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Abstract

Evaluation of hemostasis disorders in patients with morbid obesity and study of the
significance of the practice of longitudinal resection of the stomach. From 2019 to 2022
years in our clinic were performed 231 metabolic and bariatric surgeries, including 82
minigastric bypasses (MGS) and 149 sleeve gastrectomy (SG). Over the years, SG was
performed in 149 patients with different body mass index. 84 (56,3%) patients suffering
from morbid obesity had grade III obesity, 65 (43,7%) had grade II obesity. The analyzes
performed showed that patients suffering from morbid obesity have a tendency to
hypercoagulability in vascular-platelet and coagulation hemostasis.

In morbid obesity, depending on its severity, statistically significant disturbances in the
value of hemostasis parameters of patients were observed, a moderate positive association
with BMI was revealed; genetic predisposition, as well as in patients with concomitant
diseases such as diabetes mellitus.

Keywords: Bariatric surgery, morbid obesity, hemostasis parameters, sleeve
gastrectomy.

Introduction

Obesity is a chronic metabolic disease, manifested by excessive development of adipose
tissue, progressing in its natural course, having a certain range of complications and having
a high probability of relapse after completion of treatment [2]. At the turn of the 20th and
21st centuries, obesity was rightfully described as a non-infectious epidemic by WHO. The
disease depends on the interaction of several factors, such as genetic, endocrine, metabolic,
environmental (social and cultural), behavioral and psychological components. Today,
about 100 million people in the world are obese, severe forms of the disease or morbid
obesity occur in 3-5% of adults in economically developed countries[24].

Clinical experience shows that conservative treatment helps overweight patients only in
the early stages of the disease. Many scientific and practical studies have proven that
conservative treatment in morbid obesity is ineffective or the effect of such therapy is
insignificant and short-term[1,16,5].

Analysis shows that the cost of fighting obesity in developed countries is 8-10% of the total
annual health costs. Obesity usually leads to an increase in the cost of treating all the
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comorbidities associated with it. The economic costs of treating patients with morbid
obesity or TMI > 35 are 3 times higher than those with normal body weight [8,12,17].
Based on the listed controversial cases of morbid obesity, clinicians from different
countries are looking for new and highly effective methods of treating morbid obesity,
including surgical methods [2,15,9].

Currently, bariatric surgery is a commonly accepted method of treating obesity and
accompanying metabolic diseases [13,10,11,4,6,7].

Purpose of the Study
To research the effectiveness of sleeve gastrectomy in assessing and improving hemostasis
in patients with morbid obesity.

Materials and Methods

From 2019 to 2022, 231 metabolic and bariatric surgeries were performed in our clinic, of
which 82 were minigastroshunt (MGS) and 149 were sleeve gastrectomy (SG). In recent
years, the number of patients with morbid obesity has increased, and the scope of OBR
surgery has increased accordingly. During these years, 149 patients with different body
mass index were operated. 18 (12.1%) of them are men and 131 (87.9%) are women. The
age of the operated patients ranged from 21 to 60 years (average 38.3+5.9 years). 84
(56.3%) of patients suffering from morbid obesity had level III obesity and 65 (43.7%) had
level II obesity. 90 (60.4%) patients had one or more co-morbidities, including arterial
hypertension 47 (31.5%), gallstone disease 23 (15.2%), diabetes 11 (7.3%) ), osteoarthritis
11 (7.3%), diaphragmatic esophageal hernia 7 (4.7%), ischemic heart disease 9 (6.0%).
According to the genetic anamnesis of patients with morbid obesity, 46 (30.8%) patients
have a genetic predisposition to obesity. In the investigation, it was found that 33 (22.1%)
patients received various types of conservative treatment before operative treatment, and
in most cases, operative treatment was applied after conservative treatment was
ineffective. Among the studied patients, depression was found in 22 (15.0%) patients, sleep
apnea in 14 (9.5%), infertility in 6 (4%) women, and decreased libido in 12 (8.0%) patients.
Such changes were assessed as complications related to morbid obesity, and these
indicators were dynamically observed after the operation[22].

It is known that, especially as a result of morbid obesity, cell stress occurs as a result of the
increase in fat mass of adipocytes and they produce many pro-inflammatory cytokines and
chemoattractants for immunocytes, especially macrophages, which leads to their
accumulation in adipose tissue. As a result, the induction of pro-inflammatory cytokine
production by accumulated macrophages and adipocytes leads to the development of a
characteristic weak but chronic inflammatory state in morbid obesity [21,23].
Pro-inflammatory cytokines produced in chronic inflammatory conditions activate
endotheliocytes, increase production of procoagulant and adhesion factors, and decrease
anticoagulant factors, leading to thrombin generation and platelet activation [14].
Similarly, obesity-induced lipid profile disturbances increase the development of
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atherosclerosis, which causes endothelial dysfunction. In addition, increased production
of plasminogen activator inhibitor-1 (PAI-1) factor in obesity has a negative effect on the
process of fibrinolysis [18]. These factors create conditions for the emergence of a specific
hypercoagulable state in morbid obesity, and the frequency of thrombosis and
thromboembolism in such patients is high.

Results obtained and discussion. Coagulation factors are of great practical importance in
evaluating the effectiveness of surgical procedures performed in the main and control
groups in patients with morbid obesity. To study the vascular-platelet stage of hemostasis,
we counted the number of platelets in the blood analysis. The study showed that in the
control group this indicator was 244+38.9 x109/1, while the average amount of platelets in
the main and control groups was ...x109/1 and ...x109/1. Analysis of the number of platelets
according to the degree of obesity, in the main and control groups of patients with 2nd
degree obesity, this indicator is ...x109/1 and ...x109/1, and in 3rd degree obesity - ...x109/1
and ...x109/1 organized. The obtained results showed that thrombocytosis develops to a
certain degree in obesity and that this indicator depends on the degree of obesity. This
showed an increase in platelet function and a tendency to hypercoagulability in patients.
Coagulation hemostasis consists of a cascade of reactions involving plasma factors. In the
group of healthy donors, activated partial thromboplastin time (APTT) was 32.1+0.93
seconds, while in the main and control group of patients suffering from obesity, the APTT
time in plasma was 21.82+0.50 (P<0.01) and 24.98+0.57 ( P<0.01) was observed to be
reduced to seconds. When we analyzed the APTT indicator according to the level of obesity,
if in the 2nd degree of obesity it was observed to be reduced to 23.07+0.74 (P<0.01) and
24.98+0.57 (P<0.01) seconds, then in the 3rd degree of obesity it was observed it was found
to be reduced to 20.98+0.65 (P<0.001) and 25.75+0.71 (P<0.01) seconds in patients in the
main and control groups, that is, it did not depend much on the degree of obesity.
Reduction of APTT index in obese patients compared to healthy donors indicated a
hypercoagulable shift in the first stage of plasma hemostasis (Table 1).

Table 1 Assessment of the first stage of blood coagulation in obese patients
with APTT (seconds), M+m

Groups Main group Control grou
Main 21,82+0,50** 24,98+0,57**
and degree obesity, n=20 | 23,07+0,74** 24,98+0,57%*
3rd degree obesity, n=25 | 20,98+0,65%** 25,75+0,71%%
Healthy donors, n=15 32,1+0,93

Note: * - the difference compared to the indicators of the group of healthy donors is reliable
(*-R<0.05; **-R<0.01; *** - R<0.001)
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To characterize the second stage of plasma hemostasis, prothrombin time, prothrombin
index and international normalized ratio(INR) were studied (Table 2). Prothrombin time,
PTI and INR did not change much in obese patients and did not differ from normal
indicators.

The study of indicators of the second stage of blood coagulation showed that there were no
changes in the second stage of coagulation hemostasis in obese patients.

Table 2. Assessment of the second stage of blood coagulation in obese
patients, M+m

Groups PT,second PTI, % INR

Healthy, n=12 12,8141,14 98,52+7,23 1,00+£0,09
Main, n=46 12,99+0,29 98,57+1,64 1,09+0,04
ond degree, n=20 13,24+0,38 98,09+2,85 1,14+0,04
3rd degree, n=26 12,85+0,41 98,96+1,95 1,05+0,06
Control, n=45 13,71£0,37 99,06£1,93 1,18+0,05
ond degree, n=25 13,71£0,37 99,06£1,93 1,1840,05
31 degree, n=20 13,44+0,57 100,20+2,65 1,22+0,08

Note: * - the difference compared to the indicators of the healthy group is reliable (*-
R<0.05; **-R<0.01; *** - R<0.001).

To characterize the third stage of blood coagulation, the amount of fibrinogen was
determined (see Figure 1). The study of the amount of fibrinogen showed a significant
increase in the concentration of fibrinogen, which indicated the existence of a
hypercoagulable shift in the third stage of blood clotting coagulation hemostasis. In
particular, in patients in the main and control groups, the amount of fibrinogen increased
by 1.66 (P<0.01) and 1.47 (P<0.015) times compared to the standard values, 482.00+21.66
and 426.98+16.83 mg% In 2nd degree obesity, the amount of fibrinogen increased by 1.65
(P<0.01) and 1.33 (P<0.05) times to 480.60+31.31 and 386.00+15.88, respectively. mg%
increased to 1.66 (P<0.01) and 1.65 (P<0.01) in the main and control groups with grade 3
obesity, and these indicators were 483.12+28.81 and increased to 478.20+29.10 mg%. In
the group of healthy donors, this indicator was 290.4+60.5 mg%.

In conclusion, the study of the third stage of blood coagulation showed hypercoagulability
in all groups with high BMI compared to the control group.

So, in general, in patients with obesity, significant shifts in vascular thrombocytic and
coagulation hemostasis are observed, indicating the presence of a tendency to
hypercoagulation. This, in our opinion, can be associated with the activation of vascular
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thrombocytic hemostasis, the reduction of NO oxide production due to atherosclerotic
damage to the endothelium. A decrease in the amount of nitric oxide increases platelets
and erythrocytes and increases blood viscosity. At the same time, the insulin resistance
observed in obesity leads to the activation of the synthesis of plasminogen activator
inhibitor, which leads to the reduction of fibrinolysis, and with it, the activation of other
procoagulant factors [2].
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1-picture. The amount of fibrinogen in the blood serum of patients (mg%).

As a proof of these opinions, we conducted a correlational analysis between the
atherosclerosis coefficient and hemocoagulation markers, which provide information
about the state of atherosclerosis that induces hemocoagulation dysfunction in the case of
obesity, according to the indicators before surgery. The obtained results showed a weak
inverse relationship between the atherogenic coefficient and prothrombin time in obese
patients (r=-0.33; P<0.05), and a weak inverse relationship with INR (r=-0.39; P<0.05).
if detected, no statistically reliable correlation was found with APTT (r=0.28; P>0.05) and
fibrinogen (r=-0.21; P>0.05).

It is known that arterial hypertension in metabolic syndrome is caused by biologically
active substances produced in adipose tissue, including aldosterone secretion enhancing
factor synthesized in adipocytes [9,22]. However, it should be said that arterial
hypertension itself is the main factor in the development and acceleration of
atherosclerosis. The main reason for this is endothelial dysfunction. According to the
authors, this results in dangerous circulation, and endothelial dysfunction leads to
cardiovascular disease, which in turn exacerbates endothelial damage.
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Table 3. Effect of bariatric surgery on APTT (seconds), M+m

Main group Control group
Groups

Before treatment | After 6 months After treatment | After 6 months
Main 21,82+0,50* 24,4040,63* 24,98+0,57" 25,24£0,53"
ond degree obesity, n=20 | 23,07+0,74* 24,93+1,00% 24,98+0,57" 25,040,72%
3rd degree obesity, n=25 | 20,98+0,65% 23,09+0,81% 25,75+0,71* 25,50+0,81%
Healthy donors, n=15 32,1+0,93

Note: * - the difference compared to the indicators of the group of healthy donors is reliable
(R<0.05); ~ - differences between pre-treatment and post-treatment indicators are reliable
(R<0.05).

Similarly, changes in coagulation parameters depending on the degree of obesity as a result
of longitudinal resection of the stomach performed in the main group during the study
were examined (Table 3). When we analyzed the first stage of coagulation hemostasis, a
tendency to lengthen APTT was observed in the main and control groups 6 months after
surgery. No differences were found between the groups, and all scores were statistically
significantly shorter than the norm. The obtained results show that the tendency to
hypercoagulability remains in the first stage of plasma hemostasis.

Table 4. Effect of bariatric surgery on prothrombin time (seconds), M+m

Control group

Main group
Groups

Before treatment | After 6 months After treatment | After 6 months
Main 12,99+0,29 10,67+0,24 13,71+£0,37 11,53+0,35
2nd degree obesity, n=20 13,24+0,38 10,77+0,28 13,71£0,37 11,45+0,54
3rd degree obesity, n=25 12,85+0,41 10,6140,37 13,44+0,57 11,63+0,42
Healthy donors, n=15 12,8141,14

Note: * - the difference compared to the indicators of the group of healthy donors is reliable
(R<0.05).

In particular, the time of APTT in the plasma in the main and control group patients was
shorter by 1.32 (R<0.05) and 1.27 (R<0.05) compared to the standard parameters. In 2nd
degree obesity they are 1.29 (R<0.05) and 1.28 (R<0.05) times, and in 3rd degree obesity
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they are 1.34 (R<0.05) and 1.26 (R<0, 05) was found to be short compared to standard
indicators. The parameters of the second stage of plasma hemostasis in the main and
control groups did not differ significantly from their pretreatment values after surgery.
Prothrombin time (Table 4), PTI (Table 5) and INR (Table 6) did not change much in obese
patients and did not differ from normal values.

That is, it showed that there were no changes in the second stage of coagulation hemostasis.
A statistically significant decrease of 1.46 (R<0.05) and 1.34 (R<0.05) was observed in the
main and control groups after 6 months of surgery, which represents the 3rd stage of
coagulation hemostasis (Table 7).

Table 5. Effect of bariatric surgery on prothrombin index (%) indicator,

M+m

Main group Control group
Groups

Before treatment | After 6 months After treatment | After 6 months
Main 08,57+1,64 80,07+1,33 99,06+1,93 85,44+1,62
2nd degree obesity, n=20 08,00+2,85 80,7542,27 99,06+1,93 85,16+2,32
3rd degree obesity, n=25 08,0641,05 79,5441,62 100,20+2,65 85,80+2,26
Healthy donors, n=15 08,5247,23

Note: * - the difference compared to the indicators of the group of healthy donors is reliable

(R<0.05).

Table 6. Effect of bariatric surgery on INR indicator, M+m

Main group Control group
Groups

Before treatment After 6 months After treatment | After 6 months
Main 1,0940,04 0,05+0,03 1,18+0,05 1,00+0,03
2nd degree obesity, n=20 1,14£0,04 0,05+0,03 1,18+0,05 1,0340,05
3rd degree obesity, n=25 1,0540,06 0,0540,04 1,224+0,08 0,97+0,03
Healthy donors, n=15 1,0040,09

Note: * - the difference compared to the indicators of the group of healthy donors is reliable
(R<0.05).

In the 2nd degree of obesity, fibrinogen content decreased by 1.35 (P<0.05) and 1.32
(P<o0.05) times in the groups compared to the pre-treatment values, while in patients with
the 3rd degree of obesity, it decreased by 1.59 (P< 0.01) and 1.36 (P<0.01). Plasma
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fibrinogen content remained statistically significantly higher than that of the healthy donor
group.

Table 7. Effect of bariatric surgery on fibrinogen content (mg%), M+m

Main group Control group
Groups

Before treatment | After 6 months After treatment | After 6 months
Main 482,0+21,7% 330,4415,0° 427,0+16,8* 319,0+10,2"
2nd degree obesity, n=20 480,6431,3" 356,7425,7" 386,0+15,9*% 203,2+11,1"
3rd degree obesity, n=25 483,1428,8* 310,1£17,0" 478,2+29,1% 351,1+15,7"
Healthy donors, n=15 290,4+60,5

Note: * - the difference compared to the indicators of the group of healthy donors is reliable
(R<0.05); ~ - differences between pre-treatment and post-treatment indicators are reliable
(R<0.05).

In all parameters presented in Table 7, a statistically significant positive change was found
after longitudinal resection of the stomach compared to the control group. Despite the
decrease in all indicators, the tendency to increase compared to the norm remained. The
obtained results showed that bariatric procedures in obesity had a positive effect on the
3rd stage of coagulation hemostasis and led to the elimination of hypercoagulation. These
results indicate that the surgical procedure performed in the main group was an effective
treatment regardless of the degree of obesity in the patients.

The results obtained in this way indicate a tendency to hypercoagulability in vascular-
platelet and coagulation hemostasis in obese patients. It was not determined that it was
related to the level of obesity, which is characteristic of the first and third stages of obvious
coagulation hemostasis. In order to determine the association of serum lipid parameters
with BMI, we analyzed correlational associations. The obtained results revealed negative
medium correlations between the amount of Cholesterol in HDLs and BMI in the main and
control groups. Triacylglycerides, total cholesterol, cholesterol content in LDLs and glucose
were moderately positive. The obtained results indicate that such patients have a tendency
to diseases of the cardiovascular system.

A clear statistically significant positive change was found after longitudinal resection of the
stomach compared to the control group. Despite the decrease in all indicators, the tendency
to increase compared to the norm remained. The obtained results showed that bariatric
procedures in obesity had a positive effect on the 3rd stage of coagulation hemostasis and
led to the elimination of hypercoagulation. These results indicate that the surgical
procedure performed in the main group was an effective treatment regardless of the degree
of obesity in the patients.
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Conclusions:

1. In morbid obesity, depending on its severity, statistically reliable disturbances in the
amount of hemostasis indicators of patients were observed, and an average positive
connection with BMI was determined; It was even higher in patients with genetic
predisposition and comorbid conditions such as diabetes;

2. Despite the obvious statistically significant positive changes after longitudinal resection
of the hemostasis of the control group, the tendency to increase the coagulation hemostasis
in the 1st and 3rd stages compared to the norm remained. Surgery performed in the main
group showed that the treatment was effective regardless of the degree of obesity in
patients.
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