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Abstract

Paclitaxel-assisted balloon angioplasty of venous stenosis in
haemodialysis access: PAVE RCT

Narayan Karunanithy ,1† Emily J Robinson ,2† Francis Calder ,1

Anthony Dorling ,1,2 Janet L Peacock ,2,3 Yanzhong Wang ,2

Leanne M Gardner 2 and Michael G Robson 1,2*

1Department of Nephrology and Transplantation, Guy’s and St Thomas’ NHS Foundation Trust,
London, UK

2Faculty of Life Sciences and Medicine, King’s College London, London, UK
3Department of Epidemiology, Dartmouth College, Hanover, NH, USA

*Corresponding author Michael.robson@kcl.ac.uk
†Joint first authors

Background: Reliable vascular access is essential for patients receiving haemodialysis. An arteriovenous
fistula is the preferred option; however, these are prone to developing stenotic segments. These lesions
are treated with angioplasty, but there is a high rate of recurrence. When the PAVE (Paclitaxel-assisted
balloon Angioplasty of Venous stenosis in haEmodialysis access) trial was conceived, a number of small
studies suggested that restenosis may be reduced by paclitaxel-coated balloons.

Objective: To test the efficacy of paclitaxel-coated balloons in arteriovenous fistulas.

Design: A randomised controlled trial.

Setting: Twenty UK centres.

Participants: Patients (aged ≥ 18 years) referred with a clinical indication for angioplasty of an
arteriovenous fistula (212 patients in total, 106 per group).

Interventions: High-pressure plain balloon fistuloplasty was performed in all patients. In the
intervention arm, the second component was insertion of a paclitaxel-coated balloon. In the control
arm, an identical procedure was followed, but using a standard balloon.

Main outcome measures: The primary end point was time (days) to loss of target lesion primary patency.
Secondary patency end points were time to loss of access circuit primary patency and time to loss of
access circuit cumulative patency. Other secondary end points included angiographically determined
late lumen loss, rate of binary angiographic restenosis, procedural success, number of thrombosis events,
fistula interventions, adverse events during follow-up and patient quality of life.

Results: Primary analysis showed no evidence for a difference in time to end of target lesion primary
patency between groups (hazard ratio 1.18, 95% confidence interval 0.78 to 1.79; p = 0.440). An
adjusted secondary analysis with prespecified clinical covariates gave similar results (hazard ratio 1.11,
95% confidence interval 0.69 to 1.78; p = 0.664). Prespecified secondary outcomes included the time
to intervention anywhere in the access circuit or the time until the fistula was abandoned. There were
no differences in these patency-related secondary outcomes or in any other secondary outcomes, such
as adverse events.
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Limitations: The PAVE trial was not a fully blinded trial. It was impossible to ensure that treating
radiologists were blinded to treatment allocation because of the appearance of the paclitaxel-coated
balloon. The extent to which our findings can be generalised to patients with multiple lesions could be
questioned, given the proportion randomised. However, if paclitaxel-coated balloons had been effective
at a single lesion segment, then there is no plausible reason why they could not be effective in patients
with multiple lesions.

Conclusions: There were no differences in primary or secondary outcomes. Following a plain balloon
angioplasty, additional treatment with a paclitaxel-coated balloon does not provide benefit.

Future work: The reasons for differences between the results of the PAVE trial and of other studies
deserve further analysis and consideration. Other interventions to prevent restenosis following a
fistuloplasty are needed.

Trial registration: Current Controlled Trials ISRCTN14284759.

Funding: This project was funded by the Efficacy and Mechanism Evaluation programme, a Medical
Research Council and National Institute for Health Research (NIHR) partnership. This will be published
in full in Efficacy and Mechanism Evaluation; Vol. 8, No. 13. See the NIHR Journals Library website for
further project information.
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Plain English summary

Background

Reliable access to the blood circulation is essential for patients receiving haemodialysis. Surgical connection
of an artery and vein in the arm (i.e. an arteriovenous fistula) is the preferred option, but the veins in
these fistulas are prone to developing narrowed segments that affect their function. These narrowings
are treated with a balloon inserted into the vein under X-ray guidance. However, the narrow segments
often recur after this treatment. Paclitaxel is a drug used to treat cancer. Balloons coated with paclitaxel
have been developed to allow deposition of the drug in the blood vessel at the time of treatment
without significant absorption of the drug into other parts of the body. The PAVE (Paclitaxel-assisted
balloon Angioplasty of Venous stenosis in haEmodialysis access) trial was conceived after a number of
small studies suggested that recurrence of the narrowing may be reduced by these paclitaxel-coated
balloons. We designed an investigator-led multicentre randomised controlled trial with a variable
follow-up time, but with a minimum of 1 year, to assess the efficacy of paclitaxel-coated angioplasty
balloons in prolonging the survival time of target lesion primary patency in arteriovenous fistulas.

Methods

We included 212 patients with an arteriovenous fistula that was not working properly and who were
referred for a balloon treatment. We included patients with a single narrowed segment only; patients
with complicating features, such as the presence of synthetic tubes that join the blood vessels or a
narrowing in the larger veins towards the heart, were not included. Patients had the balloon treatment
that they would have had even if they were not in the trial. After this, if they had a successful treatment
and remained eligible, they were randomised. A web-based system was used to randomly allocate them
to additional treatment with a paclitaxel-coated or a standard balloon. Patients were then followed up to
see if there was a difference between the two groups to assess the effect of the paclitaxel-coated balloon.

Results

The main measure of success for the trial was the time taken until there was a need to re-treat the
same narrow segment with another balloon or operation. If the fistula was abandoned or became
blocked because of recurrence at the same segment, then this also meant that the treatment had
failed. At the end of the study, there was no evidence of a difference between the groups for this
main outcome measure. In addition, we looked at a number of other measures, including the time
until treatment was needed in the fistula, even if this was in a different place from the initial
treatment, and the time until the fistula was abandoned for any reason. Again, no evidence of any
differences was seen. There was also no evidence of differences in adverse events.

Conclusion

There was no evidence of differences in any of the outcomes. The treatment of arteriovenous fistulas,
used for haemodialysis, with paclitaxel-coated balloons does not provide a benefit.
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Scientific summary

Background

Reliable vascular access is essential for patients receiving haemodialysis. An arteriovenous fistula (AVF)
is the preferred option; however, these are prone to developing stenotic segments. These lesions are
treated with angioplasty, but there is a high rate of recurrence. When the PAVE (Paclitaxel-assisted
balloon Angioplasty of Venous stenosis in haEmodialysis access) trial was conceived, a number of small
studies suggested that restenosis may be reduced by paclitaxel-coated balloons.

Methods

The PAVE trial is multicentre randomised controlled trial and included 212 patients with a dysfunctional
AVF undergoing an angioplasty. Twenty UK centres participated in the trial. Exclusion criteria included the
presence of one or more lesions outside the treatment segment, a central stenosis, thrombosis at the time
of intervention, the presence of a stent or synthetic material in the access circuit and the presence of a
significant residual stenosis after a plain balloon angioplasty. Following treatment with a high-pressure
plain balloon, inclusion and exclusion criteria were again assessed by the radiologist. If patients remained
eligible, then they were randomised to treatment with a paclitaxel-coated or standard balloon. Radiologists
were aware of the treatment allocation because of the appearance of the paclitaxel-coated balloon.
However, the patients, clinical staff and research team were not aware.

The primary end point was time to loss of target lesion primary patency (TLPP). This occurred when
there was a radiological or surgical intervention for a clinical reason that included the index segment,
or if the fistula was thrombosed or abandoned because of restenosis at the index segment. Referral
for radiology or surgery would be made by a member of the clinical team who was blinded to treatment
allocation. Secondary outcomes included time to loss of access circuit primary patency and time to loss of
access circuit cumulative patency. Access circuit primary patency ended when there was access circuit
thrombosis, an intervention (either radiological or surgical) anywhere in the access circuit, or the access
circuit is abandoned because of an inability to treat any lesion. Access circuit cumulative patency ends
when the AVF was abandoned, regardless of radiological or surgical intervention, with or without a
thrombosis event. At 6 months, patients were invited for a protocol fistulogram. Prespecified secondary
end points were angiographically determined late lumen loss (mm) and binary angiographic restenosis
based on this fistulogram. Other secondary end points were procedural success, the number of thrombosis
events, fistula interventions, adverse events during follow-up and patient quality-of-life assessments.

Primary end-point data were analysed using Cox proportional hazards regression adjusted for two
binary minimisation factors (previous radiological intervention and patient on haemodialysis at study
entry). Time-to-event secondary outcomes were analysed in the same way. A secondary analysis of
the primary outcome assessed the impact of prespecified baseline covariates. The minimum follow-up
was 1 year.

Results

Primary analysis showed no evidence for a difference in time to end of TLPP between groups [hazard
ratio (HR) 1.18, 95% confidence interval (CI) 0.78 to 1.79; p = 0.440]. An adjusted secondary analysis
with prespecified clinical covariates gave similar results (HR 1.11, 95% CI 0.69 to 1.78; p = 0.664).
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Prespecified secondary outcomes included the time to intervention anywhere in the access circuit
or the time until the fistula was abandoned. There was no evidence of differences in these patency-
related secondary outcomes or in any other secondary outcomes, such as adverse events.

Conclusion

There was no evidence of differences in primary or secondary outcomes. Following a plain balloon
angioplasty, additional treatment with a paclitaxel-coated balloon does not provide benefit.

Trial registration

This trial is registered as ISRCTN14284759.

Funding

This project was funded by the Efficacy and Mechanism Evaluation programme, a Medical Research
Council and National Institute for Health Research (NIHR) partnership. This will be published in full
in Efficacy and Mechanism Evaluation; Vol. 8, No. 13. See the NIHR Journals Library website for further
project information.
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Chapter 1 Introduction

The 2018 UK Renal Registry report1 found that 38.8% of prevalent patients with end-stage kidney
disease in the UK are on haemodialysis. This equates to 490 patients per million population in the

UK. Of those patients receiving dialysis treatment, 87.7% received haemodialysis and 13.3% received
peritoneal dialysis.1

To perform haemodialysis, reliable vascular access is essential. However, problems with vascular access
are an important cause of morbidity and mortality in haemodialysis patients. In the USA, it has been
estimated that > US$1B per year is spent on vascular access and its complications.2 In the UK, a
national survey found that haemodialysis patients account for 320,000 bed-days per year, with 30% of
admissions relating to vascular access.3

It is widely accepted that an arteriovenous fistula (AVF) is the optimal form of vascular access, as it is
considered to have better patency and is associated with lower infection rates than arteriovenous
grafts and central venous catheters.4 The initial therapy for a stenosis in an AVF is balloon angioplasty.5

However, the benefit may be short-lived. Post-intervention primary patency rates are around 60–70%
at 6 months and 40–50% at 1 year.6–12 The high rate of restenosis has resulted in the search for other
therapies that could reduce this rate.

There has been recent interest in the use of paclitaxel-coated balloons to improve patency rates in
dysfunctional AVFs. The role of paclitaxel-coated balloons has been established in the coronary and
peripheral arterial circulations.13,14 The first small study exploring their efficacy for vascular access
included both AVFs and arteriovenous grafts (AVGs).15,16 Since then, a number of small studies have
included AVFs only, and have excluded patients with arteriovenous grafts (AVGs), intravascular stents
or a central stenosis.17–21 These studies gave conflicting results, and a small study in those with a
central venous stenosis suggested benefit.22 Four larger studies, each with over 100 subjects, have
been published.23–26 These had the limitation that subjects with AVGs23–25 or intravascular stents,26 in
addition to those with AVFs, were included and they had a radiological end point. Furthermore, one of
these was a single centre study,24 two excluded patients post randomisation25,26 and two allowed more than
one stenosis per patient to be included.25,26 They gave conflicting results, with two studies suggesting a
positive outcome24,26 and the other two suggesting no benefit.23,25 Before completion of the PAVE trial, the
highest-quality evidence came from two large industry-sponsored randomised controlled trials (RCTs).27,28

The first trial enrolled 285 patients with AVFs from 23 centres.27 It was published while the PAVE (Paclitaxel-
assisted balloon Angioplasty of Venous stenosis in haEmodialysis access) trial was recruiting.There was
no evidence that paclitaxel-coated balloon-assisted angioplasty was more effective than conventional
angioplasty at the primary end point (i.e. patency survival at 180 days). However, there was the suggestion
of an effect and uncertainty remained. A second industry-sponsored study28 enrolled 330 patients from
29 sites. It was published recently, in August 2020, and showed that the primary end point of target lesion
primary patency (TLPP) at 6 months was significantly greater in those treated with paclitaxel-coated balloons
than in those treated with a standard balloon (82.2% vs. 59.5%).

The PAVE trial is, to the best of our knowledge, the first investigator-led, large-scale RCT designed to
test the efficacy of paclitaxel-coated balloons in AVFs.
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Chapter 2 Methods

The initial protocol has been published.29 © 2016 Karunanithy et al. Open Access This article is
distributed under the terms of the Creative Commons Attribution 4.0 International License

(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made
available in this article, unless otherwise stated. The main trial outcomes have also been published.30

Copyright © 2021, International Society of Nephrology. Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). This chapter is, therefore,
adapted from these previous publications. We performed a RCT and aimed to recruit 211 patients
(aged ≥ 18 years) referred with a clinical indication for angioplasty of an AVF from 20 UK centres.
The objective was to assess if additional treatment with a paclitaxel-coated balloon improved outcomes
after angioplasty.

Protocol changes in March 2016 and July 2016 broadened the eligibility criteria to include, in turn,
patients who had not yet started haemodialysis and patients with a treatment segment containing
one or more lesions that could be treated with a single drug-coated balloon up to 120 mm in length.

A log of all protocol changes is shown in the version control document (see Report Supplementary
Material 1), along with inclusion and exclusion criteria in accordance with each protocol version
(see Report Supplementary Material 2).

Eligible patients were randomised (1 : 1) post fistuloplasty to inflation of a second low-pressure balloon
that was either paclitaxel coated or standard (non-coated) by the King’s Clinical Trials Unit (London,
UK) using a web-based system. Randomisation was minimised according to the interventional radiologist
performing the procedure, whether or not the access circuit (from the created arterial anastomosis up to
the superior vena cava right atrial junction) had a previous intervention and whether or not the patient
was receiving haemodialysis. The treating radiologist could not be masked to treatment allocation because
of the different appearance of the balloons. Patients and all members of the clinical and research team
were unaware of treatment allocation for the duration of the trial.

Follow-up was for a variable time but a minimum of 1 year, and all patients continued in the study
until the last patient had completed 1 year of follow-up. All patients gave informed consent and the
trial was approved by the London – Chelsea Research Ethics Committee (reference 15/LO/0638).

Following pre-procedure fistulogram, the operating radiologist assessed if the patient remained eligible.
The fistuloplasty procedure was then performed with a high-pressure plain balloon [Dorado™; Bard
(BD, Franlikn Lakes, NY, USA)], following which the inclusion and exclusion criteria were reviewed again.
If the patients remained eligible, then they were then randomised. In the intervention arm, the second
component was insertion and inflation of a paclitaxel-coated balloon (Lutonix™; Bard Ltd, Crawley, UK).
In the control arm, an identical procedure was followed, but using a standard balloon (Ultraverse™;
Bard Ltd, Crawley, UK).

The primary end point was time (days) to loss of TLPP. This was defined as patency with no reintervention
to the area 5 mm proximal to, within, and 5 mm distal to the index treatment segment (i.e. the section
of vein treated with angioplasty). TLPP ended when any of the following occurred: (1) clinically driven
reintervention to the treatment segment, (2) thrombotic occlusion that includes the treatment segment,
(3) surgical intervention that excludes the treatment segment from the access circuit or (4) abandonment
of the AVF because of an inability to re-treat the treatment segment. There were no specified indications
for the index procedure or for reintervention. Indications were in accordance with usual clinical care at
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each study site, both for fistulas that were in use for haemodialysis and for fistulas that had not been
used. Follow-up was for a variable time but for a minimum of 1 year, and all patients continued in the
study until the last patient had completed 1 year of follow-up.

Secondary patency end points were time to loss of access circuit primary patency (ACPP) and time to
loss of access circuit cumulative patency (ACCP). Other secondary end points included angiographically
determined late lumen loss (mm) at 6 months, rate of binary angiographic restenosis at 6 months (%),
procedural success (i.e. stenosis ≤ 30% at completion fistulogram II), number of thrombosis events,
fistula interventions, adverse events during follow-up and patient quality of life assessed using Palliative
care Outcome Scale Symptom list (POS-S) renal scores and EuroQol-5 Dimensions, five-level version
(EQ-5D-5L), scales at 6 and 12 months post randomisation. Angiographic secondary end points core
laboratory analysis were performed by the European Cardiovascular Research Center (Massy, France).

The sample size and power calculations have been described fully in the published protocol29 and in
the statistical analysis plan (SAP) (see Report Supplementary Material 3 and 4). Briefly, we calculated
that randomising 211 patients with a minimum follow-up of 1 year, and up to three interim analyses,
would provide 94% power to detect a statistically significant difference between the two groups in
the time to the end of TLPP, with a hazard ratio (HR) of 0.5 and a two-sided alpha of 5%.

The full SAP and updated version are contained in Report Supplementary Material 3 and 4, and were
signed off prior to database lock. To test the superiority of the paclitaxel-coated balloon compared
with the standard balloon in time to loss of TLPP, Cox proportional hazards regression was used, with
treatment group and the two binary minimisation factors as covariates. The third minimisation factor,
interventional radiologist performing the study procedure, was not adjusted for, as this would not allow
enough degrees of freedom. Analysis was by intention to treat. Patients were censored if they had
TLPP survival at the end of follow-up, or received a renal transplant, switched to peritoneal dialysis,
died or withdrew from further data collection before reaching the primary end point prior to the study
end. Schoenfeld residuals were assessed to test whether or not the proportional hazards assumption
was violated and an interaction term between treatment group and (log)time was considered to allow
for variable follow-up time effects (if they existed). Multiple imputation was considered if the numbers
of patients who were non-compliant with the study treatment or who were lost to follow-up were
notable or uneven across treatment groups.

Planned secondary and sensitivity analyses included an adjusted analysis of the primary outcome to
evaluate the impact of prespecified baseline covariates on the estimated treatment effect and an
analysis using deaths (not relevant to primary end point) and transplantation as competing risks rather
than censored events to evaluate the influence of the competing events from preventing the primary
end point being observed. For the former, the baseline variables were ethnicity, age, diabetes diagnosis,
smoking history, total time (quartiles) on haemodialysis, type of native fistula (where the one patient
with radial ulna loop was excluded), previous surgical intervention to the access circuit and location of
stenosis (where the smallest two categories, cephalic arch and after cephalic arch but not beyond the
thoracic inlet, were merged because of small subgroup numbers).

The time-to-event secondary outcomes were analysed using the same Cox proportional hazards
regression. Continuous outcomes employed multiple linear regression, again, adjusting for the two
binary minimisation factors, as well as baseline measures of the outcome, if relevant. Count outcomes
(checked for overdispersion) were analysed using negative binomial regression, with time in trial set as
the exposure period. The results are reported as HRs, regression coefficients, odds ratios or incidence
rate ratios, with 95% confidence intervals (CIs), where appropriate. Kaplan–Meier survival curves were
constructed by treatment group to illustrate the time to loss of the three patency end points. Adverse
events were categorised into relevant types for this patient population (e.g. access related or not) and
a stacked bar chart of maximum severity was used to visually compare treatment groups where
patients had reported at least one event.

METHODS
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Analysis was carried out using Stata® version 16.0 (StataCorp LP, College Station, TX, USA).

Blood samples were taken for laboratory studies as specified in the protocol, but this was not part of
the clinical trial.
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Chapter 3 Results

The main trial outcomes have been published.30 Copyright © 2021, International Society of
Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). This chapter is, therefore, adapted from and contains
overlap with this prior publication. It also includes additional data not contained in this previous report.
The trial database lock occurred on 2 March 2020. Only one (out of a possible three) interim analysis was
conducted during the trial, when the number of primary end-point events had reached 27 and recruitment
was still ongoing. The independent Data Monitoring and Ethics Committee reviewed partially masked
results and recommended the continuation of the trial, as the prespecified futility and efficacy boundaries
had not been met.

Trial recruitment

Table 1 shows the reasons why consented patients were not randomised. The first two reasons listed,
along with the sixth reason, refer to the presence of lesions outside the treatment segment. Overall,
this was the most common factor leading to exclusion. Table 2 and Figure 1 show the target and actual

TABLE 1 Recruitment screening data

Recruitment data Number of patients

Consent given 482

Not randomised 270

Reason not randomised

One or more lesions outside the treatment segment, with a reduction of vessel
diameter of ≥ 50% measured angiographically in the same access circuit

53

There is a treatment segment, containing one or more lesions, that cannot be treated
with ≤ 120mm of a single drug-coated balloon

50

There is a reduction of vessel diameter of < 50% 24

The diameter of the outflow vein on the pre-procedure fistulogram is < 4mm or larger
than the size of the largest available drug-coated balloon

24

The residual stenosis is > 30% after the plain balloon fistuloplasty 21

There is a synchronous lesion (with a reduction of vessel diameter of ≥ 50% measured
angiographically) in the same access circuit (removed after 1 November 2016)

16

The access circuit was thrombosed (failed) at time of treatment 16

Resources not available on day of procedurea 12

The stenosis is central to the thoracic inlet 11

Patient withdrew consent 9

There is synthetic graft material or a stent in the access circuit 6

Unable to cross stenosisa 6

Patient died 5

Fistuloplasty not scheduleda 4

Clinician decision (other reason)a 4

Complication after plain balloon fistuloplastya 3

Clinical deterioration of patient 2

Allergy to contrasta 2

Recent infectiona 2

Recruited and randomised 212

a Retrospectively grouped from ‘Other’ category on electronic case report form.
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TABLE 2 Cumulative recruitment into trial by month

Month number Overall, n

Treatment arm

Paclitaxel-coated
balloon (N= 106), n

Standard balloon
(N= 106), n

1 (November 2015) 2 1 1

2 (December 2015) 2 1 1

3 (January 2016) 2 1 1

4 (February 2016) 4 2 2

5 (March 2016) 6 3 3

6 (April 2016) 8 4 4

7 (May 2016) 10 5 5

8 (June 2016) 11 5 6

9 (July 2016) 17 8 9

10 (August 2016) 22 10 12

11 (September 2016) 25 12 13

12 (October 2016) 30 14 16

13 (November 2016) 34 18 16

14 (December 2016) 38 19 19

15 (January 2017) 45 23 22

16 (February 2017) 50 25 25

17 (March 2017) 55 28 27

18 (April 2017) 64 32 32

19 (May 2017) 70 35 35

20 (June 2017) 78 39 39

21 (July 2017) 82 40 42

22 (August 2017) 95 47 48

23 (September 2017) 104 51 53

24 (October 2017) 110 55 55

25 (November 2017) 122 61 61

26 (December 2017) 131 66 65

27 (January 2018) 136 69 67

28 (February 2018) 144 73 71

29 (March 2018) 152 77 75

30 (April 2018) 168 83 85

31 (May 2018) 182 90 92

32 (June 2018) 183 90 93

33 (July 2018) 194 96 98

34 (August 2018) 201 99 102

35 (September 2018) 209 103 106

36 (October 2018) 212 106 106

RESULTS
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randomisation to the PAVE trial by month over the entire recruitment period. The first patient was
randomised on 16 November 2015 and the final patient on 4 October 2018. Participants were
recruited from 20 UK sites, as shown in Table 3.
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FIGURE 1 Cumulative recruitment into trial by month.

TABLE 3 Radiologistsa (n= 45) by hospital site (n = 20)

Hospital site

Treatment arm

Overall (N= 212), n
Paclitaxel-coated balloon
(N = 106), n

Standard balloon
(N = 106), n

Bradford 2 2 4

Cardiff (1) 4 2 6

Cardiff (2) 1 1 2

Canterbury (1) 11 10 21

Canterbury (2) 3 6 9

Edinburgh (1) 1 1

Edinburgh (2) 2 2

Gloucester (1) 5 6 11

Gloucester (2) 3 2 5

Guy’s (1) 1 1

Guy’s (2) 7 6 13

Guy’s (3) 1 1 2

Guy’s (4) 1 1 2

Guy’s (5) 7 6 13

Guy’s (6) 1 1

continued
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Descriptive statistics of analysis population

Study site was a minimisation factor and this ensured that groups were balanced at each site. Treating
radiologist was also a minimisation factor, and this ensured that one radiologist did not treat significantly
more patients in one group than in the other at a given site. Table 3 shows the number of patients in each
trial arm according to radiologist at each study site.

TABLE 3 Radiologistsa (n = 45) by hospital site (n = 20) (continued )

Hospital site

Treatment arm

Overall (N= 212), n
Paclitaxel-coated balloon
(N = 106), n

Standard balloon
(N = 106), n

Guy’s (7) 1 1

Guy’s (8) 1 1

Guy’s (9) 2 1 3

Hull (1) 1 1

Hull (2) 3 4 7

Hull (3) 1 1

King’s (1) 1 3 4

King’s (2) 1 1 2

King’s (3) 1 1

King’s (4) 2 3 5

Leicester 2 2 4

Lister (1)b 3 1 4

Lister (2) 8 9 17

Portsmouth (1) 4 2 6

Portsmouth (2) 1 1

Devon (1) 3 2 5

Devon (2) 1 1 2

Royal London 1 3 4

Reading (1) 2 1 3

Reading (2) 3 3 6

Royal Free (1) 1 2 3

Royal Free (2) 1 2 3

Royal Free (3) 1 1 2

Preston (1) 2 2

Preston (2) 2 1 3

Brighton 1 1 2

Sheffield (1) 1 1

Sheffield (2) 1 1

St George’s 1 2 3

St Helier 9 12 21

a Minimisation factor.
b Radiologist moved from Lister (n = 1) to Royal Free (n= 3) during trial.

RESULTS
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The baseline demographics and the baseline medical history of randomised participants are shown
in Tables 4 and 5, respectively. In both the paclitaxel-coated and the standard balloon groups, the
proportions of patients who were male, white and had diabetes or coronary artery disease reflect the
population receiving haemodialysis in the UK, as does the mean age. There was no suggestion of a
difference in these or other baseline variables between groups. Although we included patients who had
not yet started dialysis, the large majority were receiving haemodialysis. The indication for intervention
was not specified in the protocol, and any clinical indication was allowed. Baseline health-related
quality-of-life measures are shown in Table 6 and, again, there were no differences between groups.

Table 7 shows details of the lesion treated and the treatment procedure in the two groups. The table
shows that only two patients (both in the paclitaxel-coated balloon group) did not adhere to allocated
treatment, which means that it is not possible to test whether or not any baseline variables predict
non-compliance.

Descriptive statistics of post-randomisation outcomes

Table 8 shows that 15 (7.1%) patients no longer wished to take part in trial visits, but only four of these
patients withdrew consent for any further data collection. Reasons for censoring (or withdrawing) and
total numbers were similar between trial groups prior to the end of follow-up (i.e. 4 October 2019).
The outcomes for patients from randomisation up to 24 months is shown in the Consolidated Standards
of Reporting Trials (CONSORT) diagram (Figure 2). The numbers of patients who had met the primary
end point, withdrawn or had been censored are shown at 3-monthly intervals.

TABLE 4 Baseline demographics

Demographic variable

Treatment arm

Overall (N= 212)
Paclitaxel-coated balloon
(N= 106)

Standard balloon
(N= 106)

Previous radiological intervention in access circuit, n (%)a

Yes 35 (33.0) 38 (35.8) 73 (34.4)

No 71 (67.0) 68 (64.2) 139 (65.6)

Currently on haemodialysis, n (%)a

Yes 94 (88.7) 97 (91.5) 191 (90.1)

No 12 (11.3) 9 (8.5) 21 (9.9)

Age (years) mean (SD) [range] 66.9 (12.7) [33–89] 64.1 (13.3) [24–88] 65.5 (13.0) [24–89]

Sex, n (%)

Female 39 (36.8) 45 (42.5) 84 (39.6)

Male 67 (63.2) 61 (57.5) 128 (60.4)

Ethnicity, n (%)

White 82 (77.4) 72 (67.9) 154 (72.6)

Black 9 (8.5) 16 (15.1) 25 (11.8)

Asian 11 (10.4) 14 (13.2) 25 (11.8)

Mixed/other 4 (3.8) 4 (3.8) 8 (3.8)

SD, standard deviation.
a Minimisation factor.
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TABLE 5 Medical history of patients at baseline

Medical history

Treatment arm

Overall (N= 212)
Paclitaxel-coated
balloon (N= 106) Standard balloon (N= 106)

Current diabetes diagnosis, n (%)

Yes 58 (54.7) 46 (43.4) 104 (49.1)

No 48 (45.3) 60 (56.6) 108 (50.9)

Patient smoking history (N= 211), n (%)

Current 12 (11.4) 16 (15.1) 28 (13.3)

Former 37 (35.2) 33 (31.1) 70 (33.2)

Never 56 (53.3) 57 (53.8) 113 (53.5)

Coronary artery disease, n (%)

Yes 25 (23.6) 30 (28.3) 55 (25.9)

No 81 (76.4) 76 (71.7) 157 (74.1)

Peripheral vascular disease, n (%)

Yes 13 (12.3) 18 (17.0) 31 (14.6)

No 93 (87.7) 88 (83.0) 181 (85.4)

Previous renal transplant(s), n (%)

Yes 9 (8.5) 15 (14.2) 24 (11.3)

No 97 (91.5) 91 (85.8) 188 (88.7)

Number of previous renal transplants (N = 24), na

One 6 14 20

Two 3 1 4

Total accumulated time
(months) with a functional renal
transplant (n= 22),a median
(IQR) [range]

77 (25–174) [18–262] 73.5 (4–204) [0–311] 73.5 (20–204) [0–311]

Total accumulated time
(months) patient has spent on
haemodialysis (n= 191),b median
(IQR) [range]

23 (8–42) [0–132] 18 (9–41) [2–198] 21 (8–42) [0–198]

Quartiles of total time [months] on haemodialysis (N = 211), n (%)

Quartile 1 [0–6] (n= 55) 29 (27.4) 26 (24.8) 55 (26.1)

Quartile 2 [7–17] (n = 51) 20 (18.9) 31 (29.5) 51 (24.2)

Quartile 3 [18–39] (n = 54) 31 (29.2) 23 (21.9) 54 (25.6)

Quartile 4 [40–198] (n = 51) 26 (24.5) 25 (23.8) 51 (24.2)

Total accumulated time
(months) patient has spent on
peritoneal dialysis (n = 32),c

median (IQR) [range]

11 (4–24) [1–72] {n= 13} 31 (12–67) [2–108] {n= 19} 24 (9.5–42) [1–108]

Location of fistula (arm), n (%)

Right 22 (20.8) 34 (32.1) 56 (26.4)

Left 84 (79.2) 72 (67.9) 156 (73.6)

Type of native fistula, n (%)

Radiocephalic 43 (40.6) 39 (36.8) 82 (38.9)

Brachiocephalic 52 (49.1) 55 (51.9) 107 (50.7)

RESULTS
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TABLE 5 Medical history of patients at baseline (continued )

Medical history

Treatment arm

Overall (N= 212)
Paclitaxel-coated
balloon (N= 106) Standard balloon (N= 106)

Basilic vein transposition 10 (9.4) 12 (11.3) 22 (10.4)

Radio-ulnar loop 1 (0.9) 1 (0.5)

Time (months) since fistula was
formed (n = 210),d median (IQR)
[range]

23 (8–40) [0–121] 16 (7.5–40.5) [0–147] 20 (8–40) [0–147]

Fistula been used at least once, n (%)

Yes 84 (79.2) 82 (77.4) 166 (78.3)

No 22 (20.8) 24 (22.6) 46 (21.7)

Time since fistula was first used
(months) (n= 166),e median
(IQR) [range]

21 (7–41) [1–333] 15 (5–36) [1–324] 17.5 (6–37) [1–333]

Current access circuit previously had a thrombosis, n (%)

Yes 7 (6.6) 3 (2.8) 10 (4.7)

No 99 (93.4) 103 (97.2) 202 (95.3)

Previous surgical interventions to the current access circuit, n (%)

Yes 20 (18.9) 24 (22.6) 44 (20.8)

No 86 (81.1) 82 (77.4) 168 (79.2)

One 16 (80.0) 19 (79.2) 35 (79.5)

Two 4 (20.0) 4 (16.7) 8 (18.2)

Three or more 1 1

Previous fistuloplasties to current access circuit, n (%)

Yes 35 (33.0) 38 (35.8) 73 (34.4)

No 71 (67.0) 68 (64.2) 139 (65.6)

One 20 (57.1) 23 (60.5) 43 (58.9)

Two 8 (22.9) 6 (15.8) 14 (19.2)

Three or more 7 (20.0) 9 (23.7) 16 (21.9)

Primary indication for the index procedure, n (%)

Inadequate dialysis 9 (8.5) 6 (5.7) 15 (7.1)

Poor fistula blood flow 35 (33.0) 34 (32.1) 69 (32.5)

Prolonged bleeding 5 (4.7) 9 (8.5) 14 (6.6)

High venous pressures 9 (8.5) 11 (10.4) 20 (9.4)

Low arterial pressure 1 (0.9) 1 (0.5)

Difficulty needling 24 (22.6) 17 (16.0) 41 (19.3)

Other 24 (22.6) 28 (26.4) 52 (24.5)

IQR, interquartile range.
a If had any previous renal transplants.
b If on haemodialysis prior to randomisation.
c If greater than zero.
d One patient had no record of when fistula formed and another patient had fistula formed outside UK with no access

to those records.
e If used at least once prior to randomisation.
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TABLE 6 Health-related quality of life at baseline

Health-related quality of life

Treatment arm

Overall (N= 212)
Paclitaxel-coated
balloon (N= 106)

Standard balloon
(N= 106)

EQ-5D-5L (description of health today) (n = 196)

Mobility, n (%)

No problems 29 (28.7) 27 (28.4) 56 (28.6)

Slight problems 23 (22.8) 27 (28.4) 50 (25.5)

Moderate problems 29 (28.7) 20 (21.1) 49 (25.0)

Severe problems 13 (12.9) 18 (18.9) 31 (15.8)

Unable to walk about 7 (6.9) 3 (3.2) 10 (5.1)

Self-care, n (%)

No problems 68 (67.3) 60 (63.2) 128 (65.3)

Slight problems 17 (16.8) 18 (18.9) 35 (17.9)

Moderate problems 7 (6.9) 10 (10.5) 17 (8.7)

Severe problems 5 (5.0) 5 (5.3) 10 (5.1)

Unable to wash/dress myself 4 (4.0) 2 (2.1) 6 (3.1)

Usual activities, n (%)

No problems 28 (27.7) 32 (33.7) 60 (30.6)

Slight problems 32 (31.7) 26 (27.4) 58 (29.6)

Moderate problems 22 (21.7) 22 (23.2) 44 (22.4)

Severe problems 10 (9.9) 10 (10.5) 20 (10.2)

Unable to do usual
activities

9 (8.9) 5 (5.3) 14 (7.1)

Pain/discomfort, n (%)

None 44 (43.6) 27 (28.4) 71 (36.2)

Slight 28 (27.7) 31 (32.6) 59 (30.1)

Moderate 18 (17.8) 29 (30.5) 47 (24.0)

Severe 7 (6.9) 7 (7.4) 14 (7.1)

Extreme 4 (4.0) 1 (1.1) 5 (2.6)

Anxiety/depression, n (%)

None 66 (65.3) 47 (49.5) 113 (57.7)

Slight 20 (19.8) 29 (30.5) 49 (25.0)

Moderate 12 (11.9) 17 (17.9) 29 (14.8)

Severe 1 (1.0) 2 (2.1) 3 (1.5)

Extreme 2 (2.0) 2 (1.0)

Health today (VAS: 0=worst imaginable; 100 = best imaginable)

n 99 95 194

Mean (SD) 66.3 (19.4) 63.6 (22.3) 65.0 (20.9)

Median (IQR) 70 (50–80) 70 (50–80) 70 (50–80)

Range 10–100 0–100 0–100

RESULTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

14



At the end of the study, 89 patients had reached the primary end point of loss of TLPP over the trial
period, with similar numbers in each treatment group (paclitaxel-coated balloon group, n = 44; standard
balloon group, n= 45) (Table 9). For those who lost TLPP, the median time to event (in days) was similar, at
159 days and 215 days in the paclitaxel-coated balloon group and standard balloon group, respectively.
Table 9 shows similar time to events for the secondary patency outcomes of loss of ACPP and loss of ACCP.

TABLE 6 Health-related quality of life at baseline (continued )

Health-related quality of life

Treatment arm

Overall (N= 212)
Paclitaxel-coated
balloon (N= 106)

Standard balloon
(N= 106)

POS-S renal score (how have each of the 17 symptoms affected them and how they have felt over past week) (n = 191)

Total score (0 = not at all, 4= overwhelmingly; minimum= 0, maximum = 68)

n 97 94 191

Mean (SD) 12.9 (9.3) 13.7 (9.4) 13.3 (9.4)

Median (IQR) 12 (6–17) 13.5 (6–19) 12 (6–18)

Range 0–49 0–45 0–49

IQR, interquartile range; SD, standard deviation; VAS, visual analogue scale.

TABLE 7 Treatment procedure

Treatment procedure

Treatment arm

Overall
(N= 212), n (%)

Paclitaxel-coated
balloon (N= 106), n (%)

Standard balloon
(N= 106), n (%)

Pre-procedure fistulogram performed

Yes 106 (100.0) 106 (100.0) 212 (100.0)

Location of stenosis

Juxta-anastomotic 51 (48.1) 43 (40.6) 94 (44.3)

Venous segment 40 (37.7) 51 (48.1) 91 (42.9)

Cephalic arch 15 (14.2) 10 (9.4) 25 (11.8)

After cephalic arch
(not beyond thoracic inlet)

2 (1.9) 2 (0.9)

Plain balloon fistuloplasty performed

Yes 106 (100.0) 106 (100.0) 212 (100.0)

Completion fistulogram I performed (n = 211)

Yes 105 (100.0) 106 (100.0) 211 (100.0)

Allocated study treatment administered (n = 210)

Yes 104 (98.0) 106 (100.0) 210 (99.5)

No 2 (2.0) 1 (0.5)

Completion fistulogram II performed (n = 211)

Yes 104 (99.0) 105 (99.1) 209 (99.1)

No 1 (1.0) 1 (0.9) 2 (0.9)
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Table 10 shows descriptive data for other non-patency secondary outcomes. These are angiographically
determined late lumen loss and binary stenosis (measured on the protocol fistulogram at 6 months),
procedural success, number of thrombosis events, number of fistula interventions, number of adverse
events and quality-of-life measures. The outcomes in both groups were similar for all of these measures.

Kaplan–Meier plots (Figures 3–5) have been used to graphically illustrate and compare the observed
probabilities of the time to loss of patency outcomes. Censoring is denoted by the vertical dashes on
the curves.

Inferential statistics

The primary outcome of loss of TLPP is shown in Table 11. There is no suggestion of a difference
between trial groups for time to loss of TLPP (HR 1.18, 95% CI 0.78 to 1.79; p = 0.440). The CIs are
wide and include 1, and the p-value is not suggestive of a significant trial group effect (p > 0.05).

Therefore, the inferential results are coherent with the descriptive statistics that showed that an
almost equal number of patients reached the primary outcome between groups over the trial period
(see Table 9 and Figure 3). Table 12 reports the Schoenfeld residuals for the primary model, which
suggest a borderline violation of the proportional hazards assumption for the trial group variable and
overall test (0.05 < p < 0.1).

The primary model was re-run to include an interaction between group and log(time), as well as the null
model. However, no matter how the data were analysed, the trial result is still consistent. The interaction
between trial group and log(time) was prespecified in the SAP to allow for variable follow-up time effects,
if they exist. However, it is not significant, which implies that the effect of group does not differ depending
on analysis time (i.e. does not violate the proportional hazards assumption).

TABLE 8 Reasons for withdrawal or censoring

Reasons for withdrawal/censoring

Treatment arm

Overall
(N= 212), n (%)

Paclitaxel-coated
balloon (N= 106), n (%)

Standard balloon
(N= 106), n (%)

Death 18 (17.0) 14 (13.2) 32 (15.1)

Adverse event 1 (1.0) – 1 (0.5)

Participant no longer wishes to take part but
happy for end-point data to be collected from
clinical records

5 (4.7) 6 (5.7) 11 (5.2)

Withdrawn consent from any further data
collection

2 (1.9) 2 (1.9) 4 (1.9)

Unable to contact – – –

Renal transplant 13 (12.3) 17 (16.0) 30 (14.2)

Switched to peritoneal dialysis 2 (1.9) 2 (1.9) 4 (1.9)

Other reason 1 (1.0) – 1 (0.5)

The fistula is ligated, abandoned or thrombosed
and not salvageable (end of ACCP)

19 (17.9) 16 (15.1) 35 (16.5)

Total 61 (57.5) 57 (53.8) 118 (55.7)

RESULTS
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(n = 64)

Continuing at
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(n = 72)
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(n = 55)

Continuing at
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(n = 61)

Continuing at
18 months

(n = 43)

Continuing at
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(n = 49)

Continuing at
21 months

(n = 33)
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• End of ACCP, n = 5
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(n = 12)

• Death, n = 5
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• Other, n = 1

Loss of TLPP
(n = 16)

Loss of TLPP
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(n = 2)
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• Renal transplant, n = 1

Withdrawn or censored
(n = 3)

• Death, n = 1
• Renal transplant, n = 2

FIGURE 2 A CONSORT flow diagram post randomisation (up to 24 months’ follow-up). PD, peritoneal dialysis.
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TABLE 9 Time to event (days) of patency outcomes

Time to event of
patency outcome

Treatment arm

Overall (N= 212)
Paclitaxel-coated
balloon (N= 106) Standard balloon (N= 106)

Loss of TLPPa

n (%) 44 (41.5) 45 (42.5) 89 (42.0)

Median (IQR) [range] 159 (102–234) [11–1080] 215 (145–340) [6–768] 190 (120–315) [6–1080]

Loss of ACPP

n (%) 47 (44.3) 51 (48.1) 98 (46.2)

Median (IQR) [range] 160 (94–268) [11–1080] 203 (139–324) [2–645] 185.5 (111–286) [2–1080]

Loss of ACCP

n (%) 19 (17.9) 16 (15.1) 35 (16.5)

Median (IQR) [range] 201 (85–359) [11–1083] 270.5 (173.5–383.5) [23–889] 230 (111–381) [11–1083]

IQR, interquartile range.
a Primary outcome

TABLE 10 Other secondary outcomes

Secondary outcome

Treatment group

Overall
(N= 212)

Paclitaxel-coated
balloon (N= 106)

Standard balloon
(N= 106)

Angiographically determined late lumen loss
(mm) (n= 105),a mean (SD) [range]

1.49 (1.55)
[–1.37 to 4.73] {n= 55a}

1.48 (1.68)
[–3.04 to 4.64] {n = 50a}

1.48 (1.61)
[–3.04 to 4.73]

Angiographic restenosis (≥ 50%) (N= 108),b n (%)

Yes 35 (62.5) 30 (57.7) 65 (60.2)

No 21 (37.5) 22 (42.3) 43 (39.8)

Procedural success (n = 210), n (%)

Yes 102 (98.1) 98 (92.5) 200 (95.2)

No 2 (1.9) 8 (7.5) 10 (4.8)

Number of thrombosis events

0, n (%) 87 (82.1) 91 (85.8) 178 (84.0)

1, n (%) 16 (15.1) 10 (9.4) 26 (12.3)

2, n (%) 1 (0.9) 5 (4.7) 6 (2.8)

3, n (%) 2 (1.9) – 2 (0.9)

Total (n) 24 20 44

Mean (SD) 0.23 (0.56) 0.19 (0.50) 0.21 (0.53)

Median (IQR) 0 (0–0) 0 (0–0) 0 (0–0)

Number of fistula interventions

0, n (%) 55 (51.9) 53 (50.0) 108 (50.9)

1, n (%) 25 (23.6) 32 (30.2) 57 (26.9)

2, n (%) 16 (15.1) 15 (14.2) 31 (14.6)

3, n (%) 5 (4.7) 2 (1.9) 7 (3.3)

RESULTS
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TABLE 10 Other secondary outcomes (continued )

Secondary outcome

Treatment group

Overall
(N= 212)

Paclitaxel-coated
balloon (N= 106)

Standard balloon
(N= 106)

4, n (%) 3 (2.8) 2 (1.9) 5 (2.4)

5, n (%) – 1 (0.9) 1 (0.5)

6, n (%) 1 (0.9) 1 (0.9) 2 (0.9)

7, n (%) – – –

8, n (%) 1 (0.9) – 1 (0.5)

Total (n) 98 87 185

Mean (SD) 0.92 (1.35) 0.82 (1.12) 0.87 (1.24)

Median (IQR) 0 (0–1) 0.5 (0–1) 0 (0–1)

Number of adverse events

0, n (%) 51 56 107

1, n (%) 25 23 48

2, n (%) 15 17 32

3, n (%) 6 3 9

4, n (%) 7 5 12

5, n (%) 1 – 1

6, n (%) – 1 1

7, n (%) – – –

8, n (%) 1 1 2

Total (number of patients with one or
more adverse event)

111 (55) 100 (50) 211 (105)

Mean (SD) 1.1 (1.4) 0.9 (1.4) 1.0 (1.4)

Median (IQR) 1 (0–2) 0 (0–2) 0 (0–2)

Health-related quality of life post randomisation

EQ-5D-5L at 6 months (n = 145)

Mobility, n (%)

No problems 17 (24.3) 19 (25.3) 36 (24.8)

Slight problems 21 (30.0) 19 (25.3) 40 (27.6)

Moderate problems 11 (15.7) 19 (25.3) 30 (20.7)

Severe problems 14 (20.0) 12 (16.0) 26 (17.9)

Unable to walk about 7 (10.0) 6 (8.0) 13 (9.0)

Self-care, n (%)

No problems 44 (62.9) 42 (56.0) 86 (59.3)

Slight problems 10 (14.3) 13 (17.3) 23 (15.9)

Moderate problems 5 (7.1) 11 (14.7) 16 (11.0)

Severe problems 8 (11.4) 7 (9.3) 15 (10.3)

Unable to wash/dress myself 3 (4.3) 2 (2.7) 5 (3.4)
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TABLE 10 Other secondary outcomes (continued )

Secondary outcome

Treatment group

Overall
(N= 212)

Paclitaxel-coated
balloon (N= 106)

Standard balloon
(N= 106)

Usual activities, n (%)

No problems 26 (37.1) 24 (32.0) 50 (34.5)

Slight problems 15 (21.4) 24 (32.0) 39 (26.9)

Moderate problems 11 (15.7) 12 (16.0) 23 (15.9)

Severe problems 11 (15.7) 11 (14.7) 22 (15.2)

Unable to do usual activities 7 (10.0) 4 (5.3) 11 (7.6)

Pain/discomfort, n (%)

None 28 (40.0) 15 (20.3) 43 (29.9)

Slight 18 (25.7) 25 (33.8) 43 (29.9)

Moderate 14 (20.0) 22 (29.7) 36 (25.0)

Severe 8 (11.4) 10 (13.5) 18 (12.5)

Extreme 2 (2.9) 2 (2.7) 4 (2.8)

Anxiety/depression, n (%)

None 40 (57.1) 36 (48.0) 76 (52.4)

Slight 16 (22.9) 31 (41.3) 47 (32.4)

Moderate 10 (14.3) 6 (8.0) 16 (11.0)

Severe 3 (4.3) 2 (2.7) 5 (3.4)

Extreme 1 (1.4) – 1 (0.7)

Health today (VAS: 0=worst imaginable; 100 = best imaginable)

n 68 74 142

Mean (SD) 64.4 (21.0) 63.9 (20.5) 64.1 (20.7)

Median (IQR) 67.5 (50–80) 60 (50–75) 61 (50–80)

Range 15–100 10–100 10–100

EQ-5D-5L at 12 months (n = 95)

Mobility, n (%)

No problems 17 (35.4) 9 (19.1) 26 (27.4)

Slight problems 10 (20.8) 16 (34.0) 26 (27.4)

Moderate problems 9 (18.8) 13 (27.7) 22 (23.2)

Severe problems 7 (14.6) 8 (17.0) 15 (15.8)

Unable to walk about 5 (10.4) 1 (2.1) 6 (6.3)

Self-care, n (%)

No problems 31 (64.6) 28 (59.6) 59 (62.1)

Slight problems 10 (20.8) 12 (25.5) 22 (23.2)

Moderate problems 2 (4.2) 6 (12.8) 8 (8.4)

Severe problems 3 (6.3) 1 (2.1) 4 (4.2)

Unable to wash/dress myself 2 (4.2) – 2 (2.1)

RESULTS
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TABLE 10 Other secondary outcomes (continued )

Secondary outcome

Treatment group

Overall
(N= 212)

Paclitaxel-coated
balloon (N= 106)

Standard balloon
(N= 106)

Usual activities, n (%)

No problems 17 (35.4) 13 (27.7) 30 (31.6)

Slight problems 15 (31.3) 13 (27.7) 28 (29.5)

Moderate problems 5 (10.4) 14 (29.8) 19 (20.0)

Severe problems 4 (8.3) 6 (12.8) 10 (10.5)

Unable to do usual activities 7 (14.6) 1 (2.1) 8 (8.4)

Pain/discomfort, n (%)

None 20 (41.7) 15 (31.9) 35 (36.8)

Slight 12 (25.0) 15 (31.9) 27 (28.4)

Moderate 10 (20.8) 11 (23.4) 21 (22.1)

Severe 3 (6.3) 5 (10.6) 8 (8.4)

Extreme 3 (6.3) 1 (2.1) 4 (4.2)

Anxiety/depression, n (%)

None 28 (58.3) 24 (51.1) 52 (54.7)

Slight 12 (25.0) 19 (40.4) 31 (32.6)

Moderate 6 (12.5) 4 (8.5) 10 (10.5)

Severe – – –

Extreme 2 (4.2) – 2 (2.1)

Health today (VAS: 0=worst imaginable; 100 = best imaginable)

n 48 47 95

Mean (SD) 65.9 (20.2) 66.0 (22.2) 65.9 (21.1)

Median (IQR) 67.5 (50–81) 70 (55–80) 70 (50–80)

Range 20–100 0–100 0–100

POS-S renal score at 6 months (n = 140)

Total score (0 = not at all, 4= overwhelmingly; minimum= 0, maximum = 68)

n 68 72 140

Mean (SD) 13.6 (10.8) 13.6 (8.6) 13.6 (9.7)

Median (IQR) 11.5 (5.5–19.5) 12 (7.5–18.5) 12 (6.5–19)

Range 0–51 0–37 0–51

POS-S renal score at 12 months (n = 95)

Total score (0 = not at all, 4= overwhelmingly; minimum= 0, maximum = 68)

n 48 47 95

Mean (SD) 13.9 (10.5) 13.6 (8.1) 13.7 (9.3)

Median (IQR) 12 (5–19) 13 (8–18) 13 (6–18)

Range 0–45 0–39 0–45

IQR, interquartile range; SD, standard deviation; VAS, visual analogue scale.
a A total of 16 of 55 (29%) and 16 of 50 (32%) were determined at a fistula intervention prior to 6 months (not at

6-month protocol fistulogram).
b A total of 16 of 56 (29%) and 17 of 52 (33%) were determined at a fistula intervention prior to 6 months (not at

6-month protocol fistulogram).
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FIGURE 3 Kaplan–Meier curve for time to loss of TLPP.
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FIGURE 5 Kaplan–Meier curve for time to loss of ACCP.
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Furthermore, a likelihood ratio test between the model with and without this interaction was not
significant (p = 0.1385) and shows that the Akaike information criteria and Bayesian information
criteria are very similar, which suggests that including the interaction between group and time does
not explain variance of the outcome.

As all results are consistent in indicating no difference between groups, further analysis using alternative
models (e.g. parametric models that can fit non-proportional hazards) has not been conducted and the
final primary outcome result is a HR of 1.18 (95% CI 0.78 to 1.79; p = 0.440).

For the two secondary time-to-event outcomes (i.e. ACPP and ACCP), none of the Schoenfeld residuals
was significant or borderline significant (p > 0.1 for all). As with the primary outcome, the inferential
analysis results are consistent with the descriptive statistics and show that there was no difference
between the trial groups in terms of time to ACPP or time to ACCP (see Table 11). All of the secondary
outcome models in Table 12 have been adjusted for the two minimisation factors (i.e. previous intervention
and currently on haemodialysis). None of these of factors suggest a difference between trial groups.
All relevant model assumptions have been checked, and there is no suggestion of any violations.

TABLE 11 Cox proportional hazards regression for the primary and secondary time-to-event
outcomes

Independent variable HR (95% CI) p-value

Loss of TLPP

Standard balloon (reference)

Paclitaxel-coated balloona 1.18 (0.78 to 1.79) 0.440

Loss of ACPP

Standard balloon (reference)

Paclitaxel-coated balloon 1.06 (0.71 to 1.59) 0.764

Loss of ACCP

Standard balloon (reference)

Paclitaxel-coated balloon 1.30 (0.67 to 2.55) 0.438

a Primary outcome.

TABLE 12 Assessment of proportional hazards assumption (Schoenfeld residuals)

Independent variable Rho Chi-squared p-value

Standard balloon (reference)

Paclitaxel-coated balloon 0.19 3.3 0.0691

Previous intervention

Yes (reference)

No –0.16 2.29 0.1299

Currently on haemodialysis

Yes (reference)

No –0.03 0.11 0.7453

Global test 6.63 0.0846
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To evaluate the impact of baseline covariates on the size of the treatment effect, a multivariate Cox
regression was run to include an adjustment for known clinical covariates [i.e. ethnicity, age, diabetes
diagnosis, smoking history, total time (quartiles) on haemodialysis, type of native fistula, previous
surgical intervention to the access circuit and location of stenosis], as prespecified in the SAP. For the
last variable (i.e. location of stenosis), the smallest two categories (cephalic arch and after cephalic
arch, but not beyond the thoracic inlet) were merged because of small subgroup numbers. None of the
covariates in this list was significant at the p < 0.05 level, and the treatment effect size (i.e. estimated
HR between trial groups) remained similar (HR 1.11, 95% CI 0.69 to 1.78; p = 0.664).

As per the SAP, an analysis was run using deaths that were irrelevant to the trial end point (and
transplantations) as competing risks rather than censored events. To determine whether or not deaths were
relevant to the trial end-point event, cause of death was checked from hospital notes and, as a result, all
deaths during the trial were deemed to be unrelated to vascular access (n= 32). Transplantations were
defined if a patient was withdrawn from the trial because of a renal transplant. The results are reported
using sub-HRs (i.e. the marginal probability of the primary end point occurring in the presence of competing
events). When considering deaths and transplantations as competing risks the sub-HR was 1.06 (95% CI
0.67 to 1.67; p= 0.805). This implies that there was little influence of the competing events from preventing
the primary end point being observed.

Data from a protocol fistulogram were available in approximately 50% of participants. There was no
suggestion of a difference between groups. The other secondary outcomes are listed in Table 13. These
secondary outcomes were procedural success, the number of thrombosis events, the number of fistula
interventions, the number of adverse events and quality-of-life scores. There was no suggestion of a
difference between groups for any of these outcomes. Descriptively, the types and numbers of adverse
events appear similar between trial groups, as shown in Table 14. A detailed list of the ‘other’ adverse
events can be found in Report Supplementary Material 5.

TABLE 13 Regression analysis of other secondary outcomes (reference group = standard balloon)

Secondary outcome Estimated trial group difference (95% CI) p-value

Angiographic late lumen loss (mm) at 6 months (n= 105)a 0.17 (–0.38 to 0.72) 0.541

Angiographic restenosis at 6 months (≥ 50%) (n = 108)b OR 1.23 (0.56 to 2.71) 0.600

Procedural success (n = 209)b OR 4.16 (0.85 to 20.37) 0.079

Number of thrombosis events (n = 211)c IRR 1.58 (0.70 to 3.58) 0.273

Number of fistula interventions (n= 211)c IRR 1.26 (0.85 to 1.87) 0.245

Number of adverse events (n= 211)c IRR 1.26 (0.78 to 2.04) 0.338

EQ-5D-5L VAS 6-months (n= 130)a 0.32 (–5.25 to 5.89) 0.909

EQ-5D-5L VAS 12-months (n= 89)a –1.79 (–9.40 to 5.81) 0.640

POS-S renal score: 6 months (n = 127)a 1.01 (–1.59 to 3.60) 0.443

POS-S renal score: 12 months (n = 88)a 2.07 (–0.49 to 4.62) 0.111

IRR, incidence rate ratio; OR, odds ratio; VAS, visual analogue scale.
a Adjusted for baseline measure as specified in the SAP.
b Binary outcomes have been analysed using logistic regression and estimated differences are reported as ORs.
c Count outcomes (overdispersed) have been analysed using negative binomial regression and using time in trial as

exposure period, and estimated differences are reported as IRRs.
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TABLE 14 Description of adverse events recorded throughout the trial

Adverse event

Treatment arm

Total (N= 211 events)
Paclitaxel-coated balloon
(N= 111 events)

Standard balloon
(N= 100 events)

Type of event, n (%)

Oedema of hand or arm 1 (0.9) – 1 (0.5)

Pseudoaneurysm – 1 (1.0) 1 (0.5)

Haematoma 3 (2.7) – 3 (1.4)

Distal ischaemia – 1 (1.0) 1 (0.5)

Neurological complications 2 (1.8) 2 (2.0) 4 (1.9)

Infection localised to fistula 2 (1.8) – 2 (0.9)

Insertion of central venous catheter
for haemodialysis: jugular or
subclavian vein and ipsilateral to the
treated access circuit

2 (1.8) 1 (1.0) 3 (1.4)

Insertion of central venous catheter
for haemodialysis: jugular or
subclavian vein and contralateral to
the treated access circuit

6 (5.4) 5 (5.0) 11 (5.2)

Insertion of central venous catheter
for haemodialysis: femoral (either side)

5 (4.5) 3 (3.0) 8 (3.8)

Other 90 (81.1) 87 (87.0) 177 (83.9)

Time between randomisation and start of
adverse event (weeks) (n = 210), median
(IQR) [range]

37 (13.5–70) [0–154.5] 32 (17–49) [0–182.5] 33 (16–57.5) [0–182.5]

Intensity, n (%)

Mild 29 (26.1) 24 (24.0) 53 (25.1)

Moderate 48 (43.2) 41 (41.0) 89 (42.1)

Severe 34 (30.6) 35 (35.0) 69 (32.7)

Outcome, n (%)

Resolved 61 (55.0) 54 (54.0) 115 (54.5)

Resolved with sequelae 25 (22.5) 25 (25.0) 50 (23.7)

Ongoing 8 (7.2) 10 (10.0) 18 (8.5)

Death 17 (15.3) 11 (11.0) 28 (13.3)

Related to study intervention, n (%)

Definite – 3 (3.0) 3 (1.4)

Probable 2 (1.8) – 2 (0.9)

Possible 5 (4.5) 4 (4.0) 9 (4.3)

Remote 3 (2.7) 1 (1.0) 4 (1.9)

None 101 (91.0) 92 (92.0) 193 (91.5)

Serious adverse event, n (%)

Yes 80 (72.1) 75 (75.0) 155 (73.5)

No 31 (27.9) 25 (25.0) 56 (26.5)

Ongoing at end of trial, n (%)

Yes 15 (13.5) 18 (18.0) 33 (15.6)

No 96 (86.5) 82 (82.0) 178 (84.4)

IQR, interquartile range.
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Chapter 4 Discussion

The results of the PAVE trial show no benefit for paclitaxel-coated balloons in the treatment of
AVFs. Two other large RCTs27,28 have addressed the same question. The first published large-scale

trial,27 which used the same paclitaxel-coated balloon as in our trial, also failed to demonstrate a
difference between arms in their prespecified primary end point (i.e. TLPP at 180 days), but the data
suggested a possible treatment effect and uncertainty remained. A more recent study,28 which used
the same binary primary end point but a different paclitaxel-coated balloon, did find a difference.
Therefore, there are now three trials: one showing a definite benefit, one showing no benefit and
one showing a possible benefit. We will discuss the strengths and limitations of the PAVE trial before
considering possible reasons for the lack of effect in the PAVE trial compared with the positive study by
Lookstein et al.,28 using the IN.PACT angioplasty balloon, which we will refer to as the IN.PACT study.28

Strengths in the study design for the PAVE trial

We maintained blinding in the clinical and research team as much as possible. The procedures were
all performed by interventional radiologists who were not involved in the clinical assessment of the
patients at follow-up. Reintervention was performed only after referral for a clinically dysfunctional
AVF by a member of the clinical team blinded to the treatment allocation. Clinically driven radiological
reintervention was the predominant reason for meeting the primary end point. In only one-quarter (17/65)
of patients was this reintervention performed by the same radiologist who administered the index
procedure. This was almost evenly split across treatment groups (paclitaxel-coated balloon, n= 8; standard
balloon, n = 9). An interventional radiologist from a different study site or the core laboratory reviewed
images from interventions leading to the primary end point in all patients, and any discrepancies were
resolved by discussion. In patients where the primary end point was reached because of surgical
intervention or a decision to abandon the fistula, the decision would not have been influenced by
knowledge of treatment allocation. The final intention-to-treat survival analysis included all patients who
were randomised and no patients were lost to follow-up and, therefore, there were no missing primary
outcome data. Radiologists were instructed not to intervene if a subclinical stenosis was detected on the
protocol fistulogram, and this was adhered to in all patients.

Limitations of the PAVE trial

The PAVE trial was not a fully blinded trial. It was impossible to ensure that treating radiologists were
blinded to treatment allocation because of the appearance of the paclitaxel-coated balloon. Despite our
efforts to reduce bias, this remains a possibility. However, we think that investigators would have
preferred and anticipated a benefit for patients from the use of paclitaxel-coated balloons. Therefore,
any effect of bias would have been more likely to skew the results in favour of a longer TLPP for
patients allocated paclitaxel-coated balloons. The lack of effect that we saw is, therefore, very unlikely
to be the result of bias.

We randomised 212 out of 482 (44%) consented patients. By far the most common reason (n = 103)
for exclusion was the presence of a lesion outside the segment that could not be treated with a single
paclitaxel-coated balloon (see Table 1). Furthermore, we screened 1225 patients to consent 482, that
is, only 17% of screened patients were consented. The extent to which our findings can be generalised
to patients with multiple lesions could be questioned, given the proportion randomised. However, if
paclitaxel-coated balloons had been effective at a single lesion segment, there is no plausible reason
why they should not be effective in patients with multiple lesions.
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Differences between the PAVE trial and the IN.PACT study

There were a number of differences in the populations studied in the PAVE trial and in the IN.PACT
study28 that could have influenced both the event rate and the results regarding the efficacy of the
paclitaxel-coated balloon.

Higher patency rate in the PAVE trial
At 6 months, TLPP for all patients was 78%, compared with 71% for the IN.PACT study.28 At
6 months, the TLPP was 71.7% in the paclitaxel-coated balloon group, compared with 84.5% in the
control group. In the IN.PACT study,28 TLPP for the control arm was 59.5% at 6 months. The high
6-month TLPP in our trial is higher than in most published series6–12 and emphasises the value of
good balloon fistuloplasty. Other factors that may have contributed to a lower event rate include a
higher clinical threshold for reintervention in the UK, and clinical or demographic differences in
the populations studied.

Inclusion of arteriovenous fistulas not yet used for dialysis and arteriovenous fistulas with
a previous thrombosis in the PAVE trial
In the PAVE trial, there were 46 fistulas that had not yet been used for dialysis. Only 10 (21.7%) of
these were abandoned (having reached the end of ACCP) during follow-up. This is similar to the survival
of all AVFs (see Figure 5) and, therefore, a high rate of primary failure of fistula maturation was unlikely
to affect the outcome. Inclusion of fistulas that had not been used or had a previous thrombosis reflects
clinical practice and, for this reason, we consider these aspects to be a strength of the PAVE trial. Ten
patients with a previous thrombosis were randomised in the PAVE trial, whereas this group was excluded
from the IN.PACT study.28

Inclusion of patients with only single or tandem lesions in the PAVE trial
Patients with only a single lesion or tandem lesions that could be treated by a single drug-coated
balloon were eligible for inclusion in the PAVE trial, which was not the case for the IN.PACT study.28

This is unlikely to explain the lower event rate in our trial because our previous data suggested
that post-intervention ACPP is similar in patients with multiple or single lesions.9 However, stenoses
at multiple sites in the access circuit is a common finding, and deciding which is clinically most
significant can be subjective. Therefore, we included only patients with a stenosis at a single site
in the circuit to make it likely that this lesion was responsible for the clinical problem leading
to intervention.

Differences in the patient demographics and clinical features in the arteriovenous fistula
Seventy-two per cent of patients in the PAVE trial were white, reflecting the population with end-stage
kidney disease in UK,1 compared with 26.7% of patients in the IN.PACT study.28 The proportion of lesions
located at the anastomosis was higher in the PAVE trial than in the IN.PACT study (44% vs. 25%) and the
proportion of patients with a previous intervention was lower (35% vs. 75%).

Differences in the drug-coated balloons used
The Lutonix balloon used in the current study used a coating of paclitaxel, sorbitol and polysorbate,
with a drug dose density of 2 µg/mm2. In contrast, the IN.PACT study balloon used by Lookstein et al.28

is loaded with a higher concentration of paclitaxel (3.5 µg/mm2) and uses a urea-based excipient.
The difference in coating technology does not necessarily result in a higher drug dose being delivered
to the target lesion because a different proportion may be lost before insertion or deposited in non-
target tissues. However, the differing results in the current study and in the study by Lookstein et al.28

could be due to the different devices used in the trials.

DISCUSSION
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Implications of the results

The results of the PAVE trial suggest that paclitaxel-coated balloons should not be routinely used
to treat dysfunctional AVFs in a UK population. The reasons for differences between the results of
the PAVE trial and the IN.PACT study28 deserve further analysis and consideration; in particular, the
possibility that the differing results were due to the use of different devices. A second trial confirming
the results of the trial by Lookstein et al.28 could be valuable. Other interventions to prevent restenosis
following a fistuloplasty could also be explored. Sirolimus-coated angioplasty balloons are now
available, and these have potential in the treatment of AVFs.31

There has been an increase in mortality linked with the use of paclitaxel-coated balloons in patients
with peripheral vascular disease.32 The number of deaths were not sufficient to inform this point.
However, there is no evidence of an increase in mortality associated with paclitaxel-coated balloons
in patients on haemodialysis.

Conclusions

The results from the PAVE trial provide no evidence of an additional benefit from paclitaxel-coated
balloons compared with standard balloons when used after plain balloon angioplasty of a stenosis in
an AVF. There was no suggestion of a treatment effect. The prespecified secondary outcome data
were consistent with this conclusion, with no differences between groups in any of the data sets.
The potential reasons for the differing results in comparison with the IN.PACT trial28 are discussed
(see Differences between the PAVE trial and the IN.PACT study).
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