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Abstract

Purpose: To investigate and compare the efficacy of two different types of thrombolysis combined with
percutaneous transluminal angioplasty (PTA) for acute thrombosis in arteriovenous fistula (AVF) and
graft (AVG).

Methods: A total of 128 patients on hemodialysis with acute AVF/AVG occlusion, from May 2021 to
May 2023 at Jiangmen Central Hospital, Guangdong, were randomly assigned to study group (catheter-
directed thrombolysis) (CDT) comprising of 62 patients and control group (scalp needle thrombolysis)
comprising of 66 patients. Patients whose thrombolysis was unsuccessful on the first day, received PTA
therapy the next day. Thrombolytic success rates, urokinase dosage, PTA therapy rates, mural
thrombus occurrence, and post-thrombolytic complications were evaluated and compared.

Result: There was no significant difference in overall thrombolytic success rate, PTA combination rate
and incidence of hemorrhage (p > 0.05) between study and control groups. Recanalization rate after
urokinase thrombolytic therapy on first day was significantly higher in the study group than in the control
group (p < 0.05). Urokinase dosage (first day) of patients whose thrombolytic therapy was successful
was significantly lower in the study group than in the control group (p < 0.001).

Conclusion: Mechanical fragmentation by angiography catheter combined with urokinase thrombolysis
improves efficacy, but shows no advantage when combined with PTA. Additional studies using a larger
patient population on anticoagulant therapy and longer investigation time are recommended to enhance
the generalizability of this treatment approach.

Keywords: Arteriovenous fistula/arteriovenous graft, Thrombosis, Catheter-directed thrombolysis,
Transluminal angioplasty, Stenosis

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://Iwww.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited.

Tropical Journal of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus, Web
of Science, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African Index Medicus, JournalSeek,
Journal Citation Reports/Science Edition, Directory of Open Access Journals (DOAJ), African Journal
Online, Bioline International, Open-J-Gate and Pharmacy Abstracts

INTRODUCTION

puncture [4]. Hypoproteinaemia [5],

chronic

Arteriovenous fistula (AVF) and arteriovenous
graft (AVG) are the main vascular access types
in patients undergoing hemodialysis [1-3]. The
main causes of fistula dysfunction are internal
fistula stenosis, hemangioma and thrombosis
caused by intimal hyperplasia and internal fistula

inflammation [6], anticoagulant drugs [7], and
platelet aggregation inhibitors [8] are also
influencing factors of internal fistula dysfunction.
At present, there are many methods to reverse
and prevent internal fistula dysfunction [9].
Thrombolysis is considered the preferred choice
for internal fistula thrombosis compared to
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surgical thrombectomy [10]. Catheter-directed
thrombolysis (CDT) combined with percutaneous
transluminal angioplasty (PTA) is always
recommended because it provides a high
patency rate in the treatment of acute thrombosis
of internal fistula [11]. Catheters for internal
fistula thrombolysis have not been popularized in
many basic hospitals. Since the traditional
treatment of fistula thrombosis in Jiangmen
Central hospital is by scalp needle, an
angiography catheter was used to replace the
internal fistula thrombolysis catheter, and efficacy
of angiography catheter thrombolysis and scalp
needle thrombolysis combined with PTA in
patients with internal fistula occlusion was
assessed.

METHODS
Subjects

A randomized non-blind prospective study was
conducted at the blood purification center of
Jiangmen Central Hospital between May 2021
and May 2023. Patients undergoing maintenance
hemodialysis with confirmed internal fistula
blockage with or without stenosis were
randomized into study (CDT) (n = 62) and control
(scalp needle thrombolysis) groups (n = 66). This
study was approved by the ethics committee of
Jiangmen Central Hospital (approval no. 202364)
and complied with the guidelines of Declaration
of Helsinki [12].

Inclusion criteria

Patients undergoing maintenance hemodialysis
who were over 18 years of age, AVF or AVG was
used for vascular access, internal fistula was
used for more than 1 month, ultrasound
examination confirmed internal fistula occlusion
and thrombosis with or without internal fistula
stenosis, time of thrombosis < 72 h, and signed
informed consent for thrombolytic therapy.

Exclusion criteria

Patients with severe coagulopathy and active
bleeding, cerebrovascular accident, severe
trauma or major surgery in the last 2 months,
severe mental disorder, AVG/AVF infection or
serious infection at other sites, and other options,
such as reconstructing pathways, if it was a
better choice for the patients.

Data collection
Data such as sex, age, smoking, age of dialysis,

with or without diabetes, utility time of fistula,
time of thrombosis, first fistula or not,

thrombolysis history, type of fistula, combined

with PTA or not, dialysis frequency, drug
combination (anticoagulant, antiplatelet
aggregation  drugs, lipid-lowering  drugs),

thrombus length, with stenosis or not, diameter of
stenosis and blood test results (most recently
within 3 months) such as hemoglobin, C reactive
protein, serum albumin, total cholesterol,
triglyceride  and low density lipoprotein
cholesterol were collected.

Treatment

The patients were hypodermically injected with
50 IU/kg low molecular weight heparin (Hebei
Changshan Biochemical Pharmaceutical Co.,
LTD., Shijiazhuang, China) after being diagnosed
by color ultrasound and tested for activated
coagulation time. The thrombolytic therapy
comprised of 250,000 U urokinase (Ma'Anshan
Fengyuan Pharmaceutical Co. Ltd, Ma'Anshan,
China) in 50 mL normal saline.

Study group

A 6F catheter sheath (Shanghai Condelai
Medical Device Co. Ltd, Shanghai, China) was
placed more than 3 cm away from the proximal
end of the AVG or AVF embolization guided by a
guide wire (HG353AF, Shanghai Conderai
Medical Device Co. Ltd, Shanghai, China), and
the tip of the angiographic catheter (HNB5.0-38-
40-P-NS-KMP, Cook) was sent to the thrombus
site. After the guide wire was partly removed, the
KMP tube body was rotated to repeatedly strike
the thrombus (Figure 1 A). An infusion pump was
used to deliver the thrombolytic drug through the
tail end of the KMP tube (pump speed 500,000
U/h), and the catheter was removed step by step
according to the thrombolysis effect under color
ultrasound monitoring (Figure 1 B). If necessary,
an appropriate site was selected to place another
sheath in the opposite direction and the
thrombolytic drug was injected by same KMP
tube following same procedures.

Control group

The scalp needle was punctured 1.5 — 2 cm (24
G) near the AVG or AVF embolism site, and the
thrombolytic drug was injected (the configuration
method and pump speed were same as the
study group). Total amount of urokinase used on
the first day was not more than 1 million U
(Figure 1 A and B). Patients whose thrombolysis
therapy failed on the first day had PTA therapy
performed the following day by balloon catheter
(5 — 7 x 40 mm, Boston Scientific Corporation)
(Figure 1 C). If fistula flow was recovered,
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colored ultrasound scan of the whole fistula
vessel was done (Figure 1 D).

Evaluation of parameters/indices
Efficacy

Efficacy indices evaluated include; the main
indices  (final treatment patency rate,
recanalization rate after urokinase thrombolytic
therapy on the first day), secondary indices
(recanalization rate of those without fistula
stenosis after urokinase thrombolytic therapy on
first day, PTA combination rate, total urokinase
dosage on first day, and the combined rate of
mural thrombosis of patients with ultimately
successful treatment in two days). Standard for
successful  urokinase thrombolysis include
palpable tremor on the fistula, and continuous
blood flow through the fistula scanned by color
ultrasound. Successful PTA surgery was defined
as a residual stenosis of < 30 %. Criteria for
treatment of final fistula patency includes
palpable tremor on the fistula, ultrasound
examination shows continuous blood flow, and
blood flow volume during hemodialysis not lower
than 200 mL/min the next day without any other
treatments.

Safety

Incidence of serious (bleeding resulting in an
obvious decrease (= 20 g/L) in hemoglobin and
requiring infusion of suspended red blood cells,
pulmonary embolism, and death complications)
as well as mild complications (bleeding at
puncture site, hematoma, bleeding from mucosa
or gums, and related infection) were compared
between study and control groups.

Statistical analysis

Data analysis was performed using Statistic
Package for Social Science (SPSS) 25.0 (IBM,
Armonk, NY, USA). Normally distributed
measurement data are presented in mean *
Standard deviation (SD), and t-test was used for
comparison. Non-normally distributed
measurement data were presented in inter-
quartile range (IQR) (P25, P75), and
nonparametric test with rank transformation was
used for comparison. Categorical variables were
presented in frequency and percentages and
compared using Chi-square test. Binary logistic
regression was used to analyze the factors
affecting the success of urokinase thrombolysis
before PTA, and p < 0.05 was considered
statistically significant.

RESULTS
Baseline data

A total of 128 patients were included in the study,
comprising 62 men and 66 women, with a mean
age of 51.47 = 9.99 years. There was no
significant difference in baseline data except C-
reactive protein between the study and control
groups (Table 1).

Efficacy
There was no significant difference in final
treatment patency rate or PTA treatment

combination rate between study and control
groups. The study group showed significantly
higher recanalization rates of urokinase

thrombolysis on the first day compared to control
group (p < 0.05).

Figure 1: Ultrasound images of KMP-directed thrombolysis combined with PTA. (A) Thrombus fragmentation by
the tip of the KMP catheter. (B) After the process of urokinase thrombolysis by the KMP catheter (the red arrows
show the tip of the KMP catheter in A and B). (C) Stenosis of the cephalic vein was dilated by a balloon catheter.

(D) Blood flow of the AVF was restored after treatment
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Table 1: Baseline data

Variable Study (n = 62) Control (n = 66) P-value
Male n (%) 26(41.94) 36(54.55) 0.31
Age (y) 52.26+11.14 50.73+8.98 0.55
Smoking n (%) 6(9.68) 14(21.21) 0.36
Dialysis age (m) 43(22,72) 54(39,84) 0.18
Diabetes mellitus n (%) 22(35.48) 24(36.36) 0.94
Time of use of this internal fistula (m) 30(18,44) 33(22.5,54.5) 0.55
Time of thrombosis (h) 21(18,29) 22(17,31) 0.86
The first fistula n (%) 26(41.94) 29(43.94) 0.82
History of thrombolysis n (%) 34(54.84) 42(63.64) 0.47
AVF n (%) 24(38.71) 32(48.48) 0.43
Statins n (%) 40(64.52) 36(54.55) 0.42
Antiplatelet aggregation drug n (%) 26(41.94) 24(36.36) 0.65
Anticoagulant drug n (%) 8(12.90) 6(9.09) 0.93
Hemoglobin (g/L) 95.23+15.27 95.03+14.48 0.96
Serum albumin (g/L) 34.78+3.48 35.58+4.16 0.24
C-reactive protein (mg/L) 23.34(8.99,45.03) 41.0(16.72,61.99) 0.03
Total cholesterol (mmol/L) 3.89(3.54,4.27) 4.03(3.61,4.83) 0.34
Triglyceride (mmol L) 2.41+0.69 2.53+0.87 0.56
LDL cholesterol (mmol L) 2.44(2.10,3.50) 2.43(1.95,3.50) 0.80
The thrombus length was < 5 cm 14(22.58) 16(24.24) 0.72
The 5-cm thrombus length was < 10 cm 34(54.84) 38(57.58)

The thrombus length was 10 cm 14(22.58) 12(18.18)

With stenosis n (%) 46(74.19) 44 (66.67) 0.35
The narrowest diameter of stenosis (mm) 1.95+0.37 1.93+0.33 0.89
Note: Some values are mean + SD, h: hour; y: year; m: month; n: number

Table 2: Efficacy and complications (N, %)

Variable Study (n = 62) Control (n = 66) P-value
The final treatment patency rate 60(96.77) 52(78.79) 0.07
The recanalization rates of urokinase 42(67.74) 24(36.36) 0.01
thrombolysis on the first day

The recanalization rates of urokinase 12(75.00) 9(40.91) 0.04
thrombolysis on the first day for patients

without stenosis

The PTA treatment combination rate 50 (80.65) 57 (86.36) 0.38
The dosage of urokinase used in the first-day 50(47.50,56.25)  75(60.00,77.50) <0.001
for patients with successful thrombolysis

(10000 1U)

The combined rate of mural thrombosis for 8(13.33) 18(34.62) 0.05
patients with ultimately successful treatment

Mild bleeding during thrombolysis 4(6.45) 12(18.18) 0.30

Dosage of urokinase used on the first day for
patients with successful thrombolysis, and
combinate rate of mural thrombosis was
significantly lower in study group compared to
control group (p < 0.05). There was no significant
difference in the incidence of complications
between study and control group (p > 0.05)
(Table 2).

Logistic regression analysis

Using the first-day urokinase thrombolysis
outcome as the dependent variable (thrombolysis
success = 1), univariate logistic regression
analysis was used to screen out 4 indices with p
< 0.05 as the boundary, including study group
treatment, internal fistula type, thrombus length,
and C-reactive protein. A multivariate logistic

regression equation was constructed using 4
indices as independent variables. Results
showed that the different effects of the study
group treatment (OR = 4.03, 95 % CI, p = 0.01,
13.73) and length of thrombus > 10 cm (OR =
0.07, 95 % CI 0.01-0.50, p = 0.01) on the
urokinase thrombolysis outcome of the first day
in patients with acute arteriovenous fistula
occlusion were significant (Table 3).

DISCUSSION

Urokinase is a commonly used thrombolytic
agent [13]. Studies have shown better effect with
topical administration of urokinase compared to
peripheral intravenous thrombolysis in patients
with endovenous thrombosis [14].
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Table 3: Logistic regression model of the effect of one-day urokinase thrombolytic therapy on 128 cases with

acute arteriovenous fistula occlusion

Influencing factor Univariate analysis Multiplicity
OR (95%CI) P-value OR (95%CI) P-value
KMP catheter thrombolysis (%) 3.68(1.31-10.34) 0.01 4.03 (1.18~13.71) 0.03
Male (%) 1.00(0.38-2.68) 0.99
Age (y) 1.01(0.96-1.06) 0.61
Smoking (%) 0.34(0.08-1.47) 0.15
Dialysis age (m) 0.999(0.99-1.01) 0.86
Dialysis 3 times/week 2.4(0.54-10.59) 0.25
vs 2 times/week (%)
Utility time of internal fistula (m) 1(0.98-1.02) 0.99
Time of thrombosis (h) 0.97(0.92-1.01) 0.12
The first fistula (h) 0.79(0.29-2.13) 0.64
History of thrombolysis (%) 1.11(0.41-3.02) 0.84
Diabetes mellitus (%) 0.79(0.29-2.20) 0.65
AVF (vs AVG) (%) 0.41(0.15-1.13) 0.09 0.53 (0.16-1.75) 0.30
5 cm < thrombus length < 10 cm (vs 5 0.41(0.11-1.52) 0.18
cm) (%)
Thrombus length > 10 cm 0.11(0.02-0.61) 0.01 0.07 (0.01-0.50) 0.01
(vs 5 cm) (without stenosis) (%)
With stenosis (%) 0.83(0.30-2.35) 0.73
Diameter of the narrowest point of the 2.49(0.57-10.86) 0.23
stenosis (mm)
Statins (%) 1.44(0.53-3.92) 0.48
Antiplatelet aggregation drug (%) 2.3(0.82-6.47) 0.11
Hemoglobin (g/L) 1(0.97-1.03) 0.99
Serum albumin (g/L) 0.99(0.87-1.13) 0.91
C-reactive protein (mg/L) 0.98(0.959-1.00) 0.03 0.98 (0.96-1.01) 0.16
Total cholesterol (mmol/L) 0.94(0.58-1.52) 0.81
Triglyceride (mmol/L) 1.37(0.72-2.60) 0.34
LDL cholesterol (mmol/L) 1.04(0.64-1.69) 0.87

Clinical scalp needles, internal fistula needles, in-
dwelling needles and other internal fistula
thrombi are often used for local urokinase
infusion. Some researchers infused urokinase
through a lumbar anesthesia puncture needle for
local thrombolysis of internal fistula. The
technical success rate reached 82.4 % for
patients without fistula stenosis. For patients with
fistula stenosis, technical success rate was as
high as 97.5 % when combined with PTA [15].
Some investigators even directly used a balloon
catheter for AVF/AVG local thrombolysis followed
by balloon expansion [16].

Catheter-directed thrombolysis (CDT) has been
used to treat deep vein thrombosis (DVT) for
more than 30 vyears and is a widely
recommended method for thrombus clearance
[17]. It reduces symptoms of early DVT, severity
of post-thrombotic syndrome, and improves the
quality of life of patients with DVT [17,18]. In the
past, CDT was used in patients with DVT,
pulmonary embolism and lower extremity artery
occlusion [19]. At present, CDT has also been
used in internal fistula thrombolysis [20]. At
present, there is no internal fistula thrombolysis
catheter in the hemodialysis center of the
hospital. For patients with internal fistula
blockage, the traditional treatment process of

urokinase thrombolysis in the center is performed
through scalp needles, but the potency of
thrombolysis on the first day is low.

To improve the treatment process, a KMP tube
was used to replace the scalp needle for
thrombolysis in this study. For safety reasons, no
side holes were punched on the KMP catheter.
The elbow design of the KMP tube was used to
tactfully increase operation of the mechanical
thrombus fragmentation, and the tube may be
directly extended to the thrombus site to achieve
contact  thrombolysis, which is more
advantageous for thrombi far from the puncture
site. Compared with thrombolysis through
balloon catheters directly [19], thrombolysis by
KMP tubes alleviate the urgency of surgical
procedure execution, and allow the initial
screening of patients who do not need balloon
dilation. In addition, thrombolysis by a KMP
catheter is conducted directly via vein access.

This study investigated the efficacy of
thrombolysis by a KMP catheter (study group)
and thrombolysis by a traditional scalp needle
(control group) both combined with PTA. The
results showed that although there was no
significant difference in final treatment patency
outcome (the relevance of the heterogeneity of

Trop J Pharm Res, September 2024; 23(9): 1521



Wang et al

PTA treatment was not excluded), KMP catheter
was more advantageous in terms of the
recanalization rates of urokinase thrombolysis on
the first day and the dosage of urokinase
compared with scalp vein. Furthermore, efficacy
of thrombolytic therapy was significantly
improved in the study group. There is a close
relationship between length of thrombosis and
the effect of urokinase thrombolysis therapy. In
this study, logistic regression analysis also
showed that thrombolysis by a KMP catheter and
length of thrombosis > 10 cm were independent
influencing factors of the efficacy of thrombolysis
on the first day in patients with acute
arteriovenous fistula occlusion. Studies have
shown that the time of thrombosis is an
influencing factor of the effect of AVF urokinase
thrombolysis and was positively correlated with
the thrombus length [21]. However, in this study;
neither longer thrombosis time nor longer fistula
stenosis showed a higher risk of thrombolysis
failure.

Limitations of this study

The sample size of this study was relatively
small, and the results may not be generalized.
Some patients could not define the time of
internal fistula blockage accurately, and the
record protocol for this situation was to add 24 h
to the provided blockage time of internal fistula if
the dialysis schedule of the patient was 2 times
per week and adding 12 h if the schedule was 3
times per week. As a result, the actual effect of
the variable on the outcome may be reduced by
this protocol. Also, the narrow typing criteria for
AVG and AVF are inconsistent, and the influence
of variables such as the type of stenosis, number
and length of the narrow sections on the
thrombolysis effect was not analyzed. There was
no significant difference in the PTA combination
rate between the two groups, which was
considered to be related to the lower proportion
of patients without fistula stenosis. In addition,
using anticoagulants was not included in the
logistic regression analysis due to the small
number of patients taking anticoagulants in the
two groups.

CONCLUSION

Urokinase thrombolysis via a KMP catheter
combined with PTA improves recanalization rate,
lowers urokinase dosage, improves efficacy and
minimizes postoperative complications following
urokinase thrombolytic therapy. In further
studies, there is a need for increased number of
patients on anticoagulant therapy and increased
investigation time to improve the generalizability
of this treatment approach.
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