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The SeQuent™ Please drug-coated 
balloon system for percutaneous 
transluminal coronary angioplasty

  Device Evaluation

Endovascular therapy for treatment of arterial obstructions has emerged as one of the most promising 
techniques in minimally invasive medicine during the last few decades. However, long-term outcome 
remains an area of concern in many applications. Drug-coated balloons represent an enhancement of the 
therapeutic repertoire for the interventional cardiologists. Among drug-coated balloons currently available 
on the market is the the SeQuent™ Please device, a coronary balloon catheter that combines balloon 
angioplasty with local delivery of paclitaxel. In several small, but randomized, clinical trials, the paclitaxel-
coated SeQuent Please balloon catheter system has been shown to be safe and effective in reducing 
restenosis in patients with coronary in-stent restenosis, indicating that restenosis inhibition by immediate 
drug release is feasible. This article reviews the rationale for the use of paclitaxel-coated balloons, along 
with a focus on the SeQuent Please with its concept and the currently available clinical data on its use in 
diseased coronary arteries. 
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Rationale
Established methods for treatment of stenotic 
or occluded arteries are percutaneous trans-
luminal angioplasty and percutaneous trans-
luminal coronary angioplasty (PTCA; or in 
a more general sense percutaneous coronary 
intervention [PCI]), subspecialties of image-
guided therapy. Despite revolutionizing coro-
nary revascularization, PTCA is associated 
with persistent difficulties that include vessel 
recoil and dissection during the procedure and 
restenosis usually within the first 6 months 
post-intervention. Restenosis, which is defined 
as a more than 50% reduction in postproce-
dural luminal diameter, and its recurrence rate 
after PTCA has been shown to generally vary 
from 30 to 50% [1]. Late lumen loss following 
PTCA is mainly attributed to negative vascular 
remodeling, including vessel recoil, shrinkage 
and restenosis [2]. The advent of coronary bare 
metal stents (BMSs) coupled with antiplatelet 
therapy has reduced the incidence of resteno-
sis due to limitation of the extent of elastic 
recoil and late vascular remodeling compared 
with balloon angioplasty alone [3,4]. Despite 
these improvements, BMSs did not prevent 
lumen renarrowing, typically occurring within 
the first 6 months after the intervention, in 
approximately 20–40% of cases, necessitat-
ing a repeat procedure [5]. Drug-eluting stents 
(DESs) have emerged as a successful strategy 

in the primary prevention of restenosis as 
documented in preclinical and clinical trials 
[6–8]. These stents suppress neointimal prolif-
eration by sustained delivery of antiprolifera-
tive agents (e.g.,  sirolimus or paclitaxel) due 
to special features for slow release (mostly 
polymer matrixes) from the stent struts to 
the arterial wall. DESs are well accepted in 
the prevention and treatment of coronary res-
tenosis and are currently used in more than 
70% of coronary interventions in the USA, 
for example. The reason is a long-term clini-
cal benefit of these devices, mainly related to 
reduction of cardiac events associated with res-
tenosis. However, DESs may be accompanied 
by delayed and incomplete endothelialization 
of the stent struts [9] attributed to high drug 
concentrations on the struts required due to 
the inhomogeneous drug distribution from the 
stent to the vessel wall. Although rare, very 
late stent thrombosis is a limitation of DESs 
[10–12]. Approximately 85% of the stented ves-
sel wall area is not covered by the stent struts, 
which may result in incomplete suppression 
of neointimal hyperplasia in the tissue distant 
from the stent struts and between the struts 
[13]. Furthermore, stenting in patients with 
diabetes mellitus [14] and for lesions with high 
risk for in-stent restenosis and/or thrombosis, 
such as lesions in small vessels [15], bifurcations 
[10,16] and chronic total occlusions (CTOs), is 
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still challenging. DES and also BMS deploy-
ment requires a long-lasting dual antiplatelet 
regime (current standard treatment: combined 
therapy with aspirin and clopidogrel) to pre-
vent late thrombotic complications [10,11,17]. In 
addition, stents reduce the flexibility of the ves-
sel, thereby limiting the repeatability of stent-
ing. Repeated use of stents appears to further 
exacerbate the risk of recurrence of restenosis 
(especially in small vessels) due to augmenta-
tion of metal burden [18]. Nevertheless, ongo-
ing developments with the stent platform and 
the polymer coating are gradually improving 
the performance of stents in clinical practice, 
allowing for greater flexibility and improved 
deliverability of the stents. Initial DESs, which 
use sirolimus and paclitaxel, are now being 
joined by newer stents releasing drugs, such 
as everolimus, zotarolimus and tacrolimus. In 
addition, biodegradable and newer-generation 
durable polymers for drug release are impor-
tant components in the development of ‘future 
generation’ DESs to reduce polymer-related 
adverse events. 

New concepts to overcome the limitations 
of DESs should avoid the need for sustained 
drug release from stent struts to allow for ear-
lier endothelialization and healing. Preclinical 
studies, including cell culture experiments 
[19,20] and animal studies [20–23], demonstrated 
that short exposure to paclitaxel can result in 
prolonged inhibition of cell proliferation and 
neointimal hyperplasia provided that the drug 
reaches the vessel wall in sufficient concen-
tration. The concept of non-stent-based local 
paclitaxel delivery was prompted by the surpris-
ing discovery that single-dose administration 
of the drug is sufficient, refuting the assump-
tion that sustained release of the drug is neces-
sary for long-lasting inhibition of restenosis. 
Scheller et al. reported an efficient inhibition of 
neointimal formation using paclitaxel-coated 
balloons in the porcine model of coronary over-
stretch [22]. These findings were confirmed by 
the first successful use of a paclitaxel-coated 
balloon in clinical trials (PACCOCATH-ISR I 
and PACCOCATH-ISR II), assessing the 
safety and efficacy of this device in coronary 
in-stent restenosis [24,25]. Paccocath™ balloons 
are standard angioplasty balloons coated with 
paclitaxel at a dose of 3 µg/mm2 of balloon 
surface in a specific matrix coating (paclitaxel 
is admixed to a small amount of the x-ray con-
trast medium Ultravist™) [22]. Studies with 
Paccocath balloons in the porcine coronary 
overstretch model [22,23,26–28] have shown: 

�� The potential for immediate drug release 
without the use of a polymer that can induce 
chronic inflammation and late thrombosis, as 
observed with some drug-eluting stents;

�� The potential for homogeneous drug distribu-
tion to the arterial wall;

�� The superiority of drug-coated balloons 
(DCBs) in reducing neointimal area versus 
uncoated balloons and stents;

�� The option of using balloon catheters alone 
or in combination with a bare-metal stent if 
necessary;

�� The feasibility of the procedure, in which a 
segment of the diseased artery can repeatedly 
be treated with DCBs in a row;

�� Balloon inflation time is not critical for effec-
tive inhibition of neointimal proliferation, an 
issue that is important for critically ill patients 
who do not tolerate prolonged ischemia time 
due to long-lasting balloon inflation.

SeQuent™ Please balloon catheter: 
the next generation drug-coated 
balloon for coronary artery disease
The development of next-generation DCBs 
was aimed at combining a state-of-the-art bal-
loon catheter with the proven paclitaxel matrix 
coating technology used for Paccocath balloons 
in an automated coating process that guaran-
tees a precise and uniform coating with a high 
reproducibility. The SeQuent™ PTCA balloon 
catheter (B Braun Melsungen AG, Germany) 
serves as an uncoated basis for the Paccocath 
coating since it assures with its mid-shaft helix 
design element a balanced force transmission 
allowing a sensitive catheter navigation. The 
balloon with its low profile and the sequential 
tip accurately follows even extremely curved 
vessels without tip flaring due to its tip mate-
rial mix. The SeQuent Please balloon (coat-
ing licensed by B Braun from Charité, Berlin, 
Germany) is a paclitaxel-eluting rapid exchange 
balloon catheter for PTCA (Figure 1A). A small 
amount of the contrast agent iopromide 
(Ultravist), added to the coating, improves the 
solubility of paclitaxel and leads to enhanced 
dissolution of the drug [21], thus enabling a reli-
able transfer of sufficient amount of paclitaxel 
to the vessel wall during balloon inflation for 
30–60 s (Figure 1B & C). Paclitaxel is the phar-
macologically active substance, whereas iopro-
mide, a well-tolerated nonionic x-ray contrast 
agent, acts as a release-supporting additive. 
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Figure 1. SeQuent™ Please next-generation coronary drug-coated balloon and its matrix 
coating. (A) Uncoated and paclitaxel coated SeQuent™ balloon catheters. The SeQuent balloon 
catheter (upper catheter) is coated with paclitaxel at a dose of 3 µg/mm2 of balloon surface in a 
unique matrix (lower catheter, SeQuent Please), allowing for rapid drug delivery upon balloon 
inflation, administration of a controlled dose and homogeneous drug distribution to the wall.  
(B & C) Mode of action of the SeQuent Please balloon catheter. (B) A pure paclitaxel coating would 
not allow for the required bioavailability of the compound on the balloon surface (left panel). The 
SeQuent Please Paccocath coating is a dispersion of paclitaxel and iopromide (right panel). The x-ray 
contrast agent iopromide acts as a spacer. This unique type of coating supports the release of the 
drug from the balloon surface and its adsorption by the vessel wall. (C) The surface of the drug-
coated balloon is in contact with the vessel wall and the drug is released upon balloon inflation 
(upper panel). The antiproliferative substance paclitaxel migrates into the vessel wall upon dissolution 
of the matrix (lower panel).  
Reproduced with permission from B Braun Vascular Systems, Berlin, Germany.
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Embedding of paclitaxel in a specif ically 
designed matrix provides an optimal release 
behavior of the drug during the coronary 
intervention. It has been shown that the major 
part of paclitaxel (~80% of the initial dose) is 
released during balloon inflation [22]. SeQuent 

Please balloons are available in diameters from 
2.0 to 4.0 mm and lengths of 10 to 30 mm. 

The SPECTARIS study in 2008 calculated 
the potential cost savings of SeQuent Please 
balloon catheters in the coronary application 
for the treatment of in-stent restenosis to be 

Table 1. Coronary clinical program with the SeQuent™ Please.

Study (year) Trial Countries Devices used Lesions Patients 
(n)

Follow-up Ref.

Trial status: completed

Unverdorben 
(2010)

PEPCAD I SVD Germany SeQuent Please De novo lesions in small 
coronary vessels

120 6-month 
angiographic FU
12-month clinical FU 

[31]

Unverdorben 
(2009)

PEPCAD II ISR Germany SeQuent Please
versus
Taxus 

Coronary in-stent 
restenosis

131 6-month 
angiographic FU
12-month clinical FU

[32]

Hamm & 
Scheller 
(2009)

PEPCAD III Europe Coroflex DEBlue 
versus
Cypher 

Native coronary stenosis 637 9-month 
angiographic FU
9-month clinical FU

[34]

Mathey & 
Kleber (2009)

PEPCAD V Germany SeQuent Please
+ Coroflex

De novo lesions in 
coronary bifurcations

28 9-month 
angiographic FU
30-day (MACE) and 
9-month (death) 
clinical FU 

[36]

Trial Status: ongoing, but not recruiting participants

Rosli PEPCAD IV Malaysia,
Thailand

SeQuent Please
+ Coroflex Blue 
versus
Taxus 

De novo coronary stenosis 
in diabetic patients

84 9-month 
angiographic FU
9-month clinical FU

[Unpublished 
Data]

Wöhrle & 
Werner

PEPCAD-CTO Germany SeQuent Please
+ Coroflex Blue

Chronic total occlusion in 
native coronary arteries

48 6-month 
angiographic FU
30-day, 6-, 12- and 
24-month clinical FU

[39]

Kaul INDICOR India SeQuent Please
+ Coroflex Blue

De novo and restenotic 
lesions in native coronary 
arteries (real world)

125 6-month 
angiographic FU

[Unpublished 
Data]

Wöhrle PERfECTStent 
Study

Germany SeQuent Please
+ Genous
vs 
Genous

De novo stenosis, lesions 
in native coronary arteries

120 6-month 
angiographic FU
2-, 6-, 12-, 24-, 36-, 
48- and 60-month 
clinical FU

[40]

Lim DEBAMI-
Singapore

Singapore SeQuent Please
+ Coroflex Blue 

STEMI 30 12-month clinical FU [Unpublished 
Data]

Trial status: recruiting participants

Mehilli ISAR-DESIRE-
III

Germany SeQuent Please
vs
Taxus
vs 
conventional 
balloon

Coronary restenosis
in ‘Limus’-eluting stents 

375 
(estimated)

6-8 month 
angiographic FU
1- and 2-year clinical 
FU

[Unpublished 
Data]

Rittger PEPCAD-DES Germany SeQuent Please
versus
uncoated 
SeQuent 

Coronary in-stent 
restenosis in native 
arteries initially deployed 
with a Cypher or 
Taxus stent 

120 
(estimated)

6-month 
angiographic FU
6-month, 1- and 
3-year clinical FU

[Unpublished 
Data]

FU: Follow-up; ISR: In-stent restenosis; MACE: Major adverse cardiac events; STEMI: ST-segment evaluation myocardial infarction.
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approximately €59 million per year, based on 
the number of BMS and DES interventions 
in in-stent restenosis performed in Germany 
in 2007 [101]. The cost savings based on the 
combination of a shortened drug therapy with 
platelet aggregation inhibitors (~€27.5 million 
for 50,000 in-stent restenosis (ISR) patients 
treated with DCBs instead of DESs) and 
a reduced number of re-interventions after 
failed revascularization (~€31.6  million for 
~7400 patients due to the difference in the re-
intervention rate of 14.8% between DES (18%) 
and SeQuent Please (3.2%) in a total of 50,000 
ISR patients). However, this assessment focuses 
on the cost savings for the treatment of in-stent 
restenosis only. 

The SeQuent Please does not require addi-
tional devices, such as perfusion catheters, or 
additional steps to treat a lesion compared 
with plain balloon angioplasty. There is also 

no significant difference in handling of the 
SeQuent™ Please to a regular uncoated bal-
loon catheter, except that: first, select a balloon 
long enough to provide overlap beyond lesions 
and between balloons; second, do not touch/
bend the coated balloon more than necessary; 
third, keep time to lesion/inf lation short; 
fourth, make sure that the balloon membrane 
gets into close contact with the vessel wall (e.g., 
predilate with smaller diameter) and keep infla-
tion pressure for 30–60 s if tolerated by the 
patient; and fifth, following drug release after 
the first inflation, the balloon may be used like 
an uncoated balloon for postdilatation but no 
additional drug will be released and no addi-
tional restenosis inhibition may be expected. 
Furthermore, there are no deviations from 
standard patient care/therapies when using 
SeQuent Please balloons. All patients inde-
pendent of the actual treatment are assigned 

pre PCI DEB post PCI 6 month control

A C D

post PCI 6 month control

E G H

pre-PCI DEB post-PCI 6-month control

pre-PCI DEB post-PCI 6-month control

Figure 2. Angiograms of two study patients with treatment of lesions in small coronary arteries by percutaneous 
transluminal coronary intervention using the SeQuent™ Please balloon catheter (PEPCAD I trial). Patient 1 was treated with 
the SeQuent™ Please balloon in the circumflex coronary artery: (A) the initial angiogram; (B) the inflation of the drug-coated balloon; 
(C) the postprocedural angiogram; (D) the 6-month follow-up angiogram free from restenosis. Patient 2 was treated with the SeQuent 
Please balloon in the diagonal branch of the left anterior descending coronary artery; (E) the initial angiogram; (F) the inflation of the 
drug-coated balloon; (G) the postprocedural angiogram; (H) the 6-month follow-up angiogram showing no restenosis. 
PCI: Percutaneous coronary intervention. 
Reproduced with permission from [31].
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to treatment with antiplatelet aggregation 
inhibitors, anticoagulants and/or vasodilators 
during PCI. 

Clinical trials with the SeQuent 
Please balloon

�� PACCOCATH ISR-I/II studies
The first-in-man trial with a paclitaxel-eluting 
catheter was reported in 2006 [24]. The aim of 
this German, randomized, blinded, multicenter 
study (PACCOCATH-ISR I) with 52 patients 
enrolled was to investigate for the first time 
in humans the use of a paclitaxel-eluting bal-
loon for the treatment of coronary in-stent 
restenosis. The subsequent PACCOCATH-
ISR II trial with an additional 56  patients 
was conducted with an identical protocol to 
increase the probability of detecting coating-
related adverse events and to test the reproduc-
ibility of the results of ISR I. These trials have 
clearly shown the superiority of DCBs versus 
uncoated balloons with respect to in-segment 
late lumen loss (at 6  months angiography: 
ISR-I: 0.74 ± 0.86 mm vs 0.03 ± 0.48 mm; 
p  <  0.002 and ISR-II: 0.80  ±  0.79  mm vs 
0.011 ± 0.44 mm; p < 0.001) and clinical out-
comes. No adverse events were shown to be 
attributable to the Paccocath coating, and a 
shorter postprocedural therapy with dual plate-
let aggregation regimen was feasible (4 weeks 
instead of at least 6 months to even lifelong 
for DESs). Also, a sustained clinical effect of 
DCB was noted at 24 months with significant 
reduction in target lesion revascularization (37 
vs 6%; p = 0.001) and major adverse cardiac 
events (MACE). 

�� PEPCAD studies
The SeQuent Please balloon has been clini-
cally studied in the Paclitaxel-Eluting 
PTCA-Catheter in Coronary Artery Disease 
(PEPCAD) and other clinical trial programs 
(Table 1) [29]. The PEPCAD program is aimed at 
studying different indications with this device 
and focuses on criteria that are lesion-related 
(e.g., in-stent restenosis, small vessel disease, 
bifurcations and chronic total occlusions), pro-
cedure-related (e.g., sequence of using the drug-
coated balloon and a BMS), and device related 
(DCB combined with a BMS or the SeQuent 
Please balloon with premounted BMS). All 
studies are prospective with late lumen loss of 
the target lesion as the primary end point. At 
present, some PEPCAD studies are completed, 
and their angiographic and clinical results are 
presented in Table 2 [30]. 

PEPCAD I was a German, non-randomized, 
single-arm, multicenter study investigating 
the safety and efficacy of the SeQuent Please 
balloon in small-vessel de  novo lesions in 
120 patients [31]. Most of the patients (70%) 
could be treated with the SeQuent Please bal-
loon only, while 27% of the patients required 
additional BMS implantation due to acute elas-
tic recoil or severe dissections, and in 3% of the 
patients the lesion could not be crossed by the 
study balloon. Patients treated with the DCB 
only demonstrated a very low in-segment late 
lumen loss (0.16 ± 0.38 mm) and a binary rest-
enosis rate in the single digits (5.5%). However, 
in those patients with additional BMS implan-
tation geographical mismatch between coated 
balloon dilatation and stent implantation was 
frequently associated with the occurrence 
of restenosis. Angiographic examples of two 
small-vessel disease patients treated with the 
SeQuent Please balloon in the PEPCAD I 
study are presented in Figure 2.

PEPCAD II was a German, randomized, 
non-blinded, two-arm, multicenter trial of the 
SeQuent Please balloon versus the clinically 
established paclitaxel-coated Taxus™ Liberté 
stent (Boston Scientific, USA) in 131 patients 
with coronary in-stent restenosis. Compared 
with the DES, the DCB induced statisti-
cally significantly less in-segment late lumen 
loss (0.17  ±  0.42  mm vs 0.38  ±  0.61  mm; 
p  =  0.03), resulting in a binary restenosis 
rate of 7 versus 20% (p = 0.06) at 6‑month 
follow-up and improved event-free survival (9 
vs 22%; p = 0.08) at the 12‑month visit [32]. 
The results of this study are in good agreement 
with both the PACCOCATH ISR studies and 
the randomized Intracoronary Stenting and 
Angiographic Results: Drug-Eluting Stents 
for In-Stent Restenosis (ISAR-DESIRE) study 
comparing the sirolimus-eluting (Cypher™, 
Cordis Corp., USA) and paclitaxel-eluting 
(Taxus) stents with plain balloon angioplasty 
in the treatment of in-stent restenosis [33]. 

PEPCAD III was a European, randomized, 
single-blind (subject), two-arm, multicenter 
study, which compared an experimental 
device consisting of a cobalt–chromium stent 
premounted on the SeQuent Please balloon 
with the sirolimus-eluting Cypher stent in 
637  patients with native coronary stenosis. 
Clinical end points were analyzed according to 
intention-to-treat. For the per protocol analysis 
of the primary end point 477 patients (75%) 
were available. Angiography at 9‑month follow-
up indicated that this prototype DCB-stent 
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system is effective in inhibiting restenosis but 
not to the same extent and at the high level 
of safety of the Cypher stent [34]. In-segment 
late lumen loss did not differ significantly 
(0.20 ± 0.52 mm vs 0.11 ± 0.40 mm; p = 0.07), 
whereas in-stent analysis was significantly in 
favor of the eluting stent (0.41 ± 0.51 mm vs 
0.16  ±  0.39  mm; p  <  0.001). Total MACE 
rate was 18.5% in the DCB plus BMS group 
and 15.4% in the DES group (p = 0.16). The 
DES group presented with a lower incidence of 
myocardial infarction (3.8 vs 0.6%; p < 0.01). 
Overall, the preliminary results of this study 
show that DCB plus BMS device did not meet 
the noninferiority criteria versus the sirolimus-
eluting stent presenting with exceptionally 
favorable results. Further design evolution is 
warranted to improve this new approach. In any 
case, DCBs are not a replacement for DESs but 
may provide a new platform in interventional 
cardiology to reduce the need for stents [35]. 

PEPCAD V was a small, German, prospec-
tive, single-arm, dual-center study including 
28 patients with de novo bifurcational coronary 
artery lesions. The aim of this study was to 
investigate the feasibility of angioplasty using 
the SeQuent Please balloon in the main and 
the side branch of the bifurcation, followed 
by BMS deployment in the main branch. All 
procedures (equal to primary end point in this 
study) had been successful. In-segment late 
lumen loss at 9 months was 0.38 mm in the 
main branch and only 0.21 mm in the side 
branch. No MACE at 30‑day follow-up and 
no death at 9‑month follow-up were reported. 
Restenosis with target lesion revascularization 
(TLR) occurred in only one patient. However, 
in the main branch where a DCB was used in 
combination with BMS two patients experienced 
late stent thrombosis [36]. 

These clinical studies have shown so far (also 
shown in the Thunder [37] and FemPac [38] tri-
als of the PACCOCATH balloon in peripheral 
arterial disease):

�� High procedural success rate with DCBs, han-
dling of DCBs similar to uncoated catheter;

�� Safety of the PACCOCATH coating;

�� The potential for improving treatment of 
coronary in-stent restenosis, lesions in small 
vessels and bifurcations, or other cases where 
stenting is not desirable or possible;

�� The superiority of DCBs for treatment of in-
stent restenosis compared with stand-alone 
balloon angioplasty;

�� The potential for reducing anti-platelet ther-
apy (few months therapy for DCBs instead of 
long-lasting anti-platelet regime for DESs);

�� No observation of coating-related adverse events;

�� The potential for avoiding the stent-in-stent 
approach with a second layer of metal in a 
native coronary artery.

Further PEPCAD studies are ongoing. 
PEPCAD IV is an Asian, randomized, two-
arm, multicenter study comparing the effi-
cacy of the SeQuent Please balloon followed 
by cobalt–chromium stent (Coroflex™ Blue, 
B Braun Melsungen AG) deployment versus 
paclitaxel-eluting Taxus Liberté stent in the 
treatment of de novo coronary stenosis in 84 
diabetic patients. The primary end point is 
late lumen loss in target vessels at 9 months. 
This study is expected to be completed in 2011. 
PEPCAD-DES is a German, randomized, 
single-blind (subject), two-arm, multicenter, 
eff icacy study that is investigating vessel 
patency following treatment with either an 
uncoated balloon or a SeQuent Please balloon 
in patients initially treated with a Cypher or 
Taxus DES and is currently recruiting par-
ticipants (estimated number to be enrolled: 
120). PEPCAD-CTO is a German, single-
arm, dual-center study assessing the safety 
and efficacy of the SeQuent Please balloon 
after bare metal stenting of a CTO in a native 
coronary artery in 48 patients. The outcome 
of this study is also being compared with that 
of a historical population of patients with 
CTO treated with the Taxus stent. In both 
trials, the primary end point is late lumen loss 
at 6 months. PEPCAD-DES and PEPCAD-
CTO are expected to be completed in 2011 and 
2014, respectively. For the ongoing PEPCAD-
CTO trial the first clinical data from 6 months 
follow-up are now available (Table 2) showing 
that both the SeQuent Please balloon in com-
bination with a BMS and the Taxus stent were 
similarly effective and safe in the treatment 
of CTO [39]. The SeQuent Please balloon is 
also being investigated in ISAR-DESIRE-III. 
This German, randomized, single-blind (out-
come assessor), three-arm, dual-center study 
with an estimated 375 patients to be enrolled 
aims to determine, which treatment option, 
either SeQuent Please balloon, Taxus stent or 
plain balloon angioplasty is the most effec-
tive in the treatment of restenosis after initial 
implantation of a ‘Limus’-eluting stent (the 
‘Limus’-family of drugs comprises rapamycin 
and its derivatives). INDICOR is an Indian, 
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randomized, single-blind (subject), two-arm, 
multicenter real-world study investigating the 
acute 6‑month, 12‑month and 3-year out-
come of the sequence of using the SeQuent 
Please balloon and the bare metal Coroflex 
Blue stent for the treatment of de novo and 
restenotic lesions in native coronary arteries 
in an estimated 125  patients. The primary 
end point in ISAR-DESIRE-III is percent in-
segment diameter at 6–8 months, while that 
of INDICOR is late in-segment and in-stent 
lumen loss at 6 months. The ISAR-DESIRE-
III and INDICOR studies are expected to be 
completed in 2014 and 2012, respectively. 
Another German, randomized, single-blind 
(subject), two-arm trial (the PERf ECT 

Stent Study) has completed the enrollment 
of 120 patients for comparison of the com-
bination of the SeQuent Please balloon and 
additional implantation of the Genous™ stent 
(OrbusNeich, Hong Kong) and the Genous 
stent alone in the prevention of restenosis in 
native coronary arteries. The primary end 
point of the PERfECT trial is late lumen loss 
at 6 months. The first promising clinical data 
of this study (Table 2) showed the superiority of 
the combination of the SeQuent Please balloon 
plus the Genous stent versus the Genous stent 
alone [40]. In-stent late lumen loss at 6 months 
was significantly lower in DCB plus stent com-
pared with the stent alone (0.34 ± 0.45 mm 
vs 0.88 ± 0.48 mm; p < 0.001), resulting in 

Table 3. Paclitaxel-coated balloons, currently on the market or in development.

Company/sponsor Product Drug formulation Stage of development/launch 
status/trial activity

Ref.

B Braun Melsungen 
AG (Germany)

SeQuent™ 
Please

Modified Paccocath
(Paclitaxel with iopromide [Ultravist™] 
formulation) 
3-µg paclitaxel/mm2 of 
balloon surface

CE 
(since 2009)

[22–25,28,31,32,37,38,48]

Medtronic Invatec
(Italy)

IN.PACT 
Falcon

Paclitaxel,
matrix: hydrophilic FreePac
3-µg paclitaxel/mm2 of 
balloon surface

CE 
(since 2009)
Clinical trials: 
Bello (not yet open)
IN-PACT CORO (recruiting)

Bioequivalence to 
Paccocath, [42,43]

Eurocor GmbH
(Germany)

DIOR I Paclitaxel admixed to DMSO 
delivered from the rough 
(i.e., microporous)  balloon surface 
3-µg paclitaxel/mm2 of 
balloon surface 

CE
(since 2007, but now withdrawn)  

[28,44–47]

DIOR II
(2nd 
generation)

Coating method:
1:1 mixture of paclitaxel with shellac 
(natural resin composed of shellolic 
and alleuritic acid)
3-µg paclitaxel/mm2 of 
balloon surface

CE for the coating technique

Clinical trials: 
DEBIUT (ongoing)
Valentines (ongoing)
DEB-AMI (recruiting)

Lutonix, Inc.
(USA)

MOXY Paclitaxel, matrix not disclosed 
2-µg paclitaxel/mm2 of 
balloon surface

Not known
Clinical trials:  
De Novo pilot (ongoing)
PERVIDEO I Registry (ongoing)

–

Aachen Resonance 
GmbH
(Germany)

Elutax I Paclitaxel coated on
structured balloon surface

CE 
(since 2008, but now withdrawn)

Elutax II Coating: two layers of paclitaxel 
(elastic and drug depot)
2-µg paclitaxel/mm2 of 
balloon surface

Not known

Clinical trial:
EREMUS study (not yet open)

–

Biotronik AG
(Germany)

Pantera Lux Paclitaxel, matrix: BTHC
3-µg paclitaxel/mm2 of balloon 
surface

Not known
Clinical trials: 
PEPPER (ongoing)
Drug eluting Pantera Lux Catheter 
Registry (recruiting)

–

BTHC: Butyryl-tri-hexyl citrate; DMSO: Dimethyl sulfoxide.
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significantly lower in-stent binary restenosis 
of 5% versus 21% (p  =  0.009) and MACE 
(5 vs 17%; p = 0.03). However, this study is 
still ongoing and is expected to be completed 
in 2014. DEBAMI-Singapore is a Singapore 
single-arm, safety and efficacy study of PCI in 
30 patients with ST-segment evaluation myo-
cardial infarction (STEMI) using the SeQuent 
Please balloon and Coroflex Blue BMS. In this 
trial, critical aspects for the procedure such as 
the DCB diameter and stent size, as well as the 
length of both DCB and stent to be deployed, 
are considered. The primary end point of 
this trial is TLR at 12 months. The study is 
expected to be completed in 2011. 

Other drug-coated balloons
Stimulated by the initial studies on Paccocath-
coated balloons several alternative DCBs for 
coronary artery disease, having different com-
positions and produced by different coating 
methods, have become available on the market 
or are in development (Table 3) [30,41]. Some of 
the currently available DCBs seem to be simi-
lar, but clinical data are still scarce or com-
pletely missing. Obviously, the various DCB 
catheters are not equally effective [28]. Several 
DCBs are currently being evaluated in clini-
cal trials. 

�� IN.PACT™ (Medtronic Invatec)
Preclinical data of the IN.PACT™ Falcon pacli-
taxel-coated balloon show similar efficacy in ani-
mal experiments compared with the Paccocath 
coating [42]. The German, first-in-man, single-
arm, single-center IN.PACT CORO ISR trial 
yielded promising results with the paclitaxel-
urea coated Falcon in the treatment of coro-
nary in-stent restenosis [43]. However, this 
series is limited by its small number of patients 
(23 patients), the absence of a control group and 
a short follow-up time. Several clinical trials are 
ongoing and planned, including randomized, 
controlled studies. 

�� DIOR™ (Eurocor)
Comparison of two different paclitaxel-coated 
balloon catheters (Paccocath and DIOR™) in 
the porcine coronary model showed a depend-
ence of inhibition of neointimal proliferation 
by paclitaxel on the coating composition. 
Whereas the dose of paclitaxel is identical in 
the case of the DIOR balloon catheter, adher-
ence of paclitaxel is mediated by a rough mem-
brane of the balloon without a hydrophilic 
matrix (first generation of DIOR). Cremers 

et  al. showed in a head-to-head comparison 
of both balloon catheters in a porcine model 
that not every formulation is similarly effec-
tive [28]. The second generation of DIOR with 
new coating composition (paclitaxel plus shel-
lac) shows some improved features versus its 
predecessor model [44,45]. The Dutch, single-
arm, single-center Drug-Eluting Balloon in 
Bifurcation Utrecht (DEBIUT) Registry with 
20  patients enrolled shows, despite missing 
data for the efficacy of DIOR balloons, that 
the treatment of coronary artery bifurcation 
lesions with these balloons is feasible and well 
tolerated [46]. 

In the Italian, randomized, noninferiority 
PICCOLETO trial, enrolling 57 patients with 
small coronary vessel disease the DIOR balloon 
failed to meet the noninferiority criteria versus 
the Taxus stent in terms of angiographic percent 
stenosis. Other clinical outcomes (death, myo-
cardial infarction) were found to be equivalent in 
both groups, except for a trend toward increased 
TLR in the DIOR group [47]. 

�� MOXY™ (Lutonix)
The potential of the MOXY™ paclitaxel-
coated balloon is currently being assessed in 
two trials (de novo Pilot Study and PREVIDEO 
I Registry) for the treatment of coronary 
de novo stenosis and in-stent restenosis in bare 
metal stented vessel segments. Both studies are 
sponsored by Lutonix, Inc. (MN, USA) and 
are still ongoing.

�� Elutax™ (Aachen Resonance) 
The Italian, randomized, investigator-initi-
ated, three-arm study EREMUS trial is not 
yet open for recruitment. This study is aimed 
at determining which treatment option, either 
Elutax™ paclitaxel-coated balloon combined 
with Genous stent (OrbusNeich), uncoated bal-
loon combined with Genous stent, or uncoated 
balloon combined with Taxus stent, is the safest 
for patients undergoing PCI. The coating of the 
Elutax balloon consists of paclitaxel (2 µg/mm2) 
bound to the surface in two layers (ICE and 
SNOW technology).

�� Pantera™ Lux (Biotronik)
The German, non-randomized, open-label, 
single-arm, multicenter PEPPER study is cur-
rently evaluating the safety and efficacy of the 
Pantera™ Lux paclitaxel-coated balloon in 
patients with in-stent restenosis in a coronary 
artery. 

Currently, some of the paclitaxel-coated 
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balloon catheters are also being investigated in 
the treatment of peripheral arterial disease in 
the femoropopliteal and below the knee studies 
(Cotavance™/MEDRAD, MOXY™/Lutonix, 
IN.PACT/Medtronic Invatec, Elutax™/
Aachen Resonance, and Advance™ 18PTX™/
Cook Medical). 

The immediate comparators for DCBs are 
DESs. Meanwhile, a number of new stents are in 
different stages of development, either preclinical 
research, clinical trials, or have achieved market-
ing approval inside and outside the USA. So far, 
the US FDA has approved the following DESs 
for sale in the USA:

�� Cypher sirolimus-eluting stent from Cordis 
Corp. (approved in 2003)

�� Taxus paclitaxel-eluting stent from Boston 
Scientific (approved in 2004)

�� Endeavor™ and Integrity™ zotarolimus-
eluting stents from Medtronic (approved in 
2008 and 2010, respectively)

�� Xience™/Promus™ everolimus-eluting 
stent from Abbott Vascular (approved in 
2008; Xience is distributed as Promus by 
Boston Scientific)

Status of the SeQuent Please balloon 
on the market
The SeQuent Please was CE marked in March 
2009 for use within the coronary arteries for 
primary angioplasty and for the treatment of 
restenosis of BMSs and DESs. This DCB was 
launched in Europe in March 2009 and had 
regulatory approval in several countries in Asia 
(except for Japan, Korea and China) prior to 
CE marking. None of the currently available 
DCBs have yet been approved by the US FDA 
due to a significantly more time-consuming and 
costly regulatory approval process. Similar to 
the European CE marking, the perspective 
of the FDA on DCBs is that it is a combina-
tional product of balloon catheter and drug, 
both of which need to be properly evaluated 
by the Center for Devices and Radiological 
Health and the Center for Drug Evaluation 
and Research. 

Conclusion
Although the use of DCBs appears to hold prom-
ise as a viable alternative to stand-alone balloon 
angioplasty supplementing stent implantation 
for the treatment of coronary artery disease, 
there are still many questions to be answered 
and regulatory processes to be satisfied in order 

to find the final role of DCB in interventional 
cardiology. So far, data from randomized clini-
cal trials in the coronary application have iden-
tified the DCB as a viable technology for the 
treatment of coronary in-stent restenosis. First 
encouraging results from clinical trials, evaluat-
ing DCB safety and efficacy in the treatment 
of de novo lesions in small vessels and bifurca-
tions, may give rise to more indications for this 
technique. Importantly, it has to be pointed out 
that not every formulation in DCB is similarly 
effective even if the same drug and dose has 
been chosen. 

Future perspective
Non-stent-dependent targeted pharmaco-
therapy of vascular disease is an exciting 
field of basic and clinical research with the 
very real opportunity to broaden and improve 
therapeutic options. DCBs represent an excel-
lent therapeutic concept, offering a valuable 
therapeutic alternative in situations in which 
the current therapies have proven unfeasi-
ble. However, there is still a strong need for 
further clinical evidence of each product’s 
capability, eff icacy, and safety. Numerous 
preclinical studies and clinical trials using 
this technology will open up routes to new 
therapies. Initially, high local drug concentra-
tions may be shown to yield persistent benefi-
cial effects beyond restenosis inhibition with 
low systemic toxicity.

Information resources
�� The Paclitaxel-coated SeQuent™ Please 
balloon catheter system: www.deb-bbraun.
com

�� Clinical Trials: www.clinicaltrials.org

�� TCTMD (source for interventional cardiovas-
cular news and education): www.tctmd.com
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Executive summary

Introduction
�� Percutaneous transluminal coronary angioplasty with plain balloons was often associated with vessel recoil, dissections and high rates 

of restenosis.
�� Coronary bare metal stents coupled with antiplatelet therapy reduce restenosis incidence versus plain balloon angioplasty, but did not 

prevent lumen renarrowing in approximately 20–40% of cases.
�� Drug-eluting stents (DESs) significantly reduce restenosis rates, but require a long-lasting anti-platelet regime to avoid late thrombosis. 

DESs may not be desirable or applicable in lesions with high risk of in-stent restenosis and/or thrombosis, such as small vessels and 
bifurcations. Stents reduce vessel flexibility, thus limiting repeatability of stenting.

�� Drug-coated balloons (DCBs): therapeutic alternative in cardiovascular intervention; significant reduction of in-stent restenosis by short-
term transfer of antiproliferative drugs upon balloon inflation (vs sustained release from stents). DCBs also allow for homogeneous drug 
distribution to the wall and do not require polymers for drug-release.

The SeQuent™ Please balloon catheter for coronary artery disease
�� A paclitaxel-coated Rapid Exchange balloon catheter for percutaneous transluminal coronary angioplasty.
�� Uses the Paccocath™ coating, consisting of paclitaxel at a dose of 3 µg/mm2 of balloon surface and the x-ray contrast agent iopromide (Ultravist™).
�� Allows for reliable drug transfer to the vessel wall upon balloon inflation with an inflation time of 30–60 s.
�� Available in different diameters (from 2.0 to 4.0 mm) and lengths (10–30 cm).
�� Potential cost savings in the coronary application for in-stent restenosis treatment due to the combination of a shortened drug therapy 

with platelet aggregation inhibitors and a reduced number of re-interventions.
�� No requirement of additional devices or additional steps.
�� No significant difference in handling when compared with an uncoated balloon catheter.  

Clinical trials with the SeQuent Please 
�� PEPCAD program of the SeQuent Please with or without bare metal stent for the treatment of in-stent restenosis, de novo lesions 

in small vessels and bifurcations, chronic total occlusion, native and de novo coronary stenosis (PEPCAD I-V, PEPCAD-CTO and -DES, 
INDICOR, ISAR-DESIRE-III, PERfECT Stent, DEBAMI-Singapore).

�� Results from the completed clinical trials show:
–	 High procedural success rate with DCBs

–	 Safety of the PACCOCATH™ coating: no coating-related adverse events

–	 Improvement of treatment of coronary in-stent restenosis, de novo lesions in small vessels and bifurcations

–	 Superiority of DCB for treatment of in-stent restenosis versus stand-alone angioplasty

–	 In the treatment of in-stent-restenosis: DCB is at least as efficacious as DES

–	 Shorter duration of antiplatelet therapy (few months therapy instead of long-lasting dual antiplatelet regime for DESs)

Other drug (paclitaxel)-coated balloons for coronary artery disease
�� The following DCBs, having different compositions and produced by different coating methods, have become available on the market: 

IN.PACT™ Falcon (Medtronic/Invatec), DIOR™ (Eurocor), MOXY™ (Lutonix), Elutax™ (Aachen Resonance) and Pantera™ Lux (Biotronik).
�� Not all DCBs are equally effective (in respect to restenosis inhibition). 
�� Several DCBs are currently being evaluated in clinical trials.

Status of the SeQuent Please balloon system on the market
�� CE marked in March 2009 for use within the coronary arteries for primary angioplasty and for restenosis of bare metal stents and DES.
�� Launched in Europe in March 2009.
�� Regulatory approval in several countries in Asia (except for Japan, Korea and China) prior to CE marking.
�� Not yet approved by the US FDA.

Conclusion
�� DCB is a clinically proven technology for the treatment of coronary in-stent restenosis.
�� Positive outcome of the completed and current clinical trials may open the application of DCB to other coronary indications.
�� DCB are not a substitute for BMS or DESss but a supplement where stenting is not necessary, not possible or not desirable.
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