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Introduction

The advent of drug-eluting stents (DES) has revolutionized 
percutaneous coronary interventions (PCI) by reducing 
acute vessel closure in coronary arteries and decreasing 
vessel recoil in peripheral interventions, but raised con-
cerns due to late stent thrombosis (ST), delayed healing, 
permanent caging, and the occurrence of in-stent restenosis 
(ISR). Hence, drug-coated balloons (DCB) were developed 
as a nonstent approach to circumvent some drawbacks of 
DES. The concept of DCB offers potential sustained anti-
restenotic therapy without the limitations of permanent 
implants (Figure 1).1 Theoretically, DCB render a more 
rapid and uniform drug transfer to the vessel wall. The 
absence of a permanent implant is expected to improve 
arterial healing and allows preservation and early restora-
tion of a normal vessel function. Therefore, DCB present an 
alternative therapeutic option for the treatment of athero-
sclerotic lesions in small vessels, bifurcations, and chal-
lenging peripheral artery segments where stent implantation 
has proven less favorable.

Presently, bare metal stent (BMS) and DES ISR are 
approved indications (with a class I, level of evidence  
A recommendation in the European Guidelines for 
Revascularization) for a DCB based strategy in coronary 

vessels.2 Coronary DCB are not available in the US cur-
rently. For peripheral vessels, the Trans-Atlantic Inter-
Society Consensus (TASC) II states that endovascular 
approach is the treatment of choice and the preferred 
treatment option in TASC type A and B lesions, respec-
tively.3 According to a 2015 international positioning doc-
ument, the use of DCB is highly recommended in 
femoro-popliteal TASC IIA and B de novo and restenotic 
lesions, given that treatment is beneficial, useful, and 
effective based on the data derived from multiple rand-
omized clinical trials.4 In this review, the technological 
aspects, such as the choice of drug and excipient used in 
current and upcoming DCB platforms, will be discussed. 
The subsequent section will cover an overview of clinical 
experience with the use of DCB in coronary artery disease 
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(CAD), which includes ISR, and de novo and bifurcated 
lesions. Lastly, the paper will discuss clinical data from 
peripheral DCB trials in peripheral artery disease (PAD), 
reviewing results for both femoropopliteal and below-the-
knee (BTK) vessels.

The concept of drug-coated 
balloons (DCBs)

The therapeutic efficacy of a DCB relies extensively on the 
interaction between drug, excipient, and coating procedure. 
The interplay between these factors influences the pharma-
cokinetic profile, transfer efficiency, tissue retention, and 
subsequent clinical outcome after DCB therapy. A sum-
mary of the current and upcoming DCB can be found in 
online Supplemental Table 1.

Choice of anti-proliferative drug

Owing to its favorable tissue uptake by and extended reten-
tion in vessel walls, paclitaxel (PTX) has been the choice of 
drug used in DCB. PTX was initially coated on the first gen-
eration of coronary DES but has been replaced by limus-ana-
logs due to cytotoxicity concerns with PTX. Clinical 
experience with sirolimus-eluting stents has demonstrated 
significantly lower restenosis and revascularization rates 
compared to PTX-stents in coronary vessels.5 Between 

PTX-stents and everolimus-eluting stents, the latter exhibited 
significant reduction in composite of death or myocardial 
infarction (MI), ST, and target lesion revascularization 
(TLR).6 This has led to the singular use of limus-analogs in 
the current generation of coronary DES.

Sirolimus is considered ‘safer’ but is less lipophilic and 
results in slower tissue absorption at the target site. However, 
sirolimus is relatively unstable compared to PTX and 
requires protection against degradation to achieve therapeu-
tic tissue levels. Without a protective coat, sirolimus can dif-
fuse quickly into the capillary bed and into surrounding 
tissues, affecting its efficacy. MagicTouch DCB (Concept 
Medical, FL, USA) make use of the proprietary nanoparti-
cles with encapsulated sirolimus as a drug delivery platform 
(Nanolute). The company received breakthrough device des-
ignation in August 2019 from the US Food and Drug 
Administration (FDA) for the MagicTouch DCB for the 
treatment of PAD in BTK lesions. The use of nanocarriers is 
expected to reduce in-transit drug loss, and increase the sta-
bility and bioavailability of the drug, leading to faster uptake 
in tissue. The protective carriers can also enhance drug reten-
tion at the tissue site and improve therapeutic outcomes.

Choice of excipient

Ideally, a coating should be robust enough to envelope the 
drug uniformly and stably on the balloon surface with 

Figure 1. The concept of drug release from DCB.
The transfer of balloon coating occurs by physical contact with the vessel wall, followed by eluting of drug from the coating and subsequent absorp-
tion into the tissue. Paclitaxel is expected to be predominantly transferred to the tunica adventitia while the limus-analogs, such as sirolimus, have 
been found to be equally distributed in the tunica media and adventitia layer.
Image reproduced with permission from the Journal of Controlled Release.1

DCB, drug-coated balloons.
Note: Figure is in color online.
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minimal drug loss during tracking and facilitate efficient 
drug transfer to the target site. The coating should have suf-
ficient integrity without causing particulate generation and 
downstream embolization. Figure 2 is a summary of the 
different generations of DCB and their characteristics. 
Hydrophilic excipient, such as iopromide, was employed in 
the original Paccocath formulation in the first generation of 
DCB. Iopromide creates a high-contact molecular surface 
area between the drug and the vessel wall, thereby increasing 
the bioavailability of PTX while remaining biologically inert 
at the target site.7 Subsequently, other hydrophilic excipients 
(e.g. urea and shellac) were investigated as DCB excipients. 
Hydrophilic excipients have effective drug transfer due to 
the polarity difference of the coating and balloon material but 
are often limited by a high drug wash-off rate and particulate 
generation. This was demonstrated in a preclinical model by 
Kelsch et al., whereby 25–35% of PTX was dislodged from 
iopromide- and urea-based DCB during tracking.8

Hydrophobic excipients result in better coating integrity 
and resistance to drug loss but suffer from a low drug transfer 
rate due to favorable affinity between the excipient and bal-
loon material. Amphiphilic excipients, such as polysorbates, 
have the potential to improve drug coating integrity with 

minimal particulate generation, while promoting effective 
drug transfer and retention. Preclinical evaluation of 
MagicTouch’s nanocarrier/drug excipient demonstrated bet-
ter inhibition of vascular smooth muscle cells in vitro and sig-
nificant reduction in neointimal hyperplasia.9

Clinical use of DCB in coronary 
artery disease (CAD)

Owing to the drawbacks of current platforms and inherent 
limitations of a DCB-only strategy for de novo coronary 
lesions, DCB have been used most commonly in ISR sce-
narios. A summary of the clinical trials and registry studies 
conducted for DCB in CAD settings can be found in online 
Supplemental Table 2.

In-stent restenosis (ISR)

Current European guidelines recommend the use of DCB in 
coronary ISR (class I, level of evidence A), while coronary 
DCB is not available and not recommended for ISR in the 
US.10 The DARE-trial (multicenter randomized controlled 
trial [RCT], NCT01127958) compared between SeQuent 

Figure 2. Comparison between different generations of DCB. The first and second generation of DCB employed paclitaxel as the 
anti-proliferative drug and the crystallinity of the coating played a role in the extent of particulate generation. The third generation 
is moving towards the use of sirolimus, which less cytotoxic.
BTHC, butyryl-trihexyl citrate; DCB, drug-coated balloons; PTX, paclitaxel; SIR, sirolimus; ‘+’, refers to the drug/excipient resulting in an effect; ‘–’ 
indicates that the drug/excipient does not lead to an effect on the parameter.
Republished with permission of Eureka Science (FZC), from ref. 65, 2018; permission conveyed through Copyright Clearance Center, Inc.
Note: Figure is in color online.
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Please DCB (B Braun Melsungen AG, Berlin, Germany) 
and Xience DES (Abbott Vascular, Chicago, IL, USA) and 
reported no differences in clinical endpoints, including 
TLR (DCB 8.8% vs DES 7.1%; p = 0.65) up to 12 months.11 
The ISAR-DESIRE-3 (randomized, open-label trial, 
NCT00987324) examined the use of DCB compared to 
PTA or DES (PTX) in 402 patients with ISR. At 3 years, the 
use of DCB as compared with DES has similar efficacy 
(risk of TLR: 0.91 to 2.33; p = 0.11) and safety with DCB 
superior to PTA (risk of TLR: 0.34 to 0.74; p < 0.001).12 
The recently published DAEDALUS study (meta-analysis 
of 10 RCTs) concluded that, at 3 years’ follow-up, the PTX-
DCB arm is moderately less effective than repeat stenting 
with DES in terms of TLR, with no increased long-term 
mortality.13 Hence, DCB was ranked as the first treatment 
option for ISR followed by DES for coronary ISR.14 The 
use of second generation DES with thinner struts, biocom-
patible polymers and different limus-analog drugs may 
play a role in improved performance of DES, especially in 
small vessels. This observation was corroborated by Siontis 
et al. (27 trials, 5923 patients) and Kokkinidis et al. (10 
studies, 2173 patients), which demonstrated that the use of 
second generation DES was the most effective strategy.15,16 
In summary, current clinical data support the use of DCB in 
BMS/DES ISR as an alternative to receiving a DES stent.

De novo CAD

In de novo CAD, DES is considered the gold standard in 
large vessels but in the case of small vessel disease, either 
balloon angioplasty alone or medical therapy are consid-
ered alternatives. For trials evaluating a DCB-only approach 
in small coronary vessels, the conclusions were unclear as 
to whether this approach is beneficial compared to DES. A 
recent meta-analysis (19 RCTs, 5072 patients) revealed 
DES (first generation of sirolimus-stents followed by PTX-
stents) to be the comparably more effective option than 
DCB based on angiographic outcomes and TLR.17 The 
PEPCAD III study (multicenter randomized trial) was the 
only study that compared a DCB with BMS strategy against 
DES, reporting that the DCB with BMS treatment did not 
demonstrate non-inferiority compared to the DES arm.18 
Recently, Silverio et al. examined the Swedish Coronary 
and Angioplasty Registry (SCAAR) database (14,788 
patients: 1154 with DCBs and 13,634 with n-DES) and 
found that the DCB arm reported a significantly higher 
restenosis rate compared to the newer generation DES.19

Published data from BASKET-SMALL 2 (multicenter 
RCT, NCT01574534) demonstrated that DCB was non-
inferior to second generation DES regarding major adverse 
cardiac events (MACE) up to 12 months, with similar event 
rates for both treatment groups in small vessels.20 However, 
more clinical data, such as longer-term MACE and resteno-
sis rates from RCTs (e.g. BASKET-SMALL 2, RESTORE 
SVD (NCT02946307)), will be required to establish a clear 
case for DCB over DES in small coronary vessels.21,22

Bifurcation lesions

Various trials and single studies have been conducted to eval-
uate the role of DCB in the treatment of coronary bifurcation 

lesions.23 The BABILON (prospective randomized study, 
NCT01278186) trial compared between patients with bifur-
cation lesions who received main branch (MB) and side 
branch (SB) sequential dilation with the SeQuent Please DCB 
(56 patients) and patients who received DES implantation in 
the MB and provisional SB stenting with the T-stent tech-
nique (56 patients). The data revealed that, at 24 months, the 
two strategies were found to be safe, with no deaths regis-
tered, though the MACE and TLR rates were higher in the 
DCB group (17.3% vs 7.1%; p = 0.105, and 15.4% vs 3.6%; 
p = 0.045). MB restenosis was reported to be significantly 
higher in the DCB group (13.5% vs 1.8%; p = 0.027), but 
was not so in the SB restenosis (5.8% vs 3.6%, p = 0.67). It 
was concluded that DES performed better than DCB in 
medium-to-large caliber MB vessels while DCB demon-
strated low and similar late lumen loss (LLL) and TLR rates 
to DES when used in SB.24 On the other hand, the DEBIUT 
(three-arm multicenter, NCT00857441) study tested a BMS 
+ DCB strategy for SB treatment but concluded that this 
approach did not show any advantage over a DES strategy, 
with a lower angiographic performance at 12 months and a 
similar rate of MACE.25 Other studies, such as BIOLUX P-I 
(single-arm multicenter, NCT01221610) and DEBSIDE 
(nonrandomized, multicenter, NCT01485081) reported the 
use of DCB in SB was safe with acceptable angiographic and 
clinical outcomes. A review by Cortese et al. examined vari-
ous studies (meta-analyses, RCT data, single-arm studies) on 
DCB for bifurcation lesions and concluded:26

1. DES in MB should be the preferred option unless 
the patient is unable to receive a stent

2. DCB with BMS should not be considered as the 
first-choice option in MB

3. SB treatment with DCB is feasible and safe, with a 
good angiographic and clinical outcome.

Clinical use of DCB in peripheral 
artery disease (PAD)

The Society for Vascular Surgery (class I, level of evidence 
B) and American College of Cardiology Foundation/
American Heart Association (ACCF/AHA) (class I, level 
of evidence A) recommended endovascular therapy for 
intermittent claudication in patients with significant func-
tional or lifestyle-limiting disability when symptomatic 
improvement with treatment is deemed reasonable, when 
pharmacologic or exercise therapy, or both, have failed, and 
when the benefit–risk ratio is considered favorable.27,28 
Owing to the unique morphology of peripheral vasculature, 
stent implantation in the femoropopliteal lesions did not 
demonstrate sustained efficacy as compared to coronary 
arteries. For this reason, the use of DCB has been recom-
mended in femoropopliteal TASC IIA and B de novo and 
restenotic lesions.4 The 2017 PAD European Society of 
Cardiology (ESC) guidelines state the consideration of 
DCB in short lesions (< 25 cm) with a class IIb recommen-
dation for patients with intermittent claudication and severe 
chronic limb ischemia (CLI).29 Early clinical experience 
with stenting in femoropopliteal segments demonstrated an 
increased risk of stent fracture because of the physiological 
torsion of the artery, with subsequent vessel wall damage 
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and restenosis.30 Preclinical studies have shown that metal-
lic implants permanently overstretch the arterial wall, lead-
ing to sustained inflammation and persistent neointimal 
growth, which is likely responsible for the exaggerated 
‘catch-up’ phenomenon observed in this vascular bed.31 
Hence, without a clear benefit of default stenting over BA, 
considerable interest exists in the use of DCB in PAD. 
Table 1 displays a summary of clinical trials and registry 
studies investigating DCB for the management of PAD.

Femoropopliteal arterial disease

Endovascular therapy is challenging in femoropopliteal 
arteries due to the high restenosis rates (20–40%) after 
stenting.32 Current Society for Cardiovascular Angiography 
and Interventions (SCAI) guidelines recommend DCB as a 
standard treatment option for femoropopliteal artery dis-
ease.33 In 2008, both the THUNDER (randomized multi-
center study, NCT00156624) and FemPac (randomized 
study) trials demonstrated significant reduction in LLL 
with DCB compared to BA.34 The meta-analysis by Cassese 
et al. (four RCTs, 381 patients) concluded that DCB ther-
apy was proven to be effective both in terms of angio-
graphic restenosis and TLR.35 A meta-analysis (eight RCTs, 
1341 patients) published recently reported that DCB strat-
egy reduced the risk of TLR, with similar mortality at 12 
months, and provided a sustained reduction in TLR without 
safety issues for up to 2 years compared to BA. There was 
a significant heterogeneity with respect to treatment effect 
for TLR due to the LEVANT 1 and 2 studies (multicenter 
RCTs, NCT00930813, NCT01412541), suggesting a dif-
ferential efficacy profile associated with the DCB platform 
used in these trials.36 Indeed, the DCB investigated in the 
LEVANT studies was the Lutonix DCB (Bard PV, Tempe, 
AZ, USA), which was considered to have a lower efficacy 
compared to other DCB. The pharmacokinetic profile of 
Lutonix was found to have a lower PTX tissue bioavaila-
bility compared to IN.PACT (Medtronic, Minneapolis MN, 
USA) and Stellarex DCB (Philips, Amsterdam, The 
Netherlands) after 28 days.37 This might have attributed to 
lower primary patency and freedom from TLR at 1-year 
follow-up in the LEVANT 2 study published in 2015.38,39 
More recently, the COMPARE multicenter RCT 
(NCT02701543) examined two DCB and showed that the 
Ranger DCB (Boston Scientific, Marlborough, MA, USA) 
was comparable with the IN.PACT DCB for the treatment 
of symptomatic femoropopliteal lesions.40 Other studies,  
such as ILLUMENATE (multicenter RCT, NCT01858428) 
and CONSEQUENT (post market clinical follow-up, 
NCT02460042) demonstrated superior safety and effec-
tiveness in the DCB-treated group compared to the BA-only 
group at longer-term follow-up (> 2 years).41,42 Other 
meta-analyses on the treatment of femoropopliteal arteries 
are consistent in their findings, demonstrating a significant 
reduction in TLR with the use of DCB strategy over BMS 
and BA groups.36,43

For femoropopliteal arteries ISR, the optimal revascu-
larization therapy represents a matter of debate and is 
inconclusive due to lack of statistical power to thoroughly 
investigate clinical outcomes in randomized trials of DCB 
versus plain balloon angioplasty. Patient-level data from 

three randomized trials of DCB angioplasty for ISR of 
femoropopliteal arteries published in 2018 (263 patients, 
12 months’ follow-up) showed a lower risk for TLR in the 
DCB arm compared to the PTA group (hazard ratio (HR) 
0.25; 95% CI: 0.14–0.46; p < 0.001) and recurrent ISR 
(HR 0.19; 95% CI: 0.10–0.35; p < 0.001).44 However, the 
DEBATE-ISR trial demonstrated that although recurrent 
TLR at 1 year was significantly lower in the DCB group 
(19.5% vs 71.8%) compared to PTA, the 3-year TLR was 
similar (40% vs 43%) between the two groups. Dedicated 
studies are required to confirm these results at long-term 
follow-up.45

The use of debulking devices in association with DCB 
provides another treatment option for patients with resten-
otic or heavily calcified lesions (up to 15% of the patients). 
This concept combines the benefits of removing exuberant 
tissue or calcified plaques with atherectomy or laser with 
the suppression of neointimal proliferation through DCB.46 
The DEFINITIVE AR study (NCT01366482) is a prospec-
tive, multicenter pilot study involving 121 patients and 
compared the DCB-only therapy with atherectomy and 
DCB therapy in patients with calcified superficial femoral 
artery (SFA) lesions. Angiographic patency was 84.6% in 
the atherectomy and DCB arm compared to 81.6% in the 
DCB-only group, suggesting the potential benefit of per-
forming debulking atherectomy before the use of DCB.47 
Data published in 2017 from various studies have also 
demonstrated encouraging mid-term clinical results from 
the use of atherectomy with DCB compared to DCB 
alone.48 The study by Gandini et al. (single-center, rand-
omized study, 448 CLI patients) concluded that combined 
treatment of laser debulking with DCB resulted in better 
outcomes (patency and TLR rates) in patients with CLI and 
SFA in-stent occlusion.49

In summary, current clinical data are consistent in dem-
onstrating significant reduction in TLR with the use of 
DCB strategy over BMS and BA groups, but the treatment 
of ISR with conventional methods remains difficult and has 
no clear frontline strategy. The use of debulking devices 
(e.g. atherectomy and laser debulking) with DCB have 
shown improved outcomes compared to using DCB alone. 
It will be important to continue to monitor the long-term 
safety outcomes in patients treated with PTX devices.

Atherosclerotic disease of below-the-knee 
(BTK) arteries

In BTK lesions, coronary DES have been found superior 
to BA and BMS, though the diffuse nature of atheroscle-
rotic disease in this long vascular segment precludes the 
routine use of many coronary DES. The clinical perfor-
mance of DCB in this area has been less conclusive.50 
Earlier experience from the single-center observational 
study by Schmidt et al. and randomized DEBATE-BTK 
trial (NCT01558505) reported superior mid-term results 
of using DCB compared to BA.51,52 However, results from 
the IN.PACT-DEEP multicenter RCT (NCT00941733) 
released in 2015 did not demonstrate a superiority of the 
IN.PACT Amphirion DCB compared to BA in terms of 
TLR and LLL. The IN.PACT-DEEP trial also had a higher 
incidence of amputation (8.8 vs 3.6%; p = 0.08) and a 
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Table 1. Summary of clinical trials and registry studies for DCB in PAD applications.39,42,43,46

Trial Name  
and ID No.

Device Control No. of 
patients

Indication Clinical outcomes: device vs control

PACIFIER
NCT01083030

IN.PACT Pacific PTA 91 FP 6 months LLL (mm): 0.01 vs 0.7
6 months TLR (%): 7 vs 28
12 months MAE (%): 7.1 vs 34.9
12 months TLR (%): 7.1 vs 27.9

DRASTICO
NCT01969630

IN.PACT Pacific 
+ BMS

ZILVER PTX 192 FP 12 months TLR (%): 14 vs 17
12 months binary restenosis (%): 22 vs 21

DEBATE SFA
NCT01556542

IN.PACT  
Admiral

PTA + Nitinol 
BMS

110 FP 12 months LLL (mm): 1.3 vs 2.7
12 months TLR (%): 17 vs 33

DEFINITIVE AR
NCT01366482

Cotavance Atherectomy 
+ Cotavance 
DCB

102 FP 12 months primary patency (%): 85.9 vs 96.8
12 months MAE (%): 10.0 vs 10.7
12 months CD-TLR (%): 8.0 vs 7.3

FAIR
NCT01305070

IN.PACT  
Admiral

PTA 119 FP 12 months TLR (%): 9.2 vs 47.4
12 months ACD (%): 4.3 vs 6.8

FREERIDE
NCT01960647

Freeway PTA 100 FP 6 months primary patency (%): 78.0 vs 75.0
6 months MAE (%): 7.1 vs 23.4
6 months TLR (%): 7.1 vs 16.7
6 months death rate (%): 0.0 vs 6.7

IN.PACT Global
NCT01609296

IN.PACT  
Admiral

NA 655 FP 12 months freedom from CD-TLR: 92.6
12 months MAE (%): 12.0
12 months ACD (%): 3.5

IN.PACT SFA I 
NCT01175850

IN.PACT  
Admiral

PTA 331 FP 24 months primary patency (%): 78.9 vs 50.1
24 months TLR (%): 9.1 vs 28.3
60 months CD-TLR (%): 25.5 vs 35.6
60 months MAE (%): 42.9 vs 48.1
60 months ACD (%): 15.8 vs 9.6

LEVANT 1
NCT00930813

Lutonix PTA 101 FP 24 months primary patency (%): 57.1 vs 39.5
24 months TLR (%): 35.7 vs 48.8
24 months MAE (%): 39.0 vs 46.0

BIOLUX P-I
NCT01221610

Passeo-18 Lux PTA 60 FP 6 months LLL (mm): 0.51 vs 1.04
6 months MAE (%): 3.8 vs 4.2
6 months death (%): 0.0 vs 3.7

DEBAS Registry DES +  
Passeo-18 Lux

NA 65 FP 12 months primary patency (%): 92.2
12 months freedom from TLR (%): 94.1
12 months MAE (%): 98.1
24 months primary patency (%): 88.2

ENDURE
NCT02129127

Chocolate 
Touch

NA 67 FP 6 months primary patency (%): 88.9
6 months LLL (mm): 0.16
6 months CD-TLR (%): 1.7
12 months primary patency (%): 83.6

LEVANT 2
NCT01412541

Lutonix PTA 476 FP 12 months primary patency (%): 65.2 vs 52.6
12 months TLR (%): 12.3 vs 16.8
12 months death (%): 2.4 vs 2.8
60 months survival (%): 80.8 vs. 87.7

PACUBA 1
NCT01247402

Freeway PTA 74 FP 12 months primary patency (%): 40.7 vs 13.4
12 months TLR (%): 49 vs 22.1

ILLUMENATE EU 
RCT
NCT01858363

Stellarex PTA 222 FP 12 months primary patency (%): 83.9 vs 60.6
12 months freedom from TLR (%): 94.8 vs 85.3
12 months mortality rate (%): 9.4 vs 8.5

ILLUMENATE Pivotal 
Study
NCT01858428

Stellarex PTA 300 FP 12 months primary patency (%): 82.3 vs 70.9
12 months freedom from TLR (%): 92.1 vs 83.2
12 months mortality rate (%): 10.1 vs 11.0

(Continued)

ACD, all-cause death; BMS, bare metal stent; CD-TLR, clinically driven target lesion revascularization; DCB, drug-coated balloons; DES, 
drug-eluting stent; FP, femoropopliteal; LLL, late lumen loss; MAE, major adverse events; NA, not applicable; PTA, percutaneous transluminal 
angioplasty; SFA, superficial femoral artery; TLR, target lesion revascularization.
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Trial Name  
and ID No.

Device Control No. of 
patients

Indication Clinical outcomes: device vs control

ILLUMENATE Global 
Study
(NCT01927068)

Stellarex PTA 371 FP 24 months primary patency (%): 72.4
24 months CD-TLR (%): 17.8
24 months mortality rate (%): 2.7%

COMPARE 1 Pilot 
Study
NCT01016041

Ranger IN.PACT 
Admiral

150 FP 12 months primary patency (%): 84% vs 89%

CONSEQUENT
NCT01970579

SeQuent Please PTA 153 FP 24 months TLR (mm): 19.1 vs 40.6
24 months primary patency (%): 72.3 vs 48.4

EffPac
NCT02540018

Luminor PTA 172 SFA, FP 6 months LLL (mm): 014 vs 1.06
6 months death (%): 0.0 vs 2.3
12 months TLR (%): 1.3 vs 17.7
12 months primary patency (%): 90.3 vs 65.3

MDT-2113 SFA Japan
NCT01947478

IN.PACT  
Admiral

PTA 100 SFA 12 months primary patency (%): 89% vs 48%
12 months CD-TLR (%): 3% vs 19%
12 months ACD (%): 0 vs 0

RANGER-SFA
NCT02013193

Ranger PTA 105 SFA 12 months freedom from TLR (%):  
91.2 vs 69.9
12 months primary patency (%): 86.4 vs 56.5

SAFE-DCB
NCT02424383

Lutonix NA 1,005 SFA 12 months freedom from TLR (%): 89.5
12 months ACD (%): 7.1

DEBATE-BTK
NCT01558505

IN.PACT  
Amphirion

PTA 132 BTK 12 months TLR (%): 18 vs 43
12 months death (%): 7.7 vs 4.5
12 months major amputation (%): 0 vs 1.5
12 months MAE (%): 31 vs 51

BIOLUX P-II
NCT01867736

Passeo-18 Lux PTA 72 BTK 6 months primary patency (%): 84.3 vs 75.9
6 months major amputation (%): 3.3 vs 5.7
6 months death (%): 6.1 vs 2.9
6 months MAE (%): 24.8 vs 25.0

IDEAS-I
NCT01517997

IN.PACT  
Amphirion

DES 50 BTK 6 months LLL (mm): 1.15 vs 1.35
6 months TLR (%): 13.6 vs 7.7
6 months death (%): 8.0 vs 11.1
6 months amputation (%): 4.0 vs 7.4

IN.PACT-DEEP
NCT00941733

IN.PACT  
Amphirion

PTA 358 BTK 12 months LLL (mm): 0.61 vs 0.62
12 months CD-TLR (%): 9.2 vs 13.1
12 months ACD (%): 10.1 vs 8.1
12 months major amputations (%):  
8.8 vs 3.6
12 months death and amputations (%):  
35.2 vs 25.2

BIOLUX P-III All-
Comers Registry
NCT02276313

Passeo-18 Lux NA 882 BTK 24 months freedom from TLR (%): 88.8
24 months freedom from MAE (%): 83.9
24 months major limb amputation (%): 7.3
24 months mortality (%): 10.3

Global BTK Registry
(NCT02554266)

Lutonix NA 371 BTK 12 months freedom TLR (%): 79.4
12 months freedom from primary safety events 
(%): 92.8

DEBELLUM IN.PACT  
Admiral

PTA 50 BTK, FP 12 months LLL (mm): FP: 0.61 vs 1.84, BTK: 
0.66 vs 1.69
12 months TLR (%): 12.2 vs 35.3
12 months amputation (%): 4 vs 12
12 months MAE (%): 24 vs 60

The numbers in the clinical outcomes represent the device’s data followed by the control’s data.
ACD, all-cause death; BTK, below-the-knee; CD-TLR, clinically driven target lesion revascularization; DCB, drug-coated balloons; DES, drug-eluting 
stent; FP, femoropopliteal; LLL, late lumen loss; MAE, major adverse events; NA, not applicable; PTA, percutaneous transluminal angioplasty; SFA, 
superficial femoral artery; TLR, target lesion revascularization.

Table 1. (Continued)
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trend towards higher mortality in the DCB arm, leading to 
the withdrawal of the device from the market.53 A 2016 
meta-analysis (five trials, 641 patients) reported that DCB 
in BTK lesions has similar clinical efficacy and superior 
angiographic performance when compared with BA or 
DES at 1-year follow-up. The analysis showed that treat-
ment with DCB led to relatively lower LLL, without 
improvement in clinical outcomes such as amputation and 
wound healing. The study concluded that a dedicated 
wound care management should be implemented for all 
patients with advanced-stage atherosclerotic BTK disease 
in order to evaluate the net clinical benefit of different 
revascularization strategies.54 Data presented on the use 
of Lutonix DCB versus PTA in BTK lesions in a prospec-
tive, global, multicenter, single-blind RCT demonstrated 
no significant difference in freedom from mortality (DCB: 
81% and PTA: 81%, p = 0.946), freedom from major 
amputation (DCB: 95.5% and PTA: 93.8%, p = 0.268) or 
amputation-free survival (DCB: 77.8% and PTA: 77.8%,  
p = 0.495). The study concluded that the Lutonix DCB 
versus PTA provided statistically significant efficacy out-
comes at 6 months with no observed safety issues out to 3 
years (presented at the Leipzig Interventional Course 
(LINC), January 202055). Currently, the FDA have not 
given market approval to the Lutonix DCB for treatment 
of PAD in BTK vessels. More prospective studies are war-
ranted to clearly show the merits of DCB-based strategies 
in BTK lesions.

Controversy surrounding use of paclitaxel 
(PTX) devices

In December 2018, a meta-analysis by Katsanos et al. (28 
RCTs, 4663 patients) concluded an increased risk of death 
(among 975 subjects from three trials, 20.1% crude risk of 
death at 5 years with DCB/DES treatment vs 13.4% with 
PTA/BMS treatment) following application of PTX bal-
loons and stents in the femoropopliteal artery of the lower 
limbs, which urged further investigations.56 This has 
sparked much discussion and debate over the safety of 
PTX devices.

The FDA conducted an internal preliminary study with 
their analysis of patient-level data consisting of the four 
pivotal RCTs (ZILVER PTX RCT, LEVANT 2, IN.PACT 
SFA I and II studies, and ILLUMENATE RCT) of PTX 
devices that supported premarket approval (PMA). In the 
executive summary published in June 2019, the analysis 
revealed an increased mortality rate in the PTX device arm 
at years 3 through 5 for ZILVER PTX RCT (NCT00120406), 
LEVANT 2 (NCT01412541), and IN.PACT SFA I and II 
(NCT01175850, NCT01566461) studies.57 Since then, the 
FDA advised healthcare providers to consider meanwhile 
alternatives with patients, except in circumstances such as 
high restenosis risk.58 According to the FDA’s r\evalidation 
of the original trial data, the 5-year mortality risk of PTX 
devices was 20.1% vs 13.4% in non-PTX device-treated 
patients (n = 975). It should be noted that the FDA did cau-
tion interpretation of these data due to limitations such as 
the small number of long-term cohorts.

Conflicting conclusions arose from subsequent analyses 
of patient-level data of certain PTX-DCB clinical trials 
which did not report increased mortality in the DCB arm. 
Recently published data examined patients who received 
in-hospital balloon- or stent-assisted endovascular revascu-
larization of the iliac and lower limb arteries reimbursed 
under German BARMER health insurance. The 64,771 
patients underwent 107,112 procedures using 23,137 PTX 
devices (DES or DCB). Their analysis revealed that PTX-
DES was not associated with increased long-term mortality 
for over 11 years past application (all p > 0.057). DCB was 
associated with decreased long-term mortality for the first 
year past application (HR 0.92; p < 0.001), with insignifi-
cant correlation in the years thereafter (all p > 0.202).59

Similarly, 3 years’ follow-up from the ILLUMENATE 
clinical program, which assessed mortality rates from two 
RCTs (n = 419 with PTX-DCB; n = 170 with BA), 
reported that the all-cause mortality rates were comparable 
between both arms; PTX exposure was unrelated to mortal-
ity (HR 1.04; 95% CI: 0.98–1.10; p = 0.23).41 The IN.PACT 
Global Clinical Study (single-arm study with real-world 
patient population, NCT01609296) evaluated the safety 
and effectiveness of a DCB (IN.PACT Admiral; Medtronic) 
in the treatment of patients with atherosclerotic femoro-
popliteal disease, including de novo ISR in the SFA or the 
entire length of the popliteal artery. The investigators 
reported a high patency and a low clinically driven TLR at 
12 months, confirming the safety and effectiveness of DCB 
in complex femoropopliteal lesions.60 The recently pub-
lished data in 2018 from the IN.PACT Global Clinical 
Study confirmed the positive findings for up to 2 years.61 
Patient-level data from the Lutonix clinical program 
(LEVANT 1, LEVANT 2, LEVANT Japan) demonstrated 
no significant differences in mortality rates between the 
PTX-DCB and BA arms. The 5-year HR was 1.01 (95% CI: 
0.68–1.52) in the aggregated LEVANT trials. The investi-
gators concluded that the lack of dose–response relation-
ships or clustering of causes of death argues against a causal 
relationship between PTX and mortality.62 The Society for 
Vascular Surgery Vascular Quality Initiative has also 
reported similar mortality between the PTX and non-PTX 
device groups (8376 patients in total) in the treatment of 
femoral-popliteal occlusive disease at 1-year follow-up.63

These data shed light on the possible limitation of 
Katsanos’ analysis56, such as the studies included were not 
designed or powered for long-term analysis of mortality 
and the high rate of patients lost to follow-up, and lack of 
access to patient data.

Conclusion

The current generation of coronary DES with thin struts 
and superior performance remains the device of choice in 
the treatment of de novo lesions, but emerging data 
(BASKET-SMALL 2, RESTORE SVD) show that DCB 
may have a role for small vessel indications. The develop-
ment of DCB with improved safety profile and clinical 
performance has led to favorable outcomes in the treat-
ment of coronary ISR. For coronary ISR, DCB clinical 
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development is centered on comparing long-term results 
with the current generation of DES, as well as improving 
vessel preparation before DCB treatment. Finally, use of 
DCB in side branch treatment of bifurcation lesions also 
has been shown to be feasible, with satisfactory angio-
graphic and clinical outcomes.

Initial clinical experience with the use of DCB in femo-
ropopliteal disease showed benefits of the treatment in terms 
of efficacy but a recent analysis has shed some uncertainty 
and questions over the long-term safety profile of PTX 
devices in peripheral vessels. The correlation between the 
use of PTX-DCB and increased long-term mortality signal 
in peripheral vessels is not well understood and the underly-
ing pathomechanisms remain elusive.64 Lastly, opposite 
effects have been found in a systematic meta-analysis of 
coronary PTX-DCB RCTs, showing that PTX-DCB resulted 
in a significantly lower mortality and cardiac mortality com-
pared to control at 3 years.

Research and development work in newer generations 
of DCB are focused on improving the robustness of the 
drug coating to decrease drug loss during tracking, facili-
tate efficient transfer to the vessel wall, and improve uptake 
of the drug without causing embolization. Limus-analogs, 
such as sirolimus (which will require novel carriers), may 
help to mitigate any cytotoxicity of paclitaxel. This newer 
generation of DCB can potentially overcome the shortcom-
ings of current DCB, but more clinical studies are needed to 
ascertain the relative efficacy and safety of these novel 
technologies compared to current DCB and DES.
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