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I N T E R V E N T I O N A L  R A D I O LO G Y
O R I G I N A L  A R T I C L E 

PURPOSE 
Debulking strategies prior to drug-coated balloon (DCB) angioplasty were suggested to improve 
clinical results in femoro-popliteal lesions. Currently, there are no data regarding plaque modi-
fication with a scoring balloon with subsequent DCB-angioplasty. Recently published 6-month 
results of the DCB-Trak registry in patients treated with scoring-balloon angioplasty and DCB-an-
gioplasty were promising without any safety concerns. Herein, we report the 12-month fol-
low-up data.

METHODS
In a single center registry, 29 consecutive patients with 32 femoro-popliteal lesions were treated 
with a scoring-balloon (VascuTrak®) and a DCB subsequently. The primary endpoint was the clini-
cally driven target lesion revascularization (TLR). Secondary endpoints were clinically driven target 
vessel revascularization (TVR), binary restenosis (peak systolic velocity ratio >2.4), change in Ruth-
erford classification and ankle-brachial-index (ABI). Safety endpoints were major cardiovascular 
events (cardiovascular death, myocardial infarction, stroke, death) and need for amputation.

RESULTS
The procedure was successful in 29 lesions. There were no clinically driven TLRs after 12 months. 
Two patients required clinically driven TVR and one patient had a binary restenosis. ABI signifi-
cantly increased after the procedure (0.87±0.24 to 1.04±0.18, P < 0.01) without a relevant change 
after 6 months (1.01±0.15, P < 0.05)  or 12 months (1.01±0.20, P < 0.05). Rutherford classification 
improved in more than 90% of patients after 6 and 12 months. There was one major cardiovascu-
lar event at 6-month follow-up, but no amputations at 6- or 12-month follow-up.

CONCLUSION
Vessel preparation with a scoring-balloon and subsequent DCB-angioplasty was safe and effec-
tive in patients with femoro-popliteal lesions. Further multicenter trials have to validate these 
results. 
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Peripheral artery disease (PAD) significantly contributes to morbidity and mortality in 
the western industrial countries due to a high prevalence, especially in adults >80 years 
of age (1, 2). In symptomatic PAD, peripheral interventional procedures are suggested 

to be first-line treatment in most vascular centers, but significant restenosis remains a major 
problem, especially in femoro-popliteal lesions (3). The use of drug-coated balloons (DCB) 
was supposed to reduce rates of restenosis due to an effective delivery of paclitaxel, as the 
antiproliferative agent, to the vessel wall without a permanent implant (4). In femoro-popli-
teal lesions, the use of a DCB was demonstrated to be safe and effective in numerous clinical 
trials (5–8). Nevertheless, bail-out stenting rates vary in different trials with higher rates in 
those trials treating longer lesions. In the LEVANT-II-trial stenting rates were about 3% in the 
DCB-treatment arm (lesion length of 6 cm), whereas in InPact-SFA lesion length was about 
9 cm with a bail-out stenting rate of 7.3% (6–8). In some trials and registries, stenting rates 
were as high as 20%, which might additionally be dependent on plain-balloon predilatation 
(9, 10). Moreover, recent data demonstrated an association of the amount of calcium with the 
formation of restenosis (11). Thus, heavily calcified lesions seem to be a predictor of decreased 
efficacy of the antiproliferative drug. Interestingly, a circumferential calcium deposition had a 
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greater impact on DCB-outcome compared 
with a longitudinal distribution (11). There-
fore, plaque modification or debulking strat-
egies prior to antiproliferative treatment 
with a DCB might reduce rates of restenosis 
and further improve clinical outcome of the 
patients. 

A feasible strategy for vessel- and 
plaque-preparation and modification is the 
use of scoring-balloon angioplasty (SBA), 
which is safe and seems to be superior to 
plain-balloon-angioplasty (PBA) in superfi-
cial femoral artery (SFA) (12). The beneficial 
effects of the SBA are most likely related to 
controlled dissection of the intimal layer 
with only a slight trauma to the vessel wall 
(12). This might further reduce the inflam-
matory response and the amount of neo-in-
tima formation in the target lesion. 

Thus, plaque modification with SBA 
might improve beneficial effects of sub-
sequent DCB-angioplasty. Recently pub-
lished 6-month results of 20 patients with 
femoro-popliteal lesions of the DCB-Trak 
registry treated with SBA and DCB-angio-
plasty were promising without any safety 
concerns (13). Herein we present the final 
data of the DCB-Trak registry at 12-month 
follow-up. 

Methods
Study population

A total of 29 consecutive patients with 
symptomatic PAD (Rutherford classifica-
tion 2–6) with 32 femoro-popliteal lesions 
(>70% diameter stenosis or occlusion, ref-
erence vessel diameter 4–6 mm) were in-
cluded. In three patients, both legs were 
treated within two deferred procedures. 
The DCB-Trak-registry is a single-center, 
non-blinded, prospective study. Exclusion 
criteria were patients with stenosis >70% 
proximal to the target lesion or the absence 
of a run-off-vessel below the knee. Inflow 
treatment of proximal stenosis was allowed, 

but not necessary in all patients. Informed 
consent was obtained from all patients, the 
study protocol of the DCB-Trak registry was 
approved by the local ethics committee. 
The study was registered at clinical-trials.
gov: NCT02198105.

Procedure
At first, the target lesion was prepared 

with a scoring-balloon (VascuTrak®, 5 mm 
diameter, BARD GmbH) for 60–120 seconds. 
Subsequently, DCB-angioplasty with an in-
flation time of 60 seconds was performed. 
Technical success was defined as absence 
of any recoil >50% of the reference vessel 
diameter, absence of any flow limiting dis-
section >type B and absence of stent im-
plantation, despite spot stenting of <1/3 of 
the initial target lesion length. After a load-
ing dose of 600 mg clopidogrel during the 
interventional procedure, all patients were 
treated with aspirin (100 mg) and clopido-
grel (75 mg) for 4 weeks, followed by life-
long treatment with either aspirin or clopi-
dogrel.

Calcification analysis
Lesion calcification was analyzed using 

two different fluoroscopy/digital subtrac-
tion angiography based scoring systems, 
assessed in anterior-posterior projection 
(14, 15). Both, the peripheral arterial calci-
um scoring system (PACSS) and the Com-
pliance 360°-score distinguish five different 
grades of calcification with regard to the 
length and circumferential distribution of 
the calcium deposit.

Study endpoints
Follow-up was conducted at 6 and 12 

months. The primary endpoint was the 
clinically driven TLR. Secondary endpoints 
were clinically driven TVR, binary resteno-
sis (peak systolic velocity ratio, PSVR>2.4), 
change in ankle-brachial-index (ABI) and 
Rutherford-classification. ABI was deter-
mined with a mercury sphygmomanom-
eter (WelchAllyn) and a portable Dop-
pler-ultrasound (handydop, ELCAT) after 
the patient had rested in a supine position 
for at least five minutes. ABI was measured 
as the ratio of the ankle systolic blood pres-
sure divided by the brachial systolic blood 
pressure with the use of the higher of the 
two ABI-values and the higher brachial val-
ue. In diabetic patients with an ABI higher 
than 1.30, further analysis was performed 
with 1.30 to account for the test-related 
intraindividual variability of the ABI in 

those patients with severe media sclerosis. 
Safety endpoints were major cardiovascu-
lar events (myocardial infarction, stroke, 
death, cardiovascular death) and freedom 
from amputation.

Statistical analysis
All data are expressed as mean±stan-

dard deviation (SD). Statistical significance 
was accepted as P < 0.05. Data were test-
ed for normal distribution with the Kolm-
ogorov-Smirnov-test. Except Rutherford 
classification and grade of calcification 
scores, values followed a normal distribu-
tion. Analyses were performed with the 
Student t-test, except calculations related 
to calcification scores. Therefore, the Kru-
skal-Wallis-test comparing the median of 
the calcification scores was used due to the 
small sample size of the comparator groups 
(technical failure n=3, need for spot-stent-
ing n=5). PSPP® for Mac-OS was used for 
statistical analysis.

Results
A total of 29 patients (21 male patients, 

72%) with 32 femoro-popliteal lesions were 
included in the DCB-Trak registry. Baseline 
characteristics are demonstrated in Table 1, 
lesion- and procedural characteristics in Ta-

Main points

•	 Lesion preparation in femoro-popliteal steno-
sis might further improve outcome of patients 
with peripheral artery disease, particularly in 
calcified lesions.

•	 Combined treatment with a scoring- and a 
drug-coated-balloon is safe and suggested to 
be superior to a drug-coated-balloon angio-
plasty alone, in short and mid-length lesions.

•	 Randomized trials are needed to verify these 
promising results, especially in longer lesions.

Table 1. Patient baseline characteristics

Total, n (%) 29 (100)

Male gender, n (%) 21 (72)

Age (yrs), mean (range) 68 (48–81)

HLP, n (%) 28 (97)

Diabetes, n (%) 18 (59)

Hypertension, n (%) 28 (97)

Current smoking, n (%) 20 (69)

Rutherford classification, n (%)

   2 1 (3)

   3 21 (73)

   4 2 (7)

   5 3 (10)

   6 2 (7)

Median 3

ABI, mean±SD 0.87±0.24

ABI (diabetics) 0.93±0.27

ABI (nondiabetics) 0.79±0.18

There was no significant difference between ABI of 
diabetic and nondiabetic patients (P = 0.126).
HLP, hyperlipoproteinemia; ABI, ankle brachial index; 
SD, standard deviation. 



ble 2a and 2b. The procedure was success-
ful in 29 lesions (90.6%). Bail-out-stenting 
was necessary in three patients (9.4%, one 
patient with recoil >50%, one patient with 
type-c dissection, one patient with both). 
Successfully treated vessels had significant-
ly shorter lesion length than the unsuccess-
ful ones (P = 0.023, Table 2a). There was no 
association between the grade of calcifica-
tion of the target lesion and the procedural 
success (Table 2b).

In five patients (16%) we performed spot 
stenting of <1/3 of lesion length. One pa-
tient was lost to follow-up between 6 and 
12 months. Thus, 26 patients with 29 lesions 
were followed for 6 months and 25 patients 
with 28 lesions for 12 months. The primary 
endpoint (clinically driven TLR) was nega-
tive for all patients after 6 and 12 months. 
Secondary endpoints are demonstrated in 
Table 3. There was one major adverse car-
diovascular event (myocardial infarction) at 
6-month follow-up.

ABI and Rutherford classification im-
proved at 6 months and 12 months (Figs. 1 
and 2). 

Discussion
For the first time, the results of the cur-

rent study indicate a safe and effective use 
of the combined treatment of SBA and DCB 
angioplasty in patients with femoro-popli-
teal lesions. 

Efficacy of endovascular treatment in 
patients with PAD increased within the 
last decades due to improvement and di-
versification of endovascular techniques. 
Especially in femoro-popliteal lesions, pa-
tency rates of long lesions increased with 
the usage of stents, with and without drug 
coating. Nevertheless, in-stent restenosis 
remains a major problem. Particularly in the 
femoro-popliteal region, restenosis might 
be related to stent fracture due to the high 
mechanical stress in this vascular region (6, 
16). Therefore, avoidance of a permanent 
implant is supposed to be the best choice, 
preserving all treatment options for the pa-
tient in future (6). DCBs were demonstrated 
to further improve the outcome of patients 
and decrease the rate of restenosis without 
any scaffold (5–8). However, this concept is 
restricted by flow-limiting dissections or by 
a significant recoil of the target lesion. Cur-
rent data indicate highly variable bail-out 
stenting rates in clinical trials and registries 
evaluating DCB-angioplasty (9, 10). High 
bail-out-stenting rates are supposed to be 
dependent on lesion length and pre-dilata-
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Table 2a. Lesion characteristics

Vessel diameter (mm), mean±SD (range) 5.56±0.70 (4.1–7.0)

Target lesion length (mm), mean±SD (range)

   Total (n=32) 60.34±59.67 (12–260)

   Technical success (n=29) 52.76±48.07 (12–250)*

   Technical failure (n=3) 133.76±118.11 (26–260)*

Grade of stenosis (%), mean±SD (range) 81.59±12.11

Total occlusion, n of patients (%) 7 (22)

Periprocedural dissection, n of patients (%)

   None 15 (47)

   Type A 5 (16)

   Type B 9 (28)

   > Type B 3 (9)

Spot stenting <1/3 lesion length, n of patients (%) 5 (16)

*P = 0.023 for technical success vs. failure.

Table 2b. Lesion characteristics – grade of calcification

Technical 
success 
(n=29)

Technical 
failure 
(n=3) P

Spot 
stenting 

(n=5)

No spot 
stenting 
(n=27) P

PACSS

Mean rank, median (range) 16.34, 
1 (0–4) 

18.00, 
2 (0–4) 

0.471 22.70, 
3 (0–4)

15.35, 
1 (0–4)

0.106

Compliance 360°

Mean rank, median (range) 16.47, 
2 (0–4)

16.83, 
2 (0–4)

0.702 20.70, 
3 (0–4)

15.72, 
1 (0–4)

0.075

Grade of calcification measured with the peripheral arterial calcium scoring system (PACSS) and the Compliance 360° 
score distinguishing five different grades of calcification with regard to the length and circumferential distribution of 
calcium deposit was not significantly increased in patients with technical failure or need for spot stenting.

Table 3. Primary and secondary endpoints at 6- and 12-month follow-up

Primary endpoint
6-month follow-up 

lesions, n (%)
12-month follow-up 

lesions, n (%)

Clinically driven TLR 0 (0) 0 (0)

Secondary endpoints

Clinically driven TVR 0 (0) 2 (7)a

Binary restenosis (PSVR >2.4) 1 (4)b 1 (4)b

MACE 1 (3) 0 (0)

Any amputation 0 (0) 0 (0)

Change in Rutherford classification and change in ABI were demonstrated in Figs. 1 and 2.
TLR, target lesion revascularization; TVR, target vessel revascularization; PSVR, peak systolic velocity ratio; MACE, major 
adverse cardiovascular events (myocardial infarction, stroke, death, cardiovascular death). 
aBoth de novo lesions were located proximately to the initial lesion treated. The one MACE at 6-month follow-up was a 
myocardial infarction. 
bPSVR assessed in 23 patients (25 lesions) at 6-month follow-up and 21 patients (23 lesions) at 12-month follow-up. Patients 
with PSVR >2.4 after 6 and 12 months were not identical. PSVR of the patient with binary restenosis at 6 months declined 
to 0.8 at 12 months.  
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tion with plain-balloon angioplasty; howev-
er, lesion preparation might reduce rates of 
permanent implants.

Beneficial effects of DCB-angioplasty are 
highly related to the antiproliferative effects 
of paclitaxel and, therefore, to sufficient 
drug-delivery into the vascular lesion and 
the vascular wall, respectively. Correspond-

ingly, effectiveness of DCB-angioplasty is 
suggested to be limited in highly calcified 
lesions. Thus, debulking strategies with di-
rectional atherectomy prior to DCB-treat-
ment were demonstrated to further im-
prove patency rates in recent trials (17). 
Irrespective of the high procedural costs 
with directional atherectomy, it is not clear 

whether beneficial effects are related to the 
decrease of plaque burden or increased 
efficacy of the DCB, or both. However, in 
an animal model, orbital atherectomy en-
hanced the vascular effects of paclitaxel in 
femoral artery stenosis (18). Moreover, se-
verity of lesion calcification was significant-
ly associated with the median late lumen 
loss after DCB-treatment in femoro-popli-
teal lesions, highlighting the importance 
of an adequate lesion preparation before 
using a DCB (19).

Plaque modification with a scoring-bal-
loon was already demonstrated to be su-
perior to PBA in short femoro-popliteal 
lesions and is suggested to be a sufficient 
technique in calcified lesions leading to a 
well-defined dissection of the intima with-
out limiting blood flow (12, 20, 21). In our 
study, lesion preparation with the scor-
ing-balloon was safe and efficient in short- 
and mid-stenosis. Moreover, calcification of 
the target lesion did not have an impact on 
technical success of the procedure. Subse-
quent DCB-treatment led to favorable re-
sults in those lesions without need for any 
target lesion revascularization after 6 or 12 
months. These beneficial effects might be 
related to improved antiproliferative effect 
of the DCB following plaque modification 
with the scoring-balloon.

Our study had some limitations. First, the 
intention of the current trial was to evaluate 
safety and effectiveness of the combined 
treatment with a scoring-balloon and DCB in 
femoro-popliteal lesions. We did not include 
a control group as this was a proof of con-
cept study. A DCB-angioplasty alone treat-
ment arm might be the right comparator 
for the combination treatment, but a higher 
sample size is mandatory. Second, techni-
cal success rate was high with only three 
patients requiring bail-out-stenting. Never-
theless, spot-stenting was necessary in five 
patients, thus a total of eight patients un-
derwent stenting for any purpose. However, 
in patients with flow-limiting dissections, 
spot stenting is an upcoming technique to 
fix the proximal entry of a dissection and to 
attach the dissection membrane. We think 
that those short stents preserve vascular 
and especially endothelial function within 
the target lesion. Third, lesion length in our 
study was about 60 mm, comparable to the 
LEVANT-II-trial, but shorter than the ones in 
the DEBATE-SFA or IN.PACT-SFA trials (5, 6, 8). 
Thus, interpretation of results from this pilot 
trial might be limited to shorter lesions and 
have to be confirmed in longer lesions, espe-

Figure 1. Change of ankle brachial index: 6- and 12-month follow-up versus pre- and postprocedural 
baseline data (±SD). ABI significantly increased after the procedure without a relevant change after 6 
months or 12 months. In diabetic patients with an ABI higher than 1.30, analysis was performed with 1.30.

P = 0.653

P = 0.421P < 0.001
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cially with regard to the longer lesion length 
in those patients with need for provisional 
stenting in our study.

In conclusion, in femoro-popliteal le-
sions, vessel preparation with a scoring-bal-
loon prior to DCB-angioplasty was safe and 
effective in short and mid-lesions, with no 
influence of plaque calcification properties 
on technical success. This proof of concept 
might be the background for future multi-
center trials. 
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