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Abstract
Objective: Endovascular brachytherapy (EBT) has been proposed as a method to 
prevent restenosis. We performed a study to determine its efficacy for prophylaxis of 
restenosis after femoropopliteal percutaneous transluminal angioplasty (PTA).
Design: Prospective randomised multicenter study.
Methods: Patients with symptomatic stenotic or totally occluding lesions in 
the femoropopliteal artery were randomised to be treated with PTA plus EBT or 
PTA alone. In case of EBT, 14 Gy was applied by an Ir192 source to the vessel wall. 
Clinical examination, ankle-brachial pressure index (ABPI) and duplex ultrasound 
were planned after six and twelve months. The primary endpoint was significant 
restenosis of the treated segment at duplex ultrasound after 12 months.
Results: Fifty-three of the 60 patients who eventually met the inclusion criteria could 
be studied. After 12 months, restenosis rates were 44% (12/27) in the PTA group 
versus 35% (8/23) in the PTA + EBT group (x2 test, p=0.51). There was no difference 
in mandatory reintervention between the two groups. Overall, EBT resulted in an 
absolute risk reduction of significant restenosis of 9%, yet in patients with totally 
occlusive disease this reduction was 32%.
Conclusions: This study suggests an effect of EBT on the occurrence of restenosis 
only after PTA of occluded femoropopliteal lesions. Due to a too small number of 
patients analysed this difference is not statistically significant.
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Background
Restenosis after percutaneous transluminal angioplasty (PTA) of the femoropopliteal 
artery occurs in 25% to 77% of the cases within the first year and is thereby the major 
limitation of the long term patency of this method of treatment.1,2,3 The process is mediated 
by intimal hyperplasia, which consists of excessive proliferation and extracellular matrix 
synthesis by vascular smooth muscle cells that have migrated to the site of the injury.4 
Other components are elastic recoil and negative remodeling, involving mechanical 
collapse and progressive reduction of the luminal area of the treated vessel.5

Efforts to reduce post-PTA restenosis in the femoropopliteal tract with pharmacological 
agents and mechanical devices, have not proved to be successful.4,6

Endovascular irradiation has been proposed as a method to prevent restenosis. 
Experimental studies have demonstrated its inhibiting effect on intimal hyperplasia in 
animal models after PTA of induced stenosis.7-13 Recent clinical data suggested a marked 
decrease of restenosis rate with endovascular brachytherapy (EBT) after PTA of coronary14,15 
and peripheral16,17 arteries.
We performed a randomised multi-center trial to determine the effectiveness of 
endovascular brachytherapy delivered through a centering catheter.

Methods
Patients
In this multicenter study named VARA (VAscular RAdiotherapy) 8 hospitals participated. 
The medical ethical committee of all centers approved the trial. Informed consent was 
obtained from each patient. Between January 1998 and August 2000, patients with 
symptomatic stenotic or totally occluding lesions in the femoropopliteal artery were 
randomised to be treated with PTA plus EBT or PTA alone. Criteria for inclusion were:  
(1) age between 40-80 years, (2) claudication or non-acute critical limb ischemia (Rutherford 
stage 2 or more), (3) lesion in the femoropopliteal artery with a maximum length of 10 cm, 
(4) reference diameter of the segment 4 to 8 mm, (5) no significant hemodynamic iliac 
stenosis, (6) written informed consent. Patients were excluded after randomisation if the 
revascularization procedure was unsuccessful. Furthermore, where the maximum lesion 
length was 10 cm, the dilatated segment should not exceed 13 cm because of the limited 
length of the centering device. With longer segments centering of the brachytherapy 
catheter and an equal dose distribution could not be guaranteed.

Randomisation and data
Because of logistic aspects we chose to randomise patients not after PTA but subsequent 
to informed consent. Hereby, needless reservation of the brachytherapy suite was 
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prevented. The allocation of treatment was computer generated using the following 
stratification factors: (1) stenosis or occlusion, (2) length of the lesion: < 3cm or 3-10 cm, 
(3) hospital. Block size was randomised between 4-6. We used the telephone service of 
the trial office for the assignment of the treatment. Data were recorded and transferred 
to a database.

Procedure
Catheterization procedures were performed in the angiosuite with digital fluoroscopic 
guidance. A radio-opaque tape measure was applied to the skin. Arterial access was by 
means of antegrade puncture of the ipsilateral common or superficial femoral artery. A 7 
French vascular sheath (Cordis, Roden The Netherlands) was inserted and a dose of 5000 
IU Heparin was administered intra-arterially. The stenosis or occlusion was passed with 
the combination of a 5 French catheter and a 0.035 inch guidewire (Terumo, Ann Arbor 
Michigan U.S.A.). Subsequently the guidewire was exchanged for a 0.020 inch steerable 
guidewire (Boston Scientific, Watertown USA) in order to prevent dislocation during 
catheter exchange. The stenosis or occlusion was then dilated with a 5-7 mm PTA balloon 
(Wanda, Boston Scientific, Watertown USA) and control angiography was performed 
through the 7 French sheath. Angiographically the stenosis was considered technically 
successful when the residual lumen was 80% or more of the reference diameter (diameter 
of a normal nonstenotic segment of the superficial femoral artery). 
In patients who were randomised for EBT a centering EBT-catheter (Nucletron-Veenendaal, 
the Netherlands) was selected and introduced over a guide wire with its tip 15 mm distal 
to the dilated segment. Multiple balloons realized the central position in the vessel to 
optimize dose distribution (Figure I). The position of the catheter tip was marked on the 
tape measure. The sheath was fixed to the skin, the centering catheter to the sheath and 
the skin. After removal of the guide wire a 5 French afterloading catheter was introduced 
through the centering catheter. After transport of the patient to the radiotherapy suite the 
position of the catheter was controlled under fluoroscopy and an additional dose of 5000 
IU Heparin was administered. The catheter was connected with a computerized high-
dose-rate afterloader (microSelectron, Nucletron) with an Ir192 source. Dose distribution 
was calculated using the angiographically measured post-PTA lumen diameter at the level 
of the target lesion and the length of the dilatated segment with an additional 1 cm at 
proximal and distal edges. In order to ensure a 100% isodose 1 cm beyond both edges, 
the actual length the source had to traverse was the length of the dilatated segment plus 
1,5 cm proximal and distal. The prescribed dose was applied on the adventitia. Distance 
from the source axis to the adventitia was defined as the radius of the dilated vessel lumen 
plus 2 mm. A dose of 14 Gy was delivered at the prescribed points along the length of the 
balloon dilated arterial segment at a previously defined distance from the source axis. 
Actual irradiation was applied by the Ir192 source, which was computer-guided to traverse 
the entire segment in 5 mm steps moving from distal to proximal. After treatment the 
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centering balloon was deflated and subsequently the catheter was removed.
If patients were not on antiplatelet or anticoagulant medication yet, acetylsalicyl acid 
(ASA) 100 mg was initiated before the intervention to be continued indefinitely.

Figure I.  Pre-PTA (1), PTA (2), and positioning of centering balloon (3) to optimize dose distribution.

 Follow-up
Follow-up examinations were planned after 6 and 12 months. Clinical examination, ankle-
brachial pressure index (ABPI) at rest and after exercise as well as color duplex ultrasound 
survey of the femoropopliteal artery were performed. 
Clinical conditions were determined according to the Rutherford classification. The peak 
systolic velocity (PSV) in the dilatated segment was compared with the PSV in the normal 
segment above with duplex survey. Restenosis was defined as a decrease of lumen 
diameter of 50% or more, corresponding with a PSV-ratio of ³ 2.5. 
Angiography was only performed on clinical indication.

Endpoints and statistical considerations
The primary endpoint was a 50% or more restenosis at duplex ultrasound of the treated 
segment after 12 months. Secondary effectiveness parameters included clinical patency, 
determined by the Rutherford classification and mandatory revascularization or (limited) 
amputation of the treated limb. Revascularization was defined as further PTA or bypass 
surgery of the target lesion. Complications of any kind were monitored together with 
their relation to the studied procedure.
Data were analyzed on an intention-to-radiate basis. Categorical data were compared 
using chi-square tests. Continuous variables were analyzed with the Mann-Whitney 
U-test.
With an assumed incidence of restenosis in the PTA group of 50% after 12 months and 
20% in the PTA+EBT group, based on a test power of 80%, each group required 38 patients 
to detect a significant difference between these two restenosis percentages (P = 0.05, 
two-sided).
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Figure II.  Flow diagram of allocation of treatment.

  

 

Excluded (17): 
Eventually unfit for PTA (5) 
PTA not successful (4) 
Dilatated segment > 13 cm (8) 
 

N = 60 

 

PTA 
N = 33 

 

PTA + EBT 
N = 27 

 

EBT failure 
N = 2 

 

Withdrawal 
N = 2 

 

Lost to f.u. 
N = 1 

 

Lost to f.u. 
N = 1 

 

No duplex 
N = 1 

 

No duplex 
N = 2 

 

N = 23 
 
 

N = 30 
 

Results
Seventeen patients were excluded for the following reasons. Five patients were eventually 
unfit for PTA and bypass surgery was indicated. In 4 patients PTA was technically not 
successful. In 8 other patients the length of the treated segment exceeded the prescribed 
maximum length of 13 cm and these patients were simultaneously excluded.
A total of 60 patients met the criteria for inclusion; 33 were randomised to be treated 
with PTA alone, 27 underwent PTA plus EBT. The irradiation procedure was technically not 
feasible in 2 patients because of strong kinking of the proximal part of the catheter. There 
were 2 withdrawals of consent. Two patients were lost to follow-up. Finally, in 3 cases only 
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clinical data were available, duplex survey was not performed. Eventually, information 
concerning the patency of the intervention could be obtained in 53 patients (Figure II).
The main reason for the limited accrual was an overestimation of the amount of suitable 
patients. After careful evaluation of the intake of patients well over 2½ years, without the 
prospect of increase, we decided to stop further recruitment. An other reason to stop the 
accrual was the cumbersome procedure of EBT.
All patients had a de-novo stenosis. Their baseline characteristics are listed (Table I).

Table I.   Baseline clinical and radiologic characteristics.

Characteristics
PTA

n=33  
PTA + EBT

n=27
Age 64.7 (50-85) 63.2 (43-76)
Male sex, n (%) 22 (67) 18 (63)
History of smoking, n (%) 30 (91) 24 (89)
Coexisting disease, n (%)
   Hypercholesterolemia   11 (33) 10 (37)
   Diabetes mellitus   7 (21)   5 (19)
   History of hypertension 14 (42)   9 (33)
   Myocardial infarction   5 (15)   5 (19)
   Claudication 28 (85)  24 (89)
   Ischemic rest pain or tissue loss   5 (15)   3 (11)
Lesion (stenosis/occlusion), n (%) 22/11  (67/33) 19/8 (70/30) 
Lesion length cm 3.2 ± 2.6 3.9 ± 3.1

Endpoints
Data produced by duplex survey regarding the 6-months patency were obtained in 52 of 
the 53 patients. The restenosis rate was 9/29 (31%) in the PTA group versus 5/23 (22%) in 
the PTA + EBT group (Χ2 test, p = 0.45). In each group one patient died during the second 
follow-up period and in one case only clinical data at 12 months could be retrieved. After 
one year of follow-up these rates were 12/27 (44%) and 8/23 (35%) respectively in 50 
patients (Χ2 test, p = 0.49). 
In addition, there was no significant difference in mandatory reintervention between the two 
groups. After one year 6/29 (21%) of the patients in the PTA group required revascularization 
of the target lesion versus 4/22 (18%) in the PTA + EBT group (Χ2 test, p = 0.82). In the PTA 
group revascularization was performed by repeat PTA in 4 patients and by bypass surgery in 
2 patients. In the PTA + EBT group 3 PTA and 1 bypass procedure were carried out. 
The alteration of the median Rutherford scores at 6 and 12 months compared to the pre-
procedural score did not differ significantly between the two groups. In the PTA group as 
well as the PTA+EBT group the median clinical improvement was 2 stages. (Mann-Whitney 
test, respectively p = 0.75 and p = 0.39). Patients who underwent a reintervention were 
not taken into account after 6 or 12 months of follow-up (Table II).
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The impact of lesion characteristics on restenosis was compared for the PTA and the 
PTA+EBT group. Factors such as stenosis versus occlusion were considered. The recurrence 
rate in patients with stenosis did not really differ between the two treatment arms. At 
12 months, the restenosis rate after PTA alone was 6/19 (32%) versus 5/16 (31%) after 
PTA+EBT. On the other hand, recurrence rates were 6/8 (75%) versus 3/7 (43%) respectively 
in patients with occlusion. No difference was found between patients with a short stenosis 
(< 3cm) and stenoses ranging from 3-10 cm (Table III).
It must be emphasized that the numbers of patients in both subgroups were small.

Table II.   Difference in Rutherford stage, pre-procedural and at 6 months.

PTA (n) 0 1 2 3 reintervention
       2 (21) 9 6 3 1 2
       3   (5) 2 1 1 1
       4   (2) 2
       5   (2) 1 1

Total (30) 12 7 6 1 4

PTA+EBT (n) 0 1 2 3 reintervention
       2 (17) 6 7 1 1 2
       3   (4) 1 1 1 1
       4   (1) 1
       5   (1) 1

Total (23) 7 8 4 1 3

Ankle-Brachial Pressure Index 
The mean ABPI before PTA was 0.80 (±0.22) in the PTA group and 0.70 (± 0.16) in the 
PTA+EBT group. No pressure index was performed directly after PTA. Follow-up data after 
12 months demonstrated a mean increase of 0.09 (±0.23) and 0.19 (±0.17) respectively 
(Mann-Whitney test, p = 0.13). ABI increase after exercise did not differ significantly 
between the two groups either.

Peak Systolic Velocity Ratio
The same analysis was done for the PSV-ratio. The mean PSV-ratio value of the non-
occluded lesions before intervention was 6.2 (±3.7) in the PTA group and 8.2 (± 5.3) in the 
PTA+EBT group. At 12 months no significant difference was found. In the PTA group the 
mean PSV-ratio was 1.5 (±0.91) versus 1.7 (±0.78) in the PTA+EBT group (Mann-Whitney 
test, p = 0.28). (Values obtained after further reinterventions are excluded. In addition, in 
case of occlusion, a PSV-ratio cannot be assessed).
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Table III.   Restenosis (>50%) rate in both groups in relation to stenosis length.
PTA (%) PTA+EBT (%)

<3 cm 3 (11) 3   (9)    6  (20)
3-10 cm 3   (8) 2   (7)    5  (15)

6 (19) 5 (16)  11  (35)

Complications
In two patients allocated in the PTA + EBT group, a stent was placed because of a severe 
dissection with partial luminal obstruction. Both of them developed luminal narrowing 
at the edges of the stent. In the PTA+EBT group one patient suffered from thrombosis of 
the treated vessel within 24 hours. An early occlusion within days was also seen in the PTA 
group. We did not encounter any late thrombosis or aneurysm formation.
A clinically evident hematoma at the puncture site was noticed four times. False aneurysms 
were excluded by duplex survey and blood transfusion was not required. One patient 
suffered from neurological pain in the groin that improved spontaneously after 6 weeks. 
During follow-up 2 patients died. One patient died of myocardial infarction within 6 months 
(PTA + EBT group), another due to lung cancer after 9 months of follow-up (PTA group).

Discussion
This study does not succeed in demonstrating a significant restenosis reduction after 
endovascular irradiation following PTA of de novo femoropopliteal lesions. The observed 
absolute risk reduction was 9% after 12 months of follow-up (p = 0.51). Clinical parameters 
did not differ significantly between the two treatment arms either. 
Whereas the overall effect was modest, it appeared more distinct in patients with occlusion 
with an absolute risk reduction of 32% in this subgroup.
At present, only two randomised controlled trials on endovascular brachytherapy in 
peripheral arterial disease are published. Minar et al. (Vienna-2 trial)16 reported a significant 
decreased overall restenosis rate after 6 months from 54% to 28% in favor of the PTA+EBT 
group (12 Gy) in 107 patients. Estimated restenosis rates after 12 months of 65% and 36% 
respectively, were also significantly different. Positive results from EBT after PTA of the 
superficial femoral artery were confirmed by Zehnder et al. who described a restenosis 
rate of 23% in the PTA + EBT group versus 42% in the PTA group after 1 year of follow-up 
in 100 patients.18

The differences in restenosis rates between the two treatment groups in our study were 
less marked. Maybe this is caused by less restenosis in the PTA group at 6 and 12 months 
(31% resp. 44%). Whereas the Vienna-2 trial showed an absolute risk reduction of 28% at 
one year, we report a reduction of only 9%. The restenosis rate after 6 months in the PTA + 
EBT group in our series resembles the reported 17% by Waksman.19
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Several possible explanations are as follows. First, the number of patients included in our 
study was too little to reach significant results. Furthermore, our study contained relatively 
few patients with occluded lesions. The Vienna-2 study recognized this sub-group to 
benefit significantly of EBT, whereas patients with stenotic lesions did not. Although the 
numbers of patients in our sub-groups were small, the results are consistent with the 
results of the Vienna-2 study. In addition, another sub-group with significant profit from 
EBT in the Vienna-2 study were patients with treatment lengths of > 10 cm. The number 
of those patients in our study was small and this could be another explanation for the 
less distinct difference between the two treatment groups. However, the reported data 
about lesion length influencing the rate of restenosis after endovascular irradiation are 
not unequivocal. Krueger et al. did not observe any differences in diameters of vessels 
with irradiated lesions ≤ 2 cm or > 5 cm at 6 months in his report on the interim results of 
22 patients in a randomised trial on EBT of femoropopliteal arteries.20 

The fact that we included only patients with a de novo lesion could also be an important 
factor, since EBT seems to have a stronger effect in patients with restenotic lesions.21,22      

Restenosis at the edge of the treated area has been described as an important late 
complication of intravascular irradiation, especially with the use of radioactive stents.23 
To avoid this problem, the length of the irradiated segment of the artery corresponded 
with the total length of PTA, with an additional 1 cm at each end as a safety margin. 
Nevertheless, the characteristic so called ‘edge-effect’ was encountered in both patients 
who were treated with a stent. Wolfram and Waksman reported this phenomenon in one 
of 33 and 35 patients respectively, after PTA followed by EBT.19, 24 In Wolfram’s study all 
patients underwent simultaneous stent insertion.

The major limitation of the present study is the limited number of patients. Complexity of 
the study and treatment design played a crucial role. Although the actual irradiation time 
varied from 166-577 seconds, additional brachytherapy prolonged the procedure with 
approximately 45 minutes due to the required transfer to a radiotherapy suite, control 
of the catheter position, and the dosimetry. Estimated additional costs of brachytherapy 
were about $ 2500.
Regarding the recurrence rate after 12 months of 44% in the PTA group, it would have 
taken a restenosis rate of 10% in the PTA + EBT group to get a significant difference. The 
study is underpowered with the difference we found. 
Even though our data might suggest a trend, where other studies demonstrated a 
significant positive effect, it is to be questioned whether EBT will obtain a persisting role in 
the treatment of vascular stenoses. As stated by Hansrani and co-workers25, its practicality 
is as important as its effectiveness. Indeed, the technique is elaborate and the required 
safety measures, preferably with purpose-built suites, together with the additional 
devices, may result in insurmountable costs. 
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Moreover, data concerning the long-term safety and durability of EBT are not yet available. 
At present, the clinical relevance seems limited. This study suggests an effect of EBT on the 
occurrence of restenosis only after PTA of occluded femoropopliteal lesions.

Conclusion
This study suggests an effect of EBT on the occurrence of restenosis only after PTA of 
occluded femoropopliteal lesions. Due to a too small number of patients analysed this 
difference is not statistically significant.
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