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Abstract
Purpose: To examine the efficacy of percutaneous transluminal angioplasty (PTA), combined with
pharmacologic thrombolysis (PT) on thrombosis of autologous arteriovenous fistulas (AVFs),
inflammatory factors, and β2 microglobulin (β2-MG) levels in hemodialysis patients.
Methods: Seventy-eight patients with AVF thrombosis allocated randomly into a control group (CG)
received PTA, and a study group (SG) received PTA combined with PT (n = 39 in each). The patency,
vascular condition, inflammatory factors, viz, interleukin-6 (IL-6), high-sensitivity C-reactive protein (hsCRP)), β2-MG levels, vascular-related factors (VEGF-A and MCP-1), complications, and quality of life
were determined.
Results: At three and six months after surgery, t SG exhibited a higher vascular patency than CG (p <
0.05). Serum levels of IL-6, hs-CRP, β2-MG, VEGF-A, and MCP-1 of t SG were lower than those of CG
(p < 0.05). The SG showed higher cross-sectional area, inner diameter at the site of fistula, and better
quality of life scores than CG (p < 0.05).
Conclusion: The combination of PTA and PT enhances efficacy, increases vascular patency, reduces
inflammatory response, lowers the level of β2-MG, and improves quality of life in patients with AVFs
without increasing complications. Thus, the combination treatment has potentials for the management of
hemodialysis patients
Keywords: Hemodialysis, Percutaneous transluminal angioplasty, Arteriovenous endovascular fistula,
Thrombosis, Pharmacological thrombolysis, Inflammatory factors, β2 Microglobulin
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INTRODUCTION
Similar to the number of patients with end-stage
chronic kidney disease, the number of patients
with end-stage renal disease has exceeded 2
million cases, and this is related to a remarkable
decrease in the patient’s quality of life [1,2].
Hemodialysis, peritoneal dialysis, and renal

transplantation are the main treatments for endstage renal disease, and most patients prefer
hemodialysis
treatment,
which
effectively
prolongs
their
survival
[3].
Autologous
arteriovenous endovascular fistula (AEF) is the
primary means of vascular access for patients
undergoing maintenance hemodialysis, and
vascular access patency affects treatment
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efficacy [4]. The long-term application of AEFs,
combined with the weakened physical status of
the patients, leads to a high incidence of
thrombosis in arteriovenous fistula, which is a
major cause of primary AV fistula failure [5,6].
Therefore, it is important to reduce the incidence
of arteriovenous fistula (AVF) thrombosis, so as
to improve the clinical outcomes of hemodialysis.
Arteriovenous endovascular thrombosis is often
treated with interventional procedures and
pharmacological thrombolysis, both of which
have a determined efficacy level [7]. One study
found [8] that PTV significantly improves
endovascular patency in patients with AVF
thrombosis. It has also been reported [9] that
thrombolytic
therapy
using
urokinase,
significantly improves endovascular patency in
patients with AVF thrombosis. However, there
are limited clinical studies on percutaneous
transluminal angioplasty (PTA) combined with
pharmacologic thrombolysis (PT) for the
treatment of AVF thrombosis in hemodialysis
patients. In this randomized control study, 78
patients with AVF thrombosis who underwent
hemodialysis were selected to examine the
effects of the combination of PTA and PT on
inflammatory factors and β2-MG levels.

METHODS
Patient profile
This study was implemented with the approval of
the Medical Ethics Committee of Huizhou Central
People's Hospital (approval no. kyll2021073),
and in compliance with the guidelines of
Declaration of Helsinki. Seventy-eight patients
with thrombosis in autologous AEFs between
September 2019 and August 2020 were enrolled
and allocated to a control group (CG) and a
study group (SG) using the random number table
(n = 39 in each group). The inclusion criteria:
thrombosis of autologous AEF confirmed with
ultrasound and other imaging examinations,
duration of thrombosis ≤ 72 h, voluntary signing
of the informed consent form, being on
hemodialysis for ≥ three months, compliance and
active cooperation. Exclusion criteria were
complete occlusion of the intravenous fistula,
allergy to drugs such as urokinase, severe
coagulation disorders, active bleeding, and
presence of other serious diseases.
Treatments
Control group (CG)
Patients were treated with PTA, and the AEF
was
examined
using
color
Doppler
ultrasonography to verify the location and

severity of thrombosis as well as vascular
stenosis. The > 30 mm proximal end of the
thrombus was selected as the puncture point,
and the AVFs were punctured in reverse. A
matching guidewire was placed along the
puncture needle, and the needle was withdrawn.
A Y-shaped sheath was placed along the
guidewire, and the dilator tube and guidewire
were
withdrawn.
The
hydrophilic-coated
guidewire was pushed toward the thrombus via
the sheath, and the position of the guidewire was
confirmed with color Doppler ultrasonography. A
dilating balloon catheter was inserted, then the
guidewire was withdrawn, and dilatation therapy
was performed, repeatedly 3 – 5 times, each
time for 1 – 3 min. Routine anticoagulation was
administered postoperatively, and hemodialysis
treatment was performed to drain the contrast
agent on the postoperative day.
Study group (SG)
Based on percutaneous endoluminal angioplasty
treatment, urokinase (Qingdao Guanlong BioPharmaceutical Co., Ltd. State Drug Quantifier
H20184169) was used for thrombolytic
treatment, and 250,000 U urokinase + 50 mL of
sodium chloride solution were injected into the
direction of the thrombus through the sheath
tube.
Evaluation of outcomes/indices
Vascular patency
All patients were followed up and investigated
through outpatient review for six months, and
vascular patency (Vp) was examined at one,
three, and six months after surgery.
Vp (%) = (Vc/T)100 …….. (1)
where Vc is the number of vascular patency
cases and T the total no. of cases)
Vascular conditions
The cross-sectional area and inner diameter of
the vessels at the site of the endovascular
stenosis were measured before and after
treatment using color Doppler ultrasonography.
Inflammatory factors
Fasting venous blood (3 mL) was drawn before
and after treatment, and the serum was collected
after centrifugation. Serum levels of IL-6 and hsCRP were measured with enzyme-linked
immunosorbent assay (Beijing Kangjia Hong
yuan Biotechnology Co., Beijing, China).
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Levels of β2-MG

Vascular patency

Fasting venous blood (3 mL) was drawn before
and after treatment, and the serum was collected
after centrifugation. Serum β2-MG levels were
measured using an immunoturbidimetric assay
before and after treatment (Guangzhou Aptar
Biotechnology Co. Guangzhou, China).

One month after surgery, both groups exhibited
no statistically significant difference in vascular
patency (p > 0.05). However, at three and six
months after surgery, the SG showed higher
vascular patency than the CG (p < 0.05),
revealing that PTA combined with PT improves
the vascular patency (Table 2).

Vascular-related factors

Vascular condition

Fasting venous blood (3 mL) was drawn before
and after treatment, and the serum was collected
after
centrifugation.
Levels
of
vascular
endothelial growth factor-A (VEGF-A) and
monocyte chemotactic protein-1 (MCP-1) were
measured by enzyme-linked immunosorbent
assay (Chengdu Zhengneng Biotechnology Co.,
Chengdu, China) before and after treatment.

After treatment, the cross-sectional area and
inner diameter of the blood vessel at the
endovascular stenosis site were increased in
both groups, but the area and diameter were
much higher in the SG (p < 0.05), indicating that
the combination of PTA and PT improves the
vascular condition at the site of endovascular
stenosis (Table 3).

Complications

Inflammatory factors and β2-MG levels

Complications such as swelling of the dorsum of
the hand, hematoma at the puncture site, and
bleeding were noted in both groups.

After treatment, IL-6, hs-CRP, and β2-MG were
reduced in both groups, and were much lower in
the SG (p < 0.05), suggesting that PTA
combined with PT can effectively reduce the
inflammatory response and lower β2-MG levels in
patients (Figure 1).

Quality of life
The Quality-of-Life Short Form (WHOQOLBREF) was used to assess quality of life of
patients before, and three months after
treatment. It is a 26-item scale divided into four
domains: social, environmental, physical and
psychological relations, and higher scores
represent better quality of life.
Statistical analysis
Statistical analyses were conducted using SPSS
statistical analysis software (26.0). Measurement
data (vascular cross-sectional area, inner
diameter, serum levels IL-6, hs-CRP, β2-MG,
VEGF-A, MCP-1, and quality of life scores) are
expressed as mean ± SD, while inter-group and
intra-group comparisons were made using
independent and paired sample t-tests,
respectively. Count data (vascular patency,
complications) are expressed as percentages
and analyzed using the χ2 test. P < 0.05 was
considered statistically significant.

RESULTS
Baseline data
Patient profile of both groups showed no
significant difference (p > 0.05), which was
comparable (Table 1).

Figure 1: Comparison of inflammatory factors and β2MG levels between the CG and SG. Note: (A) IL-6; (B)
CRP; (C) β2-MG. Compared with pre-treatment, ap <
0.001; compared with CG; bp < 0.001

Vascular-related factors
After treatment, serum levels of VEGF-A and
MCP-1 were reduced in both groups, but were
much lower in the SG (p < 0.05), suggesting that
the combination of PTA and PT reduces the
levels of vascular-related factors (Table 4).
Complications
Both groups exhibited no statistically significant
difference in complications (p > 0.05), suggesting
that PTA combined with PT does not increase
the complication rate (Table 5).
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Table 1: Comparison of profile (n,mean ± SD) between the CG and SG
Group

Gender
Male
Female

Mean age (years)

Mean duration of
dialysis (years)

CG (n=39)

22

17

56.64±4.53

3.85±1.25

SG (n=39)

21

18

56.21±5.03

3.77±1.32

Type of primary disease
Diabetic
Chronic
Other
nephropathy
nephritis
12
23
4
11

22

6

Time to patency of autogenous
arteriovenous endovascular fistula
(months)
20.23±5.32
20.67±5.22
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Table 2: Comparison of vascular patency [n (%)] between the CG and SG
Group
CG (n=39)
SG (n=39)
#P < 0.05 compared with CG

1 month
postoperative
36 (92.31)
39 (100.00)

3 months
postoperative
28 (71.79)
35 (89.74)#

6 months
postoperative
23 (58.97)
31 (79.49)#

Table 3: Comparison of vascular conditions (mean ± SD) between the CG and SG
Vascular crosssectional area (mm2)

Group

Vascular inner
diameter (mm)

Pretreatment
CG (n=39)
3.47±0.82
12.85±2.14***
2.34±0.62
SG (n=39)
3.54±0.84
17.24±1.98###***
2.41±0.65
Note: ####P < 0.001: compared with CG; ***p < 0.001: compared with pre-treatment
Pre-treatment

Post-treatment

Post-treatment

3.51±0.58***
4.22±0.67###***

Table 4: Comparison of vascular-related factor levels (mean ± SD, pg/mI) between CG and SG
VEGF-A

MCP-1

Group
Pre-treatment

Post-treatment

Pre-treatment

***

CG (n=39)
252.31±25.30
218.63±22.52
64.85±6.02
SG (n=39)
251.67±24.85
197.52±21.08###***
64.73±5.72
Note: ####P < 0.001, compared with the CG; ***p < 0.001, compared to pre-treatment

Post-treatment
57.08±5.24***
51.07±5.14###***

Table 5: Comparison of incidence of complications [n (%)] between the CG and SG
Group
CG (n=39)
SG (n=39)

Dorsal hand
edema
1 (2.56)
2 (5.13)

Hematoma at puncture
site
1 (2.56)
1 (2.56)

Bleeding

Total

0 (0.00)
1 (2.56)

2 (5.13)
4 (10.26)

Quality of life

DISCUSSION

The scores of social relationship, physiology, and
psychology were increased in both groups after
treatment, but were much higher in the SG (p <
0.05), suggesting that combination of PTA and
PT improves the patient’s quality of life (Figure
2).

Autologous AEF is an important means of
vascular access for hemodialysis. However,
thrombosis is a common complication of
autologous AEF, which leads to the loss of
vascular access and thus affects the therapeutic
outcome [10]. Percutaneous transluminal
angioplasty and pharmacological thrombolysis
are treatment modalities for thrombosis in
autologous AEFs, both of which have a certain
efficacy. However, the effects of these methods
need to be improved [11].

Figure 2: Quality of life in CG and SG. (A) Social
relationship scores; (B) Environmental scores; (C)
Physical scores; (D) Psychological scores; ap < 0.001,
compared with pre-treatment; bp < 0.001, compared
with CG

The findings of this research exhibited that at
three and six months postoperatively, the SG
showed higher vascular patency than the CG,
and the vascular cross-sectional area, inner
diameter, and quality of life scores were
increased in both groups after treatment,
whereas the two groups showed no significant
difference in complications. Bountouris et al [7]
found that the combination of PTA and urokinase
thrombolysis for the treatment of thrombosis in
autologous AEFs improved endovascular
Trop J Pharm Res, February 2022; 21(2): 413
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patency, which is in agreement with the findings
of this study. The combination of PTA and PT
safely improves vascular patency and quality of
life. This may be due to the fact that this
combination therapy improves clinical efficacy by
significantly shortening the time to restore blood
flow and improving vascular stenosis through
balloon maceration of the thrombus and its
pharmacological
dissolution
[12,13].
The
presence of a thrombus for a long time can lead
to the mechanization and formation of granular
tissue that adheres to the inner wall of the
vessel. It not only increases the difficulty of
maceration of the thrombus, but also increases
the risk of triggering pulmonary embolism if the
thrombus is accidentally dislodged during
removal [14]. Therefore, drug thrombolysis was
applied first, and then thrombus aspiration was
performed, which reduced the difficulty in
fragmentation of the thrombus while avoiding the
occurrence of thrombus reflux with blood into the
pulmonary artery.

function in patients with autologous AEF
thrombosis.
The pathogenesis of autologous AEF thrombosis
is closely related to venous endothelial cell
proliferation. Vascular-related factors such as
VEGF-A and MCP-1 play important roles in
venous endothelial cell proliferation [22]. As a
pro-angiogenic factor, VEGF-A is involved in
promoting vascular endothelial cell proliferation
and vascular remodeling [23]. Monocyte
chemotactic protein-1 is a chemokine which
promotes inflammatory response and also
regulates angiogenesis [24]. In this study, serum
levels of VEGF-A and MCP-1 were reduced in
both groups after treatment, but were much lower
in the SG. This indicates that PTA combined with
PT effectively regulates the levels of VEGF-A,
MCP-1, and other vascular-related factors in
patients undergoing hemodialysis.

Clinically, maintenance hemodialysis patients
have varying degrees of microinflammation
[15,16]. This microinflammatory state is induced
by the complementary system and endotoxins
which activate the mononuclear macrophages,
and triggers the release of many inflammatory
factors. As the inflammatory response is
aggravated, renal function continues to decline
[17]. One study found [18] that patients who
underwent maintenance hemodialysis had
remarkably higher serum levels of TNF-α and IL6 than normal controls. Changes in IL-6 and hsCRP
levels
indicate
changes
in
the
microinflammatory status of patients [19]. This
study showed that the serum IL-6 and hs-CRP
levels were reduced in both groups after
treatment, and were much lower in the SG. This
indicates that PTA combined with PT can
effectively reduce the degree of inflammatory
response in vivo in patients undergoing
hemodialysis, and promote the recovery of renal
function. β2-MG is a small protein that can be
detected in a variety of body fluids, such as
urine, blood and cerebrospinal fluid. Many
investigations have indicated that serum β2-MG
level can be used as an indicator of renal
function [20,21]. β2-MG has a small molecular
weight and is mostly reabsorbed and catabolized
by renal tubules. During acute kidney injury, β2MG rises earlier than blood creatinine and is not
affected by muscle metabolism. The findings of
this study showed that serum β2-MG levels were
reduced in both groups after treatment, and were
much lower in the SG. This indicates that PTA
combined with PT can effectively improve renal

As this is a single-center study, the sample size
was small and follow-up time was short, leading
to some degree of biased results. The specific
mechanism of action of PTA combined with
pharmacological thrombolysis for the treatment
of thrombosis in hemodialysis patients requires
further investigation.

Limitations of the study

CONCLUSION
PTA
combined
with
pharmacological
thrombolysis for the treatment of thrombosis in
hemodialysis patients with autologous AEFs
enhances efficacy, increases vascular patency,
reduces inflammatory response, lowers the level
of β2-MG, and improves quality of life. Thus, the
combination treatment provides a suitable
approach for the management of hemodialysis
patients.

DECLARATIONS
Acknowledgement
This study was supported by Science and
Technology Project of Huizhou (No.2018Y010).
Conflict of Interest
No conflict of interest associated with this work.
Contribution of Authors
The authors declare that this work was done by
the authors named in this article and all liabilities
Trop J Pharm Res, February 2022; 21(2): 414

Yang et al

pertaining to claims relating to the content of this
article will be borne by them.

for patients with acute arteriovenous fistula occlusion. J
Vasc Surg 2018; 67(3): 857-859.
10. Pappas

Open Access

JN,

Vesely

TM.

Vascular

rupture

during

angioplasty of hemodialysis raft-related stenoses. J
Vasc Access 2002; 3(3): 120-126.

This is an Open Access article that uses a
funding model which does not charge readers or
their institutions for access and distributed under
the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/
4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution,
and reproduction in any medium, provided the
original work is properly credited.

11. Krajcer Z, Costello BT. Editorial for: Outcomes after
endovascular mechanical thrombectomy in occluded
vascular access used for dialysis purposes. Catheter
Cardiovasc Interv 2020; 95(4): 765-766.
12. Kaneko Y, Yanagawa T, Taru Y, Hayashi S, Zhang H,
Tsukahara T, Matsunaga T, Ishizu T. Subclavian steal
syndrome in a hemodialysis patient after percutaneous
transluminal angioplasty of arteriovenous access. J
Vasc Access 2018; 19(4): 404-408.
13. Shindo M, Ookawara S, Kovarova L, Morino J, Minato S,
Ito K, Malik J, Morishita Y. Decrease in hand and

REFERENCES

cerebral oxygenation after percutaneous transluminal
angioplasty for arteriovenous fistula stenosis in a patient

1. Wang T, Wang S, Gu J, Lou W, He X, Chen L, Chen G,
Zee C, Chen BT. Transcatheter Thrombolysis with
Percutaneous Transluminal Angioplasty Using a Trans-

on chronic hemodialysis. Radiol Case Rep 2020; 15(9):
1493-1495.
14. Kochanek MA, McGill RL, Navuluri R, Shah V, Hammes

Brachial Approach to Treat Thrombosed Arteriovenous

M.

Fistulas. Med Sci Monit 2019; 25: 2727-2734.

Arteriovenous Fistulas and Grafts in African American

2. Ma Q, Xiao H, Zhang Y, Chen C, Zhou Y, Liu Y, Li T, Yu

Outcomes

After

Percutaneous

Angioplasty

of

Patients. Can Assoc Radiol J 2019; 70(3): 300-306.

Y. Studies on the pharmacokinetics of piperacillin/

15. Horie K, Tanaka A, Taguri M, Inoue N. Impact of Scoring

tazobactam in renal replacement therapy in patients with

Balloons on Percutaneous Transluminal Angioplasty

chronic renal failure. Trop J Pharm Res 2021;

Outcomes in Femoropopliteal Lesions. J Endovasc Ther

20(5):1073-1078

doi:

http://dx.doi.org/10.4314/tjpr.v20i5.27

2020; 27(3): 481-491.
16. Miyamoto K, Sato T, Momohara K, Ono S, Yamaguchi M,

3. Zhang S, Zhu C, Ye Y, Li H. [Percutaneous transluminal

Katsuno T, Sakurai H, Imai H, Ito Y. Analysis of factors

angioplasty combined with thrombolysis for acute

for post-percutaneous transluminal angioplasty primary

thrombosis in arterio-venous fistula and graft]. Zhejiang

patency rate in hemodialysis vascular access. J Vasc

Da Xue Xue Bao Yi Xue Ban 2019; 48(5): 533-539.

Access 2020; 21(6): 892-899.

4. Dolmatch B, Hogan A, Ferko N. An Economic Analysis of

17. Kavan J, Kudlicka J, Malik J, Chytilova E, Lambert L,

Stent Grafts for Treatment of Vascular Access Stenosis:

Slavikova M, Matras P, Burgetova A. Treatment of

Point-of-Care and Medicare Perspectives in the United

failing arterio-venous dialysis graft by angioplasty, stent,

States. J Vasc Interv Radiol 2018; 29(6): 765-773.

and stent graft: Two-years analysis of patency rates and

5. Tordoir J, Zonnebeld N, van Loon MM, Gallieni M,
Hollenbeck M. Surgical and Endovascular Intervention

cost-effectiveness. Exp Ther Med 2019; 18(5): 41444150.

for Dialysis Access Maturation Failure During and After

18. Hadimeri U, Warme A, Nasic S, Fransson SG, Wigelius

Arteriovenous Fistula Surgery: Review of the Evidence.

A, Stegmayr B. Angiography and phlebography in a

Eur J Vasc Endovasc Surg 2018; 55(2): 240-248.

hemodialysis population: A retrospective analysis of

6. Takashima T, Nonaka Y, Nakashima Y, Nonaka E, Ikeda
Y, Fukuda M, Jinnouchi H, Rikitake S, Miyazono M,

interventional results. Int J Artif Organs 2019; 42(12):
675-683.

Ikeda Y. A one-sheath inverse method in vascular

19. Zhao Y, Yang L, Mai H, Yu Y, Fu P, Cui T. Long-segment

access intervention therapy for hemodialysis patients.

central venous occlusion in a hemodialysis patient

Int J Surg Case Rep 2019; 54: 95-98.

treated by segmented sharp recanalization strategy: A

7. Bountouris I, Kritikou G, Degermetzoglou N, Avgerinos

case report. Medicine (Baltimore) 2019; 98(16): e15208.

KI. A Review of Percutaneous Transluminal Angioplasty

20. Holden A, Hill AA, Buckley B, Connor B, Semple D,

in Hemodialysis Fistula. Int J Vasc Med 2018; 2018:

Merrilees S, Marsh E, Alfahad A, Iyer R. Clinical

1420136.

Evaluation of the Cook Advance Enforcer 35 Focal-

8. Goo DE, Kim YJ, Park ST, Yang SB, Yoon SC, Song D.
Thromboaspiration of arteriovenous hemodialysis graft
thrombosis using Desilets-Hoffman sheath: single-

Force

PTA

Balloon

Catheter

for

Treatment

of

Hemodialysis Fistula Stenoses: A Feasibility Study. J
Vasc Interv Radiol 2019; 30(1): 61-68.

center experience. J Vasc Access 2014; 15(5): 401-408.

21. Nakane K, Maeda K. Morphological features of blood

9. Aurshina A, Ascher E, Hingorani A, Marks N. A novel

access stenosis and results of noninvasive angioplasty.

technique for duplex-guided office-based interventions

Int J Artif Organs 1990; 13(12): 809-813.

Trop J Pharm Res, February 2022; 21(2): 415

Yang et al

22. Sato R, Sato T, Shirasawa Y, Kondo C, Tadakoshi M,

24. Vossen RJ, Philipszoon PC, Vahl AC, Montauban VSA,

Fukuda M, Ohte N, Morozumi K. A case series of

Leijdekkers

favorable vessel dilatation using a nitinol scoring

effectiveness analysis of percutaneous transluminal

VJ,

Balm

R.

A

Comparative

cost-

element-equipped

catheter

angioplasty with optional stenting and femoropopliteal

(AngioSculpt(R)). J Vasc Access 2019; 20(1_suppl): 93-

bypass surgery for medium-length TASC II B and C

96.

femoropopliteal lesions. J Endovasc Ther 2019; 26(2):

helical

balloon

23. Lookstein RA, Haruguchi H, Holden A. Drug-Coated

172-180.

balloons for dysfunctional dialysis arteriovenous fistulas.
Reply. N Engl J Med 2021; 384(12): 1173-1174.

Trop J Pharm Res, February 2022; 21(2): 416

