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Vessel Patency and Associated Factors of 
Drug- Coated Balloon for Femoropopliteal 
Lesion
Yoshimitsu Soga , MD, PhD; Mitsuyoshi Takahara , MD, PhD; Osamu Iida , MD, PhD;  
Yusuke Tomoi , MD; Daizo Kawasaki, MD, PhD; Akiko Tanaka , MD; Yasutaka Yamauchi , MD, PhD; 
Kazuki Tobita , MD; Amane Kozuki , MD, PhD; Masahiko Fujihara, MD; Kenji Ando , MD;  
on behalf of  the POPCORN Investigators*

BACKGROUND: Although clinical trials have reported favorable outcomes after drug- coated balloon (DCB) therapy for femoro-
popliteal lesions, their real- world performance and predictors have not been well evaluated. This study aimed to elucidate 1- 
year freedom from restenosis and to explore the associated factors after a DCB for femoropopliteal lesions in clinical settings.

METHODS AND RESULTS: This multicenter, prospective cohort registered 3165 de novo or restenotic femoropopliteallesions 
(mean lesion length, 13.5±9.3 cm; chronic total occlusion, 25.9%; severe calcification, 14.6%) that underwent successful DCB 
(Lutonix [24.2%] and IN.PACT Admiral [75.8%]) treatment between March 2018 and December 2019. Patency was assessed at 
12±2 months. The primary outcome measure was 1- year freedom from restenosis and its associated factors. Bailout stenting 
was performed in 3.5% of patients. The postprocedural slow flow phenomenon was observed in 3.9% of patients. During a 
median follow- up of 14.2 months, 811 patients experienced restenosis. The Kaplan– Meier estimate of freedom from restenosis 
was 84.5% at 12 months (79.7% at 14 months). Focal, tandem, diffuse, and occlusive restenosis accounted for 37.4%, 9.8%, 
18.9%, and 33.9%, respectively. Freedom from target lesion revascularization was 91.5% at 12 months. Risk factors indepen-
dently associated with 1- year restenosis were a history of revascularization, smaller distal reference vessel diameter, severe 
calcification, chronic total occlusion, low- dose DCB, and residual stenosis.

CONCLUSIONS: The 1- year clinical outcomes after DCB use for femoropopliteal lesions in real- world practice was favorable. The 
additive risk factors were associated with a lower rate of freedom from restenosis.

Key Words: drug- coated balloon ■ endovascular therapy ■ femoropopliteal lesions ■ peripheral artery disease ■ re- occlusion ■ 
restenosis ■ target lesion revascularization

In recent years, the advent of drug- eluting devices has 
dramatically reduced restenosis and target lesion re-
vascularization (TLR) of femoropopliteal lesions after 

endovascular therapy (EVT) compared with conventional 
percutaneous transluminal angioplasty and bare- nitinol 
stent (BNS) implantation.1– 7 Currently, there are 2 types 
of drug- eluting devices: drug- coated balloons (DCBs)2– 4 

and drug- eluting stents (DESs).5– 7 Although both are 
used in various clinical settings, DES is a permanent 
metallic implant, such as BNS, and shares a future risk 
of stent fractures.8,9 Recently, aneurysmal degeneration 
after DES placement has been reported,10 which is an-
other concern regarding primary DES implantation. In 
contrast, DCBs are free from these concerns; however, 
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their restenosis rate reported in clinical trials are higher 
than those after DES implantation. Moreover, large- scale 
clinical studies on restenosis, its associated factors, and 
morphology after DCB use are warranted.

To assess the restenosis risk associated with a spe-
cific device, it is important to minimize the influence of 
other devices. In this context, evaluating the real- world 
efficacy of DCBs alone is difficult in Europe and North 
America, where bailout stenting is commonly per-
formed, especially in complex lesions,11 and atherec-
tomy devices are also available.12,13 However, in Japan, 
bailout stenting after DCBs is rare because it is not re-
imbursed, and no atherectomy devices have been ap-
proved yet. Therefore, Japan is an appropriate field for 
evaluating the true effectiveness of DCBs in real- world 
clinical practice.

This study aimed to elucidate the 1- year freedom 
from restenosis and to explore the associated factors 
after EVT with a DCB for symptomatic femoropopliteal 
lesions in real- world clinical settings.

METHODS
Study Population
This study used the clinical database of POPCORN 
(Prospective Multicenter Registry of Drug- Coated 
Balloon for Femoropopliteal Disease). POPCORN is an 
ongoing prospective multicenter observational study 
that registered patients (≥20 years) undergoing DCB 
treatment for femoropopliteal lesions (either de novo 
or restenotic) with symptomatic peripheral arterial dis-
ease (Rutherford category 2 to 5) at 81 cardiovascu-
lar centers across Japan between March 2018 and 
December 2019. Annual follow- ups with a time win-
dow of ±2 months for 5 years were scheduled. A total 
of 3165 lesions in 2827 limbs of 2507 patients under-
going treatment with Lutonix or IN.PACT Admiral were 
included in the registry. The study was conducted in 
accordance with the Declaration of Helsinki and ap-
proved by the institutional review boards of the partici-
pating centers. Informed consent was obtained from 
the participants or, if not possible, their families. This 
study reported the 1- year clinical outcomes from the 
registry. The data, analytic methods, and study materi-
als will not be made available to other researchers for 
purposes of reproducing the results or replicating the 
procedure.

Procedures and Follow- Up
All patients were recommended to receive dual an-
tiplatelet therapy (aspirin 81– 100 mg/day and clopi-
dogrel 75 mg/day) the day before EVT or earlier. Either 
ipsilateral or contralateral femoral punctures were 
performed. After insertion of a 6-  or 5- Fr sheath, an 
intra- arterial bolus of 5000 IU heparin was injected and 
supplemented as required to maintain an active clot-
ting time of >200 seconds.

After the lesion was successfully crossed with a 
0.035- , 0.018- , or 0.014- inch guidewire, predilatation 
was performed with a standard angioplasty balloon 
that was the same size as the reference vessel or 
0.5– 1 mm smaller. Following successful predilatation 
(without flow- limiting dissection and <50% of resid-
ual stenosis), 2 types of DCBs were used: Lutonix 
(Bard, New Hope, MN, USA) and IN.PACT Admiral 
(Medtronic, Santa Rosa, CA, USA). The DCB type 
was determined by each operator and the DCB size 
was the same as the reference vessel diameter. In 
principle, DCB was used to cover the entire lesion. 
Postdilation was performed if needed and sized ap-
propriately according to reference vessel diameter. 
Intravascular ultrasound (IVUS) was performed at 
the discretion of the operators based on their usual 
practice. Atherectomy devices are not commercially 
available in Japan; therefore, they were not used in 
this study.

CLINICAL PERSPECTIVE

What Is New?
• Our study demonstrated the true performance 

of drug- coated balloons in real- world practice, 
with a very low rate of bailout stenting and no 
use of atherectomy devices.

• In addition, it also elucidated morphologies as-
sociated with restenosis and the risk factors for 
restenosis after using drug- coated balloons.

What Are the Clinical Implications?
• This large- scale multicenter prospective clini-

cal drug- coated balloon study indicated that 
12- month freedom from restenosis and target 
lesion revascularization was 84.5% and 91.5%.

• Two thirds of restenosis had a stenotic pattern, 
and independent predictors of restenosis were 
prior revascularization, smaller vessel, presence 
of severe calcification, chronic total occlusion, 
use of low- dose drug- coated balloons, and re-
sidual stenosis.

Nonstandard Abbreviations and Acronyms

BNS bare- nitinol stent
CTO chronic total occlusion
DCB drug- coated balloons
DES drug- eluting stents
EVT endovascular therapy
TLR target lesion revascularization
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After the procedure, lifelong aspirin (81– 100 mg/day) 
and prolonged (at least 1 month) clopidogrel (75 mg/
day) were recommended. Restenosis was routinely 
monitored by duplex ultrasound at 1 month and 1 year, 
regardless of the presence of ischemic symptoms. The 
1- year follow- up was scheduled at 12±2 months (ie, 
between 10 and 14 months) after the procedure.

Outcome Measures
The primary outcome measure was freedom from 
restenosis and its associated factors. The secondary 
outcome measures were freedom from TLR, limb sal-
vage rate, freedom from any reintervention and major 
adverse limb events, and all- cause mortality.

Definitions
Restenosis was defined as >2.4 times of the peak systolic 
velocity ratio on duplex ultrasound or >50% of the arte-
rial diameter based on angiography.14 Restenosis was 
classified as focal (<30 mm), tandem (multiple focal), dif-
fuse (>30 mm), and occlusive. An undetectable signal in 
the treated segments on duplex ultrasound was graded 
as a complete occlusion. TLR was clinically driven and 
defined as reintervention performed for lesions with 
>50% diameter stenosis identified by angiography 
within ±5 mm of the target lesion after the documenta-
tion of recurrent clinical symptoms.14 Therefore, all TLR 
cases were included as restenosis cases. Residual ste-
nosis was defined as ≥25% stenosis after DCB, based 
on angiography findings. The dissection grade was de-
termined based on angiographic dissection patterns.15 
Severe dissection was defined as grade D or greater. 
Limb salvage was freedom from major amputation, 
which was defined as surgical excision of the limb above 
the ankle.16 Major adverse limb events were defined as 
a composite of major amputation, bypass conversion, 
or any reintervention during the study period. Arterial 
calcification was assessed using angiography before 
the procedure, and below- the- knee runoffs were angio-
graphically assessed after femoropopliteal treatment. 
Arterial calcification was graded using the peripheral ar-
terial calcium scoring system17 and severe calcification 
was denoted as grade 4. The reference vessel diameter 
was assessed via angiography at healthy distal sites, 
free of atherosclerotic plaques. Chronic kidney disease 
was referred to as an estimated glomerular filtration rate 
of <60 mL/min per 1.76 m2.

Statistical Analysis
Data were presented as mean±SD for continuous 
variables and as percentage for categorical vari-
ables, unless otherwise indicated. A P value <0.05 
was considered statistically significant, and 95% 
CIs were reported when appropriate. Time- to- event 
was estimated using the Kaplan– Meier method. The 

Kaplan– Meier method was originally used for right- 
censored data. In contrast, data on restenosis were 
interval censored; restenosis, especially asympto-
matic restenosis, could not be confirmed without ex-
amination. In other words, restenosis was overlooked 
unless objectively evaluated. When the interval- 
censored data were analyzed by the Kaplan– Meier 
method, cases in which restenosis had developed but 
was left undetected were treated as those free from 
restenosis, resulting in an artificially high event- free 
rate (or low event incidence rate). As mentioned, in the 
current registry, the 1- year follow- up was scheduled at 
12±2 months, and not all participants were expected 
to complete the 1- year examination at 12 months. 
Therefore, we presented the Kaplan– Meier estimate 
of freedom from restenosis not only at 12 months, but 
also at 14 months, when the scheduled 1- year exami-
nation was completed.

The association of baseline characteristics with the 
1- year restenosis risk was investigated using the Cox 
mixed- effect model, in which the interhospital variabil-
ity was treated as random effects, whereas baseline 
characteristics were treated as fixed effects. The R 
package coxme was used for model development. 
The hazard ratio (HR) of a baseline characteristic with-
out adjustment for the other baseline characteristics, 
named an “unadjusted” HR, was obtained from the 
mixed model, whose fixed effect was the covariate 
alone. We conveniently named this model the “uni-
variate” model. We also developed a mixed model, 
in which all baseline characteristics were entered as 
fixed effects. This model was named the “multivari-
ate” model, and the HRs derived from the model were 
called adjusted HRs. Missing data were addressed 
using multiple imputations by the chained equations 
method during model development. In this procedure, 
we generated 5 imputed data sets and combined the 
analytic results based on Rubin’s rule. The predictive 
performance of the multivariate model was evaluated 
using the C- statistic, which was calculated as the area 
under the time- dependent receiver operating charac-
teristic curve.18 Based on the multivariate model, we 
tentatively developed a simple risk score that was cal-
culated as the number of accumulated independent 
risk factors. The predictive performance of the risk 
score was also assessed using the C- statistic. The 
95% CIs and P values for C- statistics were obtained 
using a 2000- time bootstrapping method. All statisti-
cal analyses were performed using software R, version 
4.1.1 (R Development Core Team, Vienna, Austria).

RESULTS
The patient (n=2507), limb (n=2827), and lesion (n=3165) 
characteristics of the study population are summarized 
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in Table 1. The mean patient age was 75±9 years, and 
64.9% of the study participants were men. The preva-
lence of patients with diabetes and chronic kidney 
disease on dialysis was 65.4% and 29.0%, respec-
tively. Chronic limb- threatening ischemia accounted 
for 31.2% of the cases. The mean lesion length and 
distal reference vessel diameter were 13.5±9.3 cm and 
4.8±0.9 mm, respectively. The frequencies of chronic 
total occlusion (CTO) and severe calcification were 
25.9% and 14.6%, respectively.

Perioperative outcomes are shown in Table 2. Slow 
flow or no reflow after DCB was observed in 3.9% of 
the patients. Severe dissection after DCB was found in 
4.6% (95% CI, 3.9%– 5.4%), and bailout stenting was per-
formed in 3.5% (95% CI, 2.9%– 4.2%). Perioperative com-
plications were observed in 3.6% (95% CI, 2.9%– 4.3%) of 
patients, of which the incidence of distal emboli and acute 
occlusion were similar with 0.6% (95% CI, 0.3%– 0.9%).

Outcome Measures
During the follow- up period, 172 patients died and 206 
patients were lost to follow- up. One- year follow- up rate 
was 84.9% (2129/2507) on a patient basis. The median 
follow- up period was 14.2 (interquartile range, 10.1– 
23.0) months. Restenosis was detected in 811 pa-
tients, of whom 545 were found to have restenosis in 
the first year post procedure. Figures 1 and 2 illustrate 
the lesion, limb, and patient prognoses after EVT. The 
Kaplan– Meier estimate of freedom from restenosis was 
84.5% (95% CIs, 83.1%– 85.8%) at 12 months (79.7% 
[95% CI, 78.1%– 81.2%] at 14 months). Focal, tandem, 
diffuse, and occlusive restenosis accounted for 37.4% 
(95% CI, 29.9%– 44.9%), 9.8% (95% CI, 8.4%– 11.2%), 
18.9% (95% CI, 17.0%– 20.9%), and 33.9% (95% 
CI, 26.0%– 41.8%) of restenosis cases, respectively 
(Figure 1A). The 12- month rate of freedom from TLR 
was 91.5% (95% CI, 90.5%– 92.5%) (Figure 1B).

The 12- month Kaplan– Meier estimates of limb 
salvage (Figure  2A), freedom from any reintervention 
(Figure  2B), and freedom from major adverse limb 
events (Figure 2C) was 98.6% (95% CI, 98.2%– 99.1%), 
91.1% (95% CI, 90.0%– 92.2%), and 90.0% (95% CI, 
88.9%– 91.2%), respectively. The 12- month cumulative 
incidence rate of all- cause mortality was 9.5% (95% CI, 
7.4%– 9.7%) (Figure 2D).

Table  3 demonstrates the association between 
baseline characteristics and the 1- year risk of resteno-
sis. Baseline characteristics that were independently 
associated with 1- year restenosis were history of re-
vascularization (1.32 [95% CI, 1.01– 1.73] for 1 EVT and 
1.70 [95% CI, 1.23– 2.34] for more EVTs versus de novo 
lesions; P=0.044 and 0.001), distal reference vessel di-
ameter (0.87 [95% CI, 0.78– 0.97] per 1- mm increase; 
P=0.012), severe calcification (1.29 [95% CI, 1.03– 1.63]; 
P=0.027), CTO (1.28 [95% CI, 1.04– 1.58]; P=0.021), 

Lutonix use (1.97 [95% CI, 1.61– 2.41] versus IN.PACT 
Admiral use; P<0.001), and residual stenosis (1.51 [95% 
CI, 1.24– 1.83]; P<0.001). The C- statistic of the multi-
variate model was (0.71 [95% CI, 0.68– 0.74]; P<0.001) 
(Figure 3A). The C- statistic of the simple risk score (ie, 

Table 1. Baseline Characteristics

Patient characteristics (n=2507)

Age, y 75±9

Male sex 1626 (64.9%)

Nonambulatory 323 (12.9%)

Smoking 516 (20.6%)

Diabetes 1639 (65.4%)

CKD*

None 762 (30.4%)

CKD without dialysis 1015 (40.5%)

CKD on dialysis 728 (29.1%)

Heart failure* 463 (18.5%)

Aspirin use* 1964 (78.9%)

P2Y12 inhibitor use* 2155 (86.3%)

Cilostazol use* 623 (25.2%)

Anticoagulant use*

None 2050 (82.2%)

Warfarin use 191 (7.7%)

Direct oral anticoagulant use 254 (10.2%)

Statin use* 1514 (61.0%)

Limb characteristics (n = 2827)

Rutherford classification

Category 2 739 (26.1%)

Category 3 1207 (42.7%)

Category 4 291 (10.3%)

Category 5 590 (20.9%)

Ankle- brachial index* 0.61±0.23

Aortoiliac lesion* 616 (22.0%)

No below- the- knee runoff* 357 (12.7%)

Lesion characteristics (n=3165)

History of EVT

None (de novo) 2370 (74.9%)

1 EVT 474 (15.0%)

≥2 EVTs 321 (10.1%)

In- stent restenosis* 442 (14.0%)

Popliteal lesion 1069 (33.8%)

Distal reference vessel diameter (mm)* 4.8±0.9

Lesion length (cm)* 13.5±9.3

Severe calcification (peripheral arterial 
calcium scoring system grade 4)*

463 (14.6%)

Chronic total occlusion* 819 (25.9%)

Lutonix use 765 (24.2%)

Intravascular ultrasound use* 2196 (73.4%)

CKD indicates chronic kidney disease; and EVT, endovascular therapy.
*<5.5% of values were missing.
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the number of accumulated independent risk scores) 
was 0.66 (95% CI, 0.63– 0.69); it was smaller than that 
of the multivariate model (the difference, −0.05 [95% 
CI, −0.07 to −0.03]; P<0.001), but was still significantly 
larger than 0.5 (P < 0.001) (Figure 3A). Accumulation of 
these risk factors was associated with a lower rate of 
freedom from restenosis (Figure 3B).Rutherford classi-
fication and ankle- brachial index significantly improved 
at 1- year follow- up (Table 4).

DISCUSSION
Our multicenter, prospective, observational study doc-
umented the 1- year clinical outcomes of DCB treat-
ment for femoropopliteal lesions. The study included 

a large number of patients (3165 lesions in 2507 pa-
tients) and used real - world registry data. It included 
patients with both short femoropopliteal lesions and 
CTOs, which have traditionally not been included in 
prior studies. The proportion of bailout stenting in this 
study was extremely low (3.5%), reflecting the fact that 
bailout stenting was not reimbursed in Japan. In addi-
tion, atherectomy devices have not yet been approved. 
Therefore, we believe that the results of this study il-
lustrate the true efficacy of DCBs in femoropopliteal 
lesions. The 1- year rates of freedom from restenosis 
and TLR were clinically favorable. It was also of note 
that two thirds of restenosis cases were nonocclusive.

The restenosis morphology after BNS implantation 
was reported to be focal (≤5 cm) in 29%, diffuse (>5 cm) 
in 38%, and occlusive in 33%, with approximately two 
thirds showing the stenotic pattern.19 Patency after 
EVT for stenotic restenosis was better than that for oc-
clusive restenosis,19 suggesting that the stenotic pat-
tern is the preferred form of restenosis. In this study, 
approximately two thirds of the restenosis cases pre-
sented with a stenotic pattern. Reintervention would 
be easier and the patency rate would be higher for 
stenotic restenosis than for occlusive restenosis. The 
treatment strategy (DCB, DES, etc.) for stenotic and 
occlusive restenosis after DCB remains unclear and 
further studies are needed.

It has been reported that DCB does not work well 
for circumferential calcification.20 In this study, severe 
calcification was a predictor of restenosis. Residual 
stenosis (>25%) was also a significant predictor of pa-
tency loss. DCB alone may be insufficient to treat pa-
tients with highly calcified lesions that were difficult to 
be dilated by predilatation.

In this study, factors such as the Rutherford cat-
egory class, CTO, and ankle- brachial index were 
not independent predictors of 1- year freedom from 
restenosis. The results were considered favorable 
compared with those of the previous BNS era (the 
12- month patency efficacy goal after femoropopliteal 
BNS was 66%).21 Favorable 1- year clinical outcomes 
after the latest DES have been reported, despite the 
more complex lesions (1- year freedom from restenosis, 
87.1%).22 Although this study was not a direct compar-
ison to DES, it may be considered a treatment option 
for more complex lesions.

This study showed that patency rate was reduced 
in patients with risk factors of multiple restenosis 
(Figure 3). However, the 1- year patency rate reached ap-
proximately 80%, even in those with 2 restenosis risks 
(85.8% at 12 months and 80.3% at 14 months), which 
was considered clinically acceptable. Considering the 
performance goal of the 1- year primary patency after 
femoropopliteal bare- nitinol stenting,21 the efficacy of 
DCBs may not be sufficient in patients with 3 (65.8% at 
14 months) or more risk factors (58.6% at 14 months). 

Table 2. Perioperative Outcomes

Clinical outcome Estimate [95% CI]

Perioperative outcomes

Residual stenosis (≥25%) 26.4% [24.8%– 27.9%]

Blood flow after DCB

No change 96.0% [95.4%– 96.7%]

Slow flow 2.8% [2.2%– 3.4%]

No reflow 1.1% [0.8%– 1.5%]

Dissection after DCB

None 33.4% [31.8%– 35.1%]

Grade A 27.1% [25.5%– 28.6%]

Grade B 23.6% [22.2%– 25.1%]

Grade C 11.2% [10.1%– 12.3%]

Grade D 3.9% [3.2%– 4.5%]

Grade E 0.6% [0.4%– 0.9%]

Grade F 0.1% [0.0%– 0.3%]

Dissection grade C or greater 15.8% [14.6%– 17.1%]

Dissection grade D or greater 4.6% [3.9%– 5.4%]

Bailout stenting 3.5% [2.9%– 4.2%]

Mean ankle- brachial index after the 
procedure

0.89 [0.88– 0.89]

Perioperative complication 3.6% [2.9%– 4.3%]

Perioperative death 1.0% [0.6%– 1.4%]

Target lesion revascularization 
(endovascular therapy)

0.7% [0.4%– 1.0%]

Target lesion revascularization 
(bypass)

0.0% [0.0%– 0.1%]

Distal embolism 0.6% [0.3%– 0.9%]

Transfusion for bleeding 0.6% [0.3%– 0.9%]

Acute occlusion 0.6% [0.3%– 0.8%]

Vessel rupture 0.1% [0.0%– 0.2%]

Blue toe syndrome 0.1% [0.0%– 0.3%]

Major amputation 0.2% [0.0%– 0.4%]

Myocardial infarction 0.2% [0.0%– 0.4%]

Stroke 0.1% [0.0%– 0.3%]

Renal impairment 0.2% [0.0%– 0.3%]

DCB indicates drug- coated balloon.
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Such risk stratification systems play an important role in 
deciding the treatment strategies for individual cases. 
It remains unclear whether DES would be effective in 
cases in whom a lower rate of freedom from restenosis 
after DCB use was expected. Further studies are re-
quired to address this issue.

Although there are some reports of pseudoaneu-
rysms after DCB treatment,23,24 this study was not 
designed to evaluate aneurysmal changes after DCB. 
Further studies are required to clarify these details.

One reason for the favorable outcomes in this 
study would be the common use of IVUS (73.4%). The 
study had a high rate of IVUS usage for sizing (73%). 
In the present multivariate analysis, the use of IVUS 

was marginally but not significantly associated with a 
reduced risk of restenosis (Figure S1). It has been re-
ported that there is a discrepancy in vessel diameter 
by approximately 1 mm between IVUS and angiogra-
phy; this discrepancy is marked in small vessels.25 The 
use of IVUS may provide adequate dilatation.26 In addi-
tion to CTO and circumferential calcification, postpro-
cedural IVUS- measured minimal lumen area has been 
reported to be a significant predictor of restenosis after 
DCB. This report recommended a minimal lumen area 
≥12.7 mm2.27 The use of IVUS might help in the selection 
of DCBs with diameters larger than the angiographically 
measured vessel diameter, which may have contributed 
to the reduction of residual stenosis. In the future, it is 

Figure 1. Freedom from restenosis and TLR.
A, Kaplan– Meier estimates of 1- year freedom from restenosis and morphology of restenosis. B, Kaplan– Meier estimates of 1- year 
freedom from TLR. Dotted lines represent 95% CIs. TLR indicates target lesion revascularization.
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necessary to investigate the IVUS parameters associ-
ated with restenosis risk. In terms of medication, antico-
agulant and statin were not significantly associated with 
a reduced risk of restenosis (Figure S2 and S3).

Low- dose DCB (Lutonix) use in comparison with 
high- dose DCB (IN.PACT Admiral) use was associated 
with an increased risk of restenosis (Table 3). Indeed, 
the 12- month Kaplan– Meier estimate of primary pa-
tency was72.7% (69.3% to 76.2%) for Lutonix versus 
88.0% (86.7% to 89.4%) for IN.PACT Admiral (P<0.001), 
and the corresponding estimate of freedom from TLR 
was 83.8% (81.0% to 86.7%) for Lutonix versus 93.8% 
(92.8% to 94.8%) for IN.PACT Admiral (P<0.001) (data 
not shown). The results were similar to the 1- year re-
sults of the respective DCB clinical trials conducted in 
Japan.28– 30 It has been reported that high- dose DCBs 
are associated with a lower risk of restenosis and 

TLR.31,32 The results of the current study would sup-
port those findings. Because our study design did not 
directly compare the 2 types of DCBs, a randomized 
clinical trial is needed to confirm the results.

The number of patients with severe calcification (pe-
ripheral arterial calcium scoring system grade IV) was 
only 14.6% as compared with 46% in IN. PACT SFA 
trial.33 It was considered that the main reason for this 
was that there is no reimbursement for bailout stent 
in Japan. Therefore, successful standard percutane-
ous transluminal angioplasty (<50% of residual ste-
nosis without severe dissection) was needed to avoid 
stenting. If suboptimal result occurred after percuta-
neous transluminal angioplasty, the treatment strategy 
would be changed to stent- first. It is also known that 
the Japanese population has less incidence of medial 
calcinosis; the current population was associated with 

Figure 2. Limb salvage, freedom from any reintervention and MALE, and all- cause mortality.
A, Kaplan– Meier estimates of 1- year limb salvage. B, Kaplan– Meier estimates of 1- year freedom from any reintervention. C, Kaplan– 
Meier estimates of 1- year freedom from MALE. D, Kaplan– Meier estimates of 1- year all- cause mortality. Dotted lines represent 95% 
CIs. MALE indicates major adverse limb event (major amputation, bypass conversion, and reintervention).
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less calcification and good outcomes despite not using 
atherectomy. As known severe calcification was an in-
dependent predictor of restenosis it should be kept in 
mind that these results cannot be generalized to other 
populations with a higher degree of vascular calcium.

There was substantial loss to follow- up and 1- year 
follow- up was 84.9% of patients. All- cause mortality 
at 1 year in the current study was higher (9.5%) com-
pared with other clinical trials (2.5%– 3%).33,34 However, 
this study was a real- world clinical study, with older 
mean age (75±9 years), more diabetes (65.4%), and 

more chronic kidney disease (69.6%). This may have 
affected the mortality rate.

Limitations
This study has several limitations that may have af-
fected the clinical outcomes. First, although we 
enrolled almost all consecutive patients who un-
derwent DCB, we did not enroll patients with un-
successful predilatation. In addition, bailout stents 
were not reimbursed and complex lesions that re-
quired stenting may have been minimally enrolled. 

Table 3. Association of Baseline Characteristics With 1- Year Restenosis Risk

Unadjusted hazard ratio Adjusted hazard ratio

Age (per 10 y) 0.88 [0.81– 0.97] (P=0.008) 0.91 [0.82– 1.01] (P=0.071)

Male sex 1.05 [0.87– 1.25] (P=0.62) 1.18 [0.97– 1.42] (P=0.093)

Nonambulatory 1.46 [1.14– 1.86] (P=0.003) 1.15 [0.88– 1.51] (P=0.30)

Smoking 0.97 [0.78– 1.20] (P=0.76) 0.94 [0.75– 1.18] (P=0.57)

Diabetes 1.18 [0.98– 1.42] (P=0.073) 1.07 [0.88– 1.30] (P=0.48)

CKD

CKD without dialysis 0.88 [0.71– 1.10] (P=0.27) 0.92 [0.74– 1.16] (P=0.49)

CKD on dialysis 1.48 [1.20– 1.82] (P<0.001) 1.19 [0.93– 1.51] (P=0.16)

Heart failure 0.98 [0.79– 1.23] (P=0.89) 0.83 [0.65– 1.04] (P=0.11)

Aspirin use 0.93 [0.75– 1.15] (P=0.48) 0.96 [0.75– 1.23] (P=0.73)

P2Y12 inhibitor use 0.97 [0.74– 1.26] (P=0.80) 0.99 [0.74– 1.33] (P=0.96)

Cilostazol use 0.90 [0.73– 1.12] (P=0.35) 0.87 [0.68– 1.11] (P=0.26)

Anticoagulant use

Warfarin use 1.36 [1.02– 1.80] (P=0.034) 1.21 [0.89– 1.63] (P=0.22)

Direct oral anticoagulant use 0.86 [0.63– 1.17] (P=0.33) 0.93 [0.66– 1.31] (P=0.68)

Statin use 0.93 [0.78– 1.10] (P=0.39) 0.99 [0.82– 1.19] (P=0.89)

Rutherford classification 1.27 [1.18– 1.38] (P<0.001) 1.09 [0.99– 1.20] (P=0.073)

Aortoiliac lesion 1.12 [0.91– 1.37] (P=0.27) 1.17 [0.95– 1.44] (P=0.14)

No below- the- knee runoff 1.63 [1.30– 2.04] (P<0.001) 1.26 [0.99– 1.60] (P=0.065)

History of revascularization

1 EVT 1.28 [1.02– 1.60] (P=0.035) 1.32 [1.01– 1.73] (P=0.044)

≥2 EVTs 1.71 [1.33– 2.20] (P<0.001) 1.70 [1.23– 2.34] (P=0.001)

In- stent restenosis 1.18 [0.94– 1.48] (P=0.15) 0.91 [0.66– 1.24] (P=0.54)

Popliteal lesion 1.53 [1.29– 1.82] (P<0.001) 1.20 [0.99– 1.45] (P=0.063)

Reference vessel diameter (per 1 mm) 0.76 [0.69– 0.83] (P<0.001) 0.87 [0.78– 0.97] (P=0.012)

Lesion length (per 10 cm) 1.22 [1.12– 1.34] (P<0.001) 1.09 [0.98– 1.22] (P=0.098)

Severe calcification 1.63 [1.31– 2.02] (P<0.001) 1.29 [1.03– 1.63] (P=0.027)

Chronic total occlusion 1.42 [1.18– 1.71] (P<0.001) 1.28 [1.04– 1.58] (P=0.021)

Lutonix use 2.06 [1.69– 2.51] (P<0.001) 1.97 [1.61– 2.41] (P<0.001)

Intravascular ultrasound use 0.72 [0.57– 0.91] (P=0.007) 0.80 [0.64– 1.01] (P=0.056)

Residual stenosis 1.69 [1.40– 2.05] (P<0.001) 1.51 [1.24– 1.83] (P<0.001)

Blood flow after drug- coated balloon (vs no change)

Slow flow 0.72 [0.38– 1.36] (P=0.31) 0.63 [0.33– 1.19] (P=0.16)

No reflow 1.42 [0.66– 3.05] (P=0.37) 1.55 [0.72– 3.35] (P=0.26)

Dissection 1.09 [1.02– 1.18] (P=0.016) 1.04 [0.96– 1.13] (P=0.29)

Data are hazard ratios [95% CIs] (P values), derived from the Cox mixed- effect model in which the intersubject variability was treated as the random effects. 
Severe calcification was referred to as peripheral arterial calcium scoring system classification grade 4, whereas severe dissection indicated grade C or more 
severe. CKD indicates chronic kidney disease; EVT, endovascular therapy; and N/I, not included.
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This likely introduced selection bias, as this is an 
underestimation of what would be seen in the US 
or European practice. Unfortunately, we could not 
eliminate the selection bias completely. Furthermore, 
in order to clarify the true effectiveness of DCBs, a 
contemporary cohort of patients with primary per-
cutaneous transluminal angioplasty in whom the 
same standards for inclusion into the registry were 
needed. Second, core laboratories were not used in 
this study. Although this may compromise the reli-
ability of restenosis and other clinical assessments, 
participating sites had sufficient experience in clini-
cal trials, and we believe their experience will mini-
mize variability. Finally, only 2 types of DCBs (Lutonix 
and IN. PACT Admiral) were used in the treatment. 
It is not clear whether similar results can be ob-
tained with other types of DCBs. Additionally, in 
this study, freedom from restenosis and its associ-
ated factors was selected as the primary end point 

in contrast to the prior trails. In the IN.PACT SFA 
(Randomized Trial of IN.PACT Admiral Drug Coated 
Balloon vs Standard PTA for the Treatment of SFA 
and Proximal Popliteal Arterial Disease) trial,33 the 
primary outcome was clinically driven TLR, and in 
the LEVANT 2 (A Prospective, Multicenter Registry 
of the Lutonix Drug Coated Balloon for Treatment of 
Femoropopliteal Arteries) trial34 was primary patency 
of the target lesion (which included binary restenosis 
and freedom from TLR). These differences in primary 
end points among studies are also an important limi-
tation for comparative evaluation.

CONCLUSIONS
Our data demonstrated 1- year freedom from resteno-
sis after DCB therapy for femoropopliteal lesions in a 
real- world setting. Independent predictors of 1- year 
restenosis were a history of revascularization, smaller 

Figure 3. Prediction of 1- year restenosis risk.
The simple risk score was calculated as the number of accumulated independent 
risk factors, that is, history of EVT, distal reference vessel diameter <5 mm, severe 
classification (PACSS classification grade 4), chronic total occlusion, Lutonix use, and 
residual stenosis (see Table 3). Kaplan– Meier estimates of 1- year primary patency by the 
simple risk score. Dotted lines represent 95% CIs. EVT indicates endovascular therapy; 
and PACSS, peripheral arterial calcium scoring system.
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distal reference vessel diameter, severe calcification 
(peripheral arterial calcium scoring system grade 4), 
Lutonix use (versus IN.PACT Admiral use), and residual 
stenosis. The presence of these risk factors was as-
sociated with a lower rate of freedom from restenosis.
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Data S1. 

 

POPCORN Participating Centers and Investigators: 

 

Aomori Prefectural Central Hospital: Motoi Kushibki 

Asahi General Hospital: Naoki Hayakawa 

Chikamori Hospital: Shuichi Seki 

Fujimoto General Hospital: Hideaki Otsuji 

Fukuoka University Hospital: Makoto Sugihara 

Fukuoka Wajiro Hospital: Yuki Imoto 

Fukuyama Cardiovascular Hospital: Masato Taniguchi 

Fukuyama City Hospital: Yasunori Arai 

Funabashi Municipal Medical Center: Yo Iwata 

Gifu Prefectural General Medical Center: Tai Kojima 

Hakodate Municipal Hospital: Tsuyoshi Shibata 

Hoshi General Hospital: Yoshitane Seino 

Ichinomiyanishi Hospital: Kei Ichihashi 

JCHO Hitoyoshi Medical Center: Hirofumi Kurokawa 

JCHO Kobe Central Hospital: Toru Mazaki 

JCHO Kumamoto General Hospital: Takashi Uemura 

Japanese Red Cross Society Kyoto Daini Hospital: Yoshinori Tsubakimoto 

Japanese Red Cross Society Nagano Hospital: Yusuke Miyashita 

Jichi Medical Unicersity: Yukako Ogoyama 

JR Sapporo Hospital: Toru Hasegawa 

Juntendo University Graduate School of Medicine: Shinya Okazaki 

Kasukabe Central General Hospital: Nobuhito Kaneko 

Kanazawa Medical University Hospital: Taketsugu Tsuchiya 

Kawaguchi Cardiovascular and Respiratory Hospital: Hideo Tokuyama 

Kawakita General Hospital: Atsushi Tosaka 



Kansai Rosai Hospital: Osamu Iida, Taku Toyoshima 

Kitano Hospital: Yuhei Yamaji 

Kishiwada Tokushukai Hospital: Masahiko Fujihara 

Kokura Memorial Hospital: Yoshimitsu Soga, Yusuke Tomoi 

Kumamoto Rosai Hospital: Hideki Doi 

Kumamoto Red Cross Hospital: Tomokazu Ikemoto 

Kurashiki Central Hospital: Takenobu Shimada, Hiroyuki Tanaka 

Kyoto University Hospital: Yasuaki Takeji 

Matsunami General Hospital: Hiroki Kondo 

Matsuyama Red Cross Hospital: Terutoshi Yamaoka 

Mito kyodo Hospital: Eiji Kojima 

Miyazaki Medical Association Hospital: Kenji Ogata 

Morinomiya Hospital: Daizo Kawasaki 

Nagano Municipal Hospital: Takashi Miura, Tomoaki Mochidome 

National Hospital Organization Kagoshima Medical Center: Kensaku Higashi 

New Tokyo Hospital: Koji Hozawa 

Nihonkai General Hospital: Koki Ohmi 

Oita Oka Hospital: Toshinobu Ishikawa 

Oji General Hospital: Nobuo Kato, Takahito Itoh 

Okayama University: Hironobu Toda 

Okinawa Chubu Hospital: Jun Nakazato 

Omihachiman Community Medical center: Kuniyoshi Fukai 

Osaka Red Cross Hospital: Yohei Kobayashi 

Osaka University Graduate School of Medicine: Tatsuya Shiraki 

Osaka Saiseikai Nakatsu Hospital: Amane Kozuki 

Rakuwakai Otowa Hospital: Taku Kato 

Saga Prefectural Hospital Koseikan: Yunosuke Nishihara 

Saiseikai Fukuoka General Hospital: Nobuhiro Suematsu 



Saiseikai Kumamoto Hospital: Eiji Taguchi 

Saiseikai Yokohama City Eastern Hospital: Shinsuke Mori 

Saka General Hospital: Shinya Sasaki 

Sapporo Cardio Vascular Clinic: Takuya Haraguchi 

Shimonoseki City Hospital: Eiji Karashima 

Shonan Kamakura General Hospital: Kazuki Tobita 

Showa University School of Medicine: Hiroaki Tsujita 

Shin Koga Hospital: Kazuki Haraguchi 

Shinshu University School of Medicine: Tamon Kato 

Sendai Kousei Hospital: Akiko Tanaka 

Sunagawa City Medical Center: Norihiro Shimizu 

Takai Hospital: Seiji Matsuhisa 

Takatsu General Hospital: Yasutaka Yamauchi 

Tenri Hospital: Soichiro Enomoto 

Tenyokai Central Hospital: Junichiro Takaoka, Tatsuro Takei 

Toho University Ohashi Medical Center: Makoto Utsunomiya 

Tokushima Red Cross Hospital: Kenichiro Yuba 

Tokyo Saiseikai Central Hospital: Kenji Suzuki 

Tokyo Bay Urayasu Ichikawa Medical Center: Tatsuya Nakama 

Tokyo Medical University: Naotaka Murata 

Tokeidai Memorial Hospital: Michinao Tan 

Tomishiro Central Hospital: Tomohiro Arakaki 

Toyohashi Heart Center: Ryoji koshida  

Tsukuba Medical Center Hospital: Hideaki Aihara 

Urasoe General Hospital: Tomoyuki Kawashima 

Yamagata Prefectural Central Hospital: Hyuuma Daidouji 

Yamagata University: Hiroki Takahashi, Taku Shikama 

Yamato Seiwa Hospital: Tatsuki Doijiri 



Figure S1. Kaplan-Meier estimates of freedom from restenosis, TLR and occlusion 

with and without IVUS. 

 

TLR; target lesion revascularization, IVUS; intravascular ultrasound 



Figure S2. Kaplan-Meier estimates of freedom from restenosis, TLR and occlusion 

among no anticoagulant, warfarin and DOAC. 

 

 

TLR; target lesion revascularization, , DOAC; direct oral anticoagulant 



Figure S3. Kaplan-Meier estimates of freedom from restenosis, TLR and occlusion 

with and without statin. 

 

TLR; target lesion revascularization 
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