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Abstract
The BRAVO-II study was a randomized controlled study of endovascular radiation therapy as
compared to sham radiation therapy, following angioplasty of a thrombosed PRFE graft. The
results did not show a benefit of endovascular radiation therapy, albeit in the context of an early
termination of the study at less than 50% enrollment due to business reasons. Emphasis is laid on
the fact that there may still be a role for radiation therapy in specific clinical settings associated
with dialysis vascular access dysfunction.

Hemodialysis vascular access dysfunction is an important cause of morbidity and
hospitalization in the hemodialysis population at a cost of over one billion dollars per annum
(1–3). A very large component of this problem is due to polytetrafluroethylene (PTFE)
dialysis access graft stenosis and thrombosis. Despite their widespread use as a form of
permanent dialysis access, PTFE dialysis access grafts have 1 and 2 year primary patency
rates of 50% and 25%, respectively (4,5). More recently a large randomized clinical trial of
Aggrenox in patients with new PTFE grafts documented a 1 year primary patency rate of
only 23% (6). Once PTFE grafts develop a stenosis, their response to angioplasty is even
worse (with post-intervention primary patencies of 50% at 6 months for nonthrombosed
grafts which drops down to 40% at 3 months for thrombosed grafts) (5).

Dialysis access graft stenosis occurs primarily at the graft-vein anastomosis and is due to
venous neointimal hyperplasia (VNH) (7). We and others have previously demonstrated that
VNH is characterized by the proliferation and migration of smooth muscle cells,
myofibroblasts and endothelial cells (angiogenesis), together with the presence of a
prominent layer of peri-graft macrophages (7–9).

Since radiation therapy is known to block the proliferation of these cell types in-vitro, it
could be an effective therapy for dialysis access dysfunction (10–12). Proof for this
hypothesis comes from a large number of experimental and clinical studies on the use of
radiation therapy (both external beam and endovascular) for the prevention and treatment of
coronary and ileofemoral stenosis (13–17). In the specific setting of dialysis access
dysfunction there are a number of small anecdotal studies with equivocal results (18,19).
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More recently, however, a pilot study of endovascular radiation therapy in nonthrombosed
grafts dialysis access grafts was able to demonstrate an improvement in target lesion primary
patency (BRAVO I) (20). Following on from this previous study, the BRAVO II study is a
double-blind randomized controlled study of endovascular beta radiation following
angioplasty in thrombosed PTFE dialysis access grafts.

Subjects and Methods
General Description

The Beta Radiation for Arterio-Venous Graft Outflow Stenosis II (BRAVO II) study
(sponsored by the Novoste Corporation) was a large multicenter, doubleblind, randomized,
placebo-controlled study to assess the efficacy and safety of endovascular radiation therapy
(also known as vascular brachytherapy [VBT]) in he-modialysis patients with thrombosed
grafts, due to a stenosis at the graft-vein anastomosis. The original plan was for the
enrollment of 215 patients (see statistical considerations). Unfortunately, due to business and
recruit- ment issues, the study was halted after the recruitment of 95 patients only. We will
therefore describe the results for these 95 patients only.

Primary Endpoints
The Primary Efficacy endpoint for BRAVO II was a significant improvement in 3-month
postintervention primary patency, which was defined as freedom from repeat intervention
and freedom from thrombosis requiring intervention. The Primary Safety endpoint was a
composite of Serious Adverse Events at 3 months including death, venous rupture, and
aneurysm formation.

Study Protocol (see overview in Fig. 1)
Patients with thrombosed grafts were assessed for clinical and demographic inclusion and
exclusion criteria (see Figs. 2 and 3). Eligible patients underwent a standard thrombectomy
and angiogram. If the patient had a greater than 50% stenosis at the graft-vein anastomosis
and fulfilled the angiographic inclusion and exclusion criteria (see Figs. 4 and 5), the patient
was randomized to receive either vascular brachytherapy or a sham radiation procedure. Of
note, the residual stenosis at the target lesion had to be less than 30% to enroll a patient in
this study. Patients with stenotic lesions upstream of the graft-vein stenosis could be
randomized following a successful angioplasty of these lesions (less than 30% residual
stenosis).

Vascular Brachytherapy
From a procedural viewpoint, the entire area of angioplasty injury was exposed to beta
radiation after a standard angioplasty. The BRAVO study used the fourlumen Corona
delivery system (Fig. 6), which has been successfully used in the coronary setting.
Following angioplasty a carbon dioxide filled balloon was inflated to 1–2 atmospheres over
the entire area of angioplasty injury (Fig. 7A,B). Fluorescent tape markers were used to
ensure exact placement of the CO2-filled balloon (Fig. 7A,B). The radioactive source train,
which contained 24 miniature radioactive seeds was then delivered to cover the entire length
of balloon injury (Fig. 7C,D). A dose of 18.4 Gy was delivered at a distance of 0.5 mm from
the surface of the balloon. Building upon the experience acquired from previous studies of
endovascular radiation therapy and current FDA recommendations (21), the BRAVO
protocol incorporated strict guidelines to ensure that the entire area of injury was irradiated
with adequate margins to avoid the “candy wrapper” effect described in earlier studies of en-
dovascular radiation in the coronary circulation. All patients were also started onto Aspirin
for the duration of the study to avoid potential problems with late thrombosis (21). If the
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lesion length was more than 3 cm, two sequential balloons were used with a pullback
methodology.

Follow-Up
Patients were assessed clinically immediately after the procedure and at the 3-month
endpoint. Patients were also assessed at the 6-month and 1-year intervals for the safety
endpoints (until August 2005).

Statistical Considerations
The current literature suggests that the primary patency of thrombosed PTFE dialysis access
grafts following angioplasty is 40% at 3 months (22). The BRAVO II protocol was powered
to be able to identify a 20% absolute increase in primary patency (from 40% in the Control
group to 60% in the Radiation group) at 3 months, with a power of 80% and a two-sided
alpha error of 5%, through the recruitment of 215 patients. The recruitment of only 95
patients clearly changes the initial power calculations. However, despite the reduction in
patient numbers, the BRAVO II study remains by far the largest randomized study of
radiation therapy in the field of dialysis access. We therefore feel that the presented results
below are an important addition to the literature in this area (see Discussion also).

Results
One hundred and fifty-four patients were screened for the BRAVO II study, of which 95
patients (59 screen failures) were enrolled from 21 sites in the United States. Fifty patients
received radiation therapy while 45 patients were randomized to the placebo group. Of these
95 patients, 69 patients (29 in the radiation group and 40 in the placebo group) successfully
completed the 3-month follow-up visit. The main reason for not completing the 3-month
visit was termination of the study due to business and financial reasons (23).

Demographics and Vascular Access History
Table 1 shows the demographics of the Radiation and Control groups. In keeping with the
current demographics of hemodialysis patients in the United States, the mean age for the
Radiation and Control groups was 61.1 and 62 years, respectively. There were, however,
significantly more females in the placebo group as compared with the radiation group.
African Americans constituted 56% of the total study population and were equally
distributed between the two groups. The major cause of ESRD in both groups was diabetes
mellitus. With the exception of gender (described above), there were no other demographic
differences between the Radiation and Control groups. Table 2 describes the location
(forearm versus upper arm) and configuration (straight versus loop) of the current
hemodialysis graft. There were no differences in location or configuration between the two
groups.

Efficacy Outcomes
There was no difference in the primary efficacy endpoint between the two groups. Of the 29
patients in the radiation group that completed the 3-month assessment, 15 patients (51.7%)
had not had a thrombosis or intervention as compared to 20/40 (50%) of patients in the
placebo arm (p = 1.00, Chi-square analysis) (Fig. 8).

Safety Outcomes
There were no significant differences in the number of patients who had device related
events, serious adverse events or the composite of death, venous rupture or aneurysm
formation. Figure 9 shows the combined primary safety rate (which includes all the above)
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between the two groups. It is important to note, however, that the 12-month time point
comprised five patients in each group only.

Discussion
The BRAVO II study is by far the largest randomized study of radiation therapy (external
beam or endovascular) in the setting of dialysis access stenosis (PTFE graft or AV fistula).
Although this study has clearly demonstrated both the feasibility and safety of endovascular
radiation therapy in the setting of thrombosed dialysis access grafts, it has unfortunately not
been able to deliver a final answer on the efficacy of this procedure. While the described
results do not demonstrate a beneficial effect of radiation therapy on primary patency, it
needs to be emphasized that this analysis is based on data from 95 patients only, as opposed
to the proposed 215; and of these 95 patients, only 69 had a full follow-up at the 3-month
time point.

This unfortunate situation arose because of the early termination of the study. This was not
done because of any safety concerns, but rather because of a confluence of business issues
(23), related primarily to the concurrent rapid clinical penetration of drug eluting stents for
the prevention of coronary restenosis (24,25). This resulted in a dramatic decrease in
coronary endovascular radiation therapy and since this was the main revenue source for the
Novoste Corporation, it became impossible to continue to support the ongoing dialysis
access study. We also recognize that this early termination of the study has resulted in an
imbalance within the 69 subjects who reached the 3-month endpoint, with 40 of these
subjects having randomized to the placebo arm.

So is there still a need to identify whether endovascular radiation therapy could still be a
useful therapeutic intervention for dialysis access graft dysfunction. We believe that there is
such a need.

Thus, while the drug eluting stents have completely changed the management of coronary
artery restenosis in a very positive fashion, it needs to be emphasized that they are not
without their own problems, especially with regard to concerns about late thrombotic events
and the requirement for prolonged clopidogrel therapy with its attendant clinical morbidity
and financial costs (26–29).

In addition, it needs to be emphasized, that there are significant anatomical (vein versus
artery), physiological (continuous high flow system with regions of turbulence in dialysis
access versus a low flow system with predominantly laminar flow in coronary stenosis), and
metabolic (increased uremia, inflammation and oxidative stress in dialysis vascular access)
differences between dialysis access and coronary restenosis. The lesser efficacy of
endovascular radiation therapy in the coronaries as compared with the drug eluting stents
does not necessarily mean that it would be ineffective in the setting of dialysis access
stenosis. The current lack of effective therapies for dialysis vascular access (there are no
drug eluting stents for dialysis vascular stenosis and a recent study of stent grafts
documented a significant improvement in primary patency but not cumulative patency
(30,31)), further shifts the risk-benefit ratio in favor of additional studies of endovascular
radiation therapy in this area.

We would therefore like to suggest the following potential areas for future research in the
context of endovascular radiation therapy in the setting of dialysis access stenosis:

• A study of endovascular radiation therapy in combination with a second
antistenotic agent (stent grafts or local drug/cell/gene therapy) for patients with
PTFE graft stenosis.
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• The use of endovascular radiation therapy to potentially enhance arteriovenous
fistula maturation in view of the current epidemic of arteriovenous fistula (AVF)
maturation failure (due to a combination of neointimal hyperplasia and perhaps a
lack of adequate dilation). Note that small anecdotal studies have documented the
successful use of endovascular radiation therapy in the setting of AVF stenosis (R
Bonan; personal communication).

• The use of endovascular radiation therapy in patients with intractable dialysis
access stenosis (AVF or PTFE graft) who have already had multiple ineffective
procedures to try and maintain patency.

• The use of endovascular radiation therapy for the current epidemic of central vein
stenosis, which often precludes the creation of a new dialysis access on that side.

In conclusion, therefore, we believe that there is still significant potential for further
investigation into the role of endovascular radiation therapy in the setting of dialysis
vascular access stenosis. Specifically, the current lack of effective therapies, for this difficult
clinical problem (huge unmet clinical need), makes this a fertile area for future high quality
clinical investigation.
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Fig. 1.
Study Algorithm: This describes the sequence of events for the BRAVO II study. Note the
presence of both clinical and angio-graphic inclusion and exclusion criteria.
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Fig. 2.
Clinical and demographic inclusion criteria.
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Fig. 3.
Clinical and demographic inclusion criteria.
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Fig. 4.
Angiographic inclusion criteria.
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Fig. 5.
Angiographic exclusion criteria.
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Fig. 6.
Corona endovascular radiation device: Note the main device (A) with the attached radiation
balloon, the CO2 syringe (B) to inflate the radiation balloon, the blown up representation of
the four lumen tip (C) and high power views of the differentially sized catheters (D) that
were used in this study.
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Fig. 7.
Delivery of Endovascular Radiation to the site of Angioplasty Injury: (A) and (B) describe
the placement of the Corona balloon over the entire site of angioplasty induced vascular
injury. (C) and (D) document the placement of a ribbon of Strontium-90 seeds into the
catheter (arrow in (D)) to irradiate the entire region of injury.
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Fig. 8.
Post-Intervention primary patency rate: There is no difference between the control and
radiated groups. Note that data are available for only 69 patients at the 3-month follow-up.
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Fig. 9.
Combined primary safety rate: There is no difference in the combined primary safety rate at
between 3 and 12 months post intervention. The data for each time point is for the patients
who were followed till that time point (only 5 at 12 months).
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Table 1
Demographics

Radiation (n = 45) Placebo (n = 50) p-value

Median age 61.1 62.0 0.363

Gender 15M 29M 0.0232

30F 21F

Ethnicity

 White 18 19 1.00

 Black 25 28

 Other 2 3

Median years on hemodialysis 2.0 2.0 0.200

ESRD cause

 Diabetes 21 21 0.9704

 Hypertension 14 16

 Glomerulonephritis 3 5

 Others 7 8
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Table 2
Hemodialysis vascular access history

Radiation (n = 45) Placebo p-value (n = 50)

Location of current access

 Forearm 20 23 0.2383

 Upper arm 25 27

Configuration of current access

 Loop 26 30 0.8341

 Straight 19 19
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