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Comparative efficacy and safety of local and peripheral
venous thrombolytic therapy with urokinase for
thrombosed hemodialysis arteriovenous fistulas
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Abstract. Arteriovenous fistula (AVF) thrombosis is a
common complication in patients undergoing hemodialysis,
and early intervention is required. Urokinase has been used
as a thrombolytic agent for declotting the thrombosed access.
However, the optimal route for infusing urokinase remains
to be determined. In the present retrospective observational
study, 49 patients who underwent local venous infusion and
57 patients with peripheral venous infusion of urokinase were
included. A urokinase dosage of 300,000 U was administered
until successful thrombolysis, which was a maximum of three
times. Age, sex, period of dialysis, time of AVF placement,
systolic and diastolic blood pressure and thrombus age were
similar between the two groups. The efficacy of urokinase
infusion via the two routes in resolving thrombosed AVFs,
defined as successful fibrinolysis, and the safety, defined as
the number of bleeding events, was compared. The cumulative
thrombolysis success rate following three sessions of thrombo-
Iytic therapy in the local venous thrombolysis group was higher
compared with that in the peripheral venous thrombolysis
group (85.7 vs. 68.4%; P=0.04). The local thrombolysis group
exhibited less ecchymosis (4.1 vs. 14.0%; P=0.07), epistaxis
(2.0 vs. 10.5%; P=0.08) and gingival bleeding (4.1 vs. 19.3%;
P=0.02) events compared with the peripheral thrombolysis
group. Further analyses demonstrated that systolic [odds ratio
(OR)=1.10; 95% confidence interval (CI), 1.03-1.17; P<0.01]
and diastolic (OR=1.08; 95% CI, 1.02-1.14; P<0.05) blood pres-
sure were protective factors, whereas thrombus age (OR=0.91;
95% CI, 0.84-0.99; P<0.05) was a risk factor for thrombolysis
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success among patients who underwent local thrombolytic
therapy. Overall, the results suggest that local venous infusion
of urokinase is superior to peripheral venous infusion for the
treatment of patients with thrombosed fistulas.

Introduction

Thrombosis is a common complication of autologous arte-
riovenous fistulas (AVF) for hemodialysis access in patients
with end-stage renal disease (1). AVF thrombosis accounts for
65-85% of permanent access loss (2). Following the creation
of AVFs, early-onset thrombosis is due to inadequate blood
inflow and late-onset thrombosis is associated with stenotic
lesions (1,3,4). AVF thrombosis is also a major cause of
permanent access loss (3), resulting in missed hemodialysis,
hospitalization and increased medical costs (1). Taking into
consideration that vascular injury, platelet abnormalities and
hypercoagulability may contribute to fistula thrombosis, fish
oil, anti-platelet agents and oral anti-coagulants have been
tested in clinical trials for preventing thrombosed access.
However, to the best of our knowledge, there is currently no
pharmacological therapy with a proven ability to prevent AVF
thrombosis (5).

Only a limited number of methods have been developed
to treat access thrombosis, including pharmacological throm-
bolytic therapy, surgical thrombectomy and percutaneous
declotting procedures (3). Urokinase has been successfully
used as a thrombolytic agent for resolving thrombosed
vascular access (6,7). Previously, urokinase was administered
through a 22-gauge angiographic catheter introduced into the
fistula prior to percutaneous interventions, also known as the
‘lyse and wait’ technique (2,8). Pulse-spray-aided pharma-
comechanical thrombolysis employs the administration of
tissue plasminogen activator and mechanical declotting tech-
niques (9). According to the Clinical Practice Guidelines for
Vascular Access published by the Vascular Access 2006 Work
Group, thrombosed fistulas may be declotted purely by using
a mechanical method or a thrombolytic agent (10). Intravenous
(IV) infusion of urokinase is a feasible strategy that does not
require introduction of a catheter. Urokinase has been used
in thrombolytic treatment for venous thrombosis through the
systemic and locoregional routes (11). In a thrombosed AVF,
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urokinase infused via peripheral veins reaches the access
thrombus from the radial artery end through the systemic blood
flow, whereas urokinase infused into the fistulous vein may
come in direct contact with the access thrombus. However, the
optimal route for I'V infusion of urokinase for the treatment of
access thrombosis remains elusive.

In the present study, it was hypothesized that local venous
infusion of urokinase is superior to peripheral administra-
tion for the treatment of patients with AVF thrombosis.
Retrospective data analysis was performed, and comparisons of
thrombolytic success rates and adverse events were performed
between patients receiving local and peripheral venous infu-
sion of urokinase for the treatment of access thrombosis. The
factors affecting the success rate of local venous thrombolytic
therapy were also examined.

Materials and methods

Study population. A total of 106 patients (56 males;
median age, 47 years; age range, 27-66 years) who received
hemodialysis at a single high-care hemodialysis unit at the
First Affiliated Hospital of Chongqing Medical University
(Chongging, China) between January 2011 and December 2014
were included in the present study. All patients presented with
acute thrombosis in their radio-cephalic AVFs. The thrombus
age was determined as the time period from the moment the
patients experienced disappearance of thrill, as reported by the
patient, to the initiation of thrombolytic therapy. The diagnosis
of a thrombosed fistula was based on the absence of thrill on
physical examination and evidence of thrombosis on vascular
ultrasound scanning. The exclusion criteria were as follows:
i) Active bleeding or bleeding tendency; ii) active liver disease;
iii) severe hypertension (systolic blood pressure >160 mmHg
and/or diastolic blood pressure >90 mmHg). Informed consent
to participate in the current study was obtained from all
patients. The Institutional Review Board of the First Affiliated
Hospital of Chongqing Medical University (Chongqing, China)
reviewed and approved the study protocol.

Procedures and observations. Patients received urokinase
infusion through either the fistulous vein (local venous throm-
bolysis) or the peripheral vein (peripheral venous thrombolysis).
As illustrated in Fig. 1, for local thrombolysis, an IV needle
was inserted into the fistulous vein with the needle tip directed
towards the thrombus. For peripheral venous thrombolysis, the
IV needle was inserted into the dorsal venous network of the
hand. For each thrombolytic therapy, 300,000 U urokinase in
20 ml saline was infused within 1 h. The effect of the thrombo-
lytic therapy was observed through physical examination every
20 min by detecting palpable thrill and bruit with auscultation.
The urokinase thrombolytic therapy was performed three times
in total with an interval period of 30 min until the thrombus
was dissolved. The total amount of urokinase used in the
thrombolytic therapy was recorded. Adverse effects, including
ecchymosis, epistaxis, gingival bleeding, bleeding at punctures
sites and systemic bleeding complications (i.e., gastrointestinal
bleeding) were recorded as well. The criteria for considering a
thrombolysis successful included the following: Recurrence of
thrill and bruit on physical examination; dissolution of thrombi
and restoration of blood flow in the AVF, verified by vascular
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ultrasound; and >1 completed hemodialysis session with a blood
flow of >180 ml/min. This value was adapted from a previous
study (12). In addition, a blood flow of <180 ml/min was consid-
ered to indicate access failure (13). Subsequent to thrombolysis
therapy, the patients were administered the following for the
next 7 days: Low-molecular-weight heparin (1 mg/kg, subcuta-
neously) twice daily and aspirin (100 mg/day, orally) daily.

Statistical analysis. Values are expressed as the mean =+
standard deviation for continuous variables and as n (%) for
categorical variables. Statistical analysis was performed using
SSPS version 21.0 software (IBM Corp., Armonk, NY, USA).
For comparison of continuous variables between two groups,
the Student's t-test was performed. Categorical variables were
analyzed using the y? test. Factors that potentially affect the
success of thrombolysis were analyzed by using binary logistic
regression, and the odds ratio (OR) and confidence interval (CI)
were calculated. P<0.05 was considered to indicate statistical
significance.

Results

Patient characteristics. In total, 106 patients receiving hemo-
dialysis were included. The patient characteristics in the two
groups (local or peripheral venous thrombolysis) are presented
in Table 1. Age, sex, period of dialysis, time of AVF place-
ment, systolic and diastolic blood pressure, and thrombus
age were similar between patients who underwent local and
peripheral venous thrombolytic therapy (Table I). All thrombi
were located at juxta-anastomotic sites, as illustrated in Fig. 1.
The total amount of urokinase used in the local and periph-
eral thrombolysis group was 31.4+16.6 and 34.2+14.8x10* U,
respectively (Table I). Biochemical test results in the two
groups prior to and after thrombolytic therapy are presented
in Supplementary Table SI. Serum alanine aminotransferase
levels were significantly increased (but the levels remained
within the normal range) following thrombolytic therapy in
the peripheral venous group (P<0.05), but the levels did not
increase in the local venous group (Table SI). Serum creati-
nine levels were slightly and significantly increased (within
the normal range) following thrombolysis in the peripheral
and local venous groups (both P<0.01). Prothrombin time
was significantly increased while fibrinogen levels were
significantly decreased following thrombolytic therapy in the
peripheral and local venous groups (all P<0.01).

Success rates of thrombolytic therapy. As presented in
Table II, the cumulative success rates of thrombolytic therapy
with urokinase were 44.9 vs. 29.8% (P=0.11) following one,
65.3 vs. 49.1% (P=0.09) following two and 85.7 vs. 68.4%
(P=0.04) following three sessions. In the local thrombolysis
group, the thrombolysis success rate was >85% following
three sessions of thrombolytic therapy, which was significantly
higher compared with that in the peripheral thrombolysis
group (P<0.05; Table II).

Adverse effects of thrombolytic therapy. Mild superficial
hemorrhages, including ecchymosis, epistaxis and gingival
bleeding, occurring in patients of the local thrombolysis
and peripheral venous thrombolysis groups were recorded
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Figure 1. Schematic for local and peripheral venous infusion of urokinase for thrombolytic therapy of thrombosed arteriovenous fistulas.

(Table IIT). However, no massive hemorrhagic events were
observed. Patients in the local thrombolysis group tended to
have less ecchymosis (4.1 vs. 14.0%; P=0.07) and epistaxis
(2.0 vs. 10.5%; P=0.08) events compared with those in the
peripheral venous thrombolysis group. In particular, the rate
of gingival bleeding was significantly lower in the local throm-
bolysis group compared with that in the peripheral venous
thrombolysis group (4.1 vs. 19.3%; P=0.02; Table III). No
infectious or thrombo-embolic complications were observed
following the procedure.

Factors affecting the success of thrombolysis. A comparison of
the demographic and clinical characteristics between patients
who had a successful and an unsuccessful thrombolysis in the
local thrombolysis group was performed. The results indicated
that age, sex, period of dialysis, time of AVF placement and the
total amount of infused urokinase were similar between patients
with successful and unsuccessful thrombolysis (Table IV). In
the local venous thrombolysis group, systolic and diastolic blood
pressure levels were higher (P<0.01), but the age of the thrombi
(P<0.05) was lower in patients with successful thrombolysis
compared with that in patients with unsuccessful thrombolysis
(Table IV). Univariate logistic regression analysis demonstrated
that systolic (OR=1.10; 95% CI, 1.03-1.17; P<0.01) and diastolic
(OR=1.08; 95% CI, 1.02-1.14; P<0.05) blood pressure were
protective factors, whereas thrombus age (OR=0.91; 95% ClI,
0.84-0.99; P<0.05) was a risk factor for thrombolysis success
among patients who underwent local thrombolytic therapy
(Table V). However, a multivariate logistic regression analysis
only identified systolic blood pressure as a protective factor for
thrombolysis success in local thrombolytic therapy (OR=1.11;
95% CI, 1.02-1.21; P<0.05; Table V). In the peripheral venous
thrombolysis group, only the thrombus age was higher in patients
with failed thrombolysis compared with patients with successful
thrombolysis (P<0.01; Table I'V). Univariate logistic regression
analysis demonstrated that the thrombus age was a risk factor
for thrombolysis success in patients who underwent peripheral
thrombolytic therapy (OR=0.94; 95% CI, 0.90-0.99; P<0.05).

Discussion
The major result of the present study was that thrombolytic

therapy with urokinase infusion into the local fistulous
vein was superior to peripheral venous infusion in terms of

thrombolytic and adverse effects. In addition, a relatively
higher blood pressure was associated with higher thrombolysis
success, while thrombus age was associated with thrombolysis
failure with local infusion of urokinase.

Thrombosis is a common complication of AVF and arte-
riovenous grafts. Compared with thrombosed grafts, AVF
thrombosis has a higher risk and requires treatment within
48 h; otherwise, thrombi may adhere to the vessel wall,
making it difficult to remove then (3,14). In the present study,
only thrombosed AVFs were included. Surgical thrombec-
tomy and endovascular interventions have been developed to
salvage thrombosed AVF accesses (3). It was reported that
the initial success rate of surgical thrombectomy was 84% for
thrombosed AVFs (15). Surgical thrombectomy was reported
to produce an immediate success rate of 93.8% in thrombosed
AVF and a success rate of 78% in thrombosed arteriovenous
grafts (16,17). Endovascular interventions involve pharma-
cological thrombolysis and mechanical thromboaspiration.
Previous studies have reported that endovascular intervention
has a success rate of >78% in thrombosed fistulas (15,18,19).
An advantage of endovascular intervention is that underlying
stenosis may be treated at the same time as the declotting
treatment. In the present study, pharmacological thrombolysis
with urokinase monotherapy achieved a success rate of >85%
in acutely thrombosed fistulas, which was comparable to the
success rates of surgical and percutaneous approaches. Of note,
the cost of urokinase monotherapy is lower compared with that
of surgical and percutaneous procedures. Therefore, urokinase
infusion-based thrombolytic therapy should be considered as
an alternative option for the salvage of acutely thrombosed
fistulas. A head-to-head study comparing the thrombolytic
effects of urokinase monotherapy and mechanical declotting
procedures should be performed in the future to provide
further evidence.

In terms of adverse events, only superficial hemorrhages
were observed in the present study during and following
urokinase infusion, which were minor and acceptable. It
remains elusive whether the increased epistaxis was associ-
ated with higher blood pressure. It was reported that 4%
(4/107) of patients who underwent surgical thrombectomy
suffered a post-operative infection and required a repeated
procedure and antibiotic therapy (20). Endovascular
interventions are associated with embolization (21-23), in
particular arterial emboli, which occur in >6% of patients
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Table I. Demographic and clinical characteristics of the patients.
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Parameter Local venous thrombolysis (n=49) Peripheral venous thrombolysis (n=57) P-value
Age (years) 46.4+7.3 47.0+9.1 0.74
Males 26 (53.1) 30 (52.6) 0.96
Dialysis period (months) 54.0+15.2 58.1£17.9 0.22
Fistula age (months) 45.1+£23.5 46.5+16.5 0.71
SBP (mmHg) 142.7+18.8 143.0+£20.3 0.94
DBP (mmHg) 84.1+17.3 81.7x16.1 0.46
Thrombus age (h) 25.6x12.6 27.3+13.6 0.52
Urokinase dose (x10* U) 31.4+16.6 342+14.8 0.36
Values are expressed as the mean =+ standard deviation or n (%). SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table II. Rates of successful thrombolysis.

Item Local venous thrombolysis (n=49) Peripheral venous thrombolysis (n=57) P-value
First thrombolytic therapy 22 (44.9) 17 (29.8) 0.11
Second thrombolytic therapy 10 (37.0) 11 (27.5) 043
Third thrombolytic therapy 10 (58.8) 11 (37.9) 0.23
Cumulative success after 32 (65.3) 28 (49.1) 0.09
second thrombolytic therapy

Cumulative success after 42 (85.7) 39 (68.4) 0.04
third thrombolytic therapy

Values are expressed as n (%).

Table III. Adverse effects in patients who underwent thrombolytic therapy.

Adverse event Local venous thrombolysis (n=49) Peripheral venous thrombolysis (n=57) P-value
Ecchymosis 2 4.1 8 (14.0) 0.07
Epistaxis 1(2.0) 6 (10.5) 0.08
Gingival bleeding 2(4.1) 11 (19.3) 0.02
Total events 5(10.2) 25(43.9) <0.01

Values are expressed as n (%).

receiving percutaneous declotting (24,25). To avoid severe
adverse effects, a methodical approach to patient selection
is important and patients with contraindications for each
procedure should be excluded (2,24). Taking the efficacy
and safety into account, the optimal available declotting
procedure should be selected for each given patient with a
thrombosed fistula.

The present study demonstrated that local infusion
of urokinase was superior to venous administration. The
advantage of the local infusion is that urokinase is able to
concentrate in the fistula vein and is in direct contact with
the thrombus, which may decrease systemic adverse effects
and improve the success rate of thrombolysis. A previous
study used a tourniquet to restrict urokinase within the

fistula (26). The disadvantage of the local infusion is that
urokinase is infused in a retrograde direction, in addition
to being downstream from the thrombus. Once the fistula
blood flow is partially restored, the urokinase infused
into the local vein is flushed away along the blood stream
without coming into immediate contact with the thrombus,
therefore leading to a decreased thrombolytic effect and
an increased risk of hemorrhage. Urokinase infused into
the peripheral vein reaches the thrombus via the systemic
circulation, while the advantage of this is that urokinase will
be transported to the thrombus by the arterial blood flow
in an antegrade direction. In general, intra-fistula infusion
of thrombolytic agents provides a pharmacological throm-
bolytic therapy that avoids the use of a catheter. An early
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Table I'V. Characteristics of patients with successful or failed thrombolytic therapy.

Local venous thrombolysis

Peripheral venous thrombolysis

Successful Failed Successful Failed
Parameter (n=42) (n=7) (n=39) (n=18)
Age (years) 45.5+8.7 46.7£9.2 47.6£9.5 45.7+8 4
Males 22 (52.4) 4(57.1) 20 (51.3) 10 (55.6)
Dialysis age (months) 55.2+17.4 57.7+18.2 60.5+£18.6 527154
Fistula age, months 44.6+25.2 45.7+x16 4 472+173 45.1x150
SBP (mmHg) 146.8+16.2 118.3+14.9* 142.5+20 4 143.9+20.6
DBP (mmHg) 87.0£16.9 66.9+6.8* 80.8+16.1 83.6+16.3
Thrombus age (h) 23.9+11.6 35.9+14.3° 24.3+11.8 33.7+154°

Values are expressed as the mean + standard deviation or n (%). “P<0.05, "P<0.01 vs. the successful group. SBP, systolic blood pressure; DBP,

diastolic blood pressure.

Table V. Factors contributing to successful local venous thrombolytic therapy.

A, Univariate logistic regression analysis

Parameter § SE P-value OR 95%Cl
SBP (mmHg) 0.10 0.03 <0.01 1.10 1.03-1.17
DBP (mmHg) 0.08 0.03 <0.05 1.08 1.02-1.14
Thrombus age (h) -0.09 0.04 <0.05 091 0.84-0.99
B, Multivariate logistic regression analysis

SBP (mmHg) 0.10 0.04 <0.05 1.11 1.02-1.21
DBP (mmHg) 0.09 0.05 0.06 1.10 1.00-1.21
Thrombus age (h) -0.05 0.05 0.39 0.95 0.86-1.06

SE, standard error; SBP, systolic blood pressure; DBP, diastolic blood pressure; OR, odds ratio; CI, confidence interval.

study attempted thrombolysis using a bolus of urokinase;
however, a subsequent angioplasty was performed to restore
the blood flow of thrombosed fistula (27). Furthermore, the
half-life of urokinase is 10-20 min in the plasma; therefore,
continuous IV administration is essential to warrant throm-
bolytic efficacy of urokinase. A previous study reported a
94% technical success rate of thrombolysis by using a small
dose of urokinase in combination with balloon angioplasty
in 15 patients (7).

In the present study, it was indicated that higher blood
pressure levels were associated with increased throm-
bolysis success rates in the local venous thrombolytic
therapy. This phenomenon, to the best of our knowledge,
has not been reported in previous studies. The underlying
mechanism remains elusive; however, it is clear that
hypotension and reduced blood flow increase the risk for
thrombosis (3,28,29). It was also indicated that thrombus
age was associated with a reduced thrombolysis success
rate. In other words, it was more difficult to resolve older

thrombi by thrombolytic therapy. Although thrombectomy
of a fistula that has been thrombosed for several days may
still be successful (10), the prognosis is better if treatment
is performed early (9).

Of note, the present study has certain limitations. The
size of the thrombi was not measured and the study did not
focus on underlying stenosis, while these two parameters may
constitute as confounding factors (20). Another limitation of
the study was the lack of long-term follow-up. The long-term
efficacy and safety of thrombolytic therapy with urokinase
require further evaluation.
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