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A bs tr ac t

Background

Treatment of coronary in-stent restenosis is hampered by a high incidence of recur-
rent in-stent restenosis. We assessed the efficacy and safety of a paclitaxel-coated bal-
loon in this setting.

Methods

We enrolled 52 patients with in-stent restenosis in a randomized, double-blind, mul-
ticenter trial to compare the effects of a balloon catheter coated with paclitaxel (3 μg 
per square millimeter of balloon surface area) with those of an uncoated balloon cath-
eter in coronary angioplasty. The primary end point was late luminal loss as seen on 
angiography. Secondary end points included the rates of restenosis (a binary variable) 
and major adverse cardiac events.

Results

Multivessel disease was present in 80% of patients in both groups. Quantitative 
coronary angiography revealed no significant differences in baseline measures. At 
6 months, angiography showed that the mean (±SD) in-segment late luminal loss was 
0.74±0.86 mm in the uncoated-balloon group versus 0.03±0.48 mm in the coated-bal-
loon group (P = 0.002). A total of 10 of 23 patients (43%) in the uncoated-balloon group 
had restenosis, as compared with 1 of 22 patients (5%) in the coated-balloon group 
(P = 0.002). At 12 months, the rate of major adverse cardiac events was 31% in the un-
coated-balloon group and 4% in the coated-balloon group (P = 0.01). This difference 
was primarily due to the need for target-lesion revascularization in six patients in the 
uncoated-balloon group (P = 0.02).

Conclusions

Treatment of coronary in-stent restenosis with paclitaxel-coated balloon catheters sig-
nificantly reduced the incidence of restenosis. These data suggest that the inhibition 
of restenosis by local drug delivery may not require stent implantation and sustained 
drug release at the site of injury. (ClinicalTrials.gov number, NCT00106587.)
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The incidence of in-stent restenosis 
after percutaneous coronary intervention 
ranges from 5 to 35% after the implantation 

of an uncoated stent and is somewhat lower after 
the implantation of a drug-eluting stent in patients 
who are at moderate risk.1 Treatment of in-stent 
restenosis with a balloon catheter for coronary an-
gioplasty is limited by high rates of restenosis (39 
to 67%).2-6 Other approaches, such as the implan-
tation of a second, uncoated stent or mechanical 
debulking (e.g., rotablation), have not been associ-
ated with a significant reduction in recurrent in-
stent restenosis.2 Intracoronary irradiation (brachy-
therapy) has been found to be effective in this 
setting, with recurrence rates of 16 to 23%.3,7 The 
implantation of drug-eluting stents in restenotic 
stented lesions has had similar results. Rates of re-
stenosis of 13 to 20% with the Cypher stent and 
of 15 to 22% with the Taxus stent have been re-
ported.5-10 However, these stent-in-stent approach-
es involve two or more layers of metal in a native 
coronary artery. Furthermore, a restenosis rate of 
43% has been reported after treatment of a reste-
notic drug-eluting stent with a second drug-eluting 
stent.11

Restenosis that is caused by neointimal hyper-
plasia is a slow process, suggesting that the local 
administration of a drug would need to be pro-
longed in order to be beneficial. Stent-based local 
drug delivery provides sustained drug release with 
the use of stents that have special features for drug 
release, such as a polymer coating.12,13 However, 
cell-culture experiments indicate that even brief 
contact between vascular smooth-muscle cells and 
lipophilic taxane compounds can inhibit the pro-
liferation of such cells for a long period.14-16 In 
experiments in swine, intracoronary delivery of 
paclitaxel by means of contrast medium or a drug-
coated balloon catheter resulted in concentrations 
of the drug in vascular tissue that were high 
enough to have antiproliferative effects, thus lead-
ing to a significant reduction in neointimal pro-
liferation.15-18 In these studies in animals, the 
most pronounced reduction of neointimal forma-
tion was seen with paclitaxel-coated balloon cath-
eters.18,19

The aim of our trial, called the Treatment of 
In-Stent Restenosis by Paclitaxel-Coated Balloon 
Catheters (PACCOCATH ISR), was to investigate 
the use of angioplasty balloon catheters coated 
with paclitaxel for the treatment of coronary in-
stent restenosis. The short-term tolerance, safety, 
and efficacy of this new approach were evaluated.

Me thods

Study Design

The study was a double-blind, randomized pilot 
trial performed at five departments of cardiology 
at the medical schools of the University of Berlin, 
Freiburg, Homburg–Saar, and Mannheim–Heidel-
berg in Germany. The study was sponsored by 
Bavaria Medizin Technologie, Oberpfaffenhofen, 
Germany, which manufactured the balloon cath-
eters used in the study. The sponsor had no role 
in the design or conduct of the study, in the anal-
ysis of the results, in the decision to publish, or in 
the drafting of the manuscript. The authors held 
the data. The authors vouch for the accuracy and 
completeness of the data presented.

The study was performed according to the Dec-
laration of Helsinki and World Health Organiza-
tion guidelines. Furthermore, the requirements of 
sections 20 to 22 of the German medical device 
law and of the European standard EN 540 were 
followed. All patients gave written informed con-
sent. The study was approved by the appropriate 
local ethics committees.

Eligible patients were at least 18 years of age, 
had clinical evidence of stable or unstable angina 
or an abnormal functional study, and had a single 
restenotic lesion in a stented coronary artery. Ma-
jor clinical criteria for exclusion were acute myo-
cardial infarction within the previous 72 hours; 
chronic renal insufficiency with a serum creatinine 
level of more than 2.0 mg per deciliter (177 μmol 
per liter); a known hypersensitivity or contraindi-
cation to aspirin, heparin, clopidogrel, abciximab, 
or paclitaxel; and sensitivity to contrast medium 
that could not be controlled with premedication. 
We also excluded patients who had concomitant 
medical illnesses that required cytostatic or radia-
tion therapy, that might cause the patient to be 
noncompliant with the protocol, or that were as-
sociated with a life expectancy of less than 2 years. 
Angiographic exclusion criteria were a stented seg-
ment that was 30 mm or longer, a vessel diameter 
of less than 2.5 mm, stenosis of less than 70% of 
the luminal diameter, clinically significant calci-
fication of the target lesion, and thrombus in the 
target lesion.

Interventional Procedure

Cardiac catheterization was performed through the 
femoral artery. Patients received 250 mg of aspirin 
intravenously. Heparin was given as an initial bo-
lus of 2500 to 10,000 IU that was adjusted accord-
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ing to the activated clotting time, with a target of 
200 to 250 seconds. Patients received a loading 
dose of 300 mg of clopidogrel the day before the 
procedure or 600 mg immediately beforehand. Gly-
coprotein IIb/IIIa antagonists were administered 
at the operator’s discretion.

After intracoronary injection of nitroglycerin (at 
a dose of 100 to 200 μg), baseline angiography of 
the target vessel was performed in at least two 
near-orthogonal views showing the target lesion 
free of foreshortening and vessel overlap. After as-
sessment with respect to angiographic criteria for 
exclusion had been performed, each eligible pa-
tient was randomly assigned by lot to undergo 
balloon angioplasty of the target lesion with either 
a paclitaxel-coated balloon catheter or an uncoated 

catheter. Standard angioplasty catheters (Orbus X, 
Bavaria Medizin Technologie) were supplied either 
uncoated or coated with a paclitaxel dose of 3 μg 
per square millimeter of balloon surface area.

Dilation of the target lesion was usually per-
formed before the study intervention, with the use 
of a nonstudy balloon catheter with a diameter 
that was 0.5 mm smaller than that of the study 
balloon. The study balloon was inf lated in the 
same fashion as a conventional balloon catheter. 
The recommended time of inflation was 60 sec-
onds. Immediately after the procedure, heparin was 
discontinued. Vascular sheaths were removed ac-
cording to usual hospital practice. After the pro-
cedure, the study balloon was saved for a determi-
nation of the residual paclitaxel content.18

Table 1. Baseline Clinical and Angiographic Characteristics (Intention-to-Treat Analysis).*

Characteristic

Uncoated 
Balloon
(N = 26)

Paclitaxel-Coated 
Balloon
(N = 26) P Value

Age — yr 63.5±10.5 63.6±11.2 0.97

Male sex — no. (%) 17 (65) 20 (77) 0.54

Other conditions — no. (%)

Diabetes mellitus 6 (23) 4 (15) 0.48

Hyperlipidemia 22 (85) 20 (77) 0.73

Smoking history 15 (58) 11 (42) 0.41

Hypertension 20 (77) 22 (85) 0.73

Unstable angina 12 (46) 11 (42) 1.00

Coronary artery disease — no. (%) 0.84

Single-vessel disease 5 (19) 6 (23)

Two-vessel disease 10 (38) 11 (42)

Three-vessel disease 11 (42) 9 (35)

Vessels affected — no. (%) 0.66

Right coronary artery 10 (38) 9 (35)

Left circumflex coronary artery 6 (23) 4 (15)

Left anterior descending coronary artery 10 (38) 13 (50)

Pattern of in-stent restenosis — no. (%)† 0.70

IA 0 0

IB 2 (8) 0

IC 5 (19) 5 (19)

II 10 (38) 12 (46)

III 8 (31) 8 (31)

IV 1 (4) 1 (4)

* Plus–minus values are means ±SD. Percentages may not total 100 because of rounding.
† Patterns are listed according to the Mehran classification.23 Pattern I includes all focal lesions, with IA indicating an ar-

ticulation or gap between lesions, IB indicating a margin, IC indicating a focal body, and ID indicating multifocal bod-
ies; pattern II includes diffuse restenosis within the stent; pattern III includes diffuse in-stent restenosis extending out-
side the stent; and pattern IV includes totally occluded in-stent restenosis.
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Quantitative Coronary Angiography

Angiography was performed before and after all 
interventions and at 6 months, with the use of iden-
tical projections and analyses. Quantitative anal-
ysis of the coronary angiographic images was per-
formed by investigators at an independent core 
laboratory who were unaware of the study-group 
assignments. The CAAS II research system (Pie 
Medical Imaging) was used for automated contour 
detection and quantification. Measurements in-
cluded the inner stenotic area, the stented area with 
measurement shoulder to shoulder (in-stent), and 
the total stented area plus 5 mm of the proximal 
and distal area (in-segment). Restenosis was de-
fined as stenosis of at least 50% of the luminal 
diameter at 6 months.

Follow-up and End Points

Patients received daily aspirin (100 mg) and clop-
idogrel (75 mg) orally for 1 month, followed by 
treatment with aspirin alone. Patients underwent 
follow-up angiography 6 months after the inter-
vention, with clinical observation for a total of 12 
months. All end points and adverse events were 

adjudicated on the basis of a consensus among 
the investigators. The investigators and the study 
staff at the core laboratory remained unaware of 
the patients’ study-group status until the database 
was closed.

The late luminal loss (the difference between 
the in-segment minimal luminal diameter after 
the procedure and at 6 months, as evaluated by 
quantitative coronary angiography) was the pri-
mary end point. Secondary end points included the 
rate of restenosis (a binary variable) and rates of 
combined clinical events at 6 and 12 months, in-
cluding acute and subacute closure of the vessel, 
target-lesion revascularization, myocardial infarc-
tion, cerebral stroke, and death.

Acute closure was defined as the occurrence of 
new, severely reduced flow (grade 0 or 1, accord-
ing to the Thrombolysis in Myocardial Infarction 
[TIMI] classification) within the target vessel dur-
ing the intervention that persisted and required 
a nonassigned treatment strategy or resulted in 
myocardial infarction or death. Subacute closure 
was defined as closure occurring during follow-up. 
Target-lesion revascularization was defined as per-

Table 2. Procedural Data and Angiographic Findings during Intervention and at 6 Months (Intention-to-Treat Analysis).*

Variable

Uncoated 
Balloon
(N = 26)

Paclitaxel-Coated 
Balloon
(N = 26)

Absolute Difference 
(95% CI) P Value

Procedural data

Study balloon

Diameter — mm 2.9±0.4 2.9±0.3 0.0 (−0.2 to 0.2) 1.00

Length — mm 23.8±5.0 24.6±5.1 −0.7 (−3.6 to 2.0) 0.58

Predilation of target lesion — no. (%) 17 (65) 18 (69) 0.77

Mean balloon pressure — atm 13.2±2.8 12.7±2.6 0.5 (−1.0 to 2.0) 0.50

Balloon inflation time — sec 83.7±49.6 81.5±48.7 2.1 (−25.3 to 29.5) 0.88

Paclitaxel residue on balloon after procedure — % NA 4.2±4.1 NA

Additional stents — no. (%) 1 (4) 2 (8) 0.55

Glycoprotein IIb/IIIa antagonists — no. (%) 4 (15) 3 (12) 0.69

TIMI flow after procedure — no. (%) 0.31

Grade 2 1 (4) 0

Grade 3 25 (96) 26 (100)

Angiographic measurements during intervention

Lesion length — mm 18.1±7.8 17.9±6.2 0.2 (−4.0 to 4.4) 0.93

Reference diameter — mm 2.95±0.45 2.94±0.39 0.01 (−0.25 to 0.27) 0.93

Minimal luminal diameter — mm

Before procedure 0.67±0.40 0.75±0.32 −0.08 (−0.30 to 0.14) 0.47

After procedure 2.46±0.53 2.49±0.49 −0.03 (−0.33 to 0.27) 0.83
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cutaneous reintervention or coronary-artery bypass 
grafting involving the target lesion. The decision to 
perform a revascularization procedure was based 
on symptoms, anatomical findings on follow-up 
angiography, or both.

Myocardial infarction was assumed to have oc-
curred if two of the following five criteria were 
present: chest pain lasting longer than 30 minutes; 
substantial changes on electrocardiography (ECG) 
that were typical of acute myocardial infarction 
(an ST elevation of 0.1 mV in at least two adjacent 
ECG leads or a new occurrence of a complete left 
bundle-branch block); a substantial increase in the 
level of creatine kinase or its MB isoform (at least 
three times the normal level); new, clinically sig-
nificant Q waves; and chest pain leading to angi-
ography up to 6 hours after the onset of the pain, 
with angiographic evidence of a totally occluded 
vessel, in contrast to the results of the previous 
study. Deaths were documented and confirmed by 

reviewing hospital records or by contacting the 
patient’s relatives or the treating physician.

Serious adverse events were defined according 
to international guidelines.20 Target-lesion revascu-
larization was considered a serious adverse event 
because it involved the hospitalization of the pa-
tient.

Statistical Analysis

We estimated that an enrollment of 52 patients 
would be needed for the study to have a statistical 
power of 90% to detect a reduction in late luminal 
loss from 1.0±0.5 mm in the uncoated-balloon 
group to 0.40±0.35 mm in the coated-balloon group, 
assuming a maximal dropout rate of 20%. Esti-
mates of late luminal loss for this power calcula-
tion were based on data from trials of paclitaxel-
coated stents and trials of brachytherapy for in-stent 
restenosis.3,12,21,22

We evaluated data for all end points in the in-

Table 2. (Continued.)

Variable

Uncoated 
Balloon
(N = 26)

Paclitaxel-Coated 
Balloon
(N = 26)

Absolute Difference 
(95% CI) P Value

Angiographic findings at 6 mo

No. of patients 23 22

Minimal luminal diameter — mm

In-stent 1.60±0.89 2.31±0.66 −0.71 (−1.18 to 0.24) 0.004

In-segment 1.57±0.86 2.22±0.57 −0.65 (−1.09 to 0.21) 0.005

Late luminal loss — mm

In-stent 0.76±0.86 0.09±0.49 0.67 (0.24 to 1.09) 0.003

In-segment 0.74±0.86 0.03±0.48 0.70 (0.28 to 1.12) 0.002

Restenosis — no. (%)

In-stent 10 (43) 1 (5) 0.39 (0.15 to 0.63) 0.002

In-segment 10 (43) 1 (5) 0.39 (0.15 to 0.63) 0.002

Pattern of in-stent restenosis — no. (%)† 0.59

IC 4 (40) 0

II 3 (30) 1 (100)

III 1 (10) 0

IV 2 (20) 0

TIMI flow — no. (%) 0.36

Grade 0 or 1 2 (9) 0

Grade 2 2 (9) 0

Grade 3 19 (83) 22 (100)

Left ventricular function — % 61.3±11.3 58.5±14.5 2.7 (−5.4 to 10.9) 0.45

* Plus–minus values are means ±SD. TIMI denotes Thrombolysis in Myocardial Infarction, and NA not applicable.
† Percentages are based on the number of patients with restenosis. Patterns are listed according to the Mehran classification.23
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tention-to-treat analysis. An as-treated analysis was 
performed for comparison only. Continuous data 
are expressed as means ±SD. Categorical variables 
were compared with the use of the two-sided chi-
square test, and continuous variables were com-
pared with the use of the two-sided Student’s t-test. 
Confidence intervals for the difference between 
proportions were calculated with the use of a nor-
mal approximation of the binomial distribution 
without correction for continuity. Event-free sur-
vival was compared by Kaplan–Meier analysis with 
the use of the Mantel–Cox log-rank test construct-
ed by SPSS software, version 13.0.1. A two-sided 
P value of less than 0.05 was considered to indi-
cate statistical significance.

R esult s

patients

Fifty-two patients were enrolled in the trial between 
December 16, 2003, and July 22, 2004. Twenty-six 
patients were randomly assigned to the uncoated-

balloon group and 26 to the coated-balloon group. 
One patient who was assigned to the uncoated-
balloon group was erroneously treated with a 
coated-balloon catheter taken from a nonassigned 
set, but the data from this patient were evaluated 
with the uncoated-balloon group in the intention-
to-treat analysis.

Baseline characteristics of the patients were 
very similar in the two groups (Table 1). The mean 
age of patients in the study was 63.6 years; 71% 
were men. Most patients had multivessel coronary 
artery disease. The pattern of in-stent restenosis 
was predominantly diffuse.23

angioplasty

Procedural data — including the size of the bal-
loon, the use of additional stents, and the use of 
glycoprotein IIb/IIIa antagonists — were also sim-
ilar in the two groups (Table 2). The primary pro-
cedure was successful in 25 of 26 patients in the 
uncoated-balloon group and in all 26 patients in 
the coated-balloon group. The patient from the un-

Table 3. Results of Clinical Follow-up (Intention-to-Treat Analysis).*

Variable

Uncoated 
Balloon
(N = 26)

Paclitaxel-Coated 
Balloon
(N = 26)

Absolute Difference 
(95% CI) P Value

no. of patients (%)
After procedure

Elevation in creatine kinase level 1 (4) 0 0.04 (−0.4 to 1.2) 0.33

At 6 mo

Target-lesion revascularization 6 (23) 0 0.23 (0.06 to 0.40) 0.02

Myocardial infarction 1 (4) 0 0.04 (−0.4 to 1.2) 0.33

Death 0 0

Acute and subacute closure 0 0

Stroke 0 0

Target-lesion revascularization, myocardial infarction, acute 
or subacute closure, stroke, or death

6 (23) 0 0.23 (0.06 to 0.40) 0.02

At 12 mo

Target-lesion revascularization 6 (23) 0 0.23 (0.06 to 0.40) 0.02

Myocardial infarction 2 (8) 1 (4) 0.04 (−0.09 to 0.17) 0.56

Death 0 1 (4)† −0.04 (−0.12 to 0.04) 0.33

Subacute closure 0 0

Stroke 1 (4) 0 0.04 (−0.4 to 1.2) 0.33

Target-lesion revascularization, myocardial infarction, acute 
or subacute closure, stroke, or death

8 (31) 1 (4) 0.27 (0.07 to 0.47) 0.01

* CI denotes confidence interval. 
† Death was from myocardial infarction.
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coated-balloon group who was erroneously treat-
ed with a paclitaxel-coated balloon had initially 
presented with an occluded stent and had only 
TIMI grade 2 flow after the procedure. Acute clo-
sure of a small septal branch vessel, without evi-
dence of infarction, occurred in one patient who 
was treated with a drug-coated balloon. No other 
acute adverse events were considered to be attrib-
utable to the investigational device. After the pro-
cedure, about 4% of the drug remained on the sur-
face of the paclitaxel-coated balloons.

Follow-up at 6 Months

All 52 patients underwent clinical follow-up dur-
ing the first 7 months. One myocardial infarction 
occurred in the uncoated-balloon group about 
7 months after the procedure; no patient died dur-
ing this period. None of the patients in the coated-
balloon group underwent repeated target-lesion 
revascularization during the first 6 months or dur-
ing follow-up angiography. In contrast, 6 of 26 pa-
tients (23%) in the uncoated-balloon group un-
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Table 4. Adverse Events and Serious Adverse Events.

Patient No. Time and Type of Event Relationship to Procedure* Outcome

Adverse events

Uncoated-stent group

18 Day 1; small groin hematoma Related Complete recovery

19 Day 1; small groin hematoma Related Complete recovery

19 Day 1; phlebitis in right hand due to intravenous line Not related Resolved after 
anti biotic treatment

28 6 Mo; renal insufficiency Not related Ongoing condition

29 Day 1; elevated creatine kinase MB level after procedure Probably related Complete recovery 
by hospital discharge

29 6 Mo; pronounced hyperlipidemia Not related Ongoing condition

40 1 Mo; dyspnea and chest pain not typical of angina pectoris Probably not related Complete recovery

43 Day 1; small groin hematoma Related Complete recovery

45 Day 1; supraventricular tachycardia Probably not related Spontaneous resolution

45 6 Mo; dysuria Not related Complete recovery

48 1 Mo; abdominal pain Not related Complete recovery

55 6 Mo; hypertension Not related Complete recovery

Coated-stent group

12 Day 1; increased levels of amylase and lipase; transient pancre-
atitis

Probably not related Complete recovery

20 Day 1; acute closure of a septal branch of the left anterior de-
scending artery  (diameter, <2 mm)

Probably related Complete recovery

23 Day 1; small groin hematoma Related Complete recovery

30 Day 1; small groin hematoma Related Complete recovery

36 1 Mo; dyspnea, atypical angina Possibly related Complete recovery

39 Day 1; groin hematoma Related Complete recovery

39 2 Mo; dyspnea Probably not related Complete recovery

41 Day 2; transient ischemic attack with brachiofacial dominance 
for 2 hr 

Probably not related Complete recovery

44 Day 1; dysuria and leukocytosis; treated with antibiotics Probably not related Complete recovery

53 Day 1; transient headache Not related Complete recovery

 

derwent repeated angioplasty during this period 
(P = 0.02) (Table 3).

A total of 45 of the 52 patients (87%) underwent 
follow-up angiography after 4 to 7 months; 7 pa-
tients declined to undergo angiographic follow-up 
owing to an absence of clinical symptoms. The 
mean in-segment late luminal loss — the primary 
end point — was 0.74±0.86 mm in the uncoated-
balloon group and 0.03±0.48 mm in the coated-
balloon group (P = 0.002) (Table 2 and Fig. 1). Re-
stenosis occurred in 10 of 23 patients (43%) in the 
uncoated-balloon group and in 1 of 22 patients 
(5%) in the coated-balloon group (P = 0.002).

Follow-up at 12 Months

In the coated-balloon group, one patient died 11 
months after the procedure, after having a myo-
cardial infarction. In the uncoated-balloon group, 
one patient had a thrombotic cerebral stroke, and 
another had a myocardial infarction. No target-
lesion revascularizations or other major cardiac 
events occurred in any of the patients during the 
second 6 months of follow-up (Table 3). The Kap-
lan–Meier estimates of survival free from clinical 
events for the two groups during the 12 months of 
the trial are shown in Figure 2. The significant 
difference in event rates (31% in the uncoated-bal-
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loon group vs. 4% in the coated-balloon group, 
P = 0.01) was primarily a consequence of the differ-
ence in the rates of target-lesion revascularization.

Adverse Events

A total of 45 adverse events and serious adverse 
events occurred (Table 4). Twenty-two adverse 

events were recorded in 18 patients: 8 patients in 
the uncoated-balloon group and 10 in the coated-
balloon group. A total of 23 serious adverse events 
occurred in 18 patients; 12 of these events oc-
curred in patients treated with uncoated bal-
loons, with 6 patients having restenosis of the 
target lesion. A total of 11 serious adverse events 

Table 4. (Continued.)

Patient No. Time and Type of Event Relationship to Procedure* Outcome

Serious adverse events†

Uncoated-stent group

5 6 Mo; target-lesion revascularization Probably related Complete recovery

6 11 Mo; hospitalization for stroke Not related Recovery with sequelae

19 2 Mo; hospitalization for unstable angina; target-lesion revas-
cularization

Probably related Complete recovery

26 6 Mo; hospitalization for unstable angina pectoris Not assessed Not assessed

31 2 Mo; hospitalization for angina pectoris Not related Complete recovery

35 6 Mo; target-lesion revascularization Probably related Complete recovery

37 6 Mo; target-lesion revascularization, myocardial in farction Possibly related Complete recovery

40 6 Mo; target-lesion revascularization Possibly related Complete recovery

43 6 Mo; myocardial infarction due to occlusion of a side branch 
during angioplasty of a nontarget lesion

Not related Complete recovery

46 7 Mo; target-lesion revascularization Possibly related Not assessed

49 6 Mo; angioplasty of a nontarget lesion Not related Complete recovery

52 1 Mo; admission to another hospital because of acute dyspnea 
and chest discomfort

Possibly  related Complete recovery

Coated-stent group

8 Day 3; angina 2 days after treatment; good result of treated left 
circumflex coronary artery confirmed on angiography; two 
native stenotic segments in the right coronary artery treated 
by stent implantation

Not related Complete recovery

8 1 Mo; angina; angioplasty of a nontarget lesion Not related Complete recovery

8 3 Mo; angina; angiography showed resolution of vasospasm 
after administration of intracoronary nitro glycerin 

Not related Acute problems resolved

8 6 Mo; hospitalization for angina Not related Diagnostic procedure only

8 7 Mo; hospitalization for peripheral vascular disease Not related Diagnostic procedure only

12 5 Mo; angina; angioplasty of a nontarget lesion; increased level 
of creatinine

Not related Complete recovery

12 7 Mo; implantation of a biventricular cardioverter–defibrillator Not related Recovery with sequelae

25 9 Mo; hospitalization for unstable angina pectoris Not related Complete recovery

30 11 Mo; death after myocardial infarction Possibly related Death

36 2 Mo; unscheduled angiography Not related Complete recovery

53 6 Mo; hospitalization for unstable angina pectoris Not related Not assessed

* This column describes the presumed relationship between the trial procedure and the reported adverse event. Some inconsistencies in this 
assessment were noted after the fact. In some cases, the determination of this relationship was made with reference to the entire interven-
tional procedure; in other cases, the determination was made with reference to the specific use of a coated balloon catheter.

† As defined by the International Conference on Harmonisation,20 serious adverse events included angioplasty performed during hospitalization.
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occurred in 6 patients who were treated with drug-
coated balloons. Of these patients, 5 had events 
that were classified as being unrelated to treat-
ment, and 1 died from myocardial infarction, 
which was classified as being possibly related to 
treatment.

as-treated Analysis

When one patient was included in the coated-bal-
loon group for the purposes of data analysis, the 
numbers changed slightly. In the uncoated-bal-
loon group, the mean late luminal loss in the 
stenotic area was 0.82±0.86 mm, as compared 
with 0.13±0.51 mm in the coated-balloon group 
(P = 0.002). The advantage of the drug-coated bal-
loon also remained significant with respect to the 
minimal luminal diameter, target-lesion revascu-
larization, major adverse cardiac events at 6 months, 
and target-lesion revascularization at 12 months. 
The difference between the groups in the rate of 
major adverse cardiac events at 12 months in this 
analysis was no longer significant (P = 0.05).

Discussion

The aim of our study was to investigate the effi-
cacy of a novel drug-coated balloon catheter in the 
prevention of restenosis after treatment of in-stent 
restenosis in a typical population of patients with 
this condition. For our pilot trial, late luminal loss 
was chosen as the primary end point because it is 
recognized to be a sensitive surrogate measure of 
restenosis, particularly in patients who have in-
stent restenosis.24,25 We recorded clinical measures 
indicative of target-lesion restenosis as well.

The handling of the drug-coated balloon cath-
eter was identical to that of an uncoated catheter. 
After 6 months, there was a significant difference 
with respect to the primary end point in favor of 
patients who received the drug-coated balloon. 
This result was also reflected in the rate of reste-
nosis. None of the patients in the coated-balloon 
group required repeated revascularization during 
the 12 months of follow-up. The effectiveness of 
drug-coated balloons was similar to results re-
cently reported for drug-eluting stents in the treat-
ment of in-stent restenosis.5

Local delivery of a drug by coated-balloon cath-
eters differs from delivery by drug-eluting stents. 
Drug-eluting stents contain low doses of drugs 
that are slowly released from a polymer stent coat-

ing. In contrast, the drug-eluting balloons used in 
our trial are coated with the free drug. Dissolution 
of the drug is enhanced by adding to the coating 
a small amount of a radiographic contrast agent, 
which is known to improve the solubility of pacli-
taxel.15 The balloon is in contact with the vessel 
wall for approximately 1 minute, and it releases 
most of the drug immediately, during the first in-
flation.18

These differences in technique result in a marked 
difference in the duration and concentration of 
drug exposure between drug-eluting stents and 
drug-coated balloons. When paclitaxel is admin-
istered with a drug-coated balloon, blood flow and 
other transport processes, as well as biotransfor-
mation, decrease antiproliferative activity in the 
tissue quite rapidly.17,18 After the catheters were 
used in this trial, only about 4% of the original 
dose was found to be extractable from the sur-
face of the balloon. On the basis of studies in ani-
mals,17,18 we estimate that as much as 90% of the 
dose is lost in the bloodstream.

Nevertheless, the dose and duration of admin-
istration appear to be sufficient to prevent neo-
intimal proliferation.14-17 Studies in cell culture 
indicate that an increased concentration of pa-
clitaxel in the culture medium compensates for 
a shorter incubation time and that the duration 
of inhibition of cell proliferation far exceeds the 
time during which the cells are exposed to the 
drug.14-16 Preclinical studies have demonstrated 
a significant reduction of neointimal formation by 
drug-coated balloon catheters, as compared with 
drug-eluting stents.18,19

Disappointing results with drug-eluting stents, 
which have a fast or moderate rate of drug re-
lease,26 may be explained by the fact that an opti-
mal concentration of the drug (which is required 
to inhibit neointimal proliferation) is not reached 
during elution. Furthermore, the drug that is de-
livered by the drug-eluting balloon is more evenly 
distributed on the vessel surface than is the drug 
bound to the struts of a drug-eluting stent. Finally, 
the therapeutic agent contained in a drug-eluting 
stent must inhibit neointimal proliferation occur-
ring in response to the injury caused by the stent 
struts themselves, whereas the stimulus to neointi-
mal proliferation caused by inflation of the drug-
eluting balloon is likely to be less marked and less 
prolonged.

A number of limitations of this pilot study 
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should be noted. The number of patients was 
small; larger trials will be required to provide de-
finitive evidence of a clinical benefit. Whereas the 
core laboratory was not aware of study-group sta-
tus, the coated balloons have a faintly white color, 
which differs slightly from that of uncoated bal-
loons — a difference that might be observed by 
investigators. A comparison of this treatment and 
optimal current therapy (such as brachytherapy) in 
randomized trials is required. Furthermore, fac-
tors such as the specific requirements for medica-
tion during and after treatment and compliance 
with prescribed medication regimens should be 
addressed.

In conclusion, in this pilot study, treatment of 
coronary in-stent restenosis with paclitaxel-coated 
balloon catheters significantly lowered the inci-
dence of adverse events and recurrent in-stent re-

stenosis. Our clinical findings suggest that the 
inhibition of restenosis by local drug delivery may 
not require the implantation of stents and a pro-
longed release of a drug. The scale of the trial was 
not aimed at justifying clinical application or regu-
latory approval of the drug-coated balloon; larger 
studies will be required to determine whether the 
effects observed in this trial can be replicated.
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