Hemodialysis Arteriovenous Fistula
Dysfunction: Retrospective Comparison of
Post-thrombotic Percutaneous Endovascular
Interventions with Pre-emptive Angioplasty
Xinyan Hu,1,2,3,4 Bing Li,5 Junjie Mao,1 Xiaojun Hu,1,2,3,4 Jingjing Zhang,1 Hui Guo,1
Dashuai Wang,1 Yongyu Zhang,1 Jianan He,1 Ni Zhao,1,2,3,4 Huitao Zhang,1 and
Pengfei Pang,1,2,3,4 Zhuhai, P. R., China

Background: We aimed to compare the clinical outcomes of pre-emptive angioplasty versus
post-thrombotic percutaneous endovascular restoration of dysfunctional arteriovenous fistula
(AVF).
Methods: This retrospective study reviewed the data from 80 patients who underwent 114
endovascular interventions for a malfunctioning AVF from July 2016 to August 2019. Stenotic
AVFs were treated with pre-emptive angioplasty. Thrombosed AVFs were treated with percutaneous pharmacomechanical fibrinolysis with urokinase used only during the operation or continuously infused. The differences in patency rates were evaluated using the KaplaneMeier
method. In addition, univariate and multivariate regression Cox models were used to determine
influential factors on the postintervention primary patency.
Results: Post-thrombotic interventions and pre-emptive angioplasty yielded statistically similar
rates in clinical success (100 vs. 100%), anatomic success (94 vs. 89%; P ¼ 0.52), complication
(4 vs. 11%; P ¼ 0.29), as well as postintervention primary, assisted primary and secondary
patency (P ¼ 0.80; 0.57; 0.57). The use of pre-emptive angioplasty was associated with reduced
total cost (U25,108 vs. U30,833, P < 0.001). The patients who used urokinase only during the
operation prolonged both the primary and assisted primary patency (P ¼ 0.02; 0.002), while
those with continuous infusion of urokinase had worst patency rates and high costs (U39,275
vs. U25,108 vs. U27,140, P < 0.001). Compared with the other locations, dysfunction in the
anastomotic or juxta-anastomotic segment (HR ¼ 0.41, P ¼ 0.001) was associated with prolonged postintervention primary patency.
Conclusions: No clinical outcome differences were found between the post-thrombotic percutaneous endovascular interventions and pre-emptive angioplasty. However, pre-emptive angioplasty decreased access expenditure.
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INTRODUCTION

MATERIAL AND METHODS

Stenosis and thrombosis are the most common
adverse events associated with arteriovenous fistulas (AVF).1,2 Thrombosis is primarily (>85e90%
of cases) associated with progressive stenosis. Access
thrombosis is defined as the complete inability to
perform dialysis,1,3 and often presents as a final
adverse event in AVF dysfunction, leading to several
serious sequelae or failure of hemodialysis.4e6
Occurrence of AVF dysfunction necessitates a timely
and effective restoration of patency.
Percutaneous endovascular management of
dysfunctional dialysis access has been widely
used.4,7 For stenosis in the access circuit, percutaneous transluminal angioplasty (PTA) is regarded
as a first-line treatment.1 On the other hand,
removal of thrombus can be accomplished by
various percutaneous endovascular methods.
Compared to conventional intravenous thrombolysis, pharmacomechanical fibrinolysis can maximize
thrombolysis at the lesion sites with less bleeding
and systemic fibrinolytic effects.8e10
According to the latest guidelines of National
Kidney Foundation-K/DOQI, patients with persistent clinical symptoms associated with arteriovenous access stenosis should undergo pre-emptive
angioplasty as it has been shown to reduce the
risk of thrombosis and loss of hemodialysis
access.1 However, some trials have reported divergent data.3,11e14 Some trials showed that preemptive angioplasty could decrease the incidence
of thrombosis, data on the effect on the longevity
and functionality of arteriovenous access and
expenditure remains limited.15 In addition, systematic reviews and meta-analyses showed that
the existing evidence on pre-emptive stenosis
correction is insufficient to guide clinical practice
and inform health policies.16,17 Besides, considerable patients did not undergo pre-emptive interventions of stenosis timely because of various
reasons such as economic pressure, postponement
of clinical monitoring or lack of regular reexamination.
Whether pre-emptive angioplasty has significant
benefits in treating multifunctional AVF over
post-thrombotic percutaneous endovascular interventions remains undefined. Therefore, this retrospective study compared the clinical outcomes and
access expenditure between the two procedures
that would help guide treatment selection and
explore potential factors that would predict postintervention primary patency.

Patients
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The retrospective study protocol and written
informed consent of patients were approved or
waived by the institutional review board at the hospital. Files of patients who underwent percutaneous
endovascular interventions for a malfunctioning
AVF were found and reviewed. Patients with consistently persistent clinical indicators and underlying
access stenosis underwent pre-emptive angioplasty.
Others with thromboses had post-thrombotic interventions. Seven interventions were excluded
because the patient was lost to follow-up or the registry data were incomplete. In total, 114 endovascular interventions for the malfunctioning AVF were
performed in 80 fistulas from July 2016 to August
2019; 51 pre-emptive angioplasties for stenosed fistulas and 63 post-thrombotic percutaneous endovascular interventions for AVF thrombus were
performed. The clinical data collected from the hospital information system included age, sex, type,
side of fistula, and cause of the End-stage renal disease (ESRD). In addition, detailed information on
the percutaneous endovascular interventions such
as the location of lesions, patency time, complications, duration of hospitalization, and total cost
were recorded.
Pre-treatment Evaluation
After admission to the hospital, all patients had a physical examination of the fistula and then evaluation
with Doppler ultrasonography. According to the
2019 KDOQI guideline,1 presence of stenosis of
more than 50% in diameter, accompanied by hemodynamic or clinical dialysis circuit abnormalities,
required treatment with endovascular techniques
for stenosis.4 Therefore, hospitalization was necessary.
Following the criteria of the American College of Radiology and the Society of Interventional Radiology,18
all the patients were assessed for contraindications to
the use of percutaneous endovascular interventions.
In this study, patients met inclusion criteria for percutaneous endovascular treatment but not open surgery, so percutaneous endovascular interventions
were performed. For all patients, it was the first time
that they had undergone this kind of treatment.
Treatment Description
Prior to the endovascular treatment, diagnostic digital subtraction angiography (DSA) was performed
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Fig. 1. DSA of the stenosed fistula treated with pre-emptive angioplasty. (A) Pretreatment AVF was stenosed. (B) PTA was
performed to dilate the stenosed access. (C) DSA of post-treatment AVF showed the fistula without residual stenosis.

with the outer 5e6 French introducer sheath
(COOK, Bloomington, IN, USA). A 0.035-inch hydrophilic guidewire (Terumo, Tokyo, Japan) was
inserted into the dysfunctional hemodialysis access
site. Up to 2,000 IU heparin was administered intravenously at the discretion of the radiologist.
For the patients with stenosis treated with preemptive PTAs, the balloon was introduced over a
0.035-inch guidewire. Each of the high-pressure
balloons (diameter, 2e6 mm) (Mustang, Boston Scientific, MA, USA) was then inflated and maintained
for 30e60 seconds until the elimination of the stenosis (Fig. 1).
Patients with thrombosed AVFs were treated
with percutaneous pharmacomechanical fibrinolysis, a minimally invasive method that uses thrombolytic drugs and a PTA high-pressure balloon
(Mustang, Boston Scientific, MA, USA). All interventional procedures and management were carried

out in accordance with the 2019 KDOQI guideline.1
Patients undergoing urokinase continuous infusion
received a similar interventional procedure to those
with continuous urokinase infusion. With the insertion of a 5e6 French vascular sheath, a 0.018-inch
V18 control wire (Boston Scientific, MA, USA) was
navigated through the stenosed segments. After
insertion of a microcatheter into the clot of the segments, 100,000e200,000U of urokinase (NDPharm,
Jiangsu, China) was injected, within an hour, using
a micro-medicine infusion pump. Thereafter, PTA
was performed as previously described after declotting part or most of the thrombus. Then vessel diameter was measured using angiography. If the
thrombus was completely dissolved by urokinase,
the vascular sheaths were removed, and then hemostasis performed by manual compression
(Fig. 2). Otherwise, 100,000U of urokinase was
continuously infused through the vascular sheath
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Fig. 2. Pharmacomechanical fibrinolysis with urokinase used only during the operation. (A) DSA of pretreatment AVF.
(B) Residual thrombus (arrow) after PTA. (C) DSA of post-treatment AVF with urokinase used only during the operation.

every 4, 6 or 8 hr, which means patients underwent
pharmacomechanical fibrinolysis with continuous
infusion of urokinase. The remnant thrombus was
followed by angiography, and the decision to
continue the infusion depended on the condition
of the patient (Fig. 3). As the 2019 KDOQI guideline
recommended,1 physical examination of the
vascular access, including inspection, palpation,
and auscultation, was taken as a regular check
before hemodialysis. In addition, post-treatment ultrasound monitoring by ultrasound was ordered on
every patient once each month after percutaneous
endovascular interventions.

Definitions and Variables
Clinical success was defined as the recovery of
normal hemodialysis for a minimum of at least 1 session following percutaneous intervention with the
existence of a continuous palpable thrill (no pulse).
For stenoses without thrombosis, anatomic success
was defined as <30% residual stenosis. For thrombosed accesses, anatomic success was defined as

restoration of flow combined with a<30% residual
diameter stenosis.4
Post-intervention primary patency was defined as
the time between uninterrupted patency after index
intervention and next intervention. Postintervention
assisted primary patency is described as the interval of
the index intervention to percutaneous thrombolysis/thrombectomy or a simple surgical thrombectomy
of the access circuit. In addition, postintervention secondary patency referred to the patency after an endovascular intervention until the dialysis circuit was
surgically declotted, revised, abandoned due to
inability to cure the original lesion, renal transplant,
or lost to follow-up.4
Major complications included requirement for
admission to hospital therapy, unplanned need for
care, permanent adverse sequelae, or death. Minor
complications included those with no long-term
sequelae that might need a short hospital stay for
observation or nominal therapy.4 The total cost
was calculated based on the devices, drugs, labor,
and other hospitalization-associated expenses. The
information was retrieved in the hospital information system.
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Fig. 3. Pharmacomechanical fibrinolysis with continuously infused urokinase. (A) DSA of pretreatment AVF.
(B) DSA of fistula after pharmacomechanical fibrinolysis
and PTA showed residual intraluminal thrombus

(arrows). (C) The final DSA demonstrated patency of
the fistula without residual thrombus after 24 hr of
continuously infused 100,000U urokinase every 8 hr.

Statistical Analysis

considered statistically significant. All the analyses
were performed using SPSS 25.0 or GraphPad prism
8.0.

ShapiroeWilk test was performed to determine the
distribution of continuous variables. On the other
hand, quantitative data were presented as
means ± standard deviations or median (range),
while categorical variables were presented as the
number of cases or percentages. The Student’s
t-test or the ManneWhitney U-test was used to
compare group means. Categorical variables were
evaluated by the Chi-squared test or Fisher’s exact
test. Postintervention primary, assisted primary,
and secondary patency were estimated using the
KaplaneMeier method and the log-rank test.
Patency rates, which referred to the number of patients with patent access over the total number of
patients for various timepoints between the groups,
were compared using the Chi-squared or Fisher’s
exact test. Cox multivariate regression models
were established using the Enter mode, which
included candidate variables identified in the univariate Cox model with P < 0.20. In addition, the
Hazard Ratio (HR) and 95% confidence interval of
each variable were also computed. A P < 0.05 was

RESULTS
A total of 80 patient files (40 women, 40 men) were
evaluated and reviewed. The data showed that the
mean age of the ESRD patients was 56 ± 14 years.
The median time from the generation of the fistula
to first intervention was 11.5 months (range:
1e146 months), while the median follow-up time
of the patients was 6 months (ranged from 1 to
41 months). There were 70 (88%) end-to-side fistulas, while the remaining 10 (12%) were end-toend fistulas in the upper limbs. In 77 patients
(96%), autogenous fistulas were placed in the forearm (radiocephalic) while the remaining 3 autogenous fistulas (4%) were in the upper arm. Further
analysis showed that a left-sided fistula was predominant (48 of 80, 60%). In addition, glomerulonephritis (47 of 80, 59%) was shown to be a major
cause of ESRD (Table I).
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Table I. Demographic characteristics of patients
Patient characteristics

Sex
Man
Woman
Age (years)a
Anastomosis techniques
End-to-side
End-to-end
Type of fistula
Radiocephalic
Brachiocephalic
Brachial arteryemedian vein
Side of the fistula
Left
Right
Cause of ESRD
Diabetic kidney disease
Glomerulonephritis
Hypertensive nephropathy
Obstructive nephropathy
Others

Number of patients (n ¼ 80)

Percent (%)

40
40
56 ± 14

50
50

70
10

88
12

77
2
1

96
3
1

48
32

60
40

15
47
6
4
8

19
59
8
4
10

ESRD, end-stage renal disease.
a
Age was presented as mean ± standard deviation. Other data were presented as counts (percentage).

The 114 percutaneous endovascular interventions included 51 pre-emptive angioplasties for fistula stenosis and 63 post-thrombotic percutaneous
endovascular interventions for thrombus. Among
the 63 procedures, 35 used urokinase only during
the operation, while the other 28 had consecutively
infused urokinase. Within 48 hr of the diagnosis, 34
endovascular interventions for the thrombosed
fistulae (34 of 63, 54%) were performed.
Angiography assessments revealed a total of 185
lesions of hemodialysis access. Draining the fistula
vein was the most common location of lesions in
both groups (84%, 87%). A comparison of the stenosed and thrombosed fistulas showed no significant differences in clinical success (100 vs. 100%)
and anatomic success rates (94 vs. 89%; P ¼ 0.52).
Similarly, there was no significant difference in total
complication rates between the two groups (4 vs.
11%; P ¼ 0.29). In general, there were 9 episodes
of complications, which included 8 minor complications and 1 major complication. Minor bleeding
complications did not require specific treatment.
The patient who underwent arteriovenous access
infection received antibiotic therapy, and then the
infection resolved within a week. Besides, there
was no statistical difference in the duration of hospitalization between the stenosed fistula group
(7 days, 2e26 days) and the thrombosed fistulas
(8 days, 2e49 days; P ¼ 0.37). The median cost

was U25,108 (ranging from U12,228 to U88,053)
and U30,833 (ranging from U17,613 to U104,433)
for the stenosed and thrombosed groups, respectively (P < 0.001) (Table II).
In addition, the KaplaneMeier analysis showed
that there was no statistical difference in postintervention primary patency between the two groups
(P ¼ 0.80) (Fig. 4A). Similarly, there were no differences in the postintervention assisted primary
(P ¼ 0.57) (Fig. 4B) and secondary patency
(P ¼ 0.57) (Fig. 4C). Although the secondary postinterventional rate was significantly meaningless,
we found that none of patients who underwent interventions for stenosis developed fistula thrombosis until 2 months after interventions and
1 month for groups with thrombosis. Similarly,
patency rates between two groups at various timepoints (3rd, 6th, 9th, 12th, and 24th months) had
no statistically meaningful differences (Table III).
The use of landmark tests verified the data when
the KaplaneMeier survival curves were crossing.
Thus, there were similar patency rates between
the post-thrombotic endovascular interventions
and the pre-emptive angioplasty for stenosed
fistulas.
The use of urokinase was selected based on the
remnant thrombus and the patient’s clinical condition. Therefore, the patients with thrombosed fistulas were classified into two groups. This
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Table II. Results of percutaneous endovascular procedures
The stenosed Group (n ¼ 51)
Characteristics

Location of lesions
Anastomotic segment
Feeding artery
Draining fistula vein
Success
Anatomic success
Clinical success
The duration of
hospitalization (days)
Cost (U)a
Complications
Total
Arteriovenous access infection
Puncture site bleeding

Number

33
5
43
48
51
7 (2, 26)

The thrombosed Group (n ¼ 63)
Percent (%)

65
10
84
94
100

25,108 (12,228, 88,053)
2
0
2

Number

45
4
55
56
63
8 (2, 49)

Percent (%)

71
6
87
89
100

30,833 (17,613, 104,433)
4
0
4

7
1
6

11
2
9

a

Cost and the total number of days of hospitalization was presented as median (range). Other data were presented as counts
(percentage).

research further investigated the differences of fistula patency against the different procedures:
pre-emptive angioplasty, pharmacomechanical
fibrinolysis with urokinase used only during the
operation or continuous infusion. The data showed
that the mean postintervention primary patency
time was 33 months or 7 months for pharmacomechanical fibrinolysis with urokinase used only during the operation or continuously infused,
respectively. The KaplaneMeier curves for the estimated postintervention primary, assisted primary
and secondary patency after the interventions are
shown in Figure 5AeC. There were significant differences in the postintervention primary and assisted primary patency rates at all the time points
(P ¼ 0.02, 0.002, respectively). On the contrary,
there was no significant difference in postintervention secondary patency at all the time points
(P ¼ 0.68), which was probably associated with
short-term follow-up. The median time from diagnosis of thrombosis to intervention in the patients
with urokinase used only during the operation
was 2.0 days (0.5e28 days), while those with
continuous infusion of the urokinase had a similar
median time of 2.0 days (0.5e7 days) (P ¼ 0.93).
Moreover, the median amount of urokinase used
during operation and balloon size in both groups
of the patients with thrombosed AVFs was
100,000U and 5 mm, respectively (P ¼ 0.37,
0.94). On the other hand, there were more
occluded accesses (P ¼ 0.045) in the groups with
continuous urokinase infusion (22 of 28, 79%)

compared to the patients with urokinase used
only during the operation (19 of 35, 54%).
Compared with the pre-emptive angioplasty group
(7 days, ranging from 2 to 26 days) and the group
of patients with urokinase used only during the
operation (6 days, ranging from 2 to 27 days),
the median number of days of hospitalization for
patients with continuous infusion of urokinase
(9 days, ranging from 3 to 49 days) showed no statistical differences (P ¼ 0.06). The median cost in
the groups with continuous infusion of urokinase
was significantly higher (U39,275, ranging from
U17,613 to U104,439) compared with the preemptive angioplasty group (U25,108, ranging
from U12,228 to U88,053) or the groups with urokinase used only during the interventions
(U27,140, ranging from U17,994 to U88,452)
(P < 0.001).
The data demonstrated that the patency rates
were not only influenced by the time and type of
intervention but also the demographic and clinical
factors of the patients and fistulas. Therefore, univariate and multivariate regression Cox models
were established to explore potential predictive factors for the postintervention primary patency. The
univariate analysis yielded 7 candidate factors
(P < 0.20) that might indicate an increased probability for a longer patency. Furthermore, the multivariate analysis showed that dysfunctions not located
in the anastomotic or juxta-anastomotic segment
(HR ¼ 0.44, P ¼ 0.01) were risk factors for decreased
patency rate of the fistulas (Table IV).
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Fig. 4. KaplaneMeier curves comparing postintervention patency of the stenosed (n ¼ 51) and thrombosed
(n ¼ 63) groups. (A) Postintervention primary patency.
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(P ¼ 0.80) (B) Postintervention assisted primary patency
(P ¼ 0.57) (C) Postintervention secondary patency
(P ¼ 0.57).

Table III. Postintervention primary patency rates of the stenosed (n ¼ 51) and thrombosed (n ¼ 63)
groups of arteriovenous fistulas
Primary patency rates (months)

The stenosed group (n ¼ 51)

The thrombosed Group (n ¼ 63)

P valuea

3rd
6th
9th
12th
24th
36th

96%
69%
47%
35%
8%
2%

87%
54%
35%
29%
8%
3%

0.37
0.17
0.27
0.58
0.95
>0.99

(49/51)
(35/51)
(24/51)
(18/51)
(4/51)
(1/51)

(55/63)
(34/63)
(22/63)
(18/63)
(5/63)
(2/63)

a

P values were derived from comparisons between the stenosis and thrombosis groups and were computed with the chi-square or
Fisher’s exact tests.

DISCUSSION
There were no established standards or rules
defining optimal timing of the interventions for
dysfunctional fistulas.19e25 Whereas the studies
demonstrated that pre-emptive angioplasty had a
positive effect on reducing the risk of thrombosis,
the effects on longevity and functionality of the
arteriovenous access remain controversial.1,16,26,27
This study showed that pre-emptive angioplasty
and post-thrombotic interventions had similar effects on patency. Consistent with previous studies,

the group that underwent standardized interventions for stenosis did not report the recurrence of
thrombosis in a short time span, which confirmed
that thrombosis was prevented to some extent.
Notably, pre-emptive angioplasty was associated
with a significant reduction of access expenditure.
In the thrombosis cohort, there were 28 interventions that required prolonged urokinase infusion.
This partly explains the added and higher cost for
the procedure compared to the angioplasty alone
procedure. Therefore, post-thrombotic interventions were feasible for those who were unable to
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Fig. 5. KaplaneMeier curves comparing postintervention patency of pre-emptive angioplasty (n ¼ 51), pharmacomechanical fibrinolysis with urokinase used only
during the operation (n ¼ 35) and pharmacomechanical
fibrinolysis with urokinase continuously infused (n ¼ 28)

groups (A) Postintervention primary patency (P ¼ 0.02)
(B)
Postintervention
assisted
primary
patency
(P ¼ 0.002) (C) Postintervention secondary patency
(P ¼ 0.68).

timely undergo interventions of dysfunctional fistulas, with a cost implication. We also recommend
the timely therapy and regular surveillance to prevent thrombosis.
It has been shown that underlying anatomic stenoses result in more than 90% of access thromboses
and dysfunction. Besides, a physiologic process such
as a hypercoagulable state can cause low patency.4
The present demonstrated that patients responded
to different usage of urokinase had opposing clinical
outcomes. The patients who underwent pharmacomechanical thrombolysis with urokinase injected
only during the procedure had greater postintervention primary and assisted primary patency. On the
contrary, the patency rates of the patients with urokinase continuously infused were worse, and the total cost was significantly higher compared to the
pre-emptive angioplasty. Each of the patient’s clinical contexts determined the choice of intervention,
and there were more access occlusions in the groups
that underwent continuous infusion of urokinase.
Therefore, it was probably that the patients with
urokinase continuously infused had more severe
symptoms.
Although, it is suggested that taking early interventions, ideally within 2 days, in patients with

thrombosed AVFs yields the best results.3,28,29 In
the present study, there was no difference between
the median time from diagnosis of thrombosis to
intervention between the two groups of thrombosed
patients with different usage of urokinase. Since the
time of diagnosis of thrombosis could not represent
the time of onset, more patients with continuously
infused urokinase were probably late for diagnosis
of AVF thrombosis, which led to more occurrences
of occlusion and lower patency. With the progression of thrombosis, an enlarged thrombus becomes
organized and more adherent to the endothelium.
Therefore, urokinase used during the procedure
could not immediately restore access patency, and
thus, continuous infusion of urokinase was necessary. Thus, it is easy to hypothesize that urokinase
could not only dissolve the existent thrombus, but
also help to degrade fibrin clots that would eventually be turned into the mural thrombus. This might,
in part, explain why the postintervention primary
and assistant primary patency of patients with urokinase used only during the operation was better
than the pre-emptive group. In short, postthrombotic interventions in an early and optimal
timing would probably result in better clinical outcomes and might save access expenditure.
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Table IV. Effects of patient and fistula factors on postintervention primary patency
Postintervention
primary
patency rate (%)
Variables

Sex
Man (n ¼ 55)
Woman (n ¼ 59)
Age
60 (n ¼ 47)
60 (n ¼ 67)
Cause of ESRD
Diabetic
nephropathy (n ¼ 25)
CGN (n ¼ 50)
Hypertensive
nephropathy (n ¼ 23)
Obstructive
nephropathy (n ¼ 3)
Others (n ¼ 13)
Hypertension
Present (n ¼ 93)
Absent (n ¼ 21)
Diabetes mellitus
Present (n ¼ 42)
Absent (n ¼ 72)
Type of fistula
Forearm (n ¼ 103)
Upper arm (n ¼ 11)
Side of the fistula
Left (n ¼ 77)
Right (n ¼ 37)
Anastomosis techniques
End-to-end (n ¼ 16)
End-to-side (n ¼ 98)
Located in anastomotic
orjuxta-anastomotic
segment
Yes (n ¼ 78)
No (n ¼ 36)
Located in feeding artery
Yes (n ¼ 11)
No (n ¼ 103)
Located in draining
fistula vein
Yes (n ¼ 98)
No (n ¼ 16)
Dialysis
3 times a week (n ¼ 43)
3 times a week (n ¼ 71)
Surgical approaches
Brachial artery (n ¼ 47)
Cephalic vein (n ¼ 51)
Other approaches (n ¼ 16)
ESRD, end-stage renal disease.
*P value < 0.05.

1 year

2 years

35%
29%

7%
10%

29%
33%

7%
7%

40%

8%

28%
35%

6%
13%

0%

0%

23%

0%

29%
42%

5%
16%

40%
27%

7%
7%

31%
36%

5%
36%

29%
33%

8%
7%

69%
26%

38%
2%

Log-rank
P value

Univariate
analysis

Multivariate analysis

HR

P Value

0.15

0.16

0.96

0.96

0.68

0.70

0.28

0.30

0.10

0.63

0.40

0.41

0.86

0.87

0.03*

8%
6%

36%
31%

27%
5%

29%
47%

4%
2%

41%
25%

10%
5%

43%
14%
50%

0%
0%
50%

0.15e0.94

0.04*

0.23e0.67

0.001*

HR

95% Cl

P Value

0.45

0.10

0.37
1.00
0.001*

39%
14%

95% Cl

0.39
1.00

0.25e0.79

0.01*

0.44
1.00

0.14

0.16

0.44

0.18

0.19

0.69

0.13

0.15

0.68

0.06

0.08

0.66
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Previous studies revealed that AVFs typically
develop stenoses in the juxta-anastomotic
region.1,30,31 Stenosis in the anastomotic or juxtaanastomotic segments usually presents as immediate or early thrombosis of the access,3 which is
more likely to receive timely intervention. Therefore, our study confirmed it to be a potential factor
in the prediction of postintervention primary
patency.
This study was, however, limited by the fact that
it was conducted retrospectively with a relatively
small sample size, especially in some groups of the
univariate cox proportional hazard regression analyses. It was known that direct costs of all interventions were preferable to hospitalization charges for
analysis of access expenses,26 our research used hospitalization charges to estimate direct cost as it is
difficult to perform. The total cost and the duration
of hospitalization gave some indications of direct
costs involved in the treatment of complications
and failures. Since our data was generated from a
single institution, there could be a possibility of selection bias. Thus, the conclusions and hypothesis
need more work to validate further. There is the
need for a further investigation aimed at understanding the underlying pathophysiology and the
reasons for higher patency rates.

CONCLUSIONS
Post-thrombotic and pre-emptive restoration of
dysfunctional arteriovenous fistula led to statistically similar clinical outcomes. However,
pre-emptive angioplasty decreased access expenditure. Besides, dysfunction in the anastomotic or
juxta-anastomotic segment was a potential predictor for longer postintervention primary patency.
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