiratory distress,
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coagulopathy, acidosis, ischemia/reper-
fusion syndrome, and hemodynamic in-
stability.>* The severity of post-traumat-
ic cardiac dysfunction is determined not
only by the degree of mechanical myocar-
dial contusion but also by damage caused
by the release of damage-associated
molecular patterns (DAMPs), cytokines,
complementopathy, and the activation
of the acquired immune response.’ This
reaction begins within 30 minutes after
severe trauma and represents an inflam-
matory response to blood loss and tissue
damage. SIRS arises due to the release
of endogenous factors known as DAMPs
(“alarmins”)  following tissue injury.
These molecules are released from acti-
vated immune cells or necrotic cells and
trigger a potent inflammatory response.
DAMPs activate immune cells and com-
plement, leading to the rapid production
of inflammatory mediators such as inter-
leukins, resulting in a systemic inflam-
matory response.’

This issue remains unresolved, and
patients after polytrauma are often not
monitored on an outpatient basis by spe-
cialists, nor do they receive preventive
treatment, leading to late presentation
with cardiovascular pathology (CVD),
which can result in the development of
heart failure (HF). Therefore, the aim of

Google Scholar {(n=2700)
Medline Pubmed (n=2451)

Elibrary (n=149)

Title and Abstract Screening
for Inclusion-Exclusion
(n=665)

this literature review is to study myocar-
dial dysfunctions in polytrauma, associ-
ated with both direct cardiac injury and
secondary injury due to systemic inflam-
mation. Specifically, this review focuses
on the study of all DAMPs associated
with the development of heart failure.

Materials and Methods

Literature Search. To prepare this re-
view article, literature search on the top-
ic of myocardial dysfunction in polytrau-
ma was conducted. The search included
publications from PubMed and Google
Scholar, Elibrary databases. The search
was carried out using combinations of
keywords such as “myocardial dysfunc-
tion”, “heart dysfunction”, “polytrauma”,
“immunology”.

Inclusion criteria: articles published
from 2014 to 2024, defined as original
research articles, review articles, me-
ta-analyses, clinical guidelines recom-
mendations written in English language.

Exclusion criteria: non-original arti-
cles; case reports; articles without ac-
cess to full texts; and duplicate articles.

As a result of the search, full text of
80 publications was reviewed. Selection
of articles was made according to the
inclusion and exclusion criteria. 17 arti-
cles which have met all the criteria were
analyzed.

Duplicate Articles
— (n=30)

Unrelated Articles

— Excluded Based on

Full-Text Articles Obtained for
Comprehensive Qualitative
Review (n=80)
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Title and Abstract
(n=585)

Figure 1.
Article selection algorithm
for review.
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Table 1.
Characteristics of studies
included in meta-analysis.

Table 2.
Total troponin and hazard
ratio results

Data Collection and Analysis. All se-
lected articles were analyzed and infor-
mation about mechanisms of myocardial
dysfunction, mechanism of the immune
response, clinicalconsequences of myo-
cardial dysfunction in polytrauma were
added to the results and discussion part.

In addition, meta-analysis was con-
ducted following PRISMA guidelines to
evaluate the association between elevat-
ed Troponin 1 levels and myocardial dys-
function. Literature search was performed
using PubMed, covering publications from
2019 to 2023. Included studies were pro-
spective and retrospective cohort, com-
munity-based cohort and reduced trail
designs involving patients aged 18 and

fect sizes. Studies that were case reports,
reviews, non-human, or lacked necessary
data were excluded. Two independent
reviewers extracted data on study char-
acteristics, population details, and Tropo-
nin 1 measurements. Statistical analyses
involved calculating pooled effect sizes
using a random-effects model, assessing
heterogeneity with the |12 statistic and per-
formed by using R-studio software. The
search in Pubmed returned 713 results,
from which 144 full-text articles were
screened covering the last b years. After
applying the inclusion and exclusion crite-
ria, seven studies describing the effect of
Troponin 1 on heart failure were included
in this meta-analysis.

older, with sufficient data to calculate ef- Results
Author Publica- | Sample | Gender Study design Event
tion year size (M)
Yanetal ¢ 2020 48.455 | 23.321 | Prospective  popu- | Heart failure
lation-based cohort
study
Berge etal. 7 | 2021 314 163 Prospective cohort Heart failure
Zhang etal. ¢ | 2022 6487 4361 Retrospective cohort | Coronary ste-
nosis
Firth et al’ 2019 561 332 Prospective Cardiovascu-
lar events
Innocenti et 2021 325 N/A Prospective Mortality
al.”
Packeretal | 2021 3636 2767 EMPEROR-Reduced | Heart failure
trial
Suthahar et 2020 22.756 |12.087 |community-based | Heart failure
al.”? cohorts
Heart failure
Troponin Hazard 95% CI 95% CI p-value
mean ratio low high
(ng/l)
Yan et al.,52020 2.3 1.42 1.31 1.53 <0.001
Bergeet al.,’2021 13 1.30 1.07 1.58 <0.009
Zhang et al.,® 2022 9 1.14 1.1 1.17 <0.05
Firth et al.,’2019 0.068 2.15 1.29 3.58 <0.003
Innocenti et al.,™® NA 3.24 1.72 6.11 <0.001
2021
Packer et al.,’" 2021 14 1.71 1.22 2.41 <0.001
Suthahar et al.," NA 1.30 1.22 1.43 <0.05
2020
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Hazard Ratio

Hazard Ratio

Study logHR SE Weight IV, Random, 95% CI IV, Random, 95% CI

Yan et al 2020 0.3476 0.0396 21.5% 1.42[1.31;1.53] =

Berge et al 2021 0.2625 0.0994 15.6% 1.30[1.07; 1.58] —-

Zhangetal 2022  0.1307 0.0134 22.9% 1.14[1.11;1.17]

Firth et al 2019 0.7650 0.2604 54% 2.15[1.29; 3.58] -——
Innoccenti et al 2021 1.1761 0.3234 3.8% 3.24[1.72;6.11] P
Packer etal 2021  0.5392 0.1737 9.4% 1.71[1.22; 2.41] ———

Suthahar et al 2020 0.2783 0.0405 21.4% 1.32[1.22; 1.43]

Total (95% CI) 100.0% 1.41[1.23;1.61] -

Prediction interval [0.93; 2.12] -—[ |

Heterogeneity: Tau® = 0.0208; Chi® = 56.12, df = 6 (P < 0.01); I = 89% I ‘

Test for overall effect: Z = 4.94 (P < 0.01)

All hazard ratios calculated in stud-
ies were found to be greater than 1.0,
which reflect the significance of the
correlation. According to Figure 2 this
meta-analysis suggests that elevated
Troponin 1 increases the risk of heart
failure by 41% on average (HR = 1.41),
with a high degree of variability (hetero-
geneity] among the study results. The
overall effect is statistically significant.

In this meta-analysis, the correlation
between the increased level of troponin
and the risk of heart failure highlights
the potential of Troponin 1 as a biomark-
er for early detection and risk stratifi-
cation in patients. The statistical signif-
icance of the overall effect, despite the
heterogeneity among studies, suggests
a robust association across diverse pop-
ulations and study designs.

Discussion

Traumatic cardiac injury can present
with a wide range of clinical manifesta-
tions, from asymptomatic conditions to
near-fatal states. Studies of traumatic
cardiac injury in pigs have shown revers-
ible reductions in ejection fraction and
fractional shortening.” In addition to
these changes in systolic function, trau-
ma may also affect diastolic function. To
assess both systolic and diastolic func-
tions after trauma, further research us-
ing echocardiographic measurements is
required.

In addition to impairments in systolic
and diastolic function, arrhythmias have
been documented following trauma.
Analysis of data from all trauma patients
at a Level | trauma center accredited by
the American College of Surgeons re-
vealed that, over a period of two years,
258 patients were diagnosed with new-
ly onset atrial fibrillation (AF) following
trauma.™ Literature on commotio cordis
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cites numerous cases of sudden cardiac
death caused by a ball striking the chest.
Blunt chest trauma can lead to ventric-
ular fibrillation, which in turn can cause
sudden cardiac death.'” Besides direct
impact on the heart, there are reports of
arrhythmias developing in patients fol-
lowing trauma not associated with chest
impact. For example, one case involved
a child who experienced QTc interval
prolongation after a mild concussion.'
In addition to systolic and diastolic dys-
function and arrhythmias, valve insuf-
ficiency has also been noted following
trauma. For instance, chordae tendineae
rupture caused by trauma led to acute
and severe mitral regurgitation, as de-
scribed in cases following motor vehicle
accidents.” Several published reports
on traumatic valve injury have demon-
strated a wide range of symptoms: some
patients could remain asymptomatic for
many years, while others became hemo-
dynamically unstable immediately after
the injury.”®"” Valve injuries occurred
as a result of direct high-energy chest
trauma, such as motor vehicle accidents
and falls from heights. The most likely
mechanism is a sudden deceleration or
compression of the blood column in the
heart during a vulnerable phase of valve
operation.” In conclusion, it should be
noted that the topic of traumatic valve
injuries may be underappreciated in
contemporary studies of cardiac contu-
sions due to the wide range of symptoms
and the complexity of diagnosing them.
Biochemical Markers of Cardiac Inju-
ry. During tissue damage, various mol-
ecules are released into circulation that
can indicate damage to that specific tis-
sue, serving as markers. In myocardial
injury, various proteins and DNA mole-
cules are released, which were previous-
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Figure 2.

Forest plot showing association
between Troponin 1 and heart
failure.
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ly markers for other acute conditions,
such as myocardial infarction. For exam-
ple, troponins (T, C, 1) are small proteins
that play a key role in calcium-regulated
cardiac muscle contraction. In critical-
ly ill patients, elevated levels of cardiac
troponin T are associated with increased
in-hospital mortality; however, there is
no correlation with long-term survival
differences.?? Additionally, in ICU pa-
tients following multiple trauma, elevat-
ed troponin T levels correlated with ISS
and AIS scores, as well as with survival
and catecholamine needs.”™ After trau-
ma, systemic elevation of troponin was
associated with myocardial contusion
in 15-45% of cases. Systemic elevation
of troponin in trauma patients has been
described as a sensitive biomarker for
detecting cardiac complications, espe-
cially when combined with electrocar-
diogram.?’ Recently published reports
have documented elevated troponin
levels in various experimental trauma
models and species, including mice
following multiple trauma,?’ asphyxia
and hemorrhage in newborn piglets,?
and multiple trauma with hemorrhagic
shock in pigs.?

Before it was established that dam-
aged cardiomyocyte membranes con-
tribute to the release of troponin, cell
necrosis was considered the only mech-
anism for its release.?® Besides necrosis
and apoptosis, there is growing evidence
of various possible mechanisms for re-
versible systemic elevation of troponin.?
This reversible cardiomyocyte (CM)
damage has been associated with the
release of microparticles, membrane
vesicles, and increased cell membrane
permeability.?#® Fragmented cardiac
troponin is expected to result from irre-
versible cardiomyocyte damage, while
systemic elevation of undamaged tro-
ponin is associated with reversible dam-
age.? Structurally bound troponin un-
dergoes degradation by calpains, which
are activated by increased intracellular
calcium or changes in pH levels.? Vari-
ous damage-associated molecular pat-
terns (DAMPs), such as extracellular
histones, are known to induce increased
intracellular calcium in cardiomyocytes,
occurring due to increased membrane
permeability or the formation of reac-
tive oxygen species (ROS)." Additionally,

there is evidence that troponin | direct-
ly affects the heart; it has been shown
to cause inflammatory heart disease in
mice.?’

Another myocardial damage bio-
marker is HFABP, which is detected in
the bloodstream earlier after myocardial
infarction compared to troponin.? Sys-
temic elevation of HFABP was recently
observed at early stages following exper-
imental multiple trauma in pigs.™ Clini-
cal studies among polytrauma patients
revealed increased levels of HFABP, as
well as other proteins such as growth/
differentiation factor 15 (GDF-15) and the
surface receptor of the urokinase-type
plasminogen activator (uPAR]. Specifi-
cally, the concentrations of all three pro-
teins in plasma were significantly higher
in the subgroup of polytrauma patients
with high troponin levels compared to
healthy individuals. However, while the
expression of HFABP decreased over
time, the expression of uPAR and GDF-
15 was higher at 24 hours compared to
the time of admission.?

Inflammation-Linked Heart Damage
Indicators. In response to early systemic
inflammatory reactions, accompanied by
the release of damage-associated mo-
lecular patterns ([DAMPs] into the blood-
stream,®® the release of high mobility
group box 1 (HMGB-1) protein has been
observed in humans within 30 minutes
of injury,® and it has been associated
with injury severity, complement system
activation, and mortality.®’ Additionally,
in experimental models of multiple trau-
ma, including chest trauma with hemor-
rhagic shock in pigs, elevated levels of
HMGB-1 have been documented.*? It is
known that HMGB-1 can induce cardio-
myocyte dysfunction, including cases of
cardiac hypertrophy and heart failure,®
as well as ischemia and myocardial
reperfusion injury.** HMGB-1 also func-
tions as a secondary DAMP molecule,
interacting with extracellular histones
through toll-like receptors (TLRs), par-
ticularly TLR-2, TLR-4, and TLR-9. Ex-
tracellular histones have been linked to
traumatic lung injury and acute respira-
tory distress syndrome in humans,*3¢ as
well as septic cardiomyopathy in mice.™
DAMPs can contribute to increased in-
tracellular calcium concentrations in
cavernosal malformations, which are
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associated with bradycardia and bigemi-
ny.” Systemic release of circulating his-
tones has been observed in rats with ex-
perimental blunt chest trauma, as well
as in pigs and mice with multiple trau-
ma."237 Following systemic adminis-
tration of extracellular histones in mice,
there was an increase in inflammatory
cytokines such as TNF, IL-1B, IL-6, and
IL-10.%® Additionally, HMGB-1 has been
linked to the production of inflamma-
tory cytokines,® including TNF, IL-18B,
and IL-6.40 Circulating histones accu-
mulate in the heart and are associated
with cardiomyocyte dysfunction, as well
as dose-dependent production of reac-
tive oxygen species (ROS) and increased
intracellular calcium.”™ Histones also
decrease mitochondrial membrane po-
tential and ATP production in a dose-de-
pendent manner, leading to reduced
cardiomyocyte contractility due to ener-
gy deficiency.”®#" TLR-4 has been found
to play a key role in the development of
cardiac dysfunction after trauma; its ab-
sence contributed to improved cardiac
function in mice with traumatic hemor-
rhagic shock.*

Another molecule released by the
heart in response to tissue damage is
midkine. Midkine is an inflammatory
cytokine and a heparin-binding growth
and differentiation factor.”® Systemic el-
evation of midkine levels has been ob-
served following bone fractures, burns,
and traumatic spinal cord injury.®4 Af-
ter release following a fracture, midkine
remains elevated in patients for up to
42 days.** Another mechanism through
which midkine exerts damaging effects
on human cardiomyocytes has been de-
scribed. In this context, midkine caused
significant changes in calcium handling
by cells, manifested as increased ampli-
tude of calcium delta peaks, reduced fre-
quency of calcium peaks, and enhanced
mRNA production of calcium-handling
proteins such as sarcoplasmic/en-
doplasmic reticulum calcium ATPase
(SERCA] and Na+/Ca2+ exchanger.*®. Be-
sides its effect on contractility through
intracellular calcium changes, midkine
also impaired mitochondrial function in
cardiomyocytes and induced apoptosis.®

Changes in Complement System Acti-
vation. During experimental sepsis and
following burn trauma, it has been found
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that the complement activation product,
complement factor (C5a), causes signif-
icant dysfunction in cavernous malfor-
mations both in vitro and in vivo by in-
teracting with Cba receptors.*' Another
study of spinal cord injury due to con-
tusion in the mouse model, C5a caused
most damage in the acute phase, while
it had some protective utility later with
contribution to hypertrophy and glial
scar formation.*®

In trauma patients, complement
system activation has been noted with
increased levels of ComC.* ComC acti-
vation leads to activation of other com-
plement elements, which also is asso-
ciated with the development of acute
respiratory distress syndrome and
multiple organ failure.* In contrast to
the threefold increase in Cba receptor
(C5aR) expression in the myocardium
after ischemia observed in experimen-
tal blunt chest trauma in mice, experi-
mental asphyxia and hemorrhage in pig-
lets,?2 and experimental multiple trauma
in pigs, C5a receptor factor (C5aR1)
expression in the left ventricle was re-
duced.”™ This decrease in C5aR1 levels
may be due to receptor internalization
following binding with C5a, which signifi-
cantly increases after trauma in animal
models.*’

Systemic consumption of both clas-
sical and alternative complement sys-
tem factors was demonstrated using
the CH-50 test in pigs 6 hours after
multiple trauma.”® Additionally, neutro-
phils migrate to cardiac tissue following
trauma, as shown in experimental blunt
chest trauma in mice.*” Neutrophil ser-
ine protease cleaves C5aR1, leading to
its reduction after trauma.*’ In case with
C5aR2, its loss mouse model with spinal
cord trauma caused worse outcomes.*
Furthermore, in the inflammatory state
of CLP sepsis, the interaction of C5a with
C5aR1 leads to an excess of cytosolic
ROS and Ca2+i in cardiomyocytes.*"s

A biochemical marker is considered
high-quality if it is detectable at early
stages, measurable in peripheral ma-
terials such as blood or urine, sensi-
tive, correlates with the severity of the
patient’s condition, and is analytically
stable and measurable over time after
the event.52 A common issue with many
markers is sensitivity, as these mole-
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cules can be released by other organs.
For example, lactate dehydrogenase
(LDH) has been described as a promis-
ing indicator for screening chest trauma
in patients with polytrauma. However,
LDH is an enzyme found in many tissues,
including the heart, lungs, liver, kidneys,
skeletal muscles, and blood cells.®
Therefore, elevated LDH levels in poly-
trauma patients require the exclusion of
other sources of this enzyme.

Thus, many markers associated with
cardiac injury need further investigation.
For instance, GDF-15 has proven to be
effective for predicting outcomes in pol-
ytrauma patients. This protein showed
moderate correlation with ICU stay and
hospital stay, and strong correlation
with ventilation time and catecholamine
requirements.? However, GDF-15 is ex-
pressed not only in the heart but also in
various human tissues, including the pla-
centa, kidneys, lungs, pancreas, skeletal
muscles, liver, and brain. In this study,
the authors relied on elevated GDF-15
levels in patients with high troponin lev-
els.? Hence, clinical recommendations
and protocols should consider the condi-
tions under which specific markers were
studied and their levels.

Additionally, the influence of other
factors must be excluded. For instance,
the correlation of complement factors
C3a and Cba with the development of
acute respiratory distress syndrome
and multiple organ failure does not im-
ply that these complications are solely
caused by elevated levels of these fac-
tors. It is a multifactorial phenomenon
influenced by the severity of the condi-
tion, the combination of injuries in poly-
trauma, the patient’s pre-existing health
status, and other factors. Therefore,
when identifying certain molecules as
cardiodepressive, meaning they impair
cardiomyocyte function, it is essential to
exclude the influence of other factors on
cellular status.

Currently, the determination of mo-
lecular patterns associated with cardiac
damage and other markers is not con-
ducted at a clinical level. Existing pro-
tocols rely on troponin levels, ECG, and
echocardiography when necessary, and
incorporating additional markers is a
lengthy process dependent on extensive
research in this area.

Limitations. The limitations of this
article include the use of a mixed meth-
od combining systematic review and me-
ta-analysis. This could potentially cause
the issue in analyzing the findings from
diverse study designs. Additionally, the
meta-analysis was performed only on
the association between Troponin 1 and
heart failure, while other relevant bio-
markers were not analyzed. As a result,
there can be potentially missing import-
ant markers of the condition. The rela-
tively small number of sources included
may also limit the generalizability of our
findings to the broader population. Fur-
ther research is needed to explore heart
failure in more diverse populations and
to examine additional biomarkers.

Conclusion

Studies show that polytrauma sig-
nificantly impacts the development of
myocardial dysfunction, which can arise
both directly from heart damage and
secondarily due to systemic inflamma-
tory response. Various biomarkers, such
as troponins and HFABP, help assess the
extent of cardiac injury but remain insuf-
ficiently studied. Inflammatory process-
es and complement system activation
play a crucial role in the development of
myocardial dysfunction and require fur-
ther investigation to improve the diag-
nosis and treatment of polytrauma pa-
tients. These results highlight the need
for developing preventive and therapeu-
tic measures aimed at minimizing cardi-
ac complications in this patient group.
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Abstract

Background. Obesity has turned into a worldwide epidemic with increasing preva-

lence that is associated with excess mortality and morbidity. Obesity is a risk factor for

many diseases including cardiovascular disease, the leading cause of death worldwide.
Aim of the study was conducted to evaluate the association of obesity with dyslipidemia
and hypertension among patients with low, medium and high risk of developing cardio-

vascular diseases

Materials and methods. Cross-sectional study was conducted at the tertiary hospi-
tal in Astana, Kazakhstan. In total 216 participants included in this study.

Results. Student’s t test was performed to elicit association between body mass
index and lipid panel analysis such as cholesterol, triglycerides, low-density lipopro-
tein and high-density lipoprotein, where all p values found to be <0.0001. Consequently,
there is a statistically significant association, and increased body mass indexis linked
with higher lipids in the body.Obesity increases risk of atherosclerosis 2.81 times in
comparison those who have a normal body mass index. Obesity increases risk of cor-
onary angioplasty with stenting 1.91 times in comparison those who did not undergo

stenting procedure.

Conclusion. Atherogenic dyslipidemia is extremely common in obesity, both in the
presence and in the absence of severe insulin resistance, and is probably the main fac-
tor in the increased risk of cardiovascular diseases in these people

Introduction

Obesity is widespread in the industri-
alized world. Body mass index (BMI] is
a common non-invasive anthropometric
measure used as a indicator of fat mass
to assess obesity. The World Health Or-
ganization and the American Heart As-
sociation (AHA) define obesity as a BMI
greater than or equal to 30 kg/m?. -3

Two billion people worldwide over
18 years of age, or approximately 30% of
the world’s population, are overweight
or obese.* Studies conducted by the Ka-
zakh Academy of Nutrition showed that
the average prevalence of overweight
and obesity among the adult popula-
tion of Kazakhstan (15 years and older)
was 29.7% in women and 33.9% in men;
obesity was 25.8% in women and 15.3%
in men. This means that more than half
of the adult population of Kazakhstan

BULLETIN OF SURGERY IN KAZAKHSTAN

(55.5% of women and 49.2% of men) is
overweight or obese. ®

Overweight and obesity are respon-
sible for more than 3.4 million deaths
worldwide each year.! The Association
for Obesity Medicine has defined obesity
as: “a serious, chronic, progressive, re-
current and treatable multifactorial, neu-
robehavioral disease, in which increasing
obesity contributes to adipose tissue dys-
function, resulting in adverse metabolic,
biomechanical and psychosocial health
consequences”. It has been suggested
that multiple mechanisms underlie the
relationship between obesity and ath-
erosclerosis, including abnormalities in
lipid metabolism, insulin resistance, and
inflammation.® Adipose tissue represents
the largest reservoir of free cholesterol in
the body. Adipocytes and adipose tissue
store the largest amount of body lipids,
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including triglycerides and free choles-
terol. Adipocytes and adipose tissue are
endocrine and immune active. Adipocyte
hypertrophy and excessive adipose tis-
sue accumulation may contribute to the
pathogenic effects of adipocytes and ad-
ipose tissue (adiposopathy), leading to
abnormal levels of circulating lipids, with
dyslipidemia being a major risk factor for
atherosclerotic coronary heart disease.
¢ Systemic inflammation and adipokine
production by adipose tissue are import-
ant mechanisms for the adverse effects
of obesity on the vascular wall?® Meta-
bolic products, cytokines, and hormones
released by adipose tissue can affect the
liver by inducing changes in hepatic-de-
rived lipoproteins, clotting factors and
inflammatory factors that affect the ath-
erogenic environment of the vessel wall.
Visceral adipose tissue has access to the
portal circulation and may be particular-
ly important in this process. In addition,
these same adipose tissue-derived fac-
tors have been shown to influence gene
expression and cellular function of en-
dothelial cells, arterial smooth muscle
cells, and monocytes/macrophages. They
represent the major cell types of the arte-
rial wall and are key components to pro-
tect the homeostasis of the vessel wall.’
There are many mechanisms by
which obesity may affect systemic lipid
and lipoprotein metabolism. Increased
production of fatty acids from adipose
tissue in obesity with increased entry into
the liver can lead to increased secretion
of very low density lipoproteins, apoli-
poprotein B (apoB] and triglycerides. 8
Other factors secreted by adipose tis-
sue may have adverse effects on circu-
lating lipids. For example, in a study of
white men with BMI values between 22
and 35 kg/m2, adiponectin was the most
significant factor of plasma apoB very
low density lipoprotein concentrations.*
Tumor necrosis factor expression is up-
regulated in adipose tissue in obese pa-
tients and may have multiple effects on
lipid metabolism through both paracrine
effects on adipocytes and the liver. &%
Dyslipidemia is a widespread risk
factor for coronary heart disease and
an important feature of the metabolic
syndrome. Obesity, especially visceral
obesity, causes insulin resistance and
is associated with dyslipidemia, im-

paired glucose metabolism, hyperten-
sion, which exacerbate atherosclerosis.
Studies over the past 4 decades have
consistently shown that the burden of
dyslipidemia is very high in terms of
morbidity, mortality, and medical costs.
Dyslipidemia is an important risk factor
for coronary heart disease (CHDJ, which
is the leading cause of death worldwide.
The World Health Organization esti-
mates that dyslipidemia is associated
with more than half of coronary heart
disease cases worldwide and more than
4 million deaths per year.* The American
Heart Association estimates that more
than 100 million Americans - one-third
of all Americans - have total cholesterol
levels greater than 200 mg/dL and more
than 34 million American adults have
levels greater than 240 mg/dL, which is
considered a high level requiring treat-
ment. ' Diabetes mellitus (DM] is close-
ly associated with dyslipidemia, with
people with DMhaving mean LDL levels
greater than 140 mg/dL. 12"

Aim of the study: Obesity and dyslip-
idemia contribute to cardiovascular risk.
This study was conducted to evaluate the
association of obesity with dyslipidemia
and hypertension among patientswith-
low, mediumandhighrisk of developing-
cardiovasculardiseases

Materials and methods

Cross-sectional study was conduct-
ed at the tertiary hospital in Astana,
Kazakhstan. In total 216 participants in-
cluded in this study. Inclusion criteria for
the study were:

e Patients with high and very high
cardiovascular disease risk according
to American college cardiovascular dis-
ease (ASCVD) risk estimator

e Ageranges from 18to 65 yearsold

e (Gave consent to be included for
the cross-sectional study

Exclusion criteria included the patients
who did not give consents to participate to
the study or had following diseases:

e History or currently have cancer

e Alcoholic steatohepatitis

e Viral hepatitis

e Asthma and/or COPD

e Heart failure with ejection fraction
lower than 40%.

Demographic characteristics includ-
ing age, gender, nationality, comorbidi-
ties, blood analysis results, instrumental
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analysis Llike ultrasound, computer to-
mography, liver ultrasound (fibroscan),
echocardiography results were collected
and analyzed to assess their potential
influence on cardiovascular risk factors
and outcomes.

Patients were divided into three
groups obesity stages depending on BMI.

e Overweight (not obese], if BMI is
25.0t0 29.9

e Class 1 (low-risk] obesity, if BMl is
30.0 to 34.9

e Class 2 (moderate-risk] obesity, if
BMIis 35.0 to 39.9

e Class 3 (high-risk] obesity, if BMI
is equal to or greater than 40.0.

Ethical approval. Patients all signed
informed consent and the study was ap-
proved by the local ethical committee
(approval number N° 2023/01-008 from
05.07.2024).

Statistical Analysis. For the cate-
gorical data set chi square test, and for
the continuous data set student’s t test,
two tailed were used. P values less than
0.05 were considered to be statistically
significant. Odds ratio were calculated to
find risk of atherosclerosis development
in regards of obesity.

Results

Out of 216 patients with high and very
high risk of developing cardiovascular
disease, 44.5% (n=96) to be female. Av-
erage weight for patients was 80.74 =
15.3kg, while average body mass index
and body surface area (BSA] found to
be 29.03 + 5.17kg/m?and 1.86c+ 0.2m?,
respectively. As mean BMI could be cat-
egorized as obese, hence we tried to
break down patients on obesity stages

depending on BMI:

e Overweight (not obese), if BMI is
25.0to 29.9

e Class 1 (low-risk] obesity, if BMI
is 30.0 to 34.9

e Class 2 (moderate-risk) obesity,
if BMl is 35.0 to 39.9

e Class 3 (high-risk] obesity, if BMI
is equal to or greater than 40.0.

Out of 216 patients, 58 (26.8%) had
normal weigh, 86 (39.8%) were over-
weight, 54 (25%) had class 1 obesity, 12
(5.6%) had class 2 obesity and 6 (2.8%]
had high risk or class 3 obesity.

190 (87.9%) had peripheral or bra-
chiocephalic atherosclerosis. Moving to
the blood analysis, mean total cholester-
ol level found to be 195.96 + 43.86 mg/
dL, further subdivided to low level lipo-
protein (LDL) and high-density lipopro-
tein (HDL) which were calculated to be
132.67 + 36.37 mg/dL and 49.18 + 12.48.
Furthermore, mean values for Non-HDL
cholesterol was 146.45 + 44.6 mg/dL and
triglycerides was 143.02 + 89.00 mg/dL.
Regarding rest of the lipid panel analy-
sis, mean Apo A was 1.29 £0.63 mg/dL,
mean Apo B was 1.089 = 1.26 mg/dL
and LP(a) 37.47 £ 50.29 mg/dL. Among
the most frequently seen comorbidities
were hypertension (72.6%) and diabetes
mellitus type 2 (21.2%).

Student’s t test was performed to
elicit association between BMI and lip-
id panel analysis such as cholesterol,
triglycerides, LDL and HDL, where all p
values found to be <0.0001. Consequent-
ly, there is a statistically significant asso-
ciation, and increased BMI is linked with
higher lipids in the body.

Obese | Non-obese | OR 95%Cl | Pvalue | ool o
y Relationship

n=158 n=58 (27%) with Atherosclerosis
(73%) and Interventions

Atherosclerosis 21 3 2.81¢ [0.81;9.80] 0.105

Stent 41 9 1.918 [0.86;4.22] 0.111

CABG 50 18 1,038 [0.54;1.97] 0.932

PCI 46 28 0,44 [0.24;0.82] 0.009 *

°- OR>1 means that the event is directly related and has a chance of occurring in the

first group;

8-0R=1 means that the odds are equal in both groups;
¥-OR<1 means that the event is directly related and has a chance of occurring in the

second group

* P<0.05 was considered statistically significant
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Obesity increases risk of atheroscle-
rosis 2.81 times in comparison those
who have a normal BMI (Table 1).

24 (11.1%) of all patients did not have
any intervention, 50 (23.2%]) patients had
undergone coronary angioplasty with
stenting, 68 (31.5%) had coronary ar-
tery bypass grafting (CABG]) surgery and
lastly, 74 (34.3%) underwent both percu-
taneous coronary intervention (PCl) and
CABG procedure.

Obese individuals are about 1.91
times more likely to have undergone
stenting compared to non-obese individ-
uals (Table 1).

Discussion

The robust body of literature exten-
sively elucidates the well-established
correlation between obesity and the pro-
gression of atherosclerosis. According to
Lee et al. " increased BMI is associated
with the increased risk of coronary ar-
tery calcification up to 1.4 times and the
tendency could be seen from the resent
Gil et al. study’™, where odds ratio for
coronary artery disease development in
obese patients was 1.49. ™™ Our results
obtained from the cross-sectional study
was comparable, there was 2.97 times of
increased risk for obese patients to de-
velop atherosclerotic plaques. Moreover,
interestingly, Dr. Henning described in
his paper from 2021, thatincrease in BMI
above normal weight correlating with a
10% rise in risk for atherosclerosis and
coronary heart disease.™

Possible mechanism that explains
atherosclerosis development in the
particular subset of patients could be
due to the activation of adipokines/cy-
tokines like leptin, resistin and inflam-
matory factor IL-6 leads to monocyte/
macrophage infiltration into adipose tis-
sue, promoting inflammation, oxidative
stress, abnormal lipid metabolism, insu-
lin resistance, and endothelial dysfunc-
tion, contributing to atherosclerosis.

To address both obesity and the as-
sociated inflammatory responses it trig-
gers, various therapeutic avenues such
as dietary adjustments, pharmaceuti-
cal interventions, and bariatric surgical
procedures are explored, especially for
individuals with body mass indexes sur-
passing 35-40 kg/m2 when conventional
lifestyle interventions prove ineffective.
Furthermore, in obese patients grap-

pling with conditions such as hyperten-
sion, a 10-year cardiovascular disease
risk exceeding 7.5%, or prediabetes/
diabetes, a comprehensive treatment
approach involving antihypertensive
agents, lipid-lowering medications, and
glucose-lowering therapies is recom-
mended.>™

Further by focusing on the outcomes,
there was at least twofold increased risk
for obese patients to have either total
occlusion or hemodynamically signifi-
cant plaques in coronary artery (cover at
least 70% of vessel diameter]) further led
to stenting of that vessel. Moreover, obe-
sity is also associated with restenosis af-
ter coronary stenting, for instance Valera
etal ", there was 1.33 times higher risk
in comparison with non-obese patients
for the development of restenosis.

Potential limitations of this study in-
clude the absence of comparative anal-
ysis between the observed results on
obesity-related atherosclerosis risk in
healthy cohorts and the assessment of
odds ratios within both subsets. Addition-
ally, the sample size might not be suffi-
ciently robust. Future investigations could
explore the direct impact of waist-to-hip
ratio or visceral fat on atherosclerosis
development. Moreover, further research
endeavors could delve into identifying
potential genetic factors underlying ath-
erosclerosis development, investigating
whether these coincide with genes asso-
ciated with obesity predisposition.

The strength of this study lies in its
novelty as the first investigation to delin-
eate the association between obesity and
atherosclerosis development in Kazakh-
stan. Given the predominant Kazakh eth-
nicity of the study population, character-
ized by distinct dietary habits influenced
by cultural traditions, it becomes im-
perative to contextualize these findings
within a global perspective. Furthermore,
the robust correlation observed between
metabolic conditions such as obesity and
subsequent cardiovascular disease un-
derscores the potential impact on clinical
decision-making, particularly regarding
the initiation of preventive medication for
hyperlipidemia in young obese patients, a
matter subject to ongoing debate within
the medical community.

Atherogenic dyslipidemia is ex-
tremely common in obesity, both in the
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presence and in the absence of severe
insulin resistance, and is probably the
main factor in the increased risk of car-
diovascular diseases in these people. A
thorough understanding of the molec-
ular mechanisms is crucial for further
understanding the effects of obesity on
lipoprotein metabolism and developing
appropriate therapeutic approaches.

Limitations: This study has poten-
tial limitations. Small sample size may
restrict the generalizability of the find-
ings and increase the potential for bias.
Moreover, this study describes the expe-
rience of one center and we can’t gener-
alize the findings of this research. Future
research with a larger number of studies
and more standardized methodologies
would be beneficial to confirm and ex-
tend these findings.

What’s known? Possible mecha-
nism that explains atherosclerosis de-
velopment in the particular subset of
patients could be due to the activation of
adipokines / cytokines like leptin, resist
in and inflammatory factor IL-6 leads to
monocyte / macrophage infiltration into
adipose tissue, promoting inflammation,
oxidative stress, abnormal lipid metabo-
lism, insulin resistance, and endothelial
dysfunction, contributing to atheroscle-
rosis.

What'’s new? There was at least two-
fold increased risk for obese patients to
have either total occlusion or hemody-
namically significant plaques in coronary
artery cover at least 70% of vessel diam-
eter further led to stenting of that vessel.

Conclusion

Atherogenic

dyslipidemia is ex-
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Abstract

A stroke is an emergency medical condition, commonly referred to as a cerebrovas-
cular accident, occurs when the blood supply to the brain is interrupted, depriving brain
tissue of oxygen and essential nutrients. This interruption can lead to rapid neurological
impairment and, if not treated promptly, permanent brain damage or even death. Stroke
is primarily categorized into two types: ischemic, resulting from arterial blockage, and
hemorrhagic, caused by a ruptured blood vessel. Conditions such as acute cerebral
circulatory disorder, atherosclerosis, and carotid artery stenosis are strongly associat-
ed with an increased stroke risk. Understanding these underlying factors is crucial for
effective prevention, early detection, and management of stroke.

Globally, stroke ranks as the second lead in cause of disability and mortality, dis-
proportion at early affecting low-and-middle - income countries. Efforts in stroke pre-
vention emphasizes the significance of early detection, management, promoting healthy
lifestyles, and implementing legislative measures. The healthcare costs associated with
stroke are substantial and projected to grow significantly. Socioeconomic factors and
adverse working conditions also influence stroke incidence. Advancements in surgi-
cal revascularization techniques, such as carotid endarterectomy and stenting, have
demonstrated efficacy in reducing stroke risk.

Continuous research and development of optimal treatment strategies and moni-
toring protocols are essential for improving stroke outcomes and mitigating its global
burden.

Introduction

A stroke is an emergency medical
condition, commonly referred to as a
cerebrovascular accident, occurs when
the blood supply to the brain is inter-
rupted, depriving brain tissue of oxygen
and essential nutrients. This disruption
can precipitate the rapid onset of neuro-
logical impairments and, without timely
intervention, may culminate in perma-
nent brain damage or death.' Stroke can
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be categorized into two principal types:
ischemic, stemming from a blockage in
an artery supplying blood to the brain,
and hemorrhagic, resulting from a rup-
ture in a cerebral blood vessel.

Several conditions are associat-
ed with stroke and increase the risk of
stroke. Acute ischemic stroke is a sud-
den reduction in blood flow to the brain,
often resulting in transient ischemic at-
tacks or more severe strokes. Athero-
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Figure 1.

Age-standardized prevalence
rates of cerebrovascular
disease worldwide for both
sexes per 100,000 people

Figure 2.

Age-standardized prevalence
rates of ischemic stroke
worldwide for both sexes per
100,000 people

sclerosis, the buildup of fatty deposits in
the arterial walls, narrows and hardens
the arteries, significantly increasing the
risk of ischemic stroke.??® Carotid artery
stenosis, the narrowing of the carotid ar-
teries that supply the brain, often results
from atherosclerosis and poses a critical
stroke risk by potentially reducing blood
flow or causing embolism.* Understand-
ing these conditions is critical to the pre-
vention, early detection and treatment of
stroke.

Stroke is the second leading cause of
disability and mortality worldwide, with
the greatest burden concentrated in
low- and middle-income countries.® The
2016 GBD study used statistical models

to report incidence, prevalence, mortal-
ity, and cause-specific mortality for 315
conditions in 195 countries. Globally,
cerebrovascular disease affected 80.1
million people, with 67.6 million suffer-
ing ischemic stroke and 15.3 million suf-
fering hemorrhagic stroke. From 1990 to
2016, the prevalence of ischemic stroke
increased by 2.7%, while the preva-
lence of hemorrhagic stroke decreased
by 6.8%. However, the more recent de-
crease from 2006 to 2016 was only 1.7%.
The highest rates of cerebrovascular
disease were found in Eastern Europe,
Russia and East Asia, for both ischemic
and hemorrhagic stroke (Figure 1, Fig-
ure 2).6

b -
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Source: (Global Burden of Disease
Study 2016. Global Burden of Disease
Study 2016 (GBD 2016) results. Seattle,

WA: Institute for Health Metrics andE-
valuation (IHME), University of Washing-
ton; 2016.)
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Source: (Global Burden of Disease
Study 2016. Global Burden of Disease
Study 2016 (GBD 2016) results. Seattle,
WA: Institute for Health Metrics andE-
valuation (IHME], University of Washing-
ton; 2016.)

In 2016, there were 5.5 million
deaths from cerebrovascular disease
worldwide. From 1990 to 2016, the abso-
lute number of cerebrovascular deaths
worldwide increased by 28.2%, while
the age-standardized mortality rate de-
creased by 36.2%. From 2006 to 2016,
the absolute number of cerebrovascular
deaths worldwide increased by 5.1%, but
the age-standardized mortality rate de-
creased by 21.0% over the 10-year peri-
od. Globally, 2.7 million people died from
ischemic stroke and 2.8 million from
hemorrhagic stroke.®

Despite the observed downward
trend in cerebrovascular disease mor-
tality in the Russian Federation, these
conditions remain among the leading
causes of death. In 2018-2023, between
430,000 and 470,000 strokes will be re-

ported in Russia each year, with hospi-
tal mortality rates ranging from 17.6%
in 2022 to 20.7% in 2020. According to
Rosstat, stroke is a leading cause of
death in the country, with a mortality
rate more than double that of myocardi-
al infarction.’

Stroke remains a major medical and
societal concern worldwide, including in
Kazakhstan, due to its high incidence,
mortality and disability rates.®

In Kazakhstan, the incidence of cere-
brovascular disease increased from 208.1
cases per 100,000 population in 2013 to
433.7 casesin 2020. Despite this increase,
the mortality rate from stroke decreased
from 71.90 cases per 100,000 population
in 2013 to 66.57 cases in 2020.7 A study
from Kazakhstan also shows an almost
twofold increase in all-cause mortality in
the stroke population.'

In the 2016 GBD study, extensive
work was done to calculate 1-year and
5-year recurrent stroke mortality rates
with age, sex, and race distributions
(Figure 3).
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Source: Pooled data from the Fram-
ingham Heart Study, Atherosclerosis
Risk in Communities Study, Cardiovas-
cular Health Study, Multi-Ethnic Study
of Atherosclerosis, Coronary Artery Risk
Development in Young Adults, and Jack-
son Heart Study of the National Heart,
Lung, and Blood Institute 2017."

The aim of this study is to analyze re-
cent advancements in the understand-
ing and management of ischemic stroke,
with a focus on the efficacy of various
treatment modalities including carot-
id endarterectomy and carotid artery
stenting (CAS). This study seeks to eval-
uate current trends in stroke prevention,
identify gaps in treatment approaches,
and assess the impact of emerging tech-
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nigues on long-term patient outcomes.

Materials and methods

A comprehensive literature search
was conducted using PubMed, Google
Scholar, and the Cochrane Library da-
tabases. Keywords included stroke ep-
idemiology, cerebrovascular disease,
cardiovascular events, carotid artery
stenosis, and carotid endarterectomy.
Articles published between 2014 and
2024 were included. Both clinical and
experimental studies were reviewed
to provide a holistic understanding of
stroke prevention and treatment meth-
ods. The review included a variety of arti-
cle types, including clinical trials, obser-
vational studies, systematic reviews, and
meta-analyses. Articles were selected

Figure 3.
Probability of stroke mortality
within 1-year and 5-year
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based on their relevance to stroke epide-
miology, treatment methods such as ca-
rotid endarterectomy and stenting, and
advances in prevention strategies. Arti-
cles were included if they contributed to
the understanding of the effectiveness
of different interventions, highlighted
recent trends, or addressed gaps in cur-
rent knowledge.

Etiopathogenetic aspects of the de-
velopment of ischemic stroke

One of the key factors in the develop-
ment of cerebral stroke is a disturbance
in the regulation of cerebrovascular re-
activity, characterized by an imbalance
between vasoconstriction and vasodi-
lation."”? Accordingly, the assessment
of cerebrovascular reactivity to carbon
dioxide (CO2) can be used to predict the
risk of stroke.”™ This parameter, known
as cerebrovascular reactivity to CO2
(CVRCOZ2), refers to the highly sensitive
changes in cerebral blood flow velocity in
response to fluctuations in arterial CO2
levels." Atherosclerosis is the predom-
inant vascular disease, characterized by
the accumulation of lipid and cholesterol
deposits in the vessels, resulting in arte-
rial occlusion and/or inadequate perfu-
sion of organs and tissues.

Atherosclerosis is the predominant
vascular disease characterized by the
accumulation of lipid and cholesterol
deposits within blood vessels, resulting
in arterial occlusion and/or inadequate
perfusion of organs and tissues.” Con-
sequently, atherosclerosis underlies the
pathogenesis of several cardiovascular
diseases, including myocardial infarc-
tion, coronary heart disease, stroke, and
peripheral arterial disease.' Despite the
availability of therapeutic interventions
aimed at reducing blood lipid and cho-
lesterol levels, atherosclerosis remains
the leading cause of disability and pre-
mature mortality worldwide.”

Recent scientific studies have shown
that the pathogenesis of atherosclerosis
is primarily associated with inflammato-
ry responses involving both innate and
adaptive immune cells.”®" Inflammation
has been shown to play a pivotal role
throughout the progression of athero-
sclerosis.? Early in the disease process,
oxidized low-density lipoprotein (LDL)
trapped in the vessel wall leads to en-
dothelial dysfunction and increased ex-
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pression of adhesion molecules, which
promote leukocyte recruitment and mi-
gration into the subendothelial region.
Macrophages and dendritic cells engulf
lipids and transform into foam cells
while producing various inflammatory
cytokines.?!

Current trends in the approach to
cerebral revascularization

Prompt surgical revascularization of
the brachiocephalic arteries has been
shown to be an effective intervention
for reducing the risk of cerebrovascu-
lar accidents in patients with lesions of
the extracranial arteries.?® The primary
treatment modalities for carotid artery
pathology include open surgical proce-
dures such as carotid endarterectomy
and carotid artery stenting. Timely sur-
gical treatment of carotid artery disease
has been shown to significantly reduce
the incidence of acute ischemic cerebro-
vascular events and the severity of asso-
ciated cognitive impairment.??

Carotid endarterectomy is a com-
mon reconstructive surgical procedure
performed at the carotid bifurcation.
The primary goal is to eliminate stenosis
and restore patency to carotid arteries
affected by atherosclerosis. During the
procedure, the patient’s head is posi-
tioned away from the side of the affected
carotid artery. The skin and underlying
tissues are dissected along the inner
edge of the sternocleidomastoid mus-
cle, exposing the common, external and
internal carotid arteries. After heparin-
ization, the arteries are clamped individ-
ually. The anterior wall of the common
carotid artery is dissected and the dis-
section is extended to the internal carot-
id artery. Using specialized instruments,
the surgeon removes any thrombotic de-
bris and atherosclerotic plaque from the
lumen of the common and internal ca-
rotid arteries. The lumen is then flushed
with a saline solution containing hep-
arin. Once the surgeon is satisfied that
the necessary manipulations have been
completed, the incision in the artery is
sutured.

Carotid artery stenting is an emerg-
ing therapeutic approach for the treat-
ment of carotid artery stenosis. This
minimally invasive procedure involves
accessing the target vessels through
remote arterial routes without the need
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for direct surgical intervention on the
carotid artery itself. Typically, the proce-
dure is initiated by inserting a catheter
into the femoral artery and navigating
it through the aorta until it reaches the
narrowed segment of the carotid artery.
A stent is then deployed and expanded
within the affected arterial region using
an inflatable balloon mechanism to re-
store vessel patency and improve blood
flow. Finally, the catheter and balloon
are withdrawn, leaving the stent in place
to maintain the integrity of the carotid
artery.

Compared to carotid endarterectomy
(CEAJ, carotid artery stenting is associat-
ed with less postoperative discomfort, is
often performed under local anesthesia,
may shorten hospital stay, and may be
more acceptable to patients. However,
there is considerable uncertainty about
the short-term risks and long-term du-

rability of CAS compared with CEA, even
when both procedures are performed
by experienced physicians. During the
stenting procedure, an “unstable” ath-
erosclerotic plaque carries the risk of
a cerebral artery embolism, which can
lead to a partial or complete blockage
of blood flow to areas of the brain and
cause a “minor” or “major” stroke. In the
longer term, there is also a higher rate
of in-stent restenosis with carotid artery
stenting compared to endarterectomy,
requiring close imaging surveillance and
possible reintervention.

According to the US Agency for
Healthcare Research and Quality, carot-
id endarterectomy was the predominant
intervention for carotid artery stenosis
from 1993 to 2014 (Figure 4). However,
in recent years, there has been a notable
increase in the use of carotid stenting as
an alternative treatment approach.
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Source: Nationwide Inpatient Sam-
ple, Healthcare Cost and Utilization
Project, Agency for Healthcare Research
and Quality.?®

According to estimates from the
Healthcare Cost and Utilization Project
(HCUP) and the National Heart, Lung,
and Blood Institute (NHLBI) registry,
86,000 carotid endarterectomy proce-
dures were performed in hospitals in the
United States in 2014. CEA is the most
commonly performed surgical proce-
dure for stroke prevention. Between 2004

BULLETIN OF SURGERY IN KAZAKHSTAN

and 2014, the number of CEA procedures
declined after the introduction of carotid
stenting. A comparative analysis using
Medicare data showed that the incidence
of in-hospital stroke and mortality were
comparable between CEA and CAS.?
Recent studies using the National
Inpatient Sample (NIS] database have
demonstrated significant improvements
in periprocedural outcomes associat-
ed with carotid artery stenting over the
past decade.® In addition, in the Medi-
care population, 30-day readmission
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Figure 4.

Quantitative indicator of carotid
endarterectomy and carotid
stenting (USA, 1993-2014).
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rates and long-term adverse clinical
outcomes were similar between carotid
artery stenting and carotid endarterec-
tomy.*

A meta-analysis of five randomized
controlled trials evaluated the effective-
ness of modern endovascular therapy
for stroke and found compelling evi-
dence to support thrombectomy initiat-
ed within 6 hours, regardless of patient
age, NIHSS score, or prior intravenous
thrombolysis.®? In the study cohort of 234
eligible patients, 51% were transported
by ambulance and 49% by helicopter for
mechanical thrombectomy, with 27% ul-
timately undergoing the procedure. The
average actual transfer time was 132
minutes.

Current scientific research empha-
sizes the importance of early detection
of pathological processes in the brain by
neurologists, vascular specialists and
other relevant experts. This is critical
because these early abnormalities can
potentially progress to irreversible brain
damage if left untreated.®%

Recurrent stenosis after previous
carotid endarterectomy or stenting is
rare (approximately 6% at 2 years).®
When restenosis occurs within the first
2 years after the procedure, it is typical-
ly due to neointimal hyperplasia. Con-
versely, when restenosis occurs more
than 2 years after the initial procedure,
the more common underlying etiology is
the development of new atherosclerotic
plaque. In addition, there is the concept
of residual stenosis, which refers to ste-
nosis detected within 30 days of a carotid
intervention.

The optimal treatment strategy for
this relatively uncommon condition is
still being debated. In many countries,
pharmacological treatment is recom-
mended for asymptomatic individuals
because of the reduced risk of embolic
stroke associated with neointimal hyper-
plasia. Revascularization procedures are
reserved for symptomatic patients. The
specific revascularization method used
is not dictated by a standardized proto-
col, butis at the discretion of the treating
physician.

In the United States, the prevailing
guideline is to perform carotid artery
stenting for stenoses of 370% and >50%.
Patients undergoing this procedure typi-
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cally receive dual antiplatelet therapy for
the first 1 to 3 months, followed by as-
pirin monotherapy for an indeterminate
duration.®

Continuous patient monitoring, ap-
propriate postoperative pharmacologic
management, vascular specialist over-
sight, perioperative nursing support,
and vascular health monitoring using
CVDS techniques all contribute to im-
proved long-term outcomes.”’

Involvement of vertebral arteries
in the structure of ischemic stroke and
treatment approaches

Ischemic stroke is primarily caused
by atherosclerotic lesions in the arteries
that supply blood to the brain, including
the internal carotid and vertebral arter-
ies. Despite the availability of treatments
aimed at lowering lipid and cholesterol
levels in patients, atherosclerosis re-
mains the leading cause of disability and
premature mortality worldwide.®® The
vertebral and basilar arteries are re-
sponsible for perfusing the brainstem,
cerebellum, thalamus, and posterior
temporal and occipital lobes in most
people.®

Recent data suggest that 20% of all
transient ischemic attacks and ischemic
strokes are attributable to lesions in the
vertebrobasilar region.?? While the treat-
ment of carotid artery stenosis has been
well studied, some questions remain re-
garding vertebral artery stenosis. Treat-
ment approaches for VA stenosis vary
depending on the location of the athero-
sclerotic plaque, its extent, the degree of
stenosis, and the volume of damage to
the vertebrobasilar territory.

Current treatment modalities for
symptomatic extracranial vertebral ar-
tery stenosis require further in-depth
study and research.

Surgical treatment of the vertebral
and basilar arteries is technically chal-
lenging and carries a high risk of stroke,
transient ischemic attack, and perioper-
ative mortality.*' Endovascular treatment
with percutaneous transluminal balloon
angioplasty alone has not yielded satis-
factory results due to elastic vessel recoil
and a high rate of restenosis, while there
is a lack of well-designed randomized
trials to evaluate the efficacy and safe-
ty of this approach in the short and long
term.*2%® The use of bare-metal stents
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provides favorable results and low rates
of periprocedural complications in the
early period, but results remain disap-
pointing in the mid- and long-term, with
a high incidence of restenosis and sub-
sequent stent fracture associated with
neointimal hyperplasia.** Trials evalu-
ating the efficacy and safety of coronary
drug-eluting stents for the prevention of
in-stent restenosis are ongoing and re-
quire additional evidence.

There is also a conservative treat-
ment approach, the so-called “best
medical treatment” (BMT) approach,
which includes antithrombotic drugs,
statins, treatment of comorbidities and
symptomatic treatment.

Several studies have demonstrated a
higher risk of perioperative stroke in pa-
tients undergoing intracranial compared
to extracranial interventions.”® However,
there is a paucity of randomized con-
trolled trials evaluating the outcomes of
treatment for vertebral artery stenosis
(PsA), and the existing trials have insuf-
ficient patient numbers to meet the nec-
essary inclusion criteria.

The CAVATAS trial randomized only
16 patients with symptomatic extra-
cranial VA stenosis and compared the
results of percutaneous transluminal
balloon angioplasty with best medi-
cal therapy.“ In addition, the Vertebral
Artery Stenting Trial (VAST] random-
ized 115 patients with symptomatic
hemodynamically significant VA steno-
sis, both intracranial and extracranial,
with 57 patients receiving stenting and
58 receiving aggressive medical thera-
py.*” Within the first 30 days, three pa-
tients in the stenting group experienced
stroke, myocardial infarction, or death
compared to one in the BMT group.
Over a 3-year follow-up period, 12% of
patients with VA stents had a stroke,
compared with 7% in the BMT group.*®
The VAST trial was stopped early due to
regulatory issues, but recent evidence
suggests a high risk associated with in-
tracranial VA stenting.

A systematic review by Feng et al.
examined the outcomes of 672 patients
in four randomized controlled trials
and six nonrandomized trials between
2007 and 2015. The review compared
the outcomes of percutaneous translu-
minal balloon angioplasty (PTBAJ plus

BULLETIN OF SURGERY IN KAZAKHSTAN N23 -2024

best medical therapy (BMT) versus BMT
alone. The results did not show a sig-
nificant advantage of either approach.”
It is noteworthy that this meta-analy-
sis did not include the Vertebral Artery
Stenting Trial (VIST), the results of which
were presented at the European Stroke
Organization Conference in 2016.%05" The
VIST trial randomized 182 patients with
symptomatic intra- and extracranial VA
stenosis, with the primary objective of
comparing BMT with PTBA with or with-
out stenting. The trial was expected to
enroll 540 patients, but was stopped ear-
ly due to slow enrollment and regulatory
issues. Of the 91 patients randomized to
stenting, 30 were not treated, primarily
because of less than 50% stenosis on du-
plex angiography. Patients were select-
ed prior to randomization based on CT
angiography or MR angiography. Of the
61 patients in the stent group, 48 (79%)
had extracranial stenosis and 13 (21%)
had intracranial stenosis. The mean fol-
low-up for the study was 3.5 years.%0%!
Duplex ultrasonography is consid-
ered the gold standard for the primary
diagnosis of arterial stenosis. However,
because most cases of vertebral artery
stenosis are asymptomatic, there is a
need to identify biomarkers that can pre-
dict the progression of atherosclerotic
plaque and the subsequent development
of transient ischemic attacks and isch-
emic stroke. According to existing re-
search, certain cytokines may serve as
potential biomarkers for this purpose.®
Methods of prevention and further
management of patients who have un-
dergone cerebral revascularization
According to several research re-
ports, patients who undergo necarotid
artery revascularization have a 2.6% an-
nual risk of stroke after carotid endar-
terectomy.%®
There is no clear consensus on the
effectiveness of surveillance strategies
in reducing 30-day death and stroke
rates after carotid endarterectomy.®
During the perioperative period, the
primary goal of monitoring is to maintain
adequate cerebral blood flow, especial-
ly when the carotid artery is clamped
and during bypass grafting. This can be
accomplished by several methods, in-
cluding transcranial Doppler imaging,
performing carotid endarterectomy un-
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der local anesthesia, measuring stump
pressure, subjectively assessing internal
carotid artery reflux after carotid artery
clamping, and using near-infrared spec-
troscopy. In addition, electrical brain ac-
tivity is assessed using somatosensory
evoked potentials and electroencepha-
lography.

Quality control methods are aimed
at modifying operational strategies to
prevent technical errors. These include
identification of indirect signs of embo-
lization during carotid artery dissection,
diagnosis of arterial lumen conductivity
after restoration of blood flow, and di-
agnosis of large intimal valves to assess
residual stenosis. Evidence suggests
that targeted monitoring and manage-
ment of cerebrovascular events may re-
duce perioperative mortality and stroke
rates.”®

Postoperative patients may under-
go annual surveillance related to their
carotid revascularization procedures.
However, annual surveillance is not gen-
erally recommended. Clinical evaluation
should include a neurological examina-
tion to detect any new stroke-like symp-
toms. Diagnostic testing should include
noninvasive methods, such as duplex
ultrasound, to detect potential recur-
rent stenosis or development of steno-
sis in the ipsilateral and/or contralat-
eral carotid artery. In addition, patients
on medical therapy should not undergo
routine annual revascularization due to
the possibility of disease progression
and increased stenosis. The combination
of neurological assessment with duplex
ultrasound is considered an appropriate
approach.%

Patients should be educated about
the importance of active management of
atherosclerotic risk factors such as hy-
pertension, hyperlipidemia, and smoking
cessation. They should also be advised
to maintain lifelong aspirin therapy.”’
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Abstract

Background. Pulmonary vein isolation is the cornerstone of catheter-based treat-
ment for atrial fibrillation. Cryoballoon ablation offers an effective and reproducible
method for pulmonary vein isolation, yet recurrence of arrhythmias remains a chal-
lenge. Despite advances in catheter technologies, the role of altered pulmonary vein
anatomy as a factor for atrial fibrillation recurrence is poorly studied.

Materials and Methods. This prospective study included 465 patients with parox-
ysmal atrial fibrillation who underwent cryoballoon ablation. Pulmonary vein and left
atrial anatomy were evaluated using multislice computed tomography. Patients were
followed for 24-48 months to assess atrial fibrillation recurrence and anatomical risk
factors. Cox proportional hazard modeling and Kaplan-Meier analysis were used to
evaluate predictors of arrhythmia recurrence.

Results. Complete Pulmonary vein isolation was achieved in all patients. During
follow-up, 38% of patients experienced atrial fibrillation recurrence. Patients with al-
tered pulmonary vein anatomy, particularly a left common pulmonary vein and addi-
tional pulmonary veins, showed a higher rate of recurrence. Cox regression analysis
identified left atrial volume index >50 mL/m?2 and pathological pulmonary vein anatomy
as independent risk factors for atrial fibrillation recurrence.

Conclusion. Altered pulmonary vein anatomy is a significant risk factor for atrial
fibrillation recurrence following cryoballoon ablation. Comprehensive imaging of the
left atrial and pulmonary vein using multislice computed tomography can improve pa-
tient selection, reducing the recurrence risk and improving long-term outcomes.

Introduction fact that arrhythmias initial foci of are

The cornerstone of catheter-based
treatment of atrial fibrillation (AF) is pul-
monary vein isolation (PVI)." Over the last
few decades, all catheter technologies
have targeted specifically the PVI, stan-
dard catheter RFA based on sequential
‘point by point” applications and the lat-
er developed (‘single shot’-technology)
cryoballoon ablation (CBA)."? Due to the

BECTHUK XUPYPITUN KA3BAXCTAHA

often found at the ostium of the pulmo-
nary veins (PV), primary triggers are due
to stretching of the cardiac muscle at the
level of the pulmonary vein junction with
the left atrium (LA).2.

Cryoballoon pulmonary vein isolation
(CBA] is an effective treatment for atrial
fibrillation (AF).“¢ CBA is a competitive
alternative to radiofrequency (RFA) abla-
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tion with its short procedure time, rapid
learning curve, and a high reproducibili-
ty of the method. Despite advancements
in catheter-based therapies and opera-
tor experience, arrhythmia recurrence
remains an unsolved problem.

Numerous studies still continue to
investigate the prerequisites for the suc-
cess of catheter-based treatment of AF,
such as comorbidities, type of AF, and LA
size.”? However, PV anatomy as a poten-
tial factor is poorly studied.

Altered PV anatomy is an import-
ant factor predisposing to arrhythmia
recurrence after successful PV isola-
tion. Consideration of PV anatomy as a
prognostic factor for the maintenance of
sinus rhythm after ablation would help
electrophysiologists determine further
patient management, reduce unessen-
tial procedures, and minimize costs.

This study aimed to evaluate the sig-
nificance of selected anatomical features
of pulmonary veins in predicting the de-
velopment of arrhythmia recurrence af-
ter cryoballoon ablation of pulmonary
veins (CBA-PV] for paroxysmal AF.

Materials and Methods

Study population. In this prospec-
tive, controlled study 465 of whom 61%
were male consecutive patients with
paroxysmal AF (57+11 years) were in-
cluded and analyzed. Patients with par-
oxysmal AF for whom a minimum of 2
class I-lll antiarrhythmic drugs were
not effective were included in the study.
Exclusion criteria were as follows: left
atrial (LA) dimensions >5.0 cm, left ven-
tricular ejection fraction <40%, New
York Heart Association functional class
[Il or IV heart failure, chronic heart
failure requiring intervention, stroke
or transient ischemic attack within 6
months, previous LA ablation or sur-
gery for AF, prosthetic heart valve, more
than 1 cardioversion within 2 years, or
implantable cardiac devices. All pa-
tients underwent CBA of PV between
2021 and 2023.

Multislice computed tomography.
LV and LA anatomy were evaluated in
all patients using multislice computed
tomography (MSCT) (Aquilion, Toshiba,
Japan) before the CBA of PV. The anat-
omy of PV and LA were assessed in all
patients using multislice computed to-
mography [(MSCT) (Aquilion, Toshiba,
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Japan) before the CBA PV procedure.
Initially, 3-dimensional images of the
anatomical structures of the LA and PV
were obtained, followed by a quantita-
tive calculation of the LA volume index
of body surface area. The normal ana-
tomical structure of the PV is character-
ized by two left and two right branches,
with no abrupt branching up to 2-3 cm
before flowing into the LA. Any deviation
from this norm was considered if a com-
mon collector of any side (more often on
the left) or additional pulmonary veins
were identified.’ Left common collec-
tor (LCPV) was typically defined when
the left ipsilateral PVs were connected
by a common trunk before entering the
LA. An additional PV was identified if it
flowed into the PV separately from the
typical superior and inferior PVs.

Cryoablation procedure. Cryobal-
loon isolationof the PV was carried out
with local anesthesia and sedation using
propofol and, if needed, fentanyl. First,
a diagnostic catheter was guided from
the femoral access into the coronary si-
nus. Then, a transseptal puncture was
performed using a BRK-1 needle deliv-
ered inside a long Preface introducer.
Heparin was administered at a rate of
100 units/kg, ensuring that the activated
clotting time reached a value of at least
300 seconds. Subsequently, the entire
system was replaced by a 15 Fr FlexCath
controlled delivery system. Using this
delivery system, a 28-mm cryoballoon
catheter and a diagnostic 8-pole circu-
lar-tipped catheter were inserted into
each PV, achieving electrical isolation of
all four main PVs.

During the ablation of the right PV, pac-
ing of the phrenic nerve was performed to
prevent phrenic nerve palsy, using a guided
diagnostic catheter. The necessary occlu-
sion of the isolated PV was confirmed by
contrast accumulation in the correspond-
ing PV, and the cooling temperature was
brought down to -50 to -60 degrees be-
lowCelsius for 180 to 240 minutes. If good
occlusion of the PV and PV isolation was
achieved within 30 seconds, the ablation of
180 seconds was sufficient. The endpoint
was a confirmation of bidirectional block
from the PV to the LA.

Postablation management and fol-
low-up. After the ablation procedure,
all patients were followed up for 24-48
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Figure 1a. LSPV

Figure 1b. RSPV

months to assess the effect of pathologi-
cal change in LV anatomy on the develop-
ment of recurrences in the long-term fol-
low-up period. Each patient had regular
check-ups at 3, 6, 12, 18 and 24 months,
and then twice a year. At each follow-up
visit, patients were examined for the
presence of any signs of AF and any re-
ported arrhythmia recurrences. Addition-
ally, to reveal any recurrences, wheth-
er symptomatic or asymptomatic they
underwent 24-hour ambulatory Holter
ECG monitoring. Any recorded episode
of atrial arrhythmia lasting more than 30
seconds was considered as a recurrence.
Episodes of atrial arrhythmia during the
blanking period were not included as pri-
mary endpoints and were not considered
chronic treatment failures.

Treatment endpoint. The prima-
ry goal of the study was to assess the
success of the treatment. This success
by the absence of: 1) any detectable ar-
rhythmia after a blinded period, 2) use
of an unspecified, antiarrhythmic drug,
and 3) any off-protocol intervention for
AF (such as cardioversion and ablation).
Additionally, maintaining sinus rhythm
after ablation with a previously ineffec-
tive antiarrhythmic drug at the same or
lower dose was considered successful.

Ethical approval. Patients will be
selected with informed consent. The
study protocol was approved by the Lo-
cal Ethical Commission of the Syzganov
National Centre of Surgery with N%4 on
10.11.2023.

Statistical analysis.

The results

for continuous variables are present-

ed as the arithmetic mean * standard
deviation. To compare mean values the
Mann-Whitney U-test based on the dis-
tribution of the values was used. Cox
proportional hazard model was used to
estimate risk ratios (RR) and their cor-
responding 95% confidence intervals (Cl)
forindependent predictors of arrhythmia
recurrence. Distant outcomes were il-
lustrated using the Kaplan-Meier curve,
and the log-rank test was performed to
show the significance of differences in
values. To establish differences between
groups proportional hazard models were
used. The primary efficacy endpoint was
evaluated using Fisher’s two-sided exact
criterion of binomial proportions. Statis-
tical analyses were conducted using IBM
SPSS Statistics-19 software.

Results

Complete isolation of the PV ostium
was successful in all patients. Of the 465
patients, 298 (64%) showed normal LA
and PV anatomy, while 167 (36%) dis-
played pathological alterations of PV.
Over the 24-48-month follow-up, 178
patients (38%) experienced a recurrence
of AF. Those with recurrent AF primarily
exhibited enlarged right (RSPV) and left
superior (LSPV) PV (p<0.001) as shown in
Figure 1. The presence of left common
PV (LCPV) (n=126, Log-rank p<0.001)
and additional right pulmonary veins rPV
(n=67, Log-rank p<0.001) were associat-
ed with early development of sustained
arrhythmia recurrences. Table N® 1 pres-
ents the comparison between the group
with recurrence and the group without
recurrence.
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Figure N21. MSCT images of the left
atrium and pulmonary veins with patho-
logic changes.30% of patients had en-
larged LSPV - 1a,20% of patients had
enlarged RSPV - 1b,12% of patients had

left common LCPV - 1c,6 % of patients
had right accessory rPV - 1d.

Table N2 1 presents the comparison
between the group with recurrence
and the group without recurrence.

Ne No recurrence Recurrence o
(n=287) (n=178)

1 | Age (yrs) 56 +10,2 58+ 9,5 0,312
2 | Male, n (%) 180 (63%) 104 (59%) 0,572
3 | Hypertension, n (%) 138 (48%) 98 (55%) 0,784
4 | Diabetes, n (%) 23 (8%) 19 (11%) 0,321
5 | Structural heart disease, n (%) 75 (26%) 87 (49%) 0,225
6 | Coronary heart disease, n (%) 39 (14%]) 27 (15%]) 0,741
7 | LA diameter (mm) 39+7 42+ 6 0,02
8 | LA volume index (ml/m?) 47 +£9 53+7 0,005
9 | Normal PV anatomy, n (%] 238 (83%] 60 (34%) 0,1

10 | Patholog PV anatomy, n (%) 49 (17%) 118 (66%) 0,05

The LA volume index was remarkably
greater in the group with recurrence than
in the group without recurrence. For a
more accurate assessment of the risk of
AF recurrence, we calculated a cut-off val-
ue of 50 (mL/m2) for the LA volume index.

In terms of PV anatomy, the num-
ber of patients with pathologic anatomy
was notably greater in the recurrence

group compared to the non-recurrence
group (75 patients, 42.1% vs. 48 patients,
16.7%; p = 0.05).

As it can be seen in Kaplan-Meier
analysis, the arrhythmia recurrence fol-
lowing the primary successful catheter
ablation was remarkably higher in pa-
tients with pathologic PV anatomy (p =
0.001; see Figure 2).

1.0+

0.8

Cumulative Survival

Group

—MNarmnal PV anatonry
~MPatholag PV anatony
0.0

T T
a 12

T T
24 36

Follow-up period (month)
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Figure 1c. LCPV

Figure 1d. rPV

Table 1.

Clinical characterictics

of patients. LA - left atrium,
PV - pulmonary vein.

Figure 2. Kaplan-Meier
analysis of freedom from AF
recurrence in patients after
ablation (pathologic PV vs.
normal PV
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Table 2.

Multivariate analysis for ar-
rhythmia recurrence. The most
consistent patterns included:
pathological PV anatomy and
high LA volume index.

Figure N22. Kaplan-Meier analysisof
freedom from AF recurrence in patients
after ablation (pathologic PV vs. normal
PV) during the 36-month follow-up peri-
od. Patients with pathologic PV anatomy
118 (66%) had more recurrences than
those with normal PV anatomy 60 (34%).
P-value <0.001.

In our study, Cox regression analysis
was used to identify patterns associated
with the risk of arrhythmia recurrence. In
our initial analysis, we found statistically
significant correlations with certain fac-
tors, such as left atrial (LA) volume index

greater than 50 (mL/m2) and pathologi-
cal changes of PV anatomy. These fac-
tors were then used to create multiple
models through multivariate analysis.
We observed that arrhythmia recurrence
(p < 0.001) was more common in patients
with an LA volume index greater than 50
(mL/m2]). While all the variables were
highly correlated, PV pathological anat-
omy and increased LA volume showed
the strongest correlation (see Table2).
Importantly, we found that both of these
factors are independent risk factors for
arrhythmia recurrence

Patterns B P HR 95% Cl for HR
Pathologic PV anatomy 0,75 0,04 1,8 0,97 - 3,95
LA volume index (ml/m3) 1,29 0,005 3,15 1,39 - 5,97

Complications. In our study, phren-
ic nerve palsy (PNP] was also the most
common complication with an incidence
of 2.9%. PNP is reversible to some ex-
tent, and can usually recover within the
procedure or a few days afterwards, and
in some cases within a few months. Ad-
ditionally, the incidence of PNP decreas-
es with experience gain.

Hemopericardium was noted in 9
(1.9%) patients, which was immediate-
ly resolved by pericardiocentesis and
evacuation of blood from the pericardial
cavity. There were no fatal complications
such as stroke, atrio-esophageal fistula
or death. The incidence of complications
related to the access site during femoral
puncture was 2.7.No other unforeseen
complications were identified during the
entire follow-up period.

Discussion

In recent years, catheter-based abla-
tion (CBA) has become a well-deserved
treatment option for patients with symp-
tomatic AF. As previously reported, de-
pending on the CBA approach, efficacy
rates range from 60 to 80% for parox-
ysmal AF." This study demonstrated an
efficacy rate of 62% for paroxysmal AF.
Persistent forms of CBA showed efficacy
rates of 50-60% in the long term.>'2

Pathologically altered anatomy of
the PV has a significant impact on the
development of atrial fibrillationpatho-
physiology. Past studies have confirmed
this association.”' In our study, 64.1%

of patients had the classic anatomy with
four PVs, which is consistent with recent
research findings. The most common ab-
normalities in PV anatomy were a com-
mon left PV manifold (12.1%) and a vari-
ant involving an accessory right middle
pulmonary vein (5.8%]), making up 35.9%
of the total cases. An article by Anselmi-
no et al. also emphasized the common
left PV manifold as the most prevalent
variant in patients with atrial fibrilla-
tion.”*"However, another study reported
that the typical four PV anatomy was only
found in a minority of atrial fibrillation
patients (30%). This discrepancy might
be due to variations in sample sizes, as
a study with 40 patients reported one
outcome, while another study with 473
patients found that the typical anatomy
was present in no more than 39% of cas-
es, with most patients exhibiting altered
PV anatomy.'

The pathological changes in the PV
and how often they occur in patients with
and without AF have been the subject of
numerous studies. The findings indicate
that atypical pulmonary vein anatomy is
remarkably associated with the AF de-
velopment.'”18

Our study revealed that patients with
altered PV anatomy had a higher risk of
AF recurrence compared to patients with
normal LV anatomy. These findings have
significant implications for the long-
term outcome of cryoballoon ablation.
In a recent follow-up, it was found that
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patients with normal PV anatomy had a
similar AF recurrence rate as those with
a left common PV (67% vs. 50%). Another
study, which used radiofrequency abla-
tion, reported similar results. It demon-
strated a significantly higher recurrence
rate of AF in patients with abnormal PV
anatomy compared to those with normal
PV anatomy.™

Additionally, altered PV anatomy
seemed to have prognostic significance
for arrhythmia recurrence, regardless
of the ablation system used. This effect
was more noticeable in paroxysmal atri-
al fibrillation (AF). However, in the recent
STOP-AF study, it was found that the
variation in PV anatomy did not affect the
absence of arrhythmia recurrence after
cryoballoon ablation (CBA).?® Further-
more, two recent studies also indicated
that the presence of a common PV man-
ifold was not prognostically significant
for arrhythmia recurrence.?"?

Despite the extensive research on
the outcomes of catheter ablation, iden-
tifying new predictors of arrhythmia
recurrence is crucial for better patient
selection and long-term outcome pre-
diction. It is particularly important to
carefully monitor patients with altered
PV and LA anatomy and schedule them
for repeat catheter ablation as neces-
sary. This approach can help predict the
maintenance of normal sinus rhythm
without recurrence of arrhythmias for
many years.

All studies show that phrenic nerve
palsy is the major complication associ-
ated with CBA, occurring in the range of
2.7-12.7%.22% In this study, using a 24-
hour Holter recording for rhythm moni-
toring in patients may have been a major
limitation. This method of monitoring
might not detect symptom-free episodes
of paroxysmal atrial fibrillation. We had
to use this method because many pa-
tients could not be given long-term ECG
recording devices.

Limitations: The study used 24-hour
Holter ECG monitoring, which may not
be sufficient to capture asymptomatic
short paroxysms, but is more accessi-
ble and convenient for a large cohort of
patients. Also, this study describes the
experience of one center and we can't
generalize the findings of this research.
Future research with a larger number of
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studies and more standardized method-
ologies would be beneficial to confirm
and extend these findings.

What’s known? Pulmonary vein iso-
lation is a well-established treatment for
atrial fibrillation, with catheter-based
methods like radiofrequency ablation
and cryoballoon ablation being widely
used. CBA, in particular, is known for
its shorter procedure time, ease of use,
and reproducibility. Despite advance-
ments in these techniques, arrhythmia
recurrence remains a significant issue
for many patients. Previous studies have
investigated various factors, such as co-
morbidities, AF type, and left atrial size,
which contribute to the recurrence risk
after ablation. However, the impact of
anatomical variations in the pulmonary
veins on AF recurrence has been less
thoroughly examined.

What’s new? This study provides
new insights into the role of altered
pulmonary vein anatomy as a predictor
of AF recurrence following cryoballoon
ablation. It highlights that specific ana-
tomical features, such as the presence
of a left common pulmonary vein and
additional pulmonary veins, significant-
ly increase the likelihood of AF recur-
rence. By identifying these anatomical
variations through multislice computed
tomography, arrhytmologists can better
assess the risk of recurrence and tailor
post-ablation management strategies.
This study emphasizes the importance
of incorporating PV anatomy as a prog-
nostic factor in the treatment of AF to
improve long-term outcomes.

Conclusion

Altered PV anatomy is a risk factor
for arrhythmia recurrence after CBA of
PV. Mandatory imaging of the LA and PV
with MSCT improves patient selection
for effective catheter-based treatment
of atrial fibrillation.

Acknowledgement: The authors
thank the entire staff of the operating unit
of the interventional cardiology and ar-
rhythmology department of the Syzganov
NSCS for their invaluable contribution to
the treatment process and for creating
the conditions for writing this paper

Authors’ Contributions: B.A.: Proj-
ect administration, methodology, writ-
ing, original draft preparation. J.A.
Resources, writing, review and editing.



THE INFLUENCE OF PULMONARY VEIN ANATOMY ON OUTCOMES
AFTER ABLATION OF PAROXYSMAL ATRIAL FIBRILLATION

U.A.: Statistical analysis, methodology.
B.K., 0.N.: Data curation. S.A.: Supervi-
sion. B.N.: Investigation. Y.A.: Concep-
tualization. M.Zh.: Vizualization. All au-
thors approved the final version of the
manuscript

funded by the Committee of Science of
the Ministry of Science and Higher Ed-
ucation of the Republic of Kazakhstan
(Grant IRN AP23488673). The funders
had no role in study design, data collec-
tion and analysis, decision to publish or

Funding: This research has been

References

preparation of the manuscript.

Kuck KH, Furnkranz A, Chun KR, et
al. Cryoballoon or radiofrequency
ablation for symptomatic paroxys-
mal atrial fibrillation: reintervention,
rehospitalization, and quality-of-Llife
outcomes in the FIRE AND ICE trial.
Eur Heart J. Oct 7 2016;37(38):2858-
2865. doi:10.1093/eurheartj/ehw285
Aryana A, Singh SM, Mugnai G, et al.
Pulmonary vein reconnection follow-
ing catheter ablation of atrial fibril-
lation using the second-generation
cryoballoon versus open-irrigated
radiofrequency: results of a multi-
center analysis. J Interv Card Elec-
trophysiol. Dec 2016;47(3):341-348.
doi:10.1007/s10840-016-0172-z
Chen X, Xia Y, Lin Y, et al. Cryob-
alloon Ablation for Treatment of
Atrial Fibrillation in a Chinese Pop-
ulation: Five-Year QOutcomes and
Predictors of Recurrence After a
Single Procedure. Front Cardiovasc
Med. 2022;9:836392. doi:10.3389/
fcvm.2022.836392

Tilz RR, Meyer-Saraei R, Eitel C, et al.
Novel Cryoballoon Ablation System
for Single Shot Pulmonary Vein Iso-
lation- The Prospective ICE-AGE-X
Study. Circ J. Jul 21 2021,85(8):1296-
1304. doi:10.1253/circj.CJ-21-0094
Baimbetov AK, Bizhanov KA, Jukeno-
va AM, Aubakirova AT, Ualiyeva AY,
Sagatov |Y. Comparative Effective-
ness and Safety of Cryoablation

10.

1.

d0i:10.1016/j.hrthm.2020.06.020

du Fay de Lavallaz J, Clerc O, Pudenz
C, Illigens B, Kuhne M. Sex-specific
efficacy and safety of cryoballoon ver-
sus radiofrequency ablation for atrial
fibrillation: A systematic review and
meta-analysis. J Cardiovasc Electro-
physiol. Oct 2019;30(10):1819-1829.
doi:10.1111/jce.14071

Yap SC, Anic A, Breskovic T, et al.
Comparison of procedural efficacy
and biophysical parameters between
two competing cryoballoon technol-
ogies for pulmonary vein isolation:
Insights from an initial multicenter
experience. J Cardiovasc Electro-
physiol. Mar 2021;32(3):580-587.
doi:10.1111/jce.14915

Baimbetov AK, Bizhanov KA, Ab-
zaliyev KB, Bairamov BA, Yakupova
IA. Prediction of arrhythmia recur-
rence after atrial fibrillation abla-
tion in patients with normal anatomy
of the left atrium. Int J Clin Pract.
Jun 2021;75(6):14083. doi:10.1111/
ijcp.14083

Skowerski M, Wozniak-Skowerska |,
Hoffmann A, et al. Pulmonary vein
anatomy variants as a biomarker of
atrial fibrillation - CT angiography
evaluation. BMC Cardiovasc Disord.
Jul 13 2018;18(1):146. doi:10.1186/
s12872-018-0884-3

Chen YH, Lu ZY, Xiang Y, et al.
Cryoablation vs. radiofrequency ab-

Versus Radiofrequency Ablation lation for treatment of paroxysmal
Treatments for Persistent Atrial atrial fibrillation: a systematic review
Fibrillation. Am J Cardiol. Dec 1 and meta-analysis. Europace. May 1

2022;184:22-30.
card.2022.08.031
Su WW, Reddy VY, Bhasin K, et al.
Cryoballoon ablation of pulmonary
veins for persistent atrial fibrilla-
tion: Results from the multicenter
STOP Persistent AF trial. Heart
Rhythm. Nov 2020;17(11):1841-1847.

doi:10.1016/j.amj-

12.

2017;19(5):784-794. doi:10.1093/eu-
ropace/euw330

Aryana A, Baker JH, Espinosa Gin-
ic MA, et al. Posterior wall isolation
using the cryoballoon in conjunction
with pulmonary vein ablation is su-
perior to pulmonary vein isolation
alone in patients with persistent

BECTHUK XUPYPITUU KABAXCTAHA N23-2024



THE INFLUENCE OF PULMONARY VEIN ANATOMY ON OUTCOMES
AFTER ABLATION OF PAROXYSMAL ATRIAL FIBRILLATION

13.

14.

15.

16.

17.

18.

BULLETIN OF SURGERY IN KAZAKHSTAN N3 2024

atrial  fibrillation: A multicenter
experience. Heart Rhythm. Aug
2018;15(8):1121-1129. doi:10.1016/].
hrthm.2018.05.014

Wei HQ, Guo XG, Zhou GB, et al. Pro-
ceduralfindings and clinical outcome
of second-generation cryoballoon
ablation in patients with variant pul-
monary vein anatomy. J Cardiovasc
Electrophysiol. Jan 2019;30(1):32-38.
doi:10.1111/jce. 13768

Nakashima T, Kawasaki M, Toyoshi
H, et al. Impact of the pulmonary
vein orifice area assessed using in-
tracardiac echocardiography on the
outcome of radiofrequency cath-
eter ablation for atrial fibrillation.
J Interv Card Electrophysiol. Mar
2018;51(2):133-142. doi:10.1007/
s10840-018-0324-4

Anselmino M, Blandino A, Beninati S,
etal. Morphologicanalysis of left atri-
al anatomy by magnetic resonance
angiography in patients with atrial
fibrillation: a large single center ex-
perience. J Cardiovasc Electrophysi-
ol. Jan 2011;22(1):1-7. doi:10.1111/
j-1540-8167.2010.01853.x

McLellan AJ, Ling LH, Ruggiero D,
et al. Pulmonary vein isolation: the
impact of pulmonary venous anato-
my on long-term outcome of cath-
eter ablation for paroxysmal atri-
al fibrillation. Heart Rhythm. Apr
2014;11(4):549-56. doi:10.1016/j.
hrthm.2013.12.025

Baimbetov A, Bizhanov K, Yakupova
I, et al. Efficacy and Safety Results of
Different Ablation Technologies for
Persistent Atrial Fibrillation Treat-
ment. Heart Surg Forum. Aug 21
2022;25(4):E594-E600. doi:10.1532/
hsf.4853

R A Rj H, Wy L, et al. Long Term
Outcome and Pulmonary Vein Re-
connection of Patients Undergoing
Cryoablation and/or Radiofrequency
Ablation: Results from The Cryo Ver-
sus RF Trial. J Atr Fibrillation. Oct-
Nov 2018;11(3):2072. doi:10.4022/

19.

20.

21.

22.

23.

24,

jafib.2072

Das M, Wynn GJ, Saeed Y, et al. Pul-
monary Vein Re-lsolation as a Rou-
tine Strategy Regardless of Symp-
toms: The PRESSURE Randomized
Controlled Trial. JACC Clin Elec-
trophysiol. Jun 2017;3(6):602-611.
doi:10.1016/j.jacep.2017.01.016
Andrade JG, Khairy P, Macle L, et al.
Incidence and significance of early
recurrences of atrial fibrillation after
cryoballoon ablation: insights from
the multicenter Sustained Treat-
ment of Paroxysmal Atrial Fibrilla-
tion (STOP AF) Trial. Circ Arrhythm
Electrophysiol. Feb 2014;7(1):69-75.
doi:10.1161/CIRCEP.113.000586
Heeger CH, Tscholl V, Wissner E, et
al. Acute efficacy, safety, and long-
term clinical outcomes using the
second-generation cryoballoon
for pulmonary vein isolation in pa-
tients with a left common pulmo-
nary vein: A multicenter study. Heart
Rhythm. Aug 2017;14(8):1111-1118.
doi:10.1016/j.hrthm.2017.05.003
Bose A, Chevli PA, Berberian G, et al.
Presence of a left common pulmo-
nary vein and pulmonary vein ana-
tomical characteristics as predictors
of outcome following cryoballoon
ablation for paroxysmal atrial fibril-
lation. J Interv Card Electrophysiol.
Nov 2021;62(2):409-417. doi:10.1007/
s10840-020-00916-6

Heeger CH, Sohns C, Pott A, et al.
Phrenic Nerve Injury During Cryob-
alloon-Based Pulmonary Vein Iso-
lation: Results of the Worldwide
YETI Registry. Circ Arrhythm Elec-
trophysiol. Jan 2022;15(1):e010516.
doi:10.1161/CIRCEP.121.010516
Chun KRJ, Perrotta L, Bordignon S,
et al. Complications in Catheter Ab-
lation of Atrial Fibrillation in 3,000
Consecutive Procedures: Balloon
Versus Radiofrequency Current Ab-
lation. JACC Clin Electrophysiol. Feb
2017;3(2):154-161. doi:10.1016/].ja-
cep.2016.07.002



THE ROLE OF INTERLEUKINS IN THE PATHOGENESIS OF ATRIAL FIBRILLATION:
LITERATURE REVIEW

THE ROLE OF INTERLEUKINS IN THE
PATHOGENESIS OF ATRIAL FIBRILLATION:

LITERATURE REVIEW

DOI:10.35805/BSK2024111011
Aubakirova A.T.
https://orcid.org/0000-0001-7585-2898
Baimbetov A.K.
https://orcid.org/0000-0002-9971-1309
Yakupova I.A.
https://orcid.org/0000-0002-2726-7296
Bizhanov K.A.
https://orcid.org/0000-0002-6668-7373
Rizabekova L.E.
https://orcid.org/0000-0003-3988-6569
Sapunov A.V.
https://orcid.org/0000-0002-7125-8178

recieved: 03.09.2024
accepted: 12.09.2024

Author for correspondence:
Bizhanov K.A.

A.T. Aubakirova, Candidate of
Biological Sciences, Scientific
Secretary, laboratory physician of the
department of clinical and diagnostic
research of JSC «Syzganov National
Scientific Center of Surgery», 62
Zheltoksan Ave, Almaty 050000,
Kazakhstan; e-mail: biolog-aigul@mail.
ru, tel. +7-701-951-31-92

Conflict of interest:

The authors declare no potential
conflict of interest requiring disclosure
in this article.

Keywords:

atrial fibrillation, interleukins,
inflammation, pathogenesis,
cardiovascular diseases,

IL-1, IL-6, IL-17

Aubakirova A.T., Baimbetov A.K., Sapunov A.V., Yakupova |l.A,,
Bizhanov K.A., Rizabekova L.E., Bigeldiev N.J.

“Syzganov National Scientific Center of Surgery” JSC,
Almaty, Kazakhstan

Abstract

Relevance. Atrial fibrillation (AF) is the most common arrhythmia, which negatively
affects the quality of life and significantly increases the risk of thrombosis, strokes and
cardiovascular diseases. The pathogenesis of AF is a complex and multifactorial pro-
cess in which inflammatory and immune mechanisms play an important role. In recent
years, special attention has been paid to interleukins, cytokines that regulate the im-
mune response, which may influence the development and maintenance of AF.

The study of the role of interleukins in the pathogenesis of AF may provide new per-
spectives for understanding the mechanisms of the occurrence of this arrhythmia and
the development of effective methods of its prevention and treatment.

The study aimed to evaluate the influence of interleukins on the pathogenesis of
atrial fibrillation and to identify possible mechanisms of their action.

Methods. data concerning the role of interleukins in the pathogenesis of atrial
fibrillation were analyzed during the analysis of scientific publications. A systematiza-
tion of existing studies, including both clinical and experimental data that show a link
between the levels of interleukins (IL-1, IL-6, IL-17 and others) and the development of
AF was performed. Search methods included analyzing publications in PubMed, Scopus
and Web of Science databases over the last ten years and using keywords related to
interleukins and AF.

Results. The results indicate that interleukins such as IL-1, IL-6, IL-17 and [L-18
play a significant role in the inflammatory processes associated with AF. Elevated levels
of IL-6 correlate with worsening cardiac function and an increased likelihood of de-
veloping AF. In addition, IL-1 may contribute to myocardial remodeling, which is a key
factor in the pathogenesis of AF.

Other interleukins, such as IL-17, are also associated with inflammatory processes
affecting cardiac electrical stability. Accumulating evidence suggests that interleukins
can affect cellular hypertrophy and fibrosis, leading to changes in cardiac structure and
contributing to the development of AF.

The inclusion of interleukins in risk prediction models for the development of AF
may improve preventive strategies and individualize the treatment of patients at risk.

Conclusion. the analysis shows that interleukins play a key role in the pathogen-
esis of atrial fibrillation by participating in inflammatory processes and abnormalities
in cardiac electrophysiology. Further studies are needed to clarify their mechanisms of
action and to develop new therapeutic strategies aimed at reducing interleukin levels
and improving the prognosis of patients with AF.

Introduction

Atrial fibrillation (AF) is the most
common cardiac arrhythmia. Moreover,
it is cited as one of the important causes
of cardiovascular mortality. Almost one
in four people between the ages of 40
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and 55 years will experience AF at some
point in their lives [1].

Ischemic heart disease and stroke
are the leading causes of death accord-
ing to WHO world statistics and may re-
sult from complications of AF [2]. Among
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patients with chronic heart failure (CHF],
24% are diagnosed with previous or con-
comitant AF. The rate of diagnosed CHF
in patients with PD is markedly higher
than the rate of diagnosed CHF in par-
ticipants with primary CHF [3]. Thus, AF
generates CVD to a greater extent. AF is
also associated with an increased risk
of stroke and transient ischemic attack;
in addition, AF -related strokes increase
the risk of long-term disability or death.
The attributable risk of AF in relation to
stroke is 1.5% among 50-59 year olds
and 23.5% among 80-89 year olds [3].

According to international data in the
long-term follow-up period, recurrence of
atrial arrhythmia is observed in 33% and
43% of patients after 12 and 24 months,
respectively. There is no significant differ-
ence in arrhythmia-free survival between
different ablation strategies [4].

According to global epidemiological
studies, the number of AF cases has a
worldwide increasing trend due to in-
creased detection and increased life ex-
pectancy of the population [5].

In recent years, the study of interleu-
kins (ILs), essential cytokines involved
in immune response and inflammation,
has received much attention in the field
of cardiovascular disease (CVD). Studies
have elucidated the involvement of ILs in
the development of various CVDs includ-
ing arrhythmias, myocardial infarction,
atherosclerosis and heart failure (HF)
[6,7,8].

Studies have shown a highly signif-
icant association between IL-1 and PD,
with the persistent form being associat-
ed with higher IL-1 levels than the par-
oxysmal form. High IL-1 levels induce
rapid electrical remodeling of the atria
and also contribute to the development
of persistent form of AF as a result of
ventricular overload [7,8].

Atrial fibrillation is significantly as-
sociated with elevated IL-6 levels, in-
dicating the unique influence of IL-6 on
the pathophysiology of AF [1,6]. Thus,
IL-6 is involved in the development of
atherosclerosis, hypertension, aortic
dissection, cardiac fibrosis and cardio-
myopathy; stimulates cardiomyocyte
hypertrophy, promotes apoptosis and
impairs cardiac contractile function;
regulates genes involved in inflamma-
tion and immunity through multiple sig-
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naling pathways, and therefore, like the
other interleukins in the present study,
is a potential target for the development
of therapeutic treatment approaches [9].

Members of the interleukin-12 fami-
ly, including IL-12, IL-23, are closely as-
sociated with the progression of various
CVDs entailing inflammatory processes.
The mechanism of atrial fibrillation de-
velopment may be closely related to the
occurrence of atrial fibrosis as a result
of inflammation [10].

For example, IL-17A promotes the
attraction of inflammatory cells to the
lumen wall, leading to the development
of plaques and cardiovascular events.
The IL-17 signaling pathway plays an
important role in the pathogenesis of AF,
and some genes can be used as poten-
tial therapeutic targets in AF; elevated
levels are also associated with CHD [11].

The role of IL-28 in the pathogenesis
of AF has not been studied [6,7].

The study aimed to evaluate the in-
fluence of interleukins on the pathogen-
esis of atrial fibrillation and to identify
possible mechanisms of their action.

Material and methods: This litera-
ture review includes articles and review
studies on the role of interleukins in the
pathogenesis of atrial fibrillation (AF).
Data were searched in MEDLINE, Em-
base, Scopus, PubMed, and Cochrane
Central Register of Controlled Trials
databases using the keywords ‘interleu-
kins', “atrial fibrillation’, and ‘inflamma-
tion".

A total of 103 publications from the
last 10 years were retrieved, of which
19 sources were included in this review.
The authors adhered to PRISMA require-
ments for systematic reviews in the de-
sign and conduct of the study.

Source inclusion criteria:

- Studies addressing the role of in-
terleukins in the pathogenesis of atrial
fibrillation.

- Articles published in peer-reviewed
scientific journals within the last 10
years.

- Works containing empirical data
on the relationship between interleukins
and AF.

Source exclusion criteria:

- Studies containing no data on the
effects of interleukins on AF.

- Publications outside the field of
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Table 1.

Effect of IL-18 and IL-18 on
proliferation and migration

of cardiac fibroblasts. (A-B])
Relative confluence normalised
by TO and relative proliferation
(B-D) versus untreated (set at
100%) and (E, F) relative wound
healing density normalised

by TO of immortalised human
fibroblasts exposed to different
concentrations of (A, B-E) IL-
18 and (C, D-F) IL-18 (n = 8].
Data are expressed as mean

+ SEM. *p < 0.05; **p < 0.01
compared to untreated [15].

cardiology and immunology.

- Studies not published in peer-re-
viewed scientific journals or published
more than 10 years ago.

The analysis identified key interleu-
kins such as IL-1a, IL-18, IL-6, IL-12/IL-
23, IL-17A and IL-28A and their role in
inflammatory processes and myocardial
remodeling, providing a holistic view of
the pathophysiology of AF and its rela-
tionship with immunological aspects.

This publication was created as part
of the grant study ‘Development of im-
munological criteria for assessing the
effectiveness of interventional treatment
of patients with atrial fibrillation. The
authors declare that there are no con-
flicts of interest between them in rela-
tion to this work. All presented data and
conclusions are based on the conducted
research and available scientific litera-
ture, which guarantees their objectivity.

Results: AF, the most common cardi-
ac arrhythmia, is the result of electrical
and structural remodeling of the atria,
encompassing interactions between
cellular and neurohormonal mediators
[12]. Postoperative AF (POAF), defined
as first-onset PE in the immediate post-
operative period, is associated with he-
modynamic instability, increased risk of
stroke, an eightfold increase in the risk
of subsequent AF and cardiovascular
death [13].

The mechanisms leading to PO AF
are not fully understood, but it is like-
ly a consequence of both pre-existing
factors related to atrial remodeling and

perioperative triggers that cause AF in
the presence of a vulnerable substrate.
Inflammation may be one of the most
potent triggers of AF, and activation of
myocardial inflammasome by NACHT,
LRR and PYD-domain-containing pro-
tein 3 (NLRP3] through production of the
proinflammatory cytokines interleukin
(IL)-18 and IL-18 is associated with the
pathogenesis of AF, contributing to atri-
al structural and electrical remodeling.
Elevated levels of IL-1B gene expression
are associated with atrial remodeling
and sustained AF. IL-18 plays an import-
ant role in the inflammatory cascade
and coordinates the cellular response to
tissue damage, promoting inflammatory
cell recruitment and increased produc-
tion of other cytokines [14].

A group of Italian scientists conduct-
ed studies to investigate the relationship
between interleukin (IL)-18 secreted
by epicardial adipose tissue (EAT), atri-
al remodeling and the development of
post-operative atrial fibrillation (POAF)
in patients with coronary heart disease
(CHD) [15]. In this work, atrial biopsy
and EFT samples were collected from
40 patients undergoing cardiac surgery.
Analyses were performed on both serum
level and EJT-conditioned media sam-
ples to assess IL-1B and IL-1ra content.
Atrial fibrosis was determined by histo-
logical method, and the role of NLRP3
inflammasome activation in the devel-
opment of fibrosis was studied in vitro
by exposing human atrial fibroblasts to
interleukins IL-18 and IL-18.
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The results of the study showed that
40% of patients developed POAF. Pa-
tients with and without POAF were sim-
ilar in clinical and echocardiographic
parameters such as left atrial volume
and LV thickness. Histological analysis
showed no association between POAF
and atrial fibrosis. Serum IL-18 and IL-
Tra levels also showed no significant
differences between patients with and
without POAF. However, EFT-mediated
IL-1B secretion and expression was sig-
nificantly higher in patients with PAAF
compared with the group without POAF.

Additionally, in vitro experiments
showed that exposure of atrial fibro-
blasts to IL-18 and IL-18 promoted their
proliferation and increased collagen
synthesis. Stimulated cells continued
to support inflammatory processes and
fibrosis development by producing IL-18
and transforming growth factor (TGF)-B
[15].

A large number of studies have con-
firmed that IL-6 exerts both pro-inflam-
matory and anti-inflammatory effects
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through various IL-6Rs. IL-6 receptor
complexes consist of IL-6R or soluble
IL-6R and gp130. The proinflammatory
effect seems to be mainly dependent on
sIL-6R-mediated signaling and the an-
ti-inflammatory effect mainly depends
on membrane-bound IL-6R (4-7). IL-6
induces Th17 differentiation, suppresses
Treg differentiation and stimulates M2
macrophage polarization (8-10). Lym-
phocytes, monocytes/macrophages, ad-
ipocytes, and hematopoietic and endo-
thelial cells are cellular sources of IL-6
(11). The gp130 protein is expressed in
almost all tissues (16).

Amdur et al. found that elevated IL-6
levels were associated with an increased
risk of AF in patients with chronic kidney
disease (CKDJ, suggesting that IL-6 may
serve as an inflammatory biomarker of
AF in patients with CKD (17). In addition,
IL-6 levels are associated with AF in pa-
tients with CHD. An increased incidence
of AF was observed in elderly patients
treated with recombinant human IL-11.
OSM is elevated in atrial tissue in pa-
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tients with AF and thrombus. Patients
with higher CT-1 levels have a higher in-
cidence of recurrent AF. The relationship
between the IL-6 family and AF requires
further investigation [18].

The Rotterdam study presented a
large population-based cohort study.
The study of 10943 participants with
pneumonia and chronic obstructive
pulmonary disease (COPD]. During the
one-year follow-up among 99242 pa-
tients, 804 participants developed atrial
fibrillation. The incidence of AF was 14
cases per 1000 person-years in partic-
ipants with COPD and 8 cases per 1000
person-years in participants without
COPD. The adjusted hazard ratio (HR)
for the development of AF in patients
with COPD compared with those with-
out COPD was 1.28 [95% CI 1.04, 1.571.
In a random sample of patients with
measured plasma IL6 levels at baseline
(n=599), patients with COPD with IL6 lev-
els > median 1.91 pg/ml had a 2.5-fold
higher risk of developing AF than pa-
tients without COPD (adjusted OR 2.49
[1.18, 5.28]). There was no increased risk
of developing AF in COPD patients with
IL6 levels below the median (adjusted
OR 0.53 [0.14, 1.97]) [19].

The study focuses on the role of
the IL-17 inflammatory pathway in the
pathogenesis of AF. Inflammation has
been shown to lead to myocardial re-
modeling and fibrosis development,
which contributes to the occurrence of
AF. A study in Sprague Dawley rats with
an aseptic pericarditis model found that
IL-17A and other members of the IL-17
family stimulate inflammation and fibro-
sis, increasing the risk of AF. Adminis-
tration of drugs such as colchicine and
curcumin has been shown to reduce IL-
17 expression and improve myocardial
health. Comprehensive analysis of the
transcriptome has identified key genes
(e.g.IL17a, Mapk13) that are significantly
active in the model of AF and suppressed
by drug therapy [11].

Discussion: Atrial fibrillation is the
most common heart rhythm disorder
and an important clinical cardiovascu-
lar disease. It significantly increases the
risk of complications such as stroke,
arterial embolism and heart failure.
Complex mechanisms underlie this con-
dition, among which the inflammatory

process plays a key role. Loss of effec-
tive atrial contraction and impaired dia-
stolic function leads to reduced pumping
function of the heart and irregularity of
ventricular rhythm. A growing body of
research confirms that inflammation is
an important mechanism in the develop-
ment of AF, and inflammatory response
pathways may be potential therapeutic
targets. Inflammatory responses lead to
atrial electrical and structural remodel-
ing, as well as thrombogenesis, which
creates favorable conditions for the ini-
tiation and maintenance of AF.

Some of the major inflammatory
mediators that play an important role in
the pathogenesis of AF are interleukins.
For example, IL-Ta and IL-1B are potent
pro-inflammatory cytokines that con-
tribute to the development of AF. Their
elevated levels are associated with the
processes of electrical remodeling of
the atria and the development of per-
sistent AF. IL-18, in particular, activates
important signaling cascades, such as
the NF-kB pathway, which regulates
inflammatory processes and leads to
ventricular overload. Importantly, these
cytokines influence the development of
chronic inflammation, maintaining an
unfavorable environment for the mainte-
nance of arrhythmias. IL-6, being a cen-
tral mediator of inflammation, is actively
involved in myocardial remodeling and
is associated with the risk of develop-
ing AF. Elevated levels of IL-6 correlate
with the progression of diseases such as
atherosclerosis, arterial hypertension,
myocardial fibrosis and cardiomyopathy,
making it an important target for further
study in the context of AF. This cytokine
regulates the expression of genes asso-
ciated with inflammation and immune
response, which holds promise for the
development of novel therapeutic ap-
proaches.

Other interleukins, such as IL-12
and IL-23, also play a significant role in
the development of inflammation in AF.
They stimulate inflammatory process-
es that promote atrial fibrosis, which
in turn creates favorable conditions for
the onset and maintenance of AF. Par-
ticular attention in studies is paid to the
p40 subunit common to IL-12 and IL-23,
which plays a key role in the regulation
of inflammatory responses and may be-
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come a target for future therapeutic in-
terventions.

IL-17Ais a key factor responsible for
the recruitment of inflammatory cells to
the vascular wall, contributing to ath-
erosclerotic changes and associated
cardiovascular events. In the context of
AF, IL-17A activates inflammatory re-
sponses, leading to atrial remodeling
and increasing the risk of arrhythmias.
Its elevated levels are associated with
coronary heart disease and atheroscle-
rosis, making it a promising therapeutic
target. Notably, the effects of IL-17A on
myocardial fibrosis and inflammation
are already being studied in the context
of anti-inflammatory drugs such as col-
chicine and curcumin, which have shown
the ability to reduce the expression of
this interleukin and reduce inflamma-
tion.

IL-28A is also an important area of
research, although its role in the patho-
genesis of AF is still poorly understood.
However, evidence points to its possible
involvement in immune reactions asso-
ciated with AF. Studies of IL-28A may
open new perspectives for the develop-
ment of therapeutic strategies aimed at
modulating the immune response and
reducing the frequency of arrhythmia
recurrence.

One of the interesting areas of study
of cytokines in PD AF is the investigation
of their role in postoperative atrial fibril-
lation (POAF] in patients undergoing
aortocoronary bypass surgery (ACS). For
example, a study showed that the onset
of PO AF was not associated with clinical
or echocardiographic parameters, but
the level of secreted EAT-IL1B, but not
circulating IL-18, was associated with
the development of PO AF. This confirms
the important role of local inflammatory
processes in the pathogenesis of PO AF
after surgery.

Another study from the Rotterdam
Study found that patients with chronic
obstructive pulmonary disease (COPD)
had a 28% higher risk of developing AF
compared to patients without COPD.
Particular attention was paid to IL-6 lev-
els, which have shown to be a significant
predictor of AF risk. Patients with COPD
and high IL-6 levels had a 2.5-fold higher
risk of developing AF, emphasizing the
important role of inflammatory process-
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es in the pathogenesis of arrhythmias in
this category of patients.

Studies of the IL-17 pathway also
show its importance in the development
of AF. IL-17A and IL-17F activate fibro-
blasts, provoking myocardial fibrosis
and inflammatory responses. Adminis-
tration of agents such as colchicine and
curcumin significantly reduce the ex-
pression of these cytokines, which is as-
sociated with reduced inflammation and
atrial remodeling. Studies suggest that
genes such as IL17a, Mapk13 and Ccl20
may be potential therapeutic targets in
the future, opening new perspectives in
the treatment of AF.

What'’s known: Atrial fibrillation (AF)
is the most common arrhythmia, leading
to severe complications such as stroke
and heart failure. Inflammation and im-
mune responses, particularly those in-
volving cytokines like interleukins (ILs),
are recognized as significant contribu-
tors to AF pathogenesis. Elevated lev-
els of interleukins such as IL-1 and IL-6
have previously been linked to atrial re-
modeling, promoting cellular changes
that increase the likelihood of AF.

What’'s new: Recent research high-
lights a broader role for various inter-
leukins, including IL-17 and IL-18, in AF
pathogenesis. These cytokines contrib-
ute to atrial fibrosis and electrical insta-
bility, setting the stage for AF onset and
maintenance. Furthermore, new insights
reveal that targeting specific interleuk-
ins might offer innovative approaches for
AF prevention and treatment, especially
among patients with inflammatory risk
factors like chronic kidney disease and
chronic obstructive pulmonary disease.

Limitations: This study is limited by
its reliance on existing literature rather
than primary experimental data, which
restricts the ability to establish direct
causal relationships between inter-
leukin levels and atrial fibrillation (AF)
pathogenesis. Finally, while this review
identifies promising targets for poten-
tial therapies, further experimental and
clinical research is needed to validate
these findings and develop effective
treatment strategies.

Conclusion: Our literature review
demonstrated the crucial role of in-
flammation and key cytokines in the
pathogenesis of AF. We examined the
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influence of proinflammatory molecules
such as IL-1B, IL-6, IL-17A and others
on the processes of electrical and struc-
tural atrial remodeling, as well as their
contribution to the development of myo-
cardial fibrosis. These cytokines not only
participate in the maintenance of chron-
ic inflammation, but also create a favor-
able environment for the development
of arrhythmias. Nevertheless, despite
the accumulated data, many aspects of
their role in the mechanisms of AF re-
main poorly understood, emphasizing
the need for further research.

As part of our grant project, we plan
to further investigate these cytokines to
assess in detail their impact on the de-
velopment and maintenance of AF. Using
state-of-the-art equipment and scientific
techniques, including analyzing cytokine
expression and studying their relation-
ships with inflammatory processes in
cardiac tissue, we intend to further inves-

References

tigate their mechanisms of action. These
studies will help identify potential thera-
peutic targets that can be used to develop
more effective approaches to the treat-
ment and prevention of AF, especially in
patients at high risk of recurrence.

Authors’ contributions: contribution
to the concept - A.A; scientific design
- A.A; execution of the stated scientific
research - A.A., B.A,, Y.l., B.K; interpre-
tation of the claimed scientific research
- A.A,, R.L., B.N, S.A,; creation of scien-
tific article - A.A., R.L., S.A.

Funding: This research has been
funded by the Committee of Science of
the Ministry of Science and Higher Ed-
ucation of the Republic of Kazakhstan
(Grant IRN AP23488673). The funders
had no role in study design, data collec-
tion and analysis, decision to publish or
preparation of the manuscript.

Conflict of interest: The authors de-
clare that there is no conflict of interest.

1. Mohammad Erfan Lotfi, Parmida
Sadat Pezeshki, Nima Rezaei. The
role of interleukins in pathogen-
esis and prognosis of atrial fibril-
lation. // Expert Review of Clinical
Immunology. - 2023(é).- Vol.19. DOI:
10.1080/1744666X.2023.2196013

2. World Health Organization. (2020,
December 9). The top 10 causes of
death. Retrieved from: https://www.
who.int/news-room/fact-sheets/de-
tail/the-top-10-causes-of-death

3. Staerk L, Sherer JA, Ko D, Benja-
min EJ, Helm RH. Atrial Fibrillation:
Epidemiology, Pathophysiology, and
Clinical Outcomes. // Circulation Re-
search. - 2017. -28:120(9). - P.1501-
1517.  DOI:  10.1161/CIRCRESA-
HA.117.309732.

4. Karim Benali, Valentin Barré, Ra-
phaél P. Martins et al. Recurrences
of Atrial Fibrillation Despite Dura-
ble Pulmonary Vein Isolation: The
PARTY-PVI Study. AHA //Circulation:
Arrhythmia and Electrophysiolo-
gy. -2023. -N 16. DOI:10.1161/CIR-
CEP.122.011354

5. Jelena Kornej, Christin S. Borschel,
Emelia J. Benjamin, Renate B. Sch-
nabel. Epidemiology of Atrial Fibrilla-
tion in the 21st Century. //Circulation

Research. 2020. -127. - P.4-20. DOI:
10.1161/CIRCRESAHA.120.316340

6. Abubakar M, Rasool H, Javed I, et
al. Comparative Roles of IL-1, IL-
6, IL-10, IL-17, IL-18, 1L-22, IL-33,
and IL-37 in Various Cardiovascular
Diseases With Potential Insights for
Targeted Immunotherapy // Cureus.
-2023. - 15(7): e42494. DOI:10.7759/
cureus.42494

7. Rafaqat, S., Rafagat, S., &Rafagat,
S. ). Major Interleukins: Role in the
Pathogenesis of Atrial Fibrillation. //
JOURNAL OF CARDIAC ARRHYTH-
MIAS. - 35(1). DOI: 10.24207/jca.
v35i1.3470

8. Matsushita N, Ishida N, Ibi M, Saito
M, Takahashi M, Taniguchi S, et al.
IL-18 plays an important role in
pressure overload-induced atrial
fibrillation in mice. //Biological and
Pharmaceutical Bulletin. - 2019. -
N42(4). - P.543-6. DOI: 10.1248/bpb.
b18-00363

9. Feng, Ye D, Wang Z, et al.: The role
of interleukin-6 family members
in cardiovascular diseases. //Fron-
tiers in Cardiovascular Medicine. -
2022. - 9. - P.8188%90. DOI: 10.3389/
fcvm.2022.818890

10. Ye J, Wang Y, Wang Z, Liu L, Yang

BECTHUK XUPYPITUU KABAXCTAHA N23-2024



THE ROLE OF INTERLEUKINS IN THE PATHOGENESIS OF ATRIAL FIBRILLATION:

LITERATURE REVIEW

1.

12.

13.

14.

15.

BULLETIN OF SURGERY IN KAZAKHSTAN N3 2024

Z, Wang M, Xu Y, Ye D, Zhang J, Lin
Y, Ji Q, Wan J. Roles and Mech-
anisms of Interleukin-12 Family
Members in Cardiovascular Dis-
eases: Opportunities and Challeng-
es. // Frontiers in Pharmacology. -
2020. - 4. - P.11:129. DOI: 10.3389/
fphar.2020.00129. PMID: 32194399;
PMCID: PMC7064549.

Yue, H., Gu, J., Zhao, X., Liang, W.,
Wu, Z. . Role of the interleukin-17
pathway in the pathogenesis of atrial
fibrillation associated with inflam-
mation. //Archives of Medical Sci-
ence. 2021. - 17(1), 262-265. DOI:
10.5114/aoms/130392

Hu, Y.-F., Chen, Y.-J., Lin, Y.-J., and
Chen, S.-A. (2015). Inflammation and
the Pathogenesis of Atrial Fibrilla-
tion. Nat. Rev. Cardiol. 12 (4), 230-
243. doi:10.1038/nrcardio.2015.2
Dobrev, D., Aguilar, M., Heijman, J.,
Guichard, J.-B., and Nattel, S. (2019).
Postoperative  Atrial  Fibrillation:
Mechanisms, Manifestations and
Management. Nat. Rev. Cardiol. 16
(7), 417-436. doi:10.1038/s41569-019-
0166-5

Matsushita, N., Ishida, N., Ibi, M.,
Saito, M., Takahashi, M., Tanigu-
chi, S., et al. (2019). IL-18 Plays an
Important Role in Pressure Over-
load-Induced Atrial Fibrillation in
Mice. Biol. Pharm. Bull. 42 (4], 543-
546. doi:10.1248/bpb.b18-00363
Cabaro S., Conte M., Moschetta D.,
Petraglia L., Valerio V/, Romano S.,
Francesco Di Tolla M., Campana P,

16.

17.

18.

19.

Comentale G., Pilato E., D'Esposito
V., Di Mauro A., Cantile M., Poggio P,
Leosco D., Formisano P. Epicardial
Adipose Tissue-Derived IL-18 Trig-
gers Postoperative Atrial Fibrilla-
tion // Front Cell Dev Biol. 2022. DOI:
10.3389/fcell.2022.893729

Zegeye MM, Lindkvist M, Falker K,
Kumawat AK, Paramel G, Grenegard
M, et al., Activation of the JAK/STAT3
and PI3K/AKT pathways are crucial
for IL-6 trans-signaling-mediated
pro-inflammatory response in hu-
man vascular endothelial cells Cell
Commun Signal. (2018) 16:55. doi:
10.1186/s12964-018-0268-4

Amdur RL, Mukherjee M, Go A, Bar-
rows IR, Ramezani A, Shoji J, et al.
Interleukin-6 Is a Risk Factor for
Atrial Fibrillation in Chronic Kidney
Disease: Findings from the CRIC
Study. PloS ONE. (2016) 11:e0148189.
doi: 10.1371/journal.pone.0148189
Xie J, Zhu S, Dai Q, Lu J, Chen J,
Li G, et al. Oncostatin M was as-
sociated with thrombosis in pa-
tients with atrial fibrillation. Medi-
cine. (2017) 96:e6806. doi: 10.1097/
MD.0000000000006806

Grymonprez M, Vakaet V., Kavousi
M, Stricker B.H., Ikram M. A., Hee-
ringa J.J., Franco H.O, Brusselle
G.G., Lahousse L. The role of inter-
leukin 6 on incident atrial fibrilla-
tion in COPD patients//European
Respiratory Journal. -2018. - 52:
PA3612; DOI:10.1183/13993003.con-
gress-2018.PA3612



A NEW PERSPECTIVE ON DIAGNOSIS:
THE POTENTIAL OF CT PERFUSION IN CHRONIC LIVER DISEASE [LITERATURE REVIEW)

A NEW PERSPECTIVE ON DIAGNOSIS:
THE POTENTIAL OF CT PERFUSION IN CHRONIC

LIVER DISEASE (LITERATURE REVIEW)

DOI:10.35805/BSK2024111011

Battalova G.
https://orcid.org/0000-0003-4261-3537
Baiguissova D.
https://orcid.org/0000-0001-5724-7707
Kalshabay E.
https://orcid.org/0000-0003-0493-6685
Mukhamejanova A.
https://orcid.org/0000-0002-4487-1604
Mukanova A.
https://orcid.org/0009-0000-4654-6103
Nagimova D.
https://orcid.org/0009-0001-6151-2558
Kabidenov A.
https://orcid.org/0000-0001-5038-2033
Abzhaparova B.
https://orcid.org/0000-0001-9790-8151
Baimakhanov B.
https://orcid.org/0000-0003-0049-5886

recieved: 03.09.2024
accepted: 12.09.2024

Conflict of interest:

The authors declare no potential
conflict of interest requiring disclosure
in this article.

Keywords:

CT perfusion, liver fibrosis,

liver cirrhosis, computed tomography,
liver elastometry.

Battalova G.", Baiguissova D.", Kalshabay E.,
Mukhamejanova A.', Mukanova A.", Nagimova D.", Kabidenov A.,
Abzhaparova B.", Baimakhanov B.'

' JSC Syzganov National Scientific Center of Surgery,
Almaty, Kazakhstan

Abstract: the aim of this study is to analyze the current advances of CT perfusion
in the diagnosis of liver disease. Liver fibrosis is a characteristic feature of chronic liv-
er disease and is confirmed by liver biopsy, which is an invasive method. Morpholog-
ic parameters of cirrhosis are evaluated by conventional imaging techniques such as
ultrasound (US), computed tomography (CT) and magnetic resonance imaging (MRI).
Additional studies of new imaging modalities are needed for earlier diagnosis, surveil-
lance and accurate treatment, CT perfusion has several advantages by examining the
arterial and venous blood flow of the liver, which gives a more complete picture of early
functional changes in the liver. Despite the advantages of this method, the results of
postprocessing in different stages of fibrosis and etiology of its development are not

fully understood.

Introduction

The liver has unique blood flow char-
acteristics, with two sets of inflow ves-
sels (hepatic artery and portal artery)
and one set of outflow vessels (hepatic
veins). Blood flow varies with underlying
liver parenchymal injury such as cirrho-
sis, liver fibrosis, chemotherapy-associ-
ated steatohepatitis, and occlusive jaun-
dice. However, the hemodynamics of the
diseased liver are complex and not fully
understood [1].

Computed tomography (CT) perfu-
sion of liver is a modern imaging tech-
nique that allows quantitative assess-
ment of blood flow and contrast agent
distribution in the liver. Perfusion im-
aging allows quantitative determination
of physiological parameters of liver mi-
crocirculation perfusion at levels signifi-
cantly inferior to the spatial resolution of
CT and MR imaging. Due to the peculiar-
ities of the structure and architecture,
perfusion imaging in the liver is a more
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complex task than in other organs. The
liver is a mobile organ and is significant-
ly deformed by respiratory movements.
In addition, it has a dual vascular supply,
and the sinusoidal capillaries in the nor-
mal liver are fenestrated [2].

Minimally invasive techniques such
as perfusion CT allow for extremely ac-
curate assessment of tissue perfusion.
Modern multidetector CT scanners are
ideal for measuring perfusion due to their
high spatial and temporal resolution [3].

Early diagnosis of liver fibrosis (LF)
is key for treatment to halt the progres-
sion of cirrhosis and hepatocellular car-
cinoma. LF is a hallmark of chronic liver
disease and is confirmed by liver biopsy,
which is invasive and prone to sampling
errors. The morphological parameters
of cirrhosis are assessed by conven-
tional imaging techniques such as ul-
trasound (US], computed tomography
(CT) and magnetic resonance imaging
(MRI). New imaging techniques such as
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magnetic resonance elastography and
ultrasound elastography are reliable
and informative. Further studies of new
imaging techniques such as perfusion
CT are needed for earlier diagnosis, fol-
low-up and accurate treatment [4].

The aim of this study is to analyze the
current and latest advances in CT per-
fusion in the diagnosis of liver diseases.

Materials and methods: A compre-
hensive literature search was performed
using PubMed and Google Scholar data-
bases. Key words included CT perfusion,
liver fibrosis and cirrhosis, HCC, liver
elastometry, liver ultrasound. Articles
published between 2001 and 2024 were
included. The review included differ-
ent types of articles including original
research, literature and systematic re-
views and meta-analysis. Articles were
selected based on their examination of
the diagnostic method of CT perfusion
in liver diseases of various etiologies.
Articles were included if they contribut-
ed to the understanding of the informa-
tiveness of the method, highlighted the
latest trends or addressed the gaps in
current knowledge.

Methods for the diagnosis of liver
diseases

The liver's function depends in part
on its blood flow. The portal vein provides
about 80% of the hepatic blood flow in
the absence of liver disease. However, in
cirrhosis, portal perfusion progressive-
ly decreases due to increased sinusoi-
dal resistance and the development of
spontaneous portosystemic collaterals.
With portal vein decompression using
operative or interventional portosystemic
shunts, hepatic-portal perfusion is fur-
ther reduced or completely eliminated.
Thus, total hepatic blood flow becomes
increasingly dependent on hepatic ar-
terial blood flow. Several noninvasive
methods have been proposed to quanti-
fy hepatic flow in clinical practice. These
include imaging techniques based on
measurements using Doppler sonogra-
phy, magnetic resonance imaging (MRI],
nuclear medicine, or CT. Hepatic flow at
the prehepatic level can be measured us-
ing Doppler sonography [5]. However, the
reproducibility of portal venous flow mea-
surements using Doppler sonography
remains controversial, and arterial flow
measurements using this method are
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even more difficult to obtain due to the
small diameter of the hepatic artery [5].

Ultrasound Elastography is the most
commonly used instrumental method to
date for assessing the effectiveness of
antiviral therapy in patients with chron-
ic hepatitis C. A statistically significant
decrease in liver tissue stiffness was
noted in both patients with fibrosis and
patients with cirrhosis [6].

MRI is routinely used to assess cir-
rhosis and its complications. However,
detecting early stages of fibrosis is more
challenging and several new MRI tech-
niques have been used for this purpose.
Innovative techniques MR elastography:
Similar to sonographic transient elas-
tography (TE], MR elastography is based
on the fact that the speed and wave-
length of a wave propagating in tissue
increases as the stiffness of the medi-
um, such as a fibrotic liver, increases.
MR elastography requires special soft-
ware and hardware. A driver device is
placed over the patient’s right upper ab-
domen and generates acoustic pressure
waves with a frequency of 40-120 Hz.
These waves create shear waves in the
liver. The images display the propagat-
ing mechanical wave and a special algo-
rithm generates a quantitative stiffness
map. In several studies, MR elastogra-
phy has detected progressive liver fibro-
sis and cirrhosis in patients with chronic
hepatitis B. The quantitative assessment
significantly correlated with the stage of
fibrosis. It has also proven to be an effec-
tive tool for differentiating low and high
grade cirrhosis [7].

Unlike ultrasound, MR elastogra-
phy is not affected by the absence of an
acoustic window, obesity, or the pres-
ence of ascites, and is not operator de-
pendent. MR elastography has been
established as a diagnostic tool for
progressive fibrosis regardless of age,
gender, BMI, inflammation, and the eti-
ology of liver disease. Limitations of MR
elastography include its cost and the
fact that it is time consuming. Liver stiff-
ness may also be affected by liver iron
overload, steatosis, vascular occlusion,
cholestasis, and portal hypertension [8].

Nuclear medicine techniques such
as single-photon emission comput-
ed tomography and dynamic positron
emission tomography have been used to
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study liver perfusion. These techniques
are hampered by their limited spatial
resolution. In particular, noninvasive di-
rect measurement of portal vein activity
is not possible even with positron emis-
sion tomography, which has the best
spatial resolution among nuclear med-
icine techniques [5].

Certain liver perfusion parameters
can be determined noninvasively from
CT scans in patients with chronic liver
disease.

CT scans have shown that liver per-
fusion, hepatic arterial fractional perfu-
sion, and mean transit time of iodinated
contrast are significantly altered in cir-
rhosis, and that these parameters cor-
relate with the degree of liver dysfunc-
tion based on clinical and biological data
in chronic liver disease. These findings
highlight the importance of perfusion as
a marker of liver function [5].

In this regard, CT perfusion plays an
important role in the diagnosis and mon-
itoring of chronic liver diseases, due to
the ability to quantitatively assess the
parameters of the liver blood supply,
which allows identifying and monitoring
pathological changes at the microcircu-
latory level.

Evaluation of hemodynamic param-
eters of the liver

CT perfusion allows measuring im-
portant parameters such as:

Blood flow (hepatic blood flow, HBF)
is the volume of blood passing through
a unit of tissue in a certain period of
time. A decrease in HBF may indicate
the development of fibrosis or cirrhosis.
Blood filling (hepatic blood volume, HBV)
is the total volume of blood in the liver
tissue. This value also changes with the
development of fibrosis and cirrhosis.
Plasma transit time (mean transit time,
MTT] is the time it takes for blood to pass
through the liver tissue; may change
with the development of vascular disor-
ders. Permeability (permeability surface
area product, PS] is an indicator charac-
terizing the permeability of the vascular
wall, which increases with inflammatory
processes and tumor changes.

These parameters help to identify
even small changes in the structure and
function of the liver, which can be early
signs of a chronic disease such as fibro-
sis or cirrhosis.

CT perfusion can be used to assess
the stage of liver fibrosis, which is espe-
cially important in the absence of avail-
able minimally invasive methods. An in-
crease in the density of connective tissue
during fibrosis changes the blood flow,
which allows the use of perfusion param-
eters for a qualitative and quantitative as-
sessment of the degree of damage.

In the early stages of fibrosis, blood
flow and blood filling can decrease due to
the onset of changes in microcirculation.
As the disease progresses [transition to
cirrhosis), perfusion parameters change
significantly, and changes in the vascular
pattern of the liver are also observed.

CT perfusion allows for repeated
studies and monitoring the dynamics
of perfusion changes. This can be use-
ful to assess the effectiveness of ther-
apy aimed at slowing the progression
of fibrosis or improving liver function.
For example: After antifibrotic therapy,
blood flow and blood filling parameters
can be expected to improve. If treatment
is ineffective, perfusion parameters may
continue to deteriorate, indicating the
need to adjust therapy.

One of the important consequences
of chronic liver disease is the develop-
ment of portal hypertension. CT perfu-
sion can help determine the degree of
blood flow impairment in the portal sys-
tem, assess changes in arterial and ve-
nous blood flow in the liver, and predict
the development of complications asso-
ciated with portal hypertension, such as
esophageal and gastric varices.

Chronic liver disease, especially cir-
rhosis, is a risk factor for the develop-
ment of hepatocellular carcinoma. CT
perfusion allows us to evaluate areas
of the liver with increased blood supply,
which may indicate the development of
HCC, determine the tumor boundaries
and the degree of invasion into adjacent
vessels. After surgery, chemotherapy or
radiotherapy, CT perfusion can be used
to monitor the restoration of blood flow
tothe liveror, conversely, to detect recur-
rence of the disease. Perfusion changes
can indicate the tumor’'s response to
therapy and predict long-term outcome.
Another result of the authors’ study was
that perfusion changes in chronic liver
diseases significantly correlated with
the severity of the disease [5].
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The study found that portal and gen-
eral perfusion are prognostically valu-
able parameters that allow assessing
changes in blood flow in liver tissue af-
ter antiviral therapy with direct-acting
drugs in patients with liver fibrosis and
cirrhosis as a result of chronic hepati-
tis C. An increase in the values of these
parameters is most likely associated
with a decrease in the severity of portal
hypertension signs after completion of
specific treatment. Perfusion computed
tomography provides an idea of the ef-
fect of antiviral therapy on liver tissue
hemodynamics, which allows judging
the degree of fibrosis regression at each
stage of liver disease in the patients ex-
amined [9].

Thus, CT perfusion is becoming an
important tool in the diagnosis and mon-
itoring of chronic liver diseases, provid-
ing physicians with data on hemodynam-
ic changes that cannot be obtained by
other imaging methods.

Conducting CT perfusion:

Basic principles of CT perfusion:
Perfusion is the transfer of blood to a
unit volume of tissue per unit time, and
usually refers to blood transport at the
capillary level. CT perfusion is based on
the increase and subsequent decrease
in the concentration of contrast agent
in tissues as a function of time. Since
tissue attenuation, measured by CT and
expressed in Hounsfield units, is directly
proportional to the high concentration of
contrast agent in the tissue, CT allows
the assessment of tissue perfusion [10].

CT perfusion analysis is based on
several fundamental requirements. One
of them is sequential CT scanning of the
same volume over time, performed be-
fore, during and after intravenous con-
trast administration to track temporal
changes in CT attenuation in the tissue
volume of interest. Tissue enhancement
measured after contrast administration
can be divided into two phases depending
on the distribution of the contrast agent
in the intravascular or extravascular-ex-
tracellular (terstitial) compartment.

In the first phase, enhancement oc-
curs mainly due to the contrast agent
in the intravascular space. Later, in the
second phase, tissue enhancement oc-
curs as the contrast agent moves from
the intravascular to the extravascular
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extracellular space across the capil-
lary membrane. Thus, in the first phase,
enhancement is largely determined by
blood flow, while in the second phase,
enhancement is dependent on blood vol-
ume and capillary permeability to con-
trast agent [11].

The amount of contrast agent pres-
ent in the volume of interest reflects the
sum of the amount of contrast agent
in the blood vessels and the amount of
contrast agent that has passed into the
interstitial space by passive diffusion.
Another requirement for CT perfusion
analysis is the selection of a vessel
(usually an artery) supplying the tissue
of interest to obtain an intensity-time
curve (arterial input function] by placing
a region of interest (ROI) within the lu-
men of the vessel. Unlike other organs
where the ROl is usually placed only in
the artery, in liver CT perfusion the ROI
should be placed in both the artery and
the portal vein because the liver has a
dual blood supply, from the hepatic ar-
tery and the portal vein. A third require-
ment for CT perfusion analysis is the use
of kinetic models to calculate the vari-
ous perfusion parameters in the tissues
being analyzed. For liver CT perfusion,
one of three methods can be used, in-
cluding the model-free maximum slope
method, the compartment model-based
method, and the distributed parameter
model-based method, or a combination
of them [10].

A typical CT perfusion protocol con-
sists of a pre-contrast image acquisition
and subsequent dynamic acquisitions,
performed sequentially after intrave-
nous administration of iodinated CT
contrast. The pre-contrast CT scans can
serve as a localizer to select the ana-
tomical scanning range for the subse-
quent dynamic scan. In the case of liver
imaging, the scanning range should ide-
ally include the main portal vein so that
time-intensity curves of both the abdom-
inal aorta and portal vein can be calcu-
lated [12].

Contrast agents should be adminis-
tered in small amounts at high flow rates
to obtain a short and well-terminated bo-
lus. The iodine concentration of the con-
trast agents should be at least 300 mg
iodine per milliliter, and the total iodine
dose administered should be approx-
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Table 1.

Perfusion of liver CT scan
after data processing. A: ROl is
located on the abdominal aorta
and portal vein for perfusion
calculation; B-D: Perfusion
parameters of liver CT scan are
calculated automatically, in-
cluding hepatic artery fraction
(B), liver blood flow (C), and
liver blood volume (D].

imately 12-18 g. It is recommended to
administer a contrast bolus of 30-60 mL
of iodinated contrast agent followed by a
50 mL flush of normal saline at an infu-
sion rate of 4 mL/sec or higher through
an 18-20 gauge antecubital intravenous
cannula. The amount of contrast agent
should be adjusted depending on the con-
centration of the contrast agent. Contrast
agents with high iodine concentrations (>
350 mg iodine per milliliter] are general-
ly recommended to obtain a higher con-
trast-to-noise ratio [10].

After acquisition of CT data, various
CT perfusion parameters can be cal-
culated using either a model-free or a
model-based approach, with the former
being easier to implement. Regardless

-

10=IAr e
o

Results of liver
post-processing.

In the study by Vignesh G. et al. [15],
CT perfusion values are compared in liver
pathologies such as HCC, hemangioma,
abscess and simple liver cysts. Perfusion
parameters in liver cysts showed no in-
tracystic blood flow (BV], blood flow ve-
locity (BF) and mean transit time (MTT)
with increased induced residual fraction
time to onset (IRFTO). Perfusion values
in hemangioma showed increased intral-
esional BV, BF and IRFTO with relatively
decreased MTT. Perfusion values in HCC
showed increased intralesional BV and

CT perfusion

DOI: 10.3748/wjg.v28.142.6068 Copyright ©The Author(s) 2022.

of the algorithm used, several image
processing steps are required to calcu-
late CT perfusion parameters. Image
processing includes motion correction
or image alignment, selection of arterial
(and/or portal] input features, definition
of ROIs, and voxel-wise calculation of
perfusion parameters. Perfusion anal-
ysis of the liver is calculated differently
from that of other organs because the
liver has a dual blood supply, the hepatic
artery and the portal vein. Therefore, the
effective intensity-time curve obtained
from liver tissue is the result of super-
position of the arterial and venous com-
ponents [10,13]

Post-processing of CT perfusion of
the liver is shown in the figure1 [14].

BF with relatively decreased MTT and
IRFTO. Perfusion parameters in liver ab-
scess showed decreased intralesional
BV, BF and PS with increased MTT and
IRFTO. Of all the parameters evaluated,
four parameters, namely BF, BV, MTT and
IRFTO, showed statistical significance in
differentiating benign and malignant le-
sions. Of the 36 patients, 18 had malig-
nant lesions and 14 had benign lesions.
Since the growth and migration of can-
cer cells depend on the proliferation of
new blood vessels through the process
of tumor angiogenesis, tissue perfusion
is of critical importance in oncology. An-
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giogenesis can be quantified to assess
tumor growth at an early stage and ob-
tain prognostic, predictive and surrogate
power. CT perfusion also allows for the
assessment of how chemotherapy and
radiotherapy affect tumor vascularization
and perfusion [3].

Ronot M. et al. [2] in their study found
significant changes in some perfusion
parameters in patients with cirrhosis.
The study showed an increase in CT per-
fusion indices of arterial perfusion and
a decrease in portal venous perfusion.
There was an increase in arterial frac-
tion and mean transit time in cirrhotic
liver compared to normal liver. The au-
thors also observed a decrease in por-
tal and total liver perfusion. In addition,
they showed that patients with chronic
liver disease without cirrhosis also had
altered perfusion parameters (including
total liver perfusion, arterial fraction,
and mean transit time), which were sig-
nificantly different from those in patients
with cirrhosis. Fibrosis was assessed
using the METAVIR score, with the final
population consisting of patients with
stage F1 (mild fibrosis) in 58% of pa-
tients, F2 (moderate fibrosis) in 27%, and
F3 (intermediate fibrosis) in 15%. There
were no patients with FO (no fibrosis) or
F4 (severe fibrosis). Twenty-one patients
also had steatosis [fatty liver infiltra-
tion), of which seven were mild, six were
moderate, and eight were severe. Portal
venous perfusion and total liver perfu-
sion were significantly lower in patients
with intermediate fibrosis compared
with minimal fibrosis. Mean blood tran-
sit time was increased in patients with
intermediate fibrosis. Arterial perfusion
and volume of distribution did not dif-
fer significantly between groups. Mean
transit time was an independent factor
associated with fibrosis. A cutoff value
of 13.4 seconds can be used to distin-
guish between minimal and intermedi-
ate fibrosis with a sensitivity of 71% and
a specificity of 65%. These data help to
better understand how liver character-
istics change with fibrosis progression
and can be used to diagnose and monitor
liver health in patients.

The study Dushyant V. et al. [16] dis-
cusses the use of CT perfusion to assess
HCC vascularization and the correlation
of CT perfusion parameters with tumor
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grade and serum markers. The study in-
cluded 30 patients with unresectable or
metastatic HCC. CT perfusion parame-
ters including parenchymal blood flow,
blood volume, mean transit time, and
permeability surface area product were
analyzed and compared among tumors
of varying grades with or without por-
tal vein invasion or cirrhosis, and with
different extrahepatic metastases. The
results showed a significant difference
in CT perfusion parameters between
primary HCC and liver parenchyma, with
well-differentiated HCC demonstrating
significantly higher perfusion values
than other grades. There was no signif-
icant difference in tumor perfusion be-
tween the presence or absence of por-
tal vein invasion or cirrhosis, and lymph
node metastases had lower perfusion
values compared with other extrahe-
patic metastases. In addition, the study
found no significant correlation between
CT perfusion parameters and serum
markers.

Stashuk G. [9]in their study examined
61 patients with liver fibrosis and cirrho-
sis as a result of chronic viral hepatitis
C, of which 26 patients underwent anti-
viral therapy (AVT) with the achievement
of a sustained virological response (SVR)
24 weeks after the end of treatment. All
patients underwent CT perfusion of the
liver on a 256-slice Philips ICT computed
tomography scanner (Netherlands). The
parameters of arterial, portal, general
perfusion and liver perfusion index were
determined in each patient in segments
I, VIl and VIII of the liver using the linear
regression method. The authors found
that the use of direct-acting antivirals
(DAAs) in patients with chronic hepati-
tis C virus infection provides a sustained
virological response (SVR) in more than
90% of patients. Such therapy reduc-
es the hepatic venous pressure gradi-
ent and promotes fibrosis regression.
Elastography was used to assess the
effectiveness of DAAs: in a 2020 study,
a decrease in liver tissue stiffness was
recorded 12 weeks after therapy in both
patients with fibrosis and cirrhosis, ex-
cept for those with ascites.

After DAA, patients with liver fibro-
sis showed significant improvement in
portal and total perfusion, as well as a
decrease in the liver perfusion index,
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Table 1.

which is associated with a decrease in
inflammation and regression of fibrosis.
While patients with cirrhosis showed
less effectiveness in improving perfu-
sion, especially in severe stages of the
disease. Thus, more than 90% of pa-
tients achieved a sustained virological
response (SVR), indicating high efficacy
of therapy against the hepatitis C virus.
Patients with compensated cirrhosis
show moderate improvements in perfu-
sion, but in patients with decompensat-
ed cirrhosis, significant improvements
in blood flow are achieved less often.
This confirms that severe stages of cir-
rhosis complicate the restoration of

blood flow and the effectiveness of DAA.
As the study showed, liver cirrhosis is
an independent factor that limits the ef-
fectiveness of antiviral therapy, probably
due to the already existing structural
changes in the liver. These data high-
light that the use of DAAs is preferable
in the early stages of fibrosis, when the
liver's regenerative capacity has not yet
been lost.

Hayri O. et al. [3] in his work he com-
pares the studies of other authors on
changes in CT perfusion parameters in
liver cirrhosis (Table 1).

Changes in CT perfusion parame-
tersin liver cirrhosis

Study Year | Quantity | BF BV | ALP | PLP | HPI | MTT
Van Beers et al. | 2001 |34 - - - - ™ N
Guan et al. 2005 | 14 (rats) | NK - - N ™
Hashimoto et al. | 2006 |38 N - - - N -
Chen et al. 2009 |39 - - - - - J
Li et al. 2011 | 22 T N N ™ - -
lppolito etal. | 2012 |45 - 0 ™ N T -
Ma et al. 2013 |40 (rats) || v ™ N T N
Note: N - increase; |, - decrease; BF - blood flow; BV - blood volume; ALP -
arterial liver perfusion; PLP - portal liver perfusion; HPI - liver perfusion index;
MTT - mean transit time.

Liver perfusion was significantly re-
duced in patients with cirrhosis (67 + 23
ml min-1 x 100 ml-1 versus 108 + 34 ml
min-1x 100 ml-1 in the control group (p
=0.009) and 98 + 36 mL min-1x 100 ml-1
in patients with non-cirrhotic chronic
liver disease (p = 0.003]). The arterial
fraction was significantly increased in
patients with cirrhosis (41 £ 27% vs. 17
+ 16% in controls (p = 0.022) and 19 + 6%
in patients with non-cirrhotic chronic liv-
er disease (p = 0.004)). The mean transit
time was also significantly increased in
patients with cirrhosis (51 + 79 sec vs. 16
+ 5 sec in controls (p < 0.001) and 17 £ 8
sec in patients with non-cirrhotic chron-
ic liver disease (p < 0.001)). There was no
significant difference in the volume of
distribution between the groups (25.5 +
4.4% in controls, 24.1 + 4.3% in patients
with non-cirrhotic chronic liver disease,
and 28.9 + 8.6% in patients with cirrhosis
(p = 0.22]). There was no significant dif-
ference between the control group and
patients with non-cirrhotic liver disease

in any parameter [17].

At the diagnosis of cirrhosis, the ar-
eas under the ROC curves were 0.81 +
0.07 for liver perfusion, 0.78 + 0.08 for
arterial fraction and 0.89 + 0.05 for mean
transit time. The areas under the ROC
curves did not differ significantly (liver
perfusion vs. arterial fraction, p = 0.69;
liver perfusion vs. mean transit time, p
= 0.14; arterial fraction vs. mean tran-
sit time, p = 0.13) (Fig. 4). The best cut-
off point for differentiating patients with
cirrhosis from patients without cirrho-
sis was considered to be a mean tran-
sit time of 22.6 sec, yielding a sensitivity
and specificity of 81%. Increased vascu-
lar resistance in cirrhotic liver reduces
portal perfusion. The decrease in portal
perfusion is buffered by hepatic arteri-
alization, increasing the arterial fraction
of liver perfusion. However, the increase
in arterial perfusion is often insufficient
to maintain total liver perfusion in cir-
rhosis due to high extrahepatic porto-
systemic shunting, which explains why
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the authors observed a decrease in to-
tal liver perfusion. The authors found
that perfusion parameters measured
by CT tended to be altered in patients
with non-cirrhotic chronic liver disease.
Some hemodynamic changes may occur
in the liver before the development of

cirrhosis. However, the differences be-
tween control subjects and patients with
non-cirrhotic chronic liver disease did
not reach statistically significant levels
in the patient group. In contrast, perfu-
sion parameters were significantly al-
tered in cirrhosis (Table 2J.

Severity of the disease
Perfusion Non-cir-
parameter | Norm | rhotic liver | Child A | Child B | Child C r p
(hn=6) | diseases | (n=7) | (n=7) | (n=4)
(n=16)
Liver per-
fusion (ml 108 + 70+£22 |69+30 |56+13
min1 100 | 34(99) | 78%36095) 110y (58) | (54) -0,55 1< 0,001
ml)
Arterial 17+ 16 24+ 9 38+20 |75+30
fraction (%) | (16) 1960191 1o (41) | (85) 0.59 | < 0,001
Volume of 25,5 23,4 33,9 29,4 +
distribution |t 4,4 [224315]i 4,3 +2,1 +8,7 11,7 0,29 0,07
(%) (24,2) ' (23,7) (36,6) (30,6)
Mean
L 16 +5 72 +122|33+9 45 + 21
’;gzr;]sn time (16) 17+8(17) (39) 33) (42) 0,70 |<0,001

Note: Each row shows the correlation (r) and significance (p) between the five
disease severity classes and a given perfusion parameter. Data are presented
as mean * standard deviation; median is shown in parentheses. Child A, Child
B, and Child C classification refer to the Child-Pugh classification. @The mean
transit time in patients with Child A cirrhosis is higher than in Child B patients
due to one patient with a high transit time.

The table above demonstrates sig-
nificant changes in liver perfusion and
arterial fraction, indicating deterioration
of liver blood supply with disease pro-
gression. Thus, until now, CT perfusion of
the liver has not been a diagnostic meth-
od of choice for liver diseases and has
been used for scientific purposes to study
changes in its blood flow. However, CT
perfusion measures parameters such as
blood flow, blood filling and mean tran-
sit time, which gives a more complete
picture of early functional changes in the
liver. This can be especially useful for the
early detection of microcirculation disor-
ders that are difficult to detect using tra-
ditional CT or MRI. Most of the available
scientific studies are aimed at studying
changes in the perfusion of liver lesions,
in particular, changesin blood flow in HCC
and in dynamics, after its treatment. Also,
the results of CT perfusion of the liver in
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cirrhosis have been obtained, proving
hemodynamic changes with its progres-
sion. To date, there are a limited number
of studies devoted to CT perfusion of the
liver in its fibrotic changes and different
stages. Ronot M. et al.; Stashuk G. et al.
[2,9] in their studies obtained correlated
data on hemodynamic changes in the liv-
er with fibrosis of 1, 2 and 3 degrees in the
outcome of viral hepatitis C. The develop-
ment of liver fibrosis with different etiol-
ogies and stages of the disease remains
incompletely studied and relevant, since
obtaining data on early changes in liver
perfusion will allow timely treatment and
delay the development of decompensated
liver cirrhosis [18].

What’s known: CT perfusion has
long been utilized as a valuable imaging
tool in oncology to evaluate tumor vas-
cularity, detect angiogenesis, and mon-
itor responses to therapies. In the con-

Table 2. Correlations between
liver disease severity and
perfusion parameters
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text of liver pathology, previous research
has shown its capability to distinguish
between benign and malignant lesions
by analyzing perfusion parameters such
as blood flow (BF), blood volume (BV],
and mean transit time (MTT). Studies
have indicated that these parameters
often vary significantly in conditions like
hepatocellular carcinoma (HCC), cirrho-
sis, and fibrosis, providing insight into
how perfusion changes reflect disease
severity and progression.

What's new: Recent studies expand
the application of CT perfusion in liv-
er disease, emphasizing its potential
to non-invasively monitor chronic liver
conditions beyond oncology. Findings
show that perfusion metrics can differ-
entiate stages of fibrosis and cirrhosis,
detect early hemodynamic changes,
and assess liver health more precisely.
Furthermore, the studies highlight the
promising role of CT perfusion in evalu-
ating the effectiveness of antiviral ther-
apies, such as direct-acting antivirals
(DAASs) for hepatitis C, by demonstrating
perfusion improvements correlated with
fibrosis regression. However, they also
note challenges related to standardizing
CT perfusion protocols, which could af-
fect its broader clinical adoption.

Limitations: CT perfusion methodol-
ogy and parameters may vary depending
on the equipment and protocols used. The
lack of standard values and interpretation
methods limits the reproducibility of re-
sults and makes it difficult to compare data
between different studies, which reduces
the clinical applicability of the method for
monitoring chronic liver diseases.

Conclusion

The reviewed studies underscore the
value of CT perfusion in assessing liver
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®OTUALU OPUN KY3bMUY

/.

®otnagn HOpuit KyabMuy poguncs B
1949 ropy B ropoge benopeueHcke Kpac-
Homapckoro kpas, Poccuiickon Pepepa-
LWs, MO HaLMOHaNbHOCTM — Fpek.
Obpa3oBaHue Bbiclwee - B 1966 rogy no-
cTynun B AKTIOBUHCKMIA rocynapcTBeH-
HbI MEeAULUNHCKUIA MHCTUTYT, B 1973 ropy
YCMeLwWHOo OKOHYMUN yKasaHHoe y4yebHoe
3aBefieHne Mo cneumnanbHocTh «Jleyeb-
Hoe [eno» W nonyyun keanudukauuio
«Bpau».

TpynoByto feAaTeNbHOCTb Hayan Bpa-
4yoM ckopoi nomoum Kbi3biNOpaMHCKOWM
ropoackon bonbHuubl B 1973 roay, B
¢despane 1976 roga ctan XuMpyprom ro-
poackon BonbHuubl N21, ¢ mapta 1980
roga — xupyprom Kbi3blJIOpAUHCKON Fo-
poackon bonbHULbI, ¢ 1996 no 2017 rog
— 3aBefyLNA XMpYpPruyeckmm otaene-
HueM, ¢ 2017 ropa - Bpay xupypr, ¢ 2019
rofa - pabotaeT Bpa4yoM XMpYyproM-KoH-
CYNIbTaHTOM.

3a rogbl paboTbl MosiogbiM crneun-
anvuctom 0. K. @oTtnagu bl raaBHbIM
BpayoM ropogckon bonbHuLbl b1 Oma-
poB EpHusz Omapynel, a Opa3os KannaH-
6ek bannkbanynbl - 3aBenyoLWMM XUPYP-
rmyeckum otneneHvem. Mpu nopgaepxke
3TUX KBaNMPULMPOBAHHbLIX pyKoBOAUTE-
nen Opun Kysbmny nosHan Bce TalHbI
W HanpaBneHWs MeAULMHCKON cdepbl.
Bpay, NoaroToBAEHHbIN 3TUMK NIOABMMU,
HEeCOMHeHHo, bymeT nydwum B obnactu
MeanumnHbl. OgHako, He orpaHU4YMBasCh

3TuM, bnaropaps csoei nobosHaTenb-
HOCTU, B X0[ie COBEPLUEHCTBOBAHMS CBO-
WX 3HAHWI, OH NOCTOSIHHO NOBbLILIAN WX B
CTpaHax fanbHero u BnuxHero 3apybe-
Xbd, B yacTHocTu: B Mockse, Poccun, B
ropopax KasaHu, Pecnybnuka TaTapcTaH,
B ropoge Yde, bawkopTocTaH, B ropoge
XapbkoBe, YKpavHa, ocBanBaBas coBpe-
MeHHble MHHOBaL MK B 0b6nacTv xmpyprum
CBOEro BpeMeHW K nomoras 60SibHbIM
BCTaBaTb Ha HOTW.

HOpuit Ky3bMmM4 4ecTHO M [OCTOMHO
BbIMOSHAN CBOW CNy>XebHble 0693aHHO-
CTVM ¥ nepBbiM B DBoNbHULE MPUMEHMUN
COBPEMEHHbIA AMarHOCTUYECKUA U ne-
4yebHbIN MeToA Nanapockonuu, Mo3Bo-
NIAOWMNIA  BbINOJHATE BaroTOMUYeckue
onepauuv Npu NeYeHUU A3B Xenyaka
M LBEHaALATUNEPCTHOM KULIKW, BblsiB-
naTb 3aboneBaHua opraHoB rpymHoOn
OpIOLIHOM NOAOCTU, OPraHOB C MOMOLLbIO
cneumnanbHoOro onTUYecKoro MHCTPYMEH-
Ta, M B TO XK€ BPEMS OH peann3oBa MeTo-
Abl JINHTOHa Npu BEINOTHEHUW ONepaLunii
npv NaToNornsax BepTUKaNbHbIX FPaHNL, 1
BbIMOSIHEHMM OMepaLuin Ha CUHUX BeHax
HOr, @ TakXKe He ycTaBan pyKOBOAWUTb U
obyyaTb MOJTOABIX XMPYProB.

BbicokoknaccHbIn  XMPYpr-KOHCY/b-
TaHT, KBaNMOULMPOBAHHLIN Bpay, Yeno-
BeK, 3aC/y>XMBLUMIA MCKPeHHIow 6naro-
LapHoCTb cpepm Hapoga. HOpuit Kysbmuy
- OQMH U3 Bpayen, nepeHecLInxX B xone
OKa3aHUs MefULUMHCKOM MOMOLLKU MHO-
>KECTBO Cepbe3Hblx onepauun, u, bnaro-
Zlapsi CBOeMy MacTepcTBY, MOMOI MHOMUM
naLMeHToM. Y Hero Takxe CUJIbHO pasBu-
Ta MHTYMUMS, bnarogaps YeMy u CBoeMy
OMbITY, OH TOYHO CTaBWA AMArHO3 Nauu-
€HTa, MCNoJsib3ys CBOK MacTepcTBO ANA
BbIMOSIHEHUS CNOXHbIX BUAOB OnepaLuii
1 B 0BLLEN CIOXXHOCTW NPUHSN yYacTue B
okono 10 000 onepaumsx.

Mo ero nmokasaHuaM, NocTaBNEHHbIE
MM LMarHo3bl KaXkAblv pa3 noareepxaa-
NIMCb. 3TO KOHEYHO MPUXOAMT C HaKo-
NSieHHbIM onbITOM, Bnarogaps LOAron u
yrnopHow paboTe.

KeanuduumposaHHbeli Bpay Hpwuii
KysbMnu n3BecteH B Hapoge Kak «Bpau
C 30J10TbIMU pyKaMm».

BECTHUK XUPYPITMU KASAXCTAHA N23+2024



3a CBOW MHOTOJIETHUMN N YeCTHbIN
TPYA OH MONYYMUST MHOXEeCTBO Harpap, B
2018 ropy HarpaxpeH Mepanbio «3o050-
ToW pokTop». B 2023 romy HarpaxneH
«3HaKoM oTAmuma» MuHucTepcTea 34pa-
BooxpaHeHus Pecnybnunkun KazaxcraH.
KoHcynstaHuT-xupypr poktop ®otuagwu

BULLETIN OF SURGERY IN KAZAKHSTAN

HOpuir Ky3bMuny - Bpay, KOTOpbIM He ycTa-
eT 0byyaTb M HaNpaBATb UYLLMX 33 HUM
MOJIOZbIX CMeLManncToB, 4aBaTh COBETHI
1 0Ka3blBaTb MEAULMHCKYH MoMoLLb. Ye-
JI0BEK, MOMb3YLLKIACA YBaXeHWEM cpe-
OV Konner u 6naropapHocTbio OT naum-
EHTOB.
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Xupypruyeckast cnyxba Pecnybnu-
kn KasaxcTaH noHecna HeBOCMOJIHUMYHO
ytpaty. C rnybokmuM coxkaneHmem coob-
waeM ob yxoLle M3 XU3HMUBbILAOLLErOCS
XVpypra v y4éHoro, 0LHOro U3 0CHOBOMO-
NOXHUKOB XWUPYPrUM MEYEHU, >KENYHbIX
nyTen u NopXxenypnoyHon xenesbl Kasax-
CTaHa, ocHoBaTens 6onbLIOK XMpypruye-
CKoW wkonbl, npeacepatens KasaxcraH-
ckoro obuwectBa xupypros, JlaypeaTta
[ocynapcTBeHHoOn npemun Pecnybnuku
KasaxcTaH, fokTopa MeAnUMHCKMX Hayk,
npodpeccopa CEMCEMBAEBA MAHACA
AXMET)KAPOBUYA.

MaHac Axmerxaposuuy CeliceMba-
eB poaunca 2 uioHa 1950 roga B ropoge
Kaparanga. lMocne okoHYaHWs cpepHei
LWIKONbl MOCTYNMA Ha NevyebHbln dakynb-
TeT CeMunanaTMHCKOro rocyfapCTBeH-
HOro MeAULMHCKOro MHCTUTYTA, KOTOPbIA
okoHunn B 1973 . C 1974 r. no 1977 r. pa-
BoTan BpavyoM-xmMpyprom, 3aTem 3aBefy-
oWwuM otaeneHnem bonblieHapbiMcKoii
panoHHon BonbHMubl BocToyHo-Kasax-
cTaHckon obnactun. B 1977-1978 rr. M.A.
CelicembaeB paboTan xmpyprom B oTge-
NEeHWN 3KCTPeHHoM xupyprumn LleHTpans-
HOM FrOpOACKON KAMHUYeCKON BonbHMLbI
r. AnmaTel. B 1978 r. nepewen Ha ponx-
HOCTb 3aBeAylLLero  XWpypruyeckum
otoenexnveM PecnybnnkaHCKoro KiaunHm-
yeckoro rocnutana wuHBanupos OTeve-
cTBeHHOI BouHbl (r. Anmatsl]. C 1980 r.

BECTHUK XUPYPIMU KABAXCTAHA

no 1991 r. - Hay4YHbIN COTPYAHUK, a 3aTeM
CTapLUMI HaYYHbIV COTPYLHUK OTAENEHNS
XVPYPrunm  MeyvyeHun, >KenyeBblBOASALLUX
nyTen v nogxxenygouHown >xenessl HUAN
KIMHWNYECKOWN N 3KCMepUMEHTaNbHON XU-
pyprum uM. A.H. CeizraHosa (r. Anmarsl).
B 1988 r. 3awuTtnn KaHAMAaTCKy Auc-
cepTaumio «Bbibop paunoHanbHOW Xu-
PYPrMYecKon TaKTUKK MpU CTOMKOW Me-
XxaHuyeckon xentyxe». C 1991 r. no 1998
r. - 3aBeflylolni oTAENOM Topakoabpo-
MWHaNbHOM XWPYPrum TOro e y4ypex-
feHus. B 1995 r. 3awutmn LoOKTOpCKYyto
avccepTaumnio «[narHoctuka v Xupypru-
yeckoe JieyeHMe MNOCTXONELUCTIKTOMMU-
yeckmx 3aboneBaHUN».

B 1988 r. Manac AxMeT>kapoBuy mn3-
BpaH uneHoM-koppecnoHzeHToM Hauu-
OHanbHOM akagemun Hayk PK. B 1997 .
M.A. CencembaeBy MNpMCBOEHO Yy4yeHoe
3BaHuWe npodeccopa MeanuUmnHbl. B 1998-
2001 rr. agnanca 3aBefyoLWMM oToene-
HWEM XMPYPruun nevyeHu, >Xen4yeBblBOASA-
WMX NyTeN 1 NOJKEeNyLOYHON Xenesbl, C
2001 r. no 2003 r. - gupekTop Hay4Horo
ueHtpa xupyprum um. A.H. CbisraHoBa.
B 2003-2008 rr. - HavyanbHuK Pecny-
BAMKAHCKOr0 KAMHMYECKOro rocnutans
nuBanupos OTeyecTBEeHHOW BOWHbI I. An-
maTbl. C 2008 no 2010 r. BHOBb 3aBefo-
Bajl OTAENIEHUEM XUPYPTUN NMEYEHM, XKEN-
4eBbIBOASLLMX NYTEN U NOLXKENYLOYHON
enesbl HauMoHanbHOro Hay4YHoro LeH-
Tpa. C 2010 r. no 2011 r. M. A. Cenicem-
baeB Ha3HayeH reHepasnbHbIM AUPEKTO-
pom A0 «HHUX M. A.H. Cbizranosa», a
B 2011 r. Manac AxmeTxapoBu4 nsbpaH
npencepateneM coseta aumpektopos AO
«HHUX M. A.H. CbizraHoBa».

C ero uMeHeM CBfI3aHbl BCE OCHOB-
Hble gocTmxeHua HHLUX um. A.H. Cbizra-
HOBa B 06/1aCTV XMPYPIrum NeYeHu, xeny-
HbIX MyTerW W NOIKEeNnyLOYHOW >Xenesbl.
fABnAsgcb copaTHMKOM U yyeHuMkom M.A.
AnvneBa, MaHac Axmemxaposudy Celt-
cembaeB ¢ nepBbix et paboTbl oThREeNe-
HUS PYKOBOAMM 3KCMEPUMEHTaNIbHbIMU
M KIMHWYECKUMWU UCCNefOBaHUAMU MO
npobnemMaM fieyeHUs Xen4yHo-KaMeHHON
BonesHn 1M ero OCNOXHEHWN, ATPOreH-
HbIX MOBPEXAEHWI XENUYHbIX NyTen, no-
CTXONIELLUCTIKTOMUYECKMM  CUHLPOMOM,
oyaroBblXx M Andy3HbIX 3aboneBaHuni
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neyeHun 1 Nogykenyao4vyHon xenessbl. MNopg
pykosoactBoM M.A. CeiceMbaeBa u3-
yyanucb n paspabaTtbiBanucbk crnocobbl
ManoOMHBA3MBHbIX M MYHKLUMOHHbLIX CMO-
coboB neyeHusi, PEKOHCTPYKTUBHbLIX U
BOCCTAHOBUTENbHbIX OMepaLmii Ha XXeny-
HbIX NyTAX.

Bonblwag nccnepgosatensckaa pabo-
Ta Oblna NpoBefeHa Mo U3y4eHuto Crnoco-
00B NeYyeHnsa 0CNIOXKHEHHOTO U HEOCTOX-
HEHHOro 3XMHOKOKKO3a neyvyeHu. LieHTp
NPOBOAMN MUCCNIe[0BaHMS MO UCNOMb30-
BaHMWIO pa3nnMyHbIX cnocobos obpaboTkm
0OCTATOYHbIX MOJIOCTEN C UCMONIb30BAHM-
€M nlasepa, INeKTPUYECKHMX, NNa3MEHHbIX
N KPUOTEHHbIX TEXHONOM NI, Bblnn pa3pa-
BoTaHbl 1 yCOBEPLUEHCTBOBaHbI METOAbI
MX NPOBELEHUS.

Nog pyKoBOLCTBOM 1 HEMOCPEACTBEH-
HoMm yyactunm M.A. CelicembaeBa, LleHTp
0LHUM U3 nepBbix B KaszaxcTaHe Hauan
nccnefoBaHus no npobnemMam neyeHus
LMPPO30B MeYeHn y B3pOCIbIX U LeTeN.

Bonblion obbeM nccnenoBaHui bbin
MOCBSLLEH U3YYEHUIO U BHELPEHUI pe-
3eKUMOHHbBIX W PEeKOHCTPYKTMBHO-Ma-
CTUYecKuX onepauuii npu 3abonesaHu-
AX MOOXKEeNyL0YHOM XKene3bl, HaunMHasg ¢
MCMNONIb30BaHUA MaslOMHBA3MBHbIX CMO-
coboB ¥ [0 06bEMHbBIX PEKOHCTPYKTUB-
HO-BOCCTAHOBUTEJIbHbIX BMELLIATE NbCTB.

Mop pykosopcteoM M.A. Celicembae-
Ba LleHTp akTMBHO BHeapsn nanapocko-
nMyeckne TeXHONOrMM B renaTonaHkpea-
TobMAMApHYI0 XMPYpruto.

BULLETIN OF SURGERY IN KAZAKHSTAN N23 2024

M.A. CeitcembaeB aKTMBHO MNpPOBO-
OVN opraHusaTtopckytlo paboTty, B Teue-
Hne MHorux net pykosogun ObuiectsoM
Xupypros r. AnMatbl U AnMaTuHckon 06-
nactn. B 2015 r. usbpan [Mpe3ngeHToMm
PecnybnukaHckoro obuiecTBeHHOro 06b-
eovHeHus «KasaxcTaHckoe 06LiecTBO
XVPYProB».

Hay4Ho-npakTuyeckyto nesatens-
HOCTb COBMeLLAN ¢ nefarornyeckon pe-
ATENbHOCTLIO, B KayecTBe npodeccopa
xupyprudeckmx kadenp MemULUHCKUX
YHUBEPCUTETOB, YMTaN NeKkLMn 1 NpoBo-
LW CEMUHapBI.

ABTop bonee 350 HayuyHbIx paboT, B
ToM yuncne okono 160 HayyHbIX cTaTew,
ony6NIMKOBaHHbIX B BeAyLMX Hay4HbIX
XypHanax KasaxctaHa u Poccun, 9 mo-
Horpaduil U MeToaMYeCcKUX pyKoBOACTB,
70 aBTOpPCKMUX CBUIETENbCTB Ha M30bpe-
TeHne [NONOXUTENbHbIX MATEHTOB Ha
nsobpetenuns PK]. lMog pykoBoacTsBOM
npodeccopa M.A. CelicembaeBa 3awm-
weHo 7 pokTopckux n 15 KaHamMaaTCcKmx
anccepraumn.

3a BK/Iaj B pasBUTUe 34paBooxpa-
HeHus 1 TpynoBble 3acnyru M.A. Cen-
cembaeB HarpaxpgeH [loyeTHon rpamo-
Ton lNpe3npeHta Pecnybnukn KasaxcTaH
(1995 r.), HarpyoHbIM 3HaKOM «OTAUYHUK
3ppaBooxpaHeHus PK» (2006 r.), opae-
HoM uM. H.W. Muporosa (2011 r.), «3ono-
ToW Mepanblo» KazaxcTaHckon accoum-
auumn aHgockonmyecknx xmpypros (2013
r.), mepansio «<EHbek apparepi» (2017 r.).



