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Abstract  The aim is to study the effect of pentoxifylline on the pathogenetic aspects of vascular access thrombosis in 

patients requiring programmed hemodilysis. 187 patients with newly started hemodialysis were examined. All patients 

underwent an assessment of the risk of vascular access thrombosis according to the developed algorithm, as a result, 2 

prognostic groups were formed: with a high risk of vascular access thrombosis (38 patients - 20.32%) and a low risk of access 

thrombosis (149 patients - 79.28%). The use of pentoxifylline during the year contributed to a significant (p <0.05 with 

baseline) decrease in the IR of the radial artery of the contralateral limb by 3.70%, while in patients in the low-risk group of 

diabetes mellitus thrombosis, an increase in IR by 1.55% was observed (p <0.05 with baseline data). 
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1. Introduction 

Today, about 0.1-0.15% of the world's population requires 

programmed hemodialysis (HD) [1,2,3]. Hemodialysis can 

improve the survival and quality of life of patients with CKD 

[4]. Hemodialysis is possible using a catheter, arteriovenous 

shunt and arteriovenous fistula. AV shunt thrombosis  

occurs in 0.5-2% of patients per year, AV fistula - 0.1-0.5% 

per year. Thrombosis of the AV vascular access (DM)     

is associated with the interruption of the hemodialysis  

program, hospitalization of patients, and the installation of a 

temporary catheter. Diabetes thrombosis is the cause of 

65-85% of diabetic dysfunction [5]. 

In the aspect of diabetes mellitus and thrombus formation, 

Virchow's triad, including endothelial damage, blood stasis, 

and hypercoagulation, remains relevant [6]. DM endothelial 

damage is a complex problem. One component is a chronic 

abnormal increase in shear stress that causes endothelial 

dysfunction. Neointimal hyperplasia leads to disruption of 

the relationship between the endothelium and the excess 

connective tissue matrix on the basement membrane. Uremic 

toxins are also involved in the formation of endothelial 

dysfunction. Direct damage to the endothelium is caused by 

regular puncture of diabetes mellitus [7,8,]. Blood stasis in 

diabetes mellitus may be associated with stenosis of the 

efferent, efferent, or midsection (conduit). A small supply 

 

Received: Nov. 11, 2020; Accepted: Nov. 28, 2020; Published: Nov. 30, 2020 

Published online at http://journal.sapub.org/ajmms 

flow may be associated with low cardiac output, systemic 

hypotension, hypovolemia, and stenosis of the supply artery. 

In the area of the conduit, the localization of stenoses is 

predictable. In the case of an AV shunt, stenoses are 

observed proximal to the shunt-central vein anastomosis 

zone in more than 85% of cases [9], in the case of an AV 

fistula, it depends on the type of fistula. For example, in the 

case of a brachiocephalic fistula, the cephalic part is stenotic 

in 77% of cases; in a radiocephalic fistula, stenosis in 60% of 

cases is localized in the region of the superior anatomosing 

segment [10,11]. These stenoses result from a complex 

interaction of molecular and hemodynamic factors. 

Cytokines such as Hypoxia-Induced Factor-1alpha, Vascular 

Endothelial Growth Factor-A, Matrix Proteases and Platelet 

Growth Factor, produced by the endothelium under 

conditions of turbulent flow, abnormal shear stress, 

endothelial hypoxia, and trauma. These cytokines induce the 

migration of fibroblasts and vascular smooth muscle cells 

from the adventitia and media to the intima. Here they 

proliferate, leading to vascular stenosis [12]. Long 

compression times and overcompression after decanulation 

of diabetes can also cause stasis and thrombus formation. 

The role of hypercoagulability in diabetes thrombosis has 

long been underestimated. Uremia is associated with a 

violation of the functional state of platelets, which places  

HD patients in a cohort of persons with a hypercoagulable 

status [13]. Terminal CKD is a syndrome characterized by 

chronic activation of systemic inflammation, as evidenced 

by high levels of C-reactive protein. A high concentration  

of C-reactive protein is also one of the predictors of the   
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risk of diabetes thrombosis [14]. Other risk factors       

for thrombosis associated with end-stage CKD include 

hyperhomocysteinemia, hypoalbuminemia, and 

hyperlipoproteinemia [15]. Blood circulation in the dialyzer 

and contact with the dialysis membrane also activates    

the coagulation cascade and platelet aggregation activity 

[16,17,18]. To correct these effects, heparinization of 

diabetes is used, but the systemic prothrombotic status 

remains. Hereditary thrombophilia also plays a role in the 

dysfunction of diabetes mellitus. In one study, at least 55% 

of patients with DM thrombosis were diagnosed with one or 

more prothrombotic syndromes [19]. The most common 

variants are Leiden factor V and prothrombin G20210A [20]. 

In patients with recurrent thrombosis, especially in the 

absence of significant stenosis, examination for hereditary 

thrombophilia is recommended [21]. 

For the prevention of diabetes thrombosis, systemic 

antiplatelet agents and anticoagulants are used. In one 

meta-analysis, antiplatelet therapy was associated with a 

decrease in the risk of early thrombosis of AV fistulas 

(within the first month), but was ineffective in preventing 

long-term events, nor did it reduce the risk of thrombus 

formation and did not increase the duration of the so-called. 

"Mature" fistulas [22]. In a randomized trial, omega-3,6,9 

polyunsaturated fatty acid preparations and dietary 

modification with the inclusion of seafood reduced the risk 

of AV shunt thrombosis by 50% [23]. In modern guidelines 

for the management of patients on HD, there are no 

recommendations regarding the use of anticoagulants. 

Objective: to study the effect of pentoxifylline on the 

pathogenetic aspects of vascular access thrombosis in 

patients requiring programmed hemodialysis. 

2. Materials and Methods 

The study included patients who received programmed 

hemodialysis at the Tashkent City Center for Nephrology 

and Kidney Transplantation. All patients underwent 

hemodialysis using diabetes mellitus in the form of an 

arteriovenous fistula (AVF) formed in the surgical 

department of this center. The time from the moment of 

surgery to the start of hemodialysis (the period of 

"maturation" of the fistula) ranged from 3 to 6 months. 

In our center, a risk scale for developing vascular access 

thrombosis was developed (Table 1).  

187 patients with newly started hemodialysis were 

examined. All patients underwent an assessment of the risk 

of vascular access thrombosis according to the developed 

algorithm, as a result, 2 prognostic groups were formed: with 

a high risk of vascular access thrombosis (38 patients - 

20.32%) and a low risk of access thrombosis (149 patients - 

79.28%). In high-risk patients, an antiplatelet agent 

(pentoxifylline 600 mg / day) was included in the therapy. 

The follow-up period was 1 year, by the end of which the 

incidence of the endpoint, diabetes thrombosis, was assessed 

in both prognostic groups. The clinical characteristics of the 

patients are presented in Table 2. 

Table 1.  Scale for the identification of HCKD patients with a high risk of 
diabetes thrombosis 

High risk of diabetes thrombosis is defined as  

the sum of points 8 and above 

№ Sign Балл 

1 Age 35 and over 1 

2 BMI 24g / m2 and above 1 

3 
IR of the radial artery of the intact arm 4.15rel units 

and higher 
1 

4 EDVD 3% or less 1 

5 VSBP 20mm Hg and more 1 

6 
Decrease in blood pressure during HD below 100 mm 

Hg (SBP) or 60 mm Hg (DBP) 
1 

7 
Concentration of hemoglobin in blood 90 g / l and 

below 
1 

8 The use of high doses of EPS 1 

9 LVEF 54.5% or less 1 

10 KDR LV 57.5mm and more 1 

11 LA 43mm and more 1 

12 RV 34mm and more 1 

13 Systolic pressure in PA 35 mm Hg and more 1 

14 The share of outlets and signs of lysis 32% or more 1 

15 Phosphorus concentration 2.1 mmol / l and more 1 

Table 2.  Clinical characteristics of patients included in the second stage of 
the study 

Indicator 

Low risk of 

diabetes 

thrombosis 

(n = 149) 

High risk of 

diabetes 

thrombosis   

(n = 38) 

Age, years 35,85±13,95 42,18±11,22** 

CKD etiology: 

Diabetes mellitus, hypertension, 

polycystic kidney disease, 

metabolic nephropathy       

(gout, amyloidosis) 

71 27 

Chr pyelonephritis 22 3 

CGN, lupus nephritis, systemic 

vasculitis 
56 8 

Therapy 

Calcium channel blockers 138 33 

beta blockers 82 21 

alpha adrenergic blockers 43 11 

diuretics 16 4 

nitrates 21 8 

Iron preparation 121 31 

EPS 97 23 

Vitamin D3 + calcium 136 31 

bisphosphonates 63 16 

Phosphate binders 72 17 

Note: * - reliability of differences between groups. One sign - p <0.05, two 

signs - p <0.01, three signs - p <0.001. # - the number of patients is indicated. 
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Ultrasound examination of the vessels of the upper 

limb included duplex scanning (ultrasound scanning modes 

and spectral pulse-wave Doppler mode) of the arteries and 

veins of the contralateral (without DM) arm. The study was 

carried out in the morning hours (8-11 am) on the second day 

after hemodialysis, in the supine position after 10 minutes of 

rest, using an ultrasound scanner equipped with a linear 

transducer with a frequency of 7.5 MHz. The following 

indicators were recorded: 

-  maximum systolic blood flow velocity in the radial 

artery; 

-  the final diastolic blood flow velocity in the radial 

artery; 

-  the resistivity index (Pursello index, IR) was calculated: 

IR = (systolic velocity-diastolic velocity) / systolic 

velocity; 

-  the diameter of the brachial artery is 2-5 cm above the 

elbow bend; 

- a test with endothelium-dependent vasodilation (EDVD) 

of the brachial artery was performed, for which a 

tonometer cuff was applied to the shoulder, the pressure 

in which was pumped 50 mm Hg higher than the 

previously measured systolic blood pressure (SBP). 

The compression lasted 5 minutes, after which, after the 

release of compression, at 60 seconds, the diameter of 

the brachial artery was re-measured and the EZVD was 

calculated: EZVD = (diameter of the brachial artery 

after release of compression-diameter of the brachial 

artery initially) / diameter of the brachial artery initially 

* 100. 

Echocardiography. To assess the characteristics of 

central hemodynamics, all patients included in the study 

underwent echocardiography (EchoCG) using an ultrasound 

scanner  equipped with a sector transducer with a frequency 

of 4.2 MHz. The study was carried out on the 2nd day after 

hemodialysis, in the morning hours, in the position of lying 

on the left side and lying on the back, with the left hand 

located under the patient's head. During echocardiography, 

standard echocardiographic positions and projections    

were used. To determine the measurement time, the 

synchronization of the image with the electrocardiogram was 

used. The following indicators were recorded: 

In the parasternal position, projection along the long axis 

of the left ventricle 

- end diastolic size of the left ventricle (LV EDD); 

- the final systolic size of the LV; 

- anteroposterior diameter of the left atrium (LA); 

- the diameter of the right ventricle (RV). 

LV end-systolic and diastolic volumes (Teichholtz 

method) and LV ejection fraction (EF) were calculated. 

LVEF = (LV end-diastolic volume-LV end-systolic volume) 

/ LV end-diastolic volume * 100. 

In the case of a change in the geometric shape of the LV 

(spherical deformation of the cavity, the presence of an 

aneurysm or regional dyskinesis), vertical position of the 

heart or LV angulation, or LV EDD exceeding 54 mm,   

LV volumes for calculating LVEF were measured by     

the Simpson method using apical 2 and 4- x chamber 

echocardiographic position. 

-  systolic pressure in the pulmonary artery (PA systolic) 

was calculated using tricuspid regurgitation, which was 

recorded in the parasternal position along the short axis 

at the level of the aortic valve with focus on the 

tricuspid valve or in the apical 4-chamber position  

(the maximum recorded velocity was used). After 

mapping tricuspid regurgitation by color pulse-wave 

Doppler sonography, registration of the peak velocity 

of tricuspid regurgitation was performed by 

non-first-wave Doppler sonography. The Bernoulli 

equation (pressure gradient = 4 * peak velocity 2) was 

used to calculate the peak systolic pressure gradient 

across the tricuspid valve. SystR PA was defined as the 

sum of the peak systolic pressure gradient across the 

tricuspid valve and the pressure in the right atrium. The 

pressure in the right atrium was determined by a 

semi-quantitative method using ultrasound scanning  

of the inferior vena cava with determination of its 

diameter during calm breathing and its collapse during 

deep inspiration (subcostal position, projection of the 

inferior vena cava), as well as measuring the diameter 

of the right atrium (apical 4-chamber position) (45). 

24-hour blood pressure monitoring (ABPM) was 

carried out on the second day after hemodialysis using the 

BTL ABPM complex (UK). ABPM lasted for 24 hours, BP 

was measured every 30 minutes during the day and every 60 

minutes at night. The measurement method is oscillometric. 

During the study, the following calculated data were used: 

-  the average daily level of systolic blood pressure (SBP) 

- the arithmetic mean of all registered indicators of 

systolic blood pressure; 

- the average daily level of diastolic blood pressure (DBP) 

- the arithmetic mean of all registered indicators of 

diastolic blood pressure; 

-  daily index (SI) = (mean daytime hemodynamic blood 

pressure-mean nighttime hemodynamic blood pressure) 

/ mean hemodynamic daytime blood pressure * 100, 

where mean hemodynamic blood pressure was the 

arithmetic mean of all hemodynamic blood pressure 

indicators for the corresponding period of time. 

Hemodynamic blood pressure = (SBP-DBP) / 3; 

-  variability of SBP (VSAP) - standard deviation of all 

SBP indicators recorded during the day; 

-  DBP variability (SDPP) - standard deviation of all DBP 

indicators recorded during the day. 

In addition, in the course of the study, blood pressure was 

monitored during the hemodialysis procedure and episodes 

of arterial hypotension were recorded - a decrease in SBP 

below 100 mm Hg. or DBP below 60 mm Hg. Blood 

pressure was measured by the Korotkov method using a 

Riva-Rocchi tonometer every 20 minutes. 
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Laboratory research. 

During the study, all patients underwent a general blood 

test using an automatic analyzer. The concentration of 

hemoglobin in the peripheral venous blood was analyzed. 

Blood sampling was carried out on the 2nd day after the 

hemodialysis procedure, on an empty stomach at 7-8 in the 

morning, after 10 minutes of rest, in a sitting or lying 

position. The cubitalipsilateral vein was used. Blood 

sampling was carried out in vacutainers containing an 

anticoagulant. 

To study the state of mineral metabolism, the 

concentration of parathyroid hormone and phosphorus in 

serum was determined during the study. Venous blood was 

taken from the cubital vein of the ipsilateral arm, on an 

empty stomach, at 7-8 am after 10 minutes of rest, in a sitting 

or lying position, on the 2nd day after hemodialysis. 

Determination of the phosphorus concentration was carried 

out by the biochemical method, parathyroid hormone - by the 

enzyme immunoassay. 

To determine the aggregation and rheological properties 

of blood in the course of the study, the phenomenon of 

auto-socket formation was studied. For this purpose, on the 

2nd day after hemodialysis, on an empty stomach, in a lying 

or sitting position, in the morning hours (7-8 hours), after a 

20-minute rest, capillary blood was taken. In a smear of 

native blood, the number of outlets was counted - an 

accumulation of cellular elements of blood, in the center of 

which there is a rosette-forming cell - a leukocyte, to which 

erythrocytes and platelets are attached. The number of 

outlets per 200 leukocytes was counted. In addition, among 

the outlets, the proportion of lysed outlets was recorded with 

signs of damage to the cell membrane and disruption of the 

integrity of the cells forming the outlet. 

All received data were entered into Excell summary tables. 

After the formation of groups, all parameters were described 

in the form of the arithmetic mean and its standard deviation. 

The significance of intergroup differences was determined 

using the Student's t test. Comparison of the frequency of 

occurrence of signs between groups was carried out using the 

tabular chi-square test and checking its reliability against the 

tables depending on the number of degrees of freedom. 

3. Results and It’s Discussion 

The average age of the patients was 37.13 ± 13.66 years. 

Patients with a high score for the risk of thrombosis were, on 

average, older than those with a low score (p <0.01, Table 3). 

Duplex scanning of the vessels of the intact (contralateral 

diabetes) upper limb revealed that the mean peak systolic 

velocity in the radial artery was 83.77 ± 10.44 cm / sec and 

did not depend on the score for the risk of thrombosis. IR of 

the radial artery averaged 3.55 ± 0.87 and was significantly 

increased in patients with a high risk of diabetes thrombosis 

(p <0.001). Thus, in the group of patients with a high risk of 

thrombosis, a score for this criterion was scored by 30 

patients (78.95%), and in the group with a low risk - 20 

(13.42%, chiradrat = 65.48, p <0.001). The diameter of the 

cephalic vein averaged 3.10 ± 0.62 mm and did not depend 

on the score for the risk of diabetes thrombosis. 

The indicator of structural and functional disorders of the 

membranes of blood cells, autoroset formation was 19.44 ± 

7.60 sockets per 200 leukocytes and did not depend on the 

score for the risk of diabetes thrombosis. However, the 

proportion of outlets with signs of lysis (26.57 ± 9.01%)   

was significantly higher in the high-risk group (p <0.001).   

A score for this criterion of the risk scale was assigned to 26 

patients (68.42%) in the high-risk group and only 39 patients 

(23.49%) in the low-risk group (chi square = 27.43,        

p <0.001). 

A decrease in the degree of EDVD was found in 176 

patients (94.12%) included in the study, and in 40 patients 

(21.39%) paradoxical vasoconstriction was observed. The 

functional state of the endothelium was more impaired in the 

group of patients with a high risk of thrombosis (the 

significance of the difference in the degree of EDVD 

between the groups depending on the risk score was p <0.01). 

Patients who scored on this criterion of the diabetes 

thrombosis risk scale were 26 (68.42%) in the high-risk 

group, and 60 (40.27%, chi square = 9.64, p <0.01) in the 

low-risk group.  

Table 3.  Comparative dynamics of pathogenetic triggers of diabetes 
thrombosis in patients with CKD V, depending on the risk score 

Indicator 
Low risk of diabetes 

thrombosis (n = 149) 

High risk of diabetes 

thrombosis (n = 38) 

speed arter, cm / 

sec 

84,09±10,92 

83,99±10,31 

82,53±8,26 

82,32±8,04 

IR, related 
3,29±0,72 

3,34±0,71^ 

4,56±0,66*** 

4,39±0,75^*** 

EDVD,% 
3,97±3,58 

3,83±3,53 

1,55±4,72** 

2,45±4,99^ 

vein diameter, 

mm 

3,10±0,61 

3,14±0,59 

3,08±0,64 

3,18±0,68 

Sockets, 200 

leukocytes 

19,28±7,83 

20,28±8,73^ 

20,08±6,68 

22,71±8,91^ 

lysir of the 

socket,% 

24,54±8,04 

26,63±8,57^^^ 

34,53±8,21*** 

31,97±8,66^^** 

Note: # - the number of patients is indicated (in brackets - the relative proportion 

in the group),  the reliability of the intergroup  difference using the chi-square  

table test. ^ - the reliability of the difference with the initial data, * - the reliability    

of the intergroup difference. One sign - p <0.05, two signs - p <0.01, three signs  

- p <0.001. 

All patients allocated to the high-risk group were 

prescribed pentoxifylline in a daily dose of 600 mg. The drug 

combines the properties of an antiplatelet agent and a 

venotonic agent. The use of pentoxifylline during the year 

contributed to a significant (p <0.05 with baseline) decrease 

in the IR of the radial artery of the contralateral limb by 

3.70%, while in patients in the low-risk group of diabetes 

mellitus thrombosis, an increase in IR by 1.55% was 

observed (p <0.05 with baseline data). However, despite the 

multidirectional dynamics, the intergroup comparison 

revealed that, as at baseline, at the end of the year of 
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follow-up, the IR of the radial artery in patients with a high 

risk of thrombosis of diabetes remained significantly higher 

than in patients with a low risk of thrombosis (p <0.001 

significance of the difference in IR between groups at the end 

of the observation period). The maximum systolic blood 

flow velocity in the radial artery did not change in any of the 

groups and was comparable regardless of the score for the 

risk of thrombosis. The degree of endothelium-dependent 

vasodilation in the group of patients with a high risk of 

vascular access thrombosis increased by 57.63% (p <0.05 

with the baseline data), while in the group of low-risk 

patients this indicator did not significantly worsen 

(decreased by 3.72%) As a result, the initially less favorable 

level of EZVD in patients with a high risk of thrombosis by 

the end of the observation period became equal to the 

indicator typical for patients with a low risk of thrombosis. 

The diameter of the cephalic vein did not change in both 

groups of patients and remained comparable, regardless of 

the score for the risk of thrombosis. 

The study studied the dynamics of rosette formation in the 

peripheral blood in patients with HCKD. In both groups of 

patients, an increase in the activity of the phenomenon of 

rosette formation was found by 6.85%: by 5.19% in the 

group of patients with a low risk of vascular access 

thrombosis (p <0.05 with baseline data) and by 13.11% in 

the group of patients with high risk of vascular access 

thrombosis (p <0.05 with baseline data). At the same time, it 

was found that in the group of patients with a low risk of 

thrombosis, the proportion of lysed outlets also increased (by 

8.50%, p <0.001 with the initial data), while in the group of 

patients with a high risk of thrombosis of the vascular access, 

the use of pentoxifylline contributed to a decrease in the 

share of lysed outlets by 7.39% (p <0.01 with initial data).  

4. Consclusions 

Despite the multidirectional dynamics of the indicator,  

in the group of patients with a high risk of thrombosis of the 

vascular access, the proportion of outlets with signs of lysis 

at the end of the observation period remained significantly 

higher than in the group of patients with a low risk of 

thrombosis (p <0.01 reliability of intergroup differences). 

Long-term use of pentoxifylline at a dose of 600 mg / day in 

patients with a high risk of diabetic thrombosis contributes to 

a decrease in the IR of the radial artery, an increase in the 

degree of EDVD, and a decrease in the formation of lysed 

outlets. As a result, in the course of 12-month therapy with 

pentoxifylline, the score for the risk of diabetes thrombosis 

significantly decreased. 
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