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j Abstract Background We are presenting an extension of a previously
published trial on the efficacy and safety of a paclitaxel-coated balloon in
coronary ISR in a larger patient population and after a complete follow-
up of 2 years. Methods Hundred eight patients were enrolled in two
separately randomized, double-blind multicenter trials on efficacy and
safety using an identical protocol. Patients were treated by the paclitaxel-
coated (3 lg/mm2 balloon surface; Paccocath) or an uncoated balloon.
The main inclusion criteria were a diameter stenosis of ‡70% and
<30 mm length with a vessel diameter of 2.5–3.5 mm. The primary
endpoint was angiographic late lumen loss in-segment. Secondary
endpoints included binary restenosis rate and major adverse cardiovas-
cular events (MACE). Results Quantitative coronary angiography
revealed no differences in baseline parameters. After six months in-
segment late lumen loss was 0.81 ± 0.79 mm in the uncoated balloon
group vs. 0.11 ± 0.45 mm (P < 0.001) in the drug-coated balloon group
resulting in a binary restenosis rate of 25/49 vs. 3/47 (P < 0.001). Until
12 months post procedure 20 patients in the uncoated balloon group
compared to two patients in the coated balloon group required target
lesion revascularization (P = 0.001). Between 12 and 24 only two MACE
were recorded, a stroke in the uncoated and a target lesion revascular-
ization in the coated balloon group. Conclusion Treatment of coronary
ISR with paclitaxel-coated balloon catheters persistently reduces repeat
restenosis up to 2 years. (ClinicalTrials.gov Identifier: NCT00106587,
NCT00409981).

j Key words paccocath – drug-coated balloon –
in-stent restenosis
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Introduction

Drug-eluting stents (DES) have become widely
accepted and are used for a wide spectrum of clinical
indications. Clinical trials of drug-eluting stents show
excellent results in reducing the need for target lesion
re-intervention [15, 20, 33]. Nevertheless, concerns
have been raised that such drug-releasing stents while
being effective may be associated with an increased
incidence of late thrombotic complications [2, 5, 10,
15, 16, 18, 21, 22], especially in high-risk patient
populations [5, 10, 31].

Although DES are used in the treatment of in-stent
restenosis [12, 14] they further reduce the flexibility of
the vessel and limit the repeatability of the procedure.
Drug-coated balloon catheters represent an alterna-
tive option for the treatment of coronary and
peripheral arteries. A drug coated balloon delivers an
initially homogenous drug concentration to the arte-
rial wall, which has been shown to be an effective
substitute for sustained release [27]. Preclinical trials
demonstrated the efficacy of drug-coated balloons in
inhibiting neointimal proliferation [26, 32]. These
results have been confirmed by first clinical evidence
in patients with coronary in-stent restenosis [24] and
peripheral artery disease [35]. However, these initial
clinical findings need to be corroborated by further
investigation and longer follow-up data.

In this article we present an extension of the al-
ready published trial by a separately randomized
group of patients (ISR II trial) and the results of two-
year follow-up of the patients enrolled in the ISR I and
II trials after treatment of coronary in-stent restenosis
with a paclitaxel-coated balloon compared to its
uncoated counterpart. The Paccocath ISR II trial was
conducted with an identical protocol to increase the
probability of detecting coating-related adverse events
and test the reproducibility of the result of ISR I.

Methods

j Study design

A total of 108 patients were enrolled in two separately
randomized, double-blind multicenter trials (Pacco-
cath ISR I [24] and ISR II) investigating the efficacy and
safety of a paclitaxel-coated balloon (3 lg/mm2 balloon
surface; Paccocath), using an identical protocol. The
trials were conducted at five departments of cardiology
at the medical schools of the universities of Berlin,
Freiburg, Homburg/Saar, and Mannheim/Heidelberg
in Germany. Financial support was provided by Bavaria
Medizintechnik GmbH, Oberpfaffenhoven, Germany,

the manufacturer of the balloon angioplasty catheters
used in this study. The sponsor had no role in the design
or conduct of the study, in the analysis of the results, in
the decision to publish, or in the drafting of the man-
uscript. The authors vouch for the accuracy and com-
pleteness of the data presented.

The study was performed according to the Decla-
ration of Helsinki and WHO guidelines. Furthermore,
the requirements of sections 20–22 of the German
Medical Device Law as well as the European standard
EN 540 were followed. All patients gave written
informed consent. The study was approved by the
local ethics committees.

Details of the methods have been previously pub-
lished [24]. Patients at least 18 years of age with clin-
ical evidence of stable or unstable angina or a positive
functional study and a single restenotic lesion in a
stented coronary artery with bare metal stents oder
drug eluting stents, were considered for enrollment.
Major clinical exclusion criteria were acute myocardial
infarction within the past 72 h, chronic renal insuffi-
ciency with serum creatinine levels >2.0 mg per deci-
liter, known hypersensitivity or contraindications to
aspirin, heparin, clopidogrel, abciximab, or paclitaxel,
and sensitivity to contrast media not amenable to
premedication. Cardiac catheterization premedication
and medication during the intervention was carried
out according to hospital practice. Glycoprotein II-
b/IIIa antagonists were administered at operator’s
discretion.

Baseline angiography of the target vessel was per-
formed in at least two near-orthogonal views showing
the target lesion free of foreshortening or vessel
overlap. After assessment for angiographic exclusion
criteria, each suitable patient was randomly assigned
to undergo balloon angioplasty of the target lesion
with either a paclitaxel-coated or an uncoated balloon
catheter. Standard angioplasty catheters (Orbus X,
Bavaria Medizin Technologie GmbH, Oberpfaffenho-
fen, Germany) were supplied either uncoated or
coated with a paclitaxel dose of 3 lg/mm2 balloon
surface. Balloon catheters were supplied as usual as
sterile medical devices, six pieces of different size per
patient. At that stage they were perfectly blinded. Only
after the patient has been included in the study, the
envelop of the selected balloon catheter was opened.
Small visual differences between coated and non
coated balloons became visible and could have been
recognized after the same investigator has seen one or
more balloons of each type. Investigators were not
informed about visual differences. QCA was done by
an independent core lab with no information on the
balloons used in the individual patients. Thus, patient
selection and core-lab data were done while investi-
gators were perfectly blinded whereas differences in
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the appearance of the devices could at least theoreti-
cally have resulted in unblinding in some of the
patients in the clinical course of the study.

Pre-dilatation of the target lesion was usually per-
formed prior to the study intervention, using a non-
study balloon catheter with a diameter 0.5 mm smaller
than the study balloon. Study balloon inflation was
performed in the same fashion as the inflation of
a conventional balloon catheter. Recommended bal-
loon inflation time was 60 s. Immediately following
the procedure, heparin was discontinued. Vascular
sheaths were removed according to usual hospital
practice. After the performance of the procedure, the
study balloon was saved for determination of residual
paclitaxel content as previously reported [26].

j Quantitative coronary angiography

Angiography was performed before and after all
interventions and at angiographic follow-up using
identical projections and analyses. Quantitative anal-
ysis of the coronary angiographic images was per-
formed by an independent, blinded core laboratory.
The CAAS II Research System (Pie Medical Imaging,
Maastricht, The Netherlands) was used for automated
contour detection and quantification. Measure-
ments were obtained in the inner stenotic area, in the
stented area with measurement shoulder to shoulder
(in-stent), and in the total stented area plus 5 mm
proximally and distally (in-segment). Restenosis was
defined as ‡50% diameter stenosis at angiographic
follow-up. Patterns of in-stent restenosis were defined
according to the Mehran classification [19].

j Follow-up and end points

100 mg aspirin and 75 mg clopidogrel were continued
orally for one month, followed by treatment with
aspirin alone. Patients underwent follow-up angiog-
raphy after 6 months (up to 9 months) and were
followed up for 24 months by clinical observation. All
endpoints and adverse events were evaluated in con-
sensus by the investigators. The investigators and the
core lab remained blinded until the database was
closed.

Angiographic late lumen loss (difference between
the post-procedural and 6-month follow-up in-seg-
ment minimal lumen diameter; evaluated by quanti-
tative coronary angiography) was the primary end
point. Secondary end points included binary angio-
graphic restenosis rate (diameter stenosis of at least
50% assessed by quantitative coronary angiography at
6-month follow-up) and combined clinical end points
with a follow-up of 24 months including acute and
subacute stent thrombosis, target lesion revasculari-

zation, myocardial infarction, cerebral stroke, and
death.

Acute stent thrombosis was defined as the occur-
rence of new severely reduced flow (TIMI grade 0 or
1) within the target vessel during the intervention that
persisted and required rescue by a non-assigned
treatment strategy or resulted in myocardial infarc-
tion or death. Subacute stent thrombosis was defined
as vessel closure occurring during follow-up.
Target lesion revascularization was defined as percu-
taneous reintervention or coronary artery bypass
graft surgery involving the target lesion. The decision
to perform a reintervention procedure was based
upon symptoms, anatomic findings at follow-up
angiography, or both.

Myocardial infarction was assumed if two of the
following five criteria applied: (1) chest pain lasting
longer than 30 min; (2) significant ECG changes
typical of acute MI (0.1 mV ST elevation in at least
two adjacent ECG leads or new occurrence of a
complete left bundle branch block); (3) significant
increase (three times above normal) of creatinine
kinase or its MB-isoform; (4) new significant Q-waves;
or (5) chest pain leading to angiography up to 6 h
after the onset of symptoms and showing a totally
occluded vessel compared with the previous angio-
gram. Deaths were documented and confirmed from
hospital records or by contacting the patient’s rela-
tives or the treating physician.

The definition of a significant adverse event
followed international (ICH) guidelines [11]. Target
lesion revascularization was considered a significant
adverse event because it involved patient hospital-
ization in each case.

j Statistical analysis

The Paccocath ISR I trial was designed to investigate
if balloon coating influences late lumen loss [24]. The
Paccocath ISR II trial was conducted with an identical
protocol to increase the probability of detecting
coating-related adverse events and test the repro-
ducibility of the result of ISR I.

Analysis of the data for all end points was per-
formed according to intention-to-treat. Continuous
data are expressed as mean ± standard deviation.
Categorical variables were compared using the two-
sided v2 test, and continuous variables were compared
using two-sided Student’s t test. Confidence intervals
for the difference of proportions were calculated using
normal approximation of the binominal distribution
without correction for continuity. Event-free survival
was compared by Kaplan-Meier analysis using a log
rank test (Mantel-Cox) (SPSS 15.0). P-values were
adjusted according to Fisher’s method of combining
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independent tests. A two-sided P-value of 0.05 was
considered significant.

Results

A total of 108 patients were enrolled, 52 patients in
ISR I and 56 patients in ISR II. Fifty-four were ran-
domly assigned to the uncoated balloon group, and 54
to the coated balloon group. Baseline parameters were
similar in both groups (Tables 1 and 2). The mean age
of the study population was 66 years. Most patients
had multi-vessel coronary artery disease. Patients
enrolled in the ISR II trial were older, were more often
female, had a higher incidence of diabetes mellitus,
and had longer lesions than the patients included in
the ISR I study.

The pattern of in-stent restenosis was predomi-
nantly diffuse. Procedural data including the size of
the study balloon, the use of additional stents, and
administration of glycoprotein IIb/IIIa antagonists
were also similar in the two groups (Table 1). One
patient assigned to the uncoated balloon group was
erroneously treated with a drug-coated balloon cath-
eter taken from a non-assigned set but was analyzed
by intention-to-treat with the uncoated balloon
group.

Complete clinical follow-up is available in all 108
patients. One patient from the uncoated and the
coated balloon group each suffered cardiac death; two
further non-cardiac deaths in the uncoated and one in
the coated group occurred. Myocardial infarction
occurred somewhat more frequently (P > 0.05) in the
uncoated balloon group. The incidence of major ad-
verse cardiac events was reduced from 46% in the
control group to 11% in patients treated with the
drug-coated balloon. This difference was mainly dri-
ven by the reduction of target lesion revascularization
from 37% to 6% (Table 3). The Kaplan-Meier curves
of major adverse cardiovascular events for the two
groups over the 24 months of the trial are shown in
Fig. 1.

Angiographic follow-up was available in 49 of 54
patients (91%) in the uncoated balloon group and in
47 of 54 patients (87%) in the drug-coated balloon
group. After 6 months, in-segment late lumen loss
was reduced from 0.80 ± 0.79 mm with the uncoated
balloon to 0.11 ± 0.44 mm in the paclitaxel-coated
balloon group (P = 0.001). This reduction was re-
flected in a reduction of binary restenosis rate from
51% to 6% (P = 0.001) (Table 2).

Originally, ISR I and ISR II population were sep-
arately evaluated as the trials were separately ran-
domized. Late lumen loss as the primary end point
proved to be statistically significantly reduced in the
coated balloon groups in both trials (P < 0.01 in each
case) as were binary restenosis rate (P < 0.01) and
target lesion revascularization (P < 0.01) (for details
see Table 4).

j Serious adverse events

A total of 62 patients suffered from one or more
serious adverse events according to the ICH definition
which includes any hospitalization or prolongation of
hospitalization (Table 5) [11]. Of these, 37 occurred
in patients treated with uncoated balloons, in 20 of
these patients due to repeated intervention of the
target lesion. Serious adverse events occurred in 25
patients treated with the drug-coated balloon
(P = 0.032 versus uncoated balloon group), in 21 of
them classified as unrelated to treatment. One event

Table 1 Baseline clinical and angiographic data, procedural data (intention-to-
treat analysis)a

Uncoated
balloon

Drug coated
balloon

P

n 54 54
Age 66.3 ± 9.8 years 65.4 ± 10.3 years 0.805
Male gender 31 (57%) 42 (78%) 0.125
Diabetes mellitus 17 (31%) 12 (17%) 0.313
Insulin dependent 6 (11%) 3 (6%)
Hyperlipidema 39 (72%) 42 (78%) 0.485
Smoking 26 (48%) 23 (43%) 0.772
Hypertension 44 (82%) 44 (82%) 0.866
Unstable angina 22 (41%) 20 (37%) 1.000
Single vessel disease 13 (24%) 9 (17%)
Two vessel disease 19 (35%) 24 (44%) 0.495
Three vessel disease 22 (41%) 21 (39%)
RCA 17 (32%) 18 (33%)
CX 12 (22%) 13 (24%) 0.611
LAD 25 (46%) 23 (43%)
Patterns of ISRb

IA 0 0
IB 3 (6%) 0
IC 8 (15%) 11 (20%) 0.377
ID 2 (4%) 0
II 25 (46%) 26 (48%)
III 14 (26%) 11 (20%)
IV 2 (4%) 6 (11%)

Study balloon
Diameter 3.0 ± 0.3 mm 3.0 ± 0.3 mm 1.000
Length 24.3 ± 5.0 mm 24.1 ± 4.9 mm 0.592
Mean pressure 12.7 ± 2.7 atm 12.5 ± 2.6 atm 0.819
Balloon inflation time 68.9 ± 37.7 s 77.2 ± 42.2 s 0.063
Restenotic stent type BMS 52 (96%) BMS 52 (96%) 1.000

DES 2 (4%) DES 2 (4%)
Restenotic stent diamteter 3.0 ± 0.3 mm 3.0 ± 0.3 mm 0.910
Restenotic stent length 18.4 ± 4.9 mm 20.8 ± 7.3 mm 0.058
Additional stents 2 (4%) 3 (6%) 1.000
GP IIb/IIIa antagonists 7 (13%) 5 (9%) 1.000

CAD coronary artery disease, RCA right coronary artery, CX left circumflex
coronary artery, LAD left anterior descending coronary artery
aAll values are mean ± standard deviation or N (%)
bPatterns of in-stent restenosis according to the Mehran classification [19]. P-
values adjusted according to Fisher’s method of combining independent tests
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classified as possibly related to treatment in the drug-
coated balloon arm was death following myocardial
infarction 11 months after the intervention. The three
other events possibly related to the treatment in this
group were target lesion reinterventions 6–18 months
after the index procedure.

Discussion

Restenosis inhibition in coronary arteries by local
drug delivery mediated by the angioplasty balloon is a
new concept which differs from the well known and

clinically established drug-eluting stents in a variety
of features. A critical difference is the very short
exposure time of the vessel wall to the drug during the
time a balloon is inflated. Preclinical studies have
demonstrated that even brief contact between anti-
proliferative agents and vascular smooth muscle cells
results in prolonged inhibition of neointimal prolif-
eration [7, 28, 29]. First-in-man data in the treatment
of coronary in-stent restenosis with paclitaxel-coated
balloon catheters showed clinical efficacy and safety
over 12 months [24]. However, reproducibility of the
results observed in the small number of patients en-
rolled in the first clinical study as well as persistence

Table 2 Angiographic findings at treatment and 6-month follow-up (intention-to-treat analysis)a

Uncoated balloon Drug coated balloon Difference (95% CI) P

Procedural data
N 54 54

Angiographic measurements at treatment
Left ventricular function 60.3 ± 13.9% 60.8 ± 14.5% )0.49 [)6.2 to 5.2] 0.862
Lesion length 18.6 ± 8.3 mm 18.3 ± 9.7 mm 0.28 [)3.41 to 3.97] 0.845
Reference diameter 2.94 ± 0.37 mm 2.94 ± 0.35 mm )0.05 [)0.25 to 0.14] 0.731
Minimal lumen diameter initial 0.70 ± 0.35 mm 0.63 ± 0.29 mm 0.07 [)0.06 to 0.21] 0.015
Minimal lumen diameter post angioplasty 2.34 ± 0.44 mm 2.43 ± 0.47 mm )0.09 [)0.27 to 0.09] 0.955

Findings at follow-up angiography
Follow-up angiography 49 (91%) 48 (87%) 0.944
Left ventricular function 61.1 ± 14.1% 60.1 ± 14.7% 1.0 [)5.2 to 7.2] 0.816

Minimal lumen diameter at follow-up
In-stent 1.53 ± 0.81 mm 2.30 ± 0.62 mm )0.77 [)1.06 to 0.47] 0.003
In-segment 1.50 ± 0.79 mm 2.23 ± 0.57 mm )0.72 [)1.01 to 0.44] 0.004

Late lumen loss
In-stent 0.81 ± 0.79 mm 0.14 ± 0.46 mm 0.67 [0.41–0.93] 0.001
In-segment 0.80 ± 0.79 mm 0.11 ± 0.44 mm 0.69 [0.44–0.96] 0.001

Binary restenosis rate
In-stent 24 (49%) 3 (6%) 0.39 [0.24–0.54] 0.001
In-segment 25 (51%) 3 (6%) 0.41 [0.26–0.56] 0.001

P-values adjusted according to Fisher’s method of combining independent tests
CI confidence interval
aAll values are mean ± standard deviation or N (%)

Table 3 Clinical follow-up (intention-to-treat analysis)a

Uncoated balloon Drug coated balloon Risk estimate –OR (95% CI) P

n 54 54
12-month clinical follow-up (total event rate)

Target lesion revascularization 20 (37%) 2 (4%) 0.07 [0.01–0.30] 0.001
Myocardial infarction 5 (9%) 1 (2%) 0.19 [0.02–1.64] 0.577
Death 3 (6%) 2 (4%) 0.65 [0.11–4.08] 0.912
Stroke 2 (4%) 2 (4%) 1.00 [0.14–7.37] 1.000
MACE 24 (44%) 5 (9%) 0.13 [0.04–0.37] 0.001

24-month clinical follow-up (total event rate)
Target lesion revascularization 20 (37%) 3 (6%) 0.10 [0.03–0.36] 0.001
Myocardial infarction 5 (9%) 1 (2%) 0.19 [0.02–1.64] 0.577
Death 3 (6%) 2 (4%) 0.65 [0.11–4.08] 0.912
Stroke 3 (6%) 2 (4%) 0.65 [0.11–4.08] 0.840
MACE 25 (46%) 6 (11%) 0.15 [0.05–0.40] 0.001

MACE includes target lesion revascularization, myocardial infarction, acute and subacute stent thrombosis, stroke, and death. P-values adjusted according to Fisher’s
method of combining independent tests
CI confidence interval
aAll values are N (%)
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of restenosis inhibition beyond 12 months was ques-
tioned.

The data reported in the present paper extends the
initial findings in the Paccocath ISR I trial. They

indicate perfect reproducibility of the results in
additional 56 patients with similar baseline clinical
and angiographic data. In each of the two separately
randomized patient populations the primary end-
point late lumen loss as well as the secondary clinical
end point �target lesion revascularization’ reached
statistically significant differences to the control
group. Overall, the primary endpoint late lumen loss
was reduced from 0.8 ± 0.8 mm in the uncoated
balloon group to 0.1 ± 0.4 mm in the drug-coated
balloon group (P = 0.001). Furthermore, the follow-
up of the patients enrolled in the initial trial and the
56 patients of ISR II support the assumption that
preventing the balloon-dilatation related acute re-
sponse to injury is sufficient to achieve a persistent
benefit if no polymer coated stent is implanted. The
clinical benefit (target lesion revascularization,
MACE) was found to be maintained over a two-year
follow-up period. The reduction in angiographic
parameters of restenosis and clinical events was more
pronounced than previously reported with drug
eluting stents and brachytherapy. Reintervention

100%

80%

60%

40%

20%

0%
0 90 180 270 360 450 540 630 720

coated  balloon

p<0.001

uncoated balloon

days since procedure

Drug-coated balloon
Uncoated balloon

No. at risk
54 5354 51 49 49 48 48
54 47 32 30 30 30 29

Fig. 1 Event free survival from acute and subacute stent thrombosis, target
lesion revascularization, myocardial infarction, stroke, and death to 750 days
(n = 108). Log Rank (Mantel-Cox, intention-to-treat analysis) �

Table 4 Comparison of ISR I and ISR II, baseline data, quantitative coronary angiography, and clinical follow-up (intention-to-treat analysis)a

ISR I ISR II P

n 52 56
Age 63.6 ± 10.8 years 68.0 ± 8.9 years 0.021
Male gender 37 (71%) 36 (64%) 0.289
Diabetes mellitus 10 (19%) 18 (32%) 0.095
Angiographic findings

Lesion length 18.0 ± 7.0 mm 18.8 ± 10.5 mm 0.669
Follow-up angiography 45 (87%) 51 (91%)
MLD at follow-up Uncoated /drug coated
balloon Difference between groups

In-stent In-stent In-stent
1.60 ± 0.89/2.31 ± 0.66 mm 1.47 ± 0.75/2.28 ± 0.60 mm ISR I 0.004
0.71 mm 0.81 mm ISR II 0.001
In-segment In-segment In-segment
1.57 ± 0.86/2.22 ± 0.57 mm 1.44 ± 0.74/2.23 ± 0.58 mm ISR I 0.005
0.65 mm 0.79 mm ISR II 0.001

Late lumen loss Uncoated / drug coated balloon
Difference between groups

In-stent In-stent In-stent
0.76 ± 0.86/0.09 ± 0.49 mm 0.86 ± 0.73/0.19 ± 0.43 mm ISR I 0.003
0.67 mm 0.67 mm ISR II 0.001
In-segment In-segment In-segment
0.74 ± 0.86/0.03 ± 0.48 mm 0.86 ± 0.73/0.18 ± 0.41 mm ISR I 0.002
0.71 mm 0.68 mm ISR II 0.001

Binary restenosis rate uncoated/drug coated balloon
Difference between groups

In-segment In-segment In-segment
10 (43%)/1 (5%) 14 (54%)/2 (8%) ISR I 0.002
38% 46% ISR II 0.001
In-segment In-segment In-segment
10 (43%)/1 (5%) 15 (58%)/2 (8%) ISR I 0.002
38% 49% ISR II 0.001

24-months clinical follow-up (total event rate)
Target lesion revascularization
Uncoated/drug coated balloon 6 (23%)/0 14 (50%)/3 (11%) ISR I 0.011
Difference between groups 23% 39% ISR II 0.001

MACE
Uncoated/drug coated balloon 9 (35%)/1 (4%) 16 (57%)/5 (18%) ISR I 0.005
Difference between groups 31% 39% ISR II 0.003

MACE includes target lesion revascularization, myocardial infarction, acute and subacute stent thrombosis, stroke, and death
MLD minimal lumen diameter
aAll values are mean ± standard deviation or N (%)
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rates after treatment of coronary in-stent restenosis
with drug eluting stents ranges from 10 to 19%, with
brachytherapy from 17 to 28% [8, 14, 30, 34], and 6%
after two years in this trial with the PACCOCATH
balloon. In contrast to drug eluting stents, combined
antiplatelet therapy was continued only for one
month, followed by treatment with aspirin alone.
Although late thrombosis of the target lesion in the
patients treated with the coated balloons can not be
ruled out with certainty the larger number of myo-
cardial infarctions and the equal number of cardiac
deaths (Table 5) do not indicate that it was a problem
in this trial.

Restenosis caused by neointimal proliferation is a
slow process, suggesting that prolonged local drug
administration is necessary for effective inhibition.
This can be achieved by stent-based sustained drug
delivery due to special features for slow release,
mostly polymer matrixes [25, 36]. About 85% of the
stented vessel wall area is not covered by the stent
struts. Sustained drug release is essential probably
because drug distribution from a drug-eluting stent to

the arterial wall is inhomogeneous and consequently
tissue concentrations are very low more distant to the
struts [9, 27]. Long lasting drug release from the stent
struts is associated with delayed and incomplete
endothelialization and an increased risk for stent
thrombosis [3, 13, 17, 23]. Furthermore, polymers
embedding the antiproliferative agent can directly
induce thrombosis and have been reported to cause
chronic inflammatory reactions [4, 6, 13, 23, 36]. The
concept of implanting drug-eluting stents in a reste-
notic in-stent lesion involves insertion of a second
layer of metal in a native coronary artery. The
repeatability of this approach is limited. Sustained
drug release and permanent implantation of polymer
coated stents are avoided if the drug is administered
by the balloon surface.

Limitations

There was a non-significant difference of gender and
diabetes mellitus in baseline data. However this had no

Table 5 Overall number (and percent) of patients with severe adverse events (as defined by the ICH guidelines) according to clinical investigators’ classification

Type of Severe Adverse Event Uncoated balloon
catheter group
(n = 54)

Paclitaxel-coated
balloon catheter
group (n = 54)

P

Na (%) Na (%)

Total 37 (69) 25 (46) 0.032
SAEs due to coronary artery disease other than target

lesion revascularization and myocardial infarction listed in Table 3
Unscheduled angiography, unstable angina pectoris, dyspnoe
or chest discomfort (hospitalization)

15 (27.8) 19 (35.2) 0.535

PTCA of a non-target lesion 4 (7.4) 5 (9.3) 1.000
Bypass (non target lesion) 1 (1.9) 0 (0.0) 1.000
Cardiac death 1 (1.9) 1 (1.9) 1.000
Noncardiac death 2 (3.7) 1 (1.9) 1.000
Other (hospitalization due to pacemaker implantation, pulmonary
edema or hypertensive crisis)

3 (5.6) 4 (7.4) 1.000

Other SAEs (not related to coronary artery disease)
Cancer 1 (1.9) 2 (3.7) 1.000
pAVK 0 (0.0) 3 (5.6) 0.243
Other, e.g. orthopedic surgery 4 (7.4) 4 (7.4) 1.000

aNumber of patients with SAEs (multiple mentions possible)

Table 6 Influence of gender and diabetes mellitus on angiographic parameters (uncoated balloon vs. coated balloon group each)

Gender Female, n = 30 Male, n = 66

MLD at control in-segment 1.59 ± 0.81 mm vs. 2.38 ± 0.48 mm, P = 0.008 1.44 ± 0.80 mm vs. 2.19 ± 0.59 mm, P = 0.001
Late lumen loss in-segment 0.81 ± 0.85 mm vs. 0.12 ± 0.34 mm, P = 0.02 0.80 ± 0.76 mm vs. 0.11 ± 0.47 mm, P = 0.001
Restenosis rate in-segment 45% vs. 0%, P = 0.011 55% vs. 8%, P = 0.001

Diabetes mellitus Non-diabetic, n = 70 Diabetic, n = 26

MLD at control in-segment 1.52 ± 0.82 mm vs. 2.23 ± 0.54 mm, P = 0.001 1.47 ± 0.76 mm vs. 2.22 ± 0.70 mm, P = 0.019
Late lumen loss in-segment 0.82 ± 0.74 mm vs. 0.10 ± 0.46 mm, P = 0.001 0.77 ± 0.91 mm vs. 0.15 ± 0.41 mm, P = 0.05
Restenosis rate in-segment 52% vs. 5%, P = 0.001 50% vs. 10%, P = 0.037
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impact on angiographic and clinical outcomes (Table 6).
The Paccocath ISR I and II trial was a preliminary
study limited in scope and observation period. It is
unclear, if these positive findings in the treatment of
coronary in-stent restenosis can be transferred
to restenosis prevention in atherosclerotic coronary
lesions. So far, efficacy in restenosis prevention
has been demonstrated for peripheral vessels [35].
Further clinical trials are warranted to study the
drug coated balloon in different indications and in
direct comparison with drug eluting stents or brach-
ytherapy.

j Acknowledgments The authors thank Matthias Braeutigam, MD,
Schering AG Berlin, for supporting basic experiments leading to the
clinical studies. The authors further thank Wolfgang Gimbel, MD for
clinical monitoring, Bettina Kelsch for critical data review and report
writing, Bianca Werner and Nicole Hollinger for handling the
database, and Kevin Wilhelmi for assistance in quantitative analysis
of coronary angiographies. Statistical analysis was supported by
BIAS GmbH, Berlin, Germany.
Disclosures: The study was supported by Bavaria Medizintechnik
GmbH, Oberpfaffenhoven and Bayer-Schering Pharma AG, Berlin,
both Germany. Dr. Scheller and Dr. Speck report being co-inventors
of a patent application for various methods of restenosis inhibition,
including the technique employed in this trial, by Charité University
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