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1
IntRoDUCtIon 
Coronary artery disease is still one of the leading causes of mortality and morbidity, 
while its incidence is still increasing. Nowadays one of the main coronary treatment 
strategies is percutaneous coronary intervention (PCI). At first, in 1977 by Andreas 
Gruentzig, PCI was performed by means of a balloon dilatation. The emergence of 
balloon angioplasty offered for the first time an alternative coronary revascularisation 
option to coronary bypass surgery. However, abrupt closure and restenosis caused by 
elastic recoil, neointimal hyperplasia, and late remodelling became major drawbacks of 
balloon angioplasty.1 Therefore, a decade later metal scaffolding by means of a stent was 
explored. Revascularizations rates went down significantly, however, with a restenosis 
rate of around 25% this was still considered significant and clearly inferior to surgery.2

The use of drug eluting stents (DES) majorly reduced in-stent restenosis trough 
preventing not only recoil of the vessel wall and late negative remodeling, but also 
significantly inhibiting neointimal hyperplasia formation. However, concerns about in-
stent thrombosis, and the dependency on prolonged dual-antiplatelet therapy, and 
continued restenosis in complex lesion subsets, led to a search for alternative treatment 
devices that could tackle restenosis rates without the drawbacks associated with DES.3-6 

Recently, a new technology of drug eluting balloons (DEB) is emerging as a 
potential alternative to combat restenosis.7-13 Drug eluting balloons are conventional 
semi-compliant angioplasty balloons covered with an anti-restenotic drug, which is 
released into the vessel wall during inflation of the balloon, usually at nominal pressures 
with a specific minimal inflation time (mostly between 30 and 60 seconds). The active 
substance on the DEB should be lipophilic enough to have a high absorption rate 
through the vessel wall,14 compensating for the short time of contact between the 
inflated balloon and the vessel wall itself, and to maintain a sustained effect over time 
once released.15 The drug of choice at this moment is paclitaxel. Paclitaxel is a broad-
spectrum anti-mitotic agent that inhibits cell division in the G2/M phase, stabilizing 
the polymerized microtubules, thus inhibiting cell replication of the smooth muscle 
cells, and by that reducing neointimal hyperplasia (i.e. the restenotic process).16 
Paclitaxel was identified as the primary drug for DEB due to its right pharmacological 
characteristics such as high lipophilic property and ability to remain in the vessel wall 
for nearly a week.17 Thus, a stent-driven sustained drug release may not be necessary in 
all cases.18 The DEB technology demonstrated safety and efficacy in the porcine model 
of restenosis and in randomized clinical trials for patients with in-stent restenosis.10,11,13 

teCHnICAL AsPeCts
A high degree of similarity exists among DEB manufactures in terms of basic principles, 
however the Sequent Please (or its predecessor PACCOCATH) and the DIOR have 
been mostly studied, giving us insight into certain important properties (e.g. delivery 
dose of paclitaxel in the vessel wall, and drug release properties). 
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These catheters are all coated with paclitaxel (3 µg/mm2). In general they are 

coated with a matrix composed of paclitaxel and a hydrophilic spacer (matrix carrier). 
This coating method improves the solubility of paclitaxel and its transfer to the vessel 
wall.11 The hydrophilic character of the matrix carrier and the lipophilic properties of 
paclitaxel support the release of the drug from the balloon surface and its delivery into 
the vascular wall by preventing paclitaxel to lump.

Different types of hydrophilic spacers have been introduced by the manufactures, 
all relying on the same concept that has been firstly developed in the Sequent Please 
DEB. Paclitaxel, in the beginning delivered intracoronary by dilution in hydrophilic 
contrast medium (iopromide)19 and later directly loaded on a balloon catheter,11 resulted 
in concentrations of the drug in vascular tissue that were high enough to have anti-
proliferative effects. The Sequent Please DEB currently used is coated with paclitaxel 
and a small amount of iopromide as spacer, using acetone as the main solvent.8,11 

AnIMAL stUDIes
Neointimal hyperplasia (i.e. proliferation of smooth muscle cells) is the patho-
physiological cause of restenosis after stent placement. Already in the previous decade 
it was shown that paclitaxel is a potent inhibitor of this process.18 Consequently, 
studies delivering paclitaxel locally to the coronary arteries were performed. The 
first preclinical study compared a combination of paclitaxel solved in a contrast 
agent (iopromide) with a control group with iopromide only, after stent placement. 
The study showed that the combination of paclitaxel solved in iopromide inhibited 
the neointimal hyperplasia process better than the control group.20 Sequentially, 
the same authors compared the delivery mode of paclitaxel and iopromide after 
stent placement. Intracoronary injection of paclitaxel and iopromide inhibited the 
neointimal hyperplasia process more profoundly than intravenous injection.19 Hence, 
a local delivery platform was developed. An angioplasty balloon was coated with the 
combination of paclitaxel and iopromide to generate a DEB. After stent placement, 
DEB inflations (with an inflation time of 60 seconds to allow paclitaxel to “impregnate” 
the vessel wall) were performed, showing a reduction of neointimal hyperplasia as 
compared to inflations with conventional balloons.11

Still there was some uncertainty about the warranted inflation times and distribution 
rates of paclitaxel into the vessel wall. Cremers et al. showed that even with shorter 
inflation times, 10 seconds instead of 60 seconds in the previous studies, sufficient 
paclitaxel was absorbed by the vessel wall. Moreover, they found no increased safety risk 
after two overlapping DEB inflations (2 times 5 µg/mm2 ) in the same vascular segment.8

Apart from efficacy testing, there is a growing interest for the patho-physiological 
effects of DEB (e.g. endothelial function). For instance, since studies have demonstrated 
that DES implantation causes local toxicity, inflammation, delayed healing, and 
oxidative stress causing an impaired vasomotor function.21-24 Nakamura et al. were 
investigating whether these effects would also occur when using a DEB.25 They 
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demonstrated that akin to DES also DEB causes an impaired vasodilatory response to 
acetylcholine. Since recent studies demonstrated efficacy with shorter inflation times, 
one issue is whether this impaired endothelial function would have been seen with 
shorter inflation times too.

CLInICAL stUDIes WItH DeB
The benchmark study is the PACCOCATH ISR I and II, which tested the angiographic 
efficacy of a DEB in comparison to a standard balloon in patients with in-stent 
restenosis.9,10 Of 52 randomized patients 45 had angiographic follow-up. In the 
DEB group late-luminal loss was significantly better than for the standard balloon 
alone (0.03±0.48 mm vs. 0.74±0.86 mm, p=0.002). Consequently the number of re-
interventions was lower for the DEB group 0% vs. 23% (p=0.02). The effect of DEB 
sustained up to 24-month follow-up. This highly promising result led to several clinical 
trials in various lesion subsets. 

In-stent restenosis: 
Similar positive results, as in the PACCOCATH ISR studies, were found in the PEPCAD 
II trial, comparing the Sequent Please DEB with paclitaxel eluting stent to treat BMS 
restenosis. Superior angiographic results were found for the DEB compared to DES 
at 6-month follow-up (0.17±0.42 mm vs. 0.38±0.61 mm, p=0.03). Furthermore not 
significant trends towards reduced major adverse cardiac events (mainly driven by 
target lesion revascularization) were found for the DEB group compared to DES at 
12-month clinical follow-up (9% vs. 22%, p=0.08).13

Recently in a randomized study with 50 patients, it has been shown that a Sequent 
Please DEB is more effective than a conventional angioplasty balloon in the treatment of 
DES (sirolimus) in-stent restenosis. At 6-month the late lumen loss was 0.18±0.45 mm and 
0.72±0.55 mm (p=0.001) in the DEB and conventional angioplasty arm respectively.26

The Spanish, prospective nonrandomized, registry 27 assessed the value of DIOR-I 
DEB in; 1) in-stent restenosis (BMS and DES); 2) de novo small vessels (including also 
bifurcation lesions); 3) patients with contraindication to DAPT. 

The results at 12 months follow up show a low target lesion revascularization (TLR) 
rate of 9.2% in BMS in-stent restenosis and 14.8% in DES in-stent restenosis. In very 
small vessels (1.98 mm mean vessel diameter), the TLR rate at 12 months was very low 
with 2.9%. Results seem to be promising, however cautious interpretation of these 
results is warranted since all limitations of a nonrandomized registry apply. Moreover, 
no angiographic follow-up was performed, making it difficult to compare this study to 
the PEPCAD I randomized trial.

De novo lesions: 
Inconsistent data were found for de novo lesions. The PEPCAD I,12 a prospective 
registry on the treatment of de novo small coronary arteries with a Sequent Please 
DEB (and provisional bare metal stenting), demonstrated that DEB possibly yields 
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the potential as treatment alternative for these types of lesions. In 118 patients with 
a mean vessel diameter of 2.35±0.19, late lumen loss was 0.28±0.53 mm at 6-month 
angiographic follow-up.

However, in the PICCOLETO28 randomized trial, the first generation DIOR DEB 
(with provisional stenting) was compared with PES in de novo lesions in small vessels. 
The trial was interrupted after enrolment of two –thirds of patients due to clear 
superiority of the paclitaxel DES group over the DEB group. Restenosis rates were 
32.1% and 10.3% (p=0.04), and major adverse cardiac events rates were 35.7% and 
13.8% (p=0.05) in DEB and DES groups respectively. 

It should however be noticed that both groups had significant differences at index 
procedure: 1) in the DEB arm only 25% pre-dilatation with conventional balloons was 
performed; 2) considerably lower inflation pressures were used (on average, maximal 
inflation pressure of 7.7 atmospheres in the DEB group versus 13.4 atmospheres in 
the PES group). Clinical and angiographic results in the DEB group were considerably 
worse than in the PEPCAD I study. One explanation could be that the PICCOLETO 
study was performed with DIOR-I where the Sequent Please as used in PEPCAD I can 
probably be considered as superior to the DIOR-I in terms of tissue dosage.29 A second 
explanation could be the occurrence of so-called “geographical miss-match” which 
can lead to restenosis at the site which was not adequately pre-treated with DEB.

The PEPCAD III trial (Hamm C, presented at the American Heart Association 
congress 2009 in Orlando, United States) investigated a new hybrid DEB/stent system 
(Coroflex DEBlue) as an alternative to DES. This study failed to show non-inferiority, 
angiographically and clinically at 9 months, for the DEB group in comparison with 
the DES group (Cypher sirolimus eluting stent). Although the study failed to show 
non-inferiority, outcome measures for DEB were very reasonable, with a late luminal 
loss of 0.41 mm and a target lesion revascularization rate of 10.5% at 9 months if 
compared to historically known BMS data. Moreover, they showed that a standalone 
procedure with a DEB yield superior results with respect to a hybrid DEB/stent system.

Bifurcation lesions:
Currently two pilot studies have been performed with DEB in bifurcation lesions. In the 
first pilot study performed,7 DIOR DEB was used and among the 20 patients enrolled, 
no major adverse cardiac events at 6-month clinical follow-up were reported.

The second small nonrandomised study, PEPCAD V, enrolled 28 patients with 
bifurcation lesions in two centres. Both main and side branch were ballooned with 
a Sequent Please DEB, with BMS deployment in the MB. The primary endpoint, 
procedural success, was met in all cases. At 9-month follow-up there were 3 binary 
restenosis recorded, of which in one a TLR was required. Furthermore, at 9-month 
angiographic follow-up late luminal loss was 0.38 mm in the MB and 0.21 mm in 
the SB. Comparing these results with historical data of DES treatment, restenosis 
percentages are seemingly not higher in this pilot study. 
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AIM AnD oUtLIne of tHe tHesIs
This thesis concerns the application of new treatment strategies in complex coronary 
lesions. The main focus is to elucidate the role of DEB in various complex lesion subsets.

In chapter 2 and 3 the efficacy and safety of two different DEB is examined in patients 
with in-stent restenosis. In chapter 2 the use of the In.Pact Falcon DEB is being used for 
the first time in this setting. Besides, the main focus in this study is to understand the 
working mechanism of a DEB. Therefore, patients underwent functional (fractional flow 
reserve), and morphological (optical coherence tomography) assessment of the target 
coronary pre- and postprocedural and at 6-month follow-up. This will provide insight in 
the DEB technique, and its effects over time. In chapter 3 the DIOR DEB is used in the 
same setting as in chapter 2. In this registry the primary focus is feasibility, efficacy and 
safety of this DEB in a relative large unselected cohort of patients.

In chapter 4 the DIOR DEB is used in bifurcation lesions. In this multicenter 
randomized trial this DEB is compared to reference techniques (i.e. bare-metal stenting 
and drug-eluting stenting). The aim is to prove superiority of DEB compared to BMS. 

In chapter 5 we extended our work in the field of intravascular imaging. In both 
chapter 2 and 6, we have used intravascular imaging in order to assess coronary 
morphology following a treatment with a stent or a DEB. This provides us valuable 
information on the working mechanisms of these specific devices. However, in literature 
limited information is available on the effectiveness of this specific intravascular imaging 
in predicting the severity of a coronary lesion. In order to address this potential extra 
dimension of intravascular imaging, we explored whether intravascular imaging can 
provide not only morphological information but also information on the hemodynamic 
relevance of a lesion.

In chapter 6 the DEB is for the first time being explored in the setting of ST-
segment elevated myocardial infarction. The aim in this randomized study is primarily 
to demonstrate superiority in angiographic outcome of DEB compared to BMS, while a 
DES was added as third arm for reference purposes. Moreover, feasibility and safety is 
being assessed in this vulnerable patient group. Finally, morphological characteristics 
(evaluated with optical coherence tomography) and endothelial function of the 
coronaries was assessed, in a subgroup of patients, at follow-up in the BMS, DEB, and 
DES treated patients. This will give more insight in the role of DEB in the acute setting, 
also will this show certain possible impending effects of these techniques by means 
of optical coherence tomography and endothelial function testing. For instance more 
uncovered and malapposed stent struts measured by optical coherence tomography, 
might suggest and increased risk on stent-thrombosis. 
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ABstRACt 
Aim: In-stent restenosis (ISR) treatment remains challenging. Drug-eluting 
balloons have shown to be a valid treatment option in several studies. These 
studies focused on efficiency of the device, while the mechanisms of action of 
DEB in ISR treatment have not been investigated. The goal of this study was 
to elucidate the underlying mechanism through which drug-eluting balloons 
(DEB) restore coronary blood flow, by assessing the coronary vessel before, 
immediately after and at 6-month follow-up with angiography, optical coherence 
tomography (OCT) and fractional flow reserve (FFR). 

Methods & Results: In this prospective single center observational study, patients 
with ISR were treated with a second generation DEB. Before, immediately after 
and at 6-month follow-up serial angiographic, OCT, and FFR measurements were 
performed. Twenty-five patient were assigned for DEB treatment, with an 
angiographic and device success of 100% and 92% respectively. Late-luminal 
loss was 0.01±0.43 mm. Median percentage changes [25th-75th interquartile 
range] between pre-and post-procedure, and post-procedure and follow-up were 
respectively: for lumen volume 75.1% increase [43.7 - 115.0], and 8.0% increase 
[-14.0-25.8]; for stent volume 23.7% increase [15.5-40.0], and -1.2% decrease 
[-6.9-5.9]; for neointimal volume -14.4% decrease [-29.2- -9.5], and -15.8% 
decrease [-38.1-28.3]; and for FFR stent gradient -86.5% decrease [-92.6- -65.1], 
and -8.3% decrease [-48.9- 49.1]. In all post-procedure OCT images intra-stent 
dissections were seen, which were sealed at follow-up OCT.

Conclusions: Drug-eluting balloons restore coronary blood flow by means of an 
acute mechanical effect, causing an increase in lumen and stent volumes and 
compression of neointimal hyperplasia (with intra-stent dissections). Coronary 
patency persists and improves at follow-up due to a sustained drug effect, with 
further increase in lumen volume, decrease in neointimal volume and complete 
sealing of neointimal dissections.

Conflicts of interest: The authors report no conflicts of interest concerning this study.

Funding to declare: None



D
r

u
g

-e
lu

tIn
g

 B
A

llO
O

n
 fO

r
 In

-Ste
n

t r
e

Ste
n

O
SIS (D

e
B

-ISr
)

2

IntRoDUCtIon 
Long term clinical outcomes of percutaneous coronary interventions (PCI) with stent 
implantation have improved during the last decades, but a subgroup of patients is still 
confronted by the entity of in-stent restenosis (ISR).1, 2 Initially ISR was treated with a 
conventional or cutting balloon, however, treatment was limited by a high percentage 
of recurrent restenosis.3, 4 Later brachytherapy and drug-eluting stent (DES) strategies 
were explored in this setting. Although brachytherapy reduced recurrent restenosis 
rates in ISR as compared to conventional balloon, DES proved to be even superior 
and they are currently the standard of care for this indication.5-7 Recently drug-eluting 
balloons (DEB) have been considered as an alternative treatment strategy instead 
of drug-eluting stents (DES).8 There is evidence that DEB achieves at least similar 
angiographic and clinical outcomes as DES, without the need for an additional layer 
of metal.9 Avoiding additional stent placement gives the operator more treatment 
flexibility in case of future re-interventions in the target lesion. Moreover, prolonged 
dual-antiplatelet therapy in order to reduce the risk of stent thrombosis may not be 
necessary when using a DEB technology.8, 10, 11

While angiographic and clinical effectiveness of DEB in ISR has been demonstrated, 
its exact mechanism of action has not been fully exploited. No literature is available 
about the functional and intravascular morphological changes induced by DEB over 
time in the treatment of ISR in patients. Even more, data on morphological ISR changes 
with other treatment strategies are scarce.12-14 

In this light, the aim of our study is to get a better insight on the treatment of ISR 
lesions with DEB, focusing on their acute and mid-term mechanisms. To achieve this, 
serial angiographic, fractional flow reserve (FFR), and optical coherence tomography 
(OCT) measurements have been performed before intervention, immediately after 
intervention and at 6-month follow-up in a series of ISR lesions treated with DEB.

MetHoDs
This study is a prospective observational, single arm study, aimed at assessing 
functional and intravascular morphological changes induced by the DEB in ISR lesions.

The study, carried out according to the Declaration of Helsinki, was approved 
by the ethics committee of the University Medical Center Utrecht and all included 
patients provided signed informed consent.

Patient Selection
Patients with stable or unstable angina pectoris or silent ischemia, who were 
scheduled to undergo PCI because of ISR of a bare metal stent (BMS) or DES, were 
considered eligible. Documented ischemia had to be present. Exclusion criteria were 
left ventricular ejection fraction ≤30%; acute myocardial infarction; left main disease; 
ostial ISR (impossible to assess with OCT), life expectancy <1 year, known renal failure 
(creatinine > 200 mg/dL), recurrent ISR.
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Device
The DEB used in this study was the In.Pact Falcon (Medtronic inc., Minneapolis, MN, 
USA) coronary angioplasty balloon. 8 This DEB elutes the known anti-proliferative drug 
paclitaxel. It has a FreePac™ proprietary hydrophilic coating formulation, keeping 
paclitaxel molecules separated and facilitating paclitaxel absorption into the vessel 
wall. This device is coated with 3 µg of paclitaxel/mm2 of balloon surface. This DEB is 
available in the following lengths: 14, 20, 30, and 40 mm; and diameters: 2.0, 2.25, 
2.5, 2.75, 3.0, 3.25, 3.5, 3.75, and 4.0 mm. The minimal inflation time is 30 seconds 
(recommended 45-60 seconds) to allow sufficient drug release into the vessel wall in 
order to achieve the required effective tissue dosages of paclitaxel to inhibit smooth 
muscle cell proliferation 15.

Interventional procedure
All patients enrolled in the study were treated with acetylsalicylic acid (80-100 mg 
per day) and clopidogrel (300-600 mg loading-dose before the procedure, if needed, 
and 75 mg per day maintenance). Heparin was administered intravenously in boluses 
(70-100 U/Kg) to maintain an activated clotting time ≥250 seconds during the procedure. 
Administration of glycoprotein IIB/IIIA inhibitors was left at the physician’s discretion. 

After obtaining coronary angiograms, patients underwent sequential predilatation 
with standard balloons and dilatation with the DEB. More specifically, the standard 
balloon diameter was sized with a 0.9:1 balloon to previous stent ratio and shorter 
than the intended DEB and inflated with high pressure (12-18 atm), the DEB diameter 
was sized with a 1.1:1 balloon to previous stent ratio and inflated with low pressure 
(8-12 atm) during 60 seconds inflation. Postdilatation was left at the physician’s 
discretion. Special care was taken to position each DEB, in order to avoid potential 
geographic miss (i.e. DEB should extend a minimum of 5 mm proximal and distal of 
the pre-dilatation balloon) and excessive DEB overlap (to avoid double dose) in case 
of multiple DEB use for long lesions.16 Additional bailout stenting was performed in 
case of stent edge dissection or residual stenosis after balloon or DEB angioplasty. 
Acetylsalicylic acid was continued indefinitely after the procedure and clopidogrel was 
continued for 3 months. 

Follow-up and endpoints
All patients were scheduled to undergo clinical and angiographic follow-up at 6 months. 
In case an event occurred, detailed review of the hospital files was performed. The main 
endpoints of this study were several OCT and FFR parameters (table 3). Secondary 
endpoints included: angiographic, device and procedural success, angiographic 
measures and clinical outcomes according to the Academic Research Consortium 
criteria.17 Angiographic success was defined as achievement of final residual stenosis 
<30% (by visual estimate) and TIMI 3 flow, using any percutaneous method. Device 
success was defined as angiographic success using the DEB device. Procedural success 
was defined as angiographic success without the occurrence of in-hospital major 
adverse cardiac events. All outcomes were adjudicated by a clinical events committee.
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Quantitative Coronary Angiography, Optical Coherence Tomography 
and Fractional Flow Reserve
Quantitative coronary angiography (QCA) was performed according to standard 
procedures,10, 18 using dedicated software (CAAS 5.9.1 research edition, Pie Medical 
Imaging, Maastricht, Netherlands). Images were analyzed by an independent operator. 
In the pre-, post-procedure and follow-up images, the stent(s) and additional 5 mm 
proximal and distal to the stent(s) edges were analyzed. Minimal luminal diameter and 
lesion length were directly measured by the QCA software, while reference vessel 
diameter was estimated by an interpolation method, and percent diameter stenosis 
was subsequently computed. Binary restenosis was defined as a diameter stenosis 
≥50% at angiographic follow-up. Late-luminal loss was defined as the difference in 
minimal luminal diameter between post-procedure and follow-up images in the same 
segment (proximal to the stent, in-stent, distal to the stent, in-segment).

Patients enrolled in the study underwent pre-, post-procedure, and 6-month OCT. 
The time-domain or frequency-domain OCT systems (M3 LightLab Imaging, MA, USA 
or C7XR, St Jude Medical, MA, USA, respectively) were used. All images were analyzed 
by an independent operator. Optical coherence tomography imaging of the target 
lesion was obtained after 200 µg intracoronary nitroglycerin and OCT pullback images 
were acquired during continuous infusion of contrast from the guiding catheter, by 
means of a controlled injection (2-4 ml/s contrast with 200-300 psi, depending on the 
coronary assessed), as previously described.19-21 Images were acquired with automated 
pullback-speeds of 2 mm/s (M3), or 20 mm/s (C7XR) with a frame rate of 20 fps (M3) 
or 100 fps (C7XR). All cross-sectional images (frames) were initially screened for quality 
assessment and excluded if: any portion of the stent was out of the screen, images were 
not analyzable due to a side branch, or images had poor quality caused by residual 
blood, artifacts, or reverberation.22 A dedicated semi-automated contour-detection 
system (Curad BV, Amsterdam, The Netherlands) was used. Images were visualized in 
cross-sections and in longitudinal views and both types of representation were used 
for analysis. Two contours were automatically delineated: the lumen contour (for each 
cross-sectional image) and the stent contour [every 2 cross-sectional images for the 
C7XR system and every 5 cross-sectional images for the M3 system, thus every 0.4 mm 
(C7XR), or 0.5 mm (M3 with 2 mm/s)]. For stent analysis, between frames an automated 
stent contour interpolation was performed. Manual corrections were applied if 
needed. Lumen, stent and neointimal hyperplasia diameters, areas and volumes were 
automatically calculated. Stent struts were semi-automatically classified as: covered 
embedded, covered protruding, uncovered apposed, and malapposed. Covered 
embedded struts were defined as covered by tissue and not otherwise interrupting 
the smooth lumen contour; covered protruding struts were defined as covered with 
tissue but extending into the lumen (however not >the stent strut thickness); uncovered 
apposed struts were defined by the same distance from the lumen border as covered 
protruding struts, however without the presence of tissue coverage; malapposed struts 
were defined as those not abutting the lumen border.23 The distance of each strut was 
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measured between the center of the stent strut and the lumen border. Depending 
on this distance (which was automatically measured) and the tissue coverage, stent 
struts were classified as covered embedded, covered protruding, uncovered apposed, 
and malapposed. For each stent initially implanted a different value for malapposition 
has been used depending on the individual strut thickness, which was preset in the 
software. Since the distance between the stent strut and lumen border was automatically 
calculated, and the malapposition distance for each stent was preset in the software, 
each stent strut was semi-automatically classified as malapposed. 

Fractional flow reserve was also performed before the procedure, directly after the 
procedure, and at 6-month follow-up. FFR was measured with a coronary pressure guidewire 
(Certus Pressure Wire, St. Jude Medical, St. Paul, Minnesota) at maximal hyperemia induced 
by intravenous adenosine, which was administered at a rate of 140 μg/Kg/min-1 through a 
central vein. The FFR wire was placed as distal as possible in the target vessel and FFR was 
assessed by means of a manual pullback in the distal part of the target vessel (“standard 
FFR”), just at the level of the distal stent edge and just at the level of the proximal stent 
edge (generating an “in-stent FFR gradient” as difference between these 2 values). Finally 
the FFR wire was retrieved at the level of the guiding catheter to achieve a FFR value of 
1.00 in order to assess the quality of the measurement performed.

Statistical analysis
Continuous variables are presented as means±standard deviations or medians 
[25th to 75th interquartile range]. Categorical variables are presented as counts and 
percentages. Continuous variables were compared between 2 groups using paired 
t-test or Wilcoxon signed-rank test, as appropriate. Categorical variables were 
compared using chi-square or Fischer’s exact tests, as appropriate. A 2-tailed p-value 
of 0.05 was considered statistically significant.

ResULts

Patient and procedural characteristics
Overall, 25 patients were included and underwent PCI for stable or unstable anginal 
complaints according to the protocol between August 2009 and May 2011. Baseline 
clinical characteristics are shown in Table 1. Procedural and angiographic characteristics 
are shown in tables 2 and 3. Angiographic and procedural successes were achieved in all 
patients. Device success was achieved in 23 (92%) of patients: in one patient an additional 
stent was placed due to a dissection at the proximal edge of the old stent and in another 
patient an additional stent was implanted because of a residual significant stenosis before 
the proximal edge of the old stent. Both resulted in a good angiographic result.

Angiographic follow-up and adverse events at 6 months
The QCA data are presented in table 3. Two patients refused to undergo angiographic 
control due to lack of symptoms. In-stent and in-segment late-luminal loss were 
0.01±0.43 and -0.03±0.43 mm respectively. At follow-up four patients (16%) had 
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angiographic binary restenosis, of which two (8%) had target lesion revascularization 
(TLR). The two patients with a TLR were a 65 year-old female and a 76 year-old male. 
The first patient had a diffuse DES restenosis as baseline lesion, which was treated 
successfully with DEB. At 6-month follow-up a diffuse recurrent restenosis with a 
positive FFR was detected and a clinically driven TLR was performed with two limus 
DES. The second patient was diabetic; his baseline lesion was a diffuse restenosis of a 
BMS, treated successfully with DEB. At 6-month follow-up a recurrent diffuse restenosis 
with a positive FFR was detected and the lesion was treated with implantation of a 
DES. Concerning the other 2 patients with binary restenosis and without TLR, one 
had a 60% focal in-stent diameter stenosis as measured by QCA, already present at 
baseline (at the distal end of the previously implanted stent), not treated with DEB and 
unchanged at follow up. Both after treatment and at follow up the FFR over this lesion 

Table 1. Baseline characteristics of the patients and lesions.

N=25

Age (years) 65.3±9.69

Male gender 17 (68)

Risk factors

   Diabetes mellitus 6 (24)

   Hyperlipidemia 7 (28)

   Current or previous smoker 14 (56)

   Hypertension 14 (56)

   Family history of cardiovascular disease 12 (48)

Previous myocardial infarction 14 (56)

Previous coronary bypass surgery 3 (12)

Target vessel

   Left anterior descending artery/diagonal 12 (48)

   Ramus circumflex artery/obtuse marginal 3 (12)

   Right coronary artery 10 (40)

Stent type previous implanted stent

   Bare-metal stent 22 (88)

   Drug-eluting stent 3 (12)

Pattern of in-stent restenosis*

   Ic 5 (20)

   Id 0

   II 15 (60)

   III 3 (12)

   IV 2 (8)

All values are mean±standard deviation, or n (%).*Following 
Mehran classification.
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was negative. The other patient was diabetic and had a 53% in-stent diameter stenosis 
as measured by QCA, with negative FFR. Considering the patients had no complaints, 
with a negative FFR, no TLR was performed in both patients.

Optical coherence tomography and fractional flow reserve
In 4 patients pre-procedure OCT images were not available due to incapability 
to cross the lesion with the OCT catheter. In 2 patients both pre-procedure and 

Table 2. Baseline characteristics of the procedures.

N=25

Baseline implanted stent diameter, mm 3.01±0.47

2.50 mm 5 (20)

2.75 mm 5 (20)

3.00 mm 10 (40)

3.50 mm 5 (20)

Baseline implanted stent length, mm 28.6±13.3

Predilatation with standard balloon 24 (96)

Predilatation balloon diameter, mm 2.92±0.35

Predilatation balloon length, mm 20.7±7.88

Predilatation pressure, atm 14.2±5.0

Number of DEB used per lesion 1.24±0.44

   1 19 (76)

   2 6 (24)

DEB diameter, mm 3.11±0.30

2.50 mm 1 (4.0)

2.75 mm 3 (12)

3.00 mm 13 (52)

3.50 mm 8 (32)

DEB length, mm 32.4±12.0

DEB pressure, atm 11.3±2.97

DEB inflation time, s 52.0±13.2

Number of patients with additional stent 2 (8)

Postdilatation with standard balloon 1 (4.0)

Maximum balloon diameter to baseline stent diameter ratio 1.07±0.09

Angiographic success 25 (100)

Device success 23 (92)

Procedural success 25 (100)

All values are mean±standard deviation or n (%). 
DEB: drug-eluting balloon
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Table 3. Quantitative coronary angiography, functional measurements, and clinical events

Pre-procedure N=25

Reference vessel diameter, mm 2.35±0.46

Minimal luminal diameter, mm 0.58±0.38

Diameter stenosis, % 75.3±16.1

Lesion length, mm 26.4±12.6

Fractional flow reserve N=22

   Distal target vessel 0.54±0.15

   Distal of the stent 0.58±0.17

   Proximal of the stent 0.96±0.07

   In-stent gradient 0.37±0.18

Post-procedure

Minimal luminal diameter, mm 1.83±0.47

Diameter stenosis, % 27.5±15.9

Acute gain, mm 1.26±0.61

Residual binary restenosis, n (%) 2 (8)

Fractional flow reserve N= 25

   Distal target vessel 0.87±0.08

   Distal of the stent 0.92±0.05

   Proximal of the stent 0.97±0.03

   In-stent gradient 0.06±0.04

Follow-up N=23

Minimal luminal diameter, mm 1.83±0.62

Diameter stenosis, % 26.0±18.3

   In-stent 0.01±0.43

   In-segment -0.03±0.43

Binary restenosis in-stent, n (%) 4 (16)

Binary restenosis in-segment, n (%) 4 (16)

Fractional flow reserve N= 23

   Distal target vessel 0.86±0.11

   Distal of the stent 0.92±0.07

   Proximal of the stent 0.96±0.05

   In-stent gradient 0.05±0.05

Clinical events at 6-month follow-up N=25

Cardiac death 0

Myocardial infarction 0

Target lesion revascularization 2

Stent thrombosis 0

All values are mean±standard deviation or n (%).
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post-procedure OCT data were not available, in one case because of poor image 
quality, and in the other due to technical issues with the OCT catheter (impossible 
acquisition of images). In three patients OCT data at follow-up were not available. 
Two patients refused angiographic follow-up (see above), and in one patient the OCT 
images were of poor quality.

In 3 patients pre-procedure FFR was not done due to impossible passage of 
the lesion with the FFR wire. Post-procedure FFR was performed in all patients. At 
follow up only the 2 patients without angiographic follow up had no FFR data. No 

Table 4. Optical coherence tomography analysis. 

Pre Post FU

Cross-section analyses N=19 N=23 N=22

Stent length analyzed 22.0 [15.4-35.7] 21.8 [15.6-32.0] 22.4 [18.1-32.8]

Minimal mean lumen diameter, mm 1.16 [1.04-1.33] 1.97 [1.83-2.16] 2.04 [1.72-2.24]

Minimal mean stent diameter, mm 2.49 [2.34-2.82] 2.83 [2.58-3.17] 2.91 [2.41-3.22]

Minimal lumen area, mm2 1.30 [0.93-1.81] 4.69 [3.01-5.38] 4.04 [3.07-6.03]

Minimal stent area, mm2 5.42 [4.44-7.14] 8.18 [7.50-9.15] 7.74 [5.29-9.75]

Maximum neointimal area, mm2 6.15 [5.10-7.58] 4.93 [4.01-5.37] 4.47 [3.71-5.05]

Neointimal area stenosis, % 53.0 [43.7-58.9] 33.5 [30.3-36.8] 31.6 [24.9-37.5]

Maximum neointimal area, % 82.8 [73.6-85.9] 48.3 [43.1-50.8] 47.7 [37.3-60.7]

Lumen volume, mm3 77.4 [60.5-129.1] 148 [91.2-171] 157 [93.8-195]

Stent volume, mm3 176 [124-217] 222 [152-257] 242 [162-263]

Neointimal volume, mm3 87.4 [69.4-102] 74.8 [53.9-91.0] 61.7 [45.2-87.6]

Malapposition volume, mm3 0 [0-0.20] 0.23 [0.06-0.73] 0.40 [0.11-1.19]

Lumen symmetry* 0.74 [0.71-0.79] 0.68 [0.59-0.72] 0.73 [0.68-0.77]

Stent symmetry* 0.74 [0.66-0.81] 0.84 [0.81-0.87] 0.86 [0.82-0.88]

Strut analyses

Total no. struts analyzed 8094 7676 8525

Covered embedded struts, per 
lesion, % 100 [97.7-100] 97.2 [92.4-98.9] 97.7 [93.6-99.4]

Covered protruding struts per 
lesion, % 0 [0-1.14] 0.46 [0-1.03] 0.67 [0-1.70]

Uncovered struts per lesion, % 0 [0-0.49] 1.85 [0.56-6.67] 0.91 [0-3.09]

Malapposed struts per lesion, % 0 [0-0.16] 0 [0-0.22] 0.17 [0-1.19]

covered struts overall (embedded 
and protruding) per lesion, % 100 [99.3-100] 98.1 [92.4-98.9] 98.7 [96.5-99.8]

uncovered struts overall (uncovered 
embedded and malapposed) per 
lesion, %

0 [0-0.66] 1.85 [1.07-7.58] 1.28 [0.17-3.52]

All values are median and 25th-75th interquartile range.
* Lumen symmetry lies between 0 and 1. A value of 1 means fully symmetric, with less 
symmetry with a decreasing value. 
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complications occurred related to these procedures. A comprehensive overview of the 
OCT and FFR results are presented in tables 3-6.

Optical coherence tomography-based lumen and stent volumes increased between 
pre- and post-procedure, and lumen volume tended to increase further at 6 months, 
meanwhile stent volume stabilized. Neointimal volume decreased between pre- and 
post-procedure, and tended to further decrease at 6-month follow-up (table 6).

Pre-procedure stent strut analysis showed minimal uncovered or malapposed 
struts mainly located at the edges of the stent, while there were few uncovered or 
malapposed stent struts visible directly after the procedure and at follow-up, without 
differences in the two time points of acquisition.

Functionally, in-stent FFR-gradient decreased after the procedure, and tended to 
further decrease between post-procedure and follow-up.

In all post-procedure OCT-images dissections were seen through the DEB dilated 
segment, mainly located where the baseline lesion was most severe. These dissections 
were not visible on angiographic images and were not treated as the angiographic 
result was satisfactory (figures 1 and 2). All these dissections were completely 
healed at follow up with restoration of a near circular lumen surface inside the stent. 
Lumen symmetry was used as surrogate measure for these dissections, in order to 
quantify them. Lumen symmetry was significantly lower directly after the procedure 
as compared to pre-procedure and follow-up, while this was similar between pre-
procedure and follow-up (table 5). 

DIsCUssIon
This prospective observational study shows that a strategy of balloon dilatation and 
paclitaxel elution with DEB for in-stent restenotic lesions restores and maintains coronary 
blood flow by means of an acute mechanical effect and a delayed pharmacological 
effect. Specifically, the mechanical balloon dilatation causes an increase in the volume 
of the old stent, with concomitant compression and dissection of the neointimal tissue. 
These phenomena lead to an absolute increase in minimal lumen area to a value 
that does not generate ischemia anymore. The pharmacological effect of paclitaxel 
maintains coronary patency at follow-up, with a further trend towards decrease in 
neointimal hyperplasia volume, leading to a non-significant increase in lumen volume. 
Despite this drug-effect, no significant difference in uncovered or malapposed stent 
struts is noted with overall satisfactory stent strut coverage at follow up.

Interestingly in the post-procedure OCT acquisitions the in-stent restenotic 
segment treated with DEB showed extensive dissections of the neointimal tissue. 
These dissections were not treated as the angiographic result was satisfactory. All 
these dissections were completely healed at follow up with restoration of a near 
circular lumen surface inside the stent.

Considering the neointimal decrease between pre-, and post-procedure, this 
effect is attributable to a direct mechanical effect of the predilatation balloon and the 
DEB itself. This results in extra expansion of the restenotic stent and in compression 
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Figure 1. Pre-PCI, post-PCI, and follow-up angiographic images coupled to corresponding OCT 
images. Optical coherence tomography images were captured in corresponding segments (i.e. same 
OCT segment is depicted between pre-PCI, post-PCI, and follow-up) by means of a synchronization 
tool in the software. A. Pre-PCI angiographic image shows a focal ISR, with the corresponding 
in-stent OCT image; B. After the procedure coronary flow is restored due to a mechanical effect. 
The OCT image demonstrates dissection of the neointimal plaque; C. At follow-up the coronary 
lumen increases further due to the drug effect. Dissections as seen with OCT have been restored, 
with a smooth endothelial coverage of stent struts, with minimal neointimal plaque.

Figure 2. A. Pre-PCI angiographic image shows a diffuse ISR, with the corresponding in-stent 
OCT image; B. After the procedure coronary flow is restored due to a mechanical effect. The 
OCT image demonstrates a large stent edge dissection of the neointimal plaque, remarkably this 
is not seen on the angiographic images; C. At follow-up the coronary lumen stabilizes due to the 
drug effect. Dissections as seen with OCT have been restored, with minimal neointimal plaque.
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of the neointimal volume (achieved also by means of several dissections as evident by 
OCT), causing stent and lumen increase. Interestingly, the neointimal volume tends 
to decrease beyond the intervention, as assessed at follow-up, and this is most likely 
caused by a drug effect. In experimental animal studies it has been demonstrated that 
paclitaxel causes apoptosis and necrosis of endothelial and smooth muscle cells.24 
Thus it is possible that our findings of a regression of neointimal volume with time 
may be caused by similar cytotoxic mechanisms: apoptosis and necrosis of neointimal 
tissue. However it is also possible that the healing process of the neointimal dissections 
caused by the acute balloon trauma can lead with time to a cicatricial shrinkage of the 
neointimal tissue, without additional recurrent proliferation because of the cytostatic 
activity of paclitaxel.25 Although neointimal volume decreases, there is still a high 
percentage of strut coverage. This suggest a proper drug transfer deeper in the 
neointimal tissue, towards the smooth muscle cells. 

This may be due to the formula used on this DEB, paclitaxel in combination with a 
hydrophilic excipient. This excipient is added in order to increase the drug transfer over 
the vessel wall surface to the smooth muscle cells. Proper drug delivery to the smooth 
muscle cells is imperative in order to reduce restenosis, but as this study suggest, this is 
also important to prevent endothelial toxicity. A previous study, by our group, assessed 
the effects of another DEB without a similar hydrophilic excipient. An important finding 
in that study is an insufficient reduction of neointimal hyperplasia, however, with a 
higher percentage of uncovered and malapposed struts than reported in the current 
study.26 Those findings suggest a superficial (toxic) effect of paclitaxel on the endothelial 
cells, instead of inhibiting the deeper laid smooth muscle cell proliferation. In line with 
our current findings, this suggests the importance of adequate delivery of paclitaxel 
to the smooth muscle cells in order to reduce the restenotic process and at the same 
time preventing endothelial toxicity. A good endothelial coverage without excessive 

Table 6. Percentage change in coupled patients.

Pre-Post Pre-FU Post-FU

Quantitative coronary angiography N= 17 N= 17 N= 17

Minimal lumen diameter change, % 213 [90.0-604] 206 [124-509] 6.98 [-5.55-16.8]

Diameter stenosis change, % -66.2 [-77.4- -51.2] -67.2 [-81.5- -48.9] -6.25 [-51.9-46.8]

Optical coherence tomography

Minimal lumen area change, % 278 [140-360] 246 [99.7-391] 4.37 [-22.6-26.5]

Lumen volume change, % 75.1 [43.7-115] 71.8 [44.6-117] 8.0 [-14.0-25.8]

Stent volume change, % 23.7 [15.5-40.0] 21.3 [10.2-41.3] -1.2 [-6.87-5.89]

Neointimal volume change, % -14.4 [-29.2- -9.46] -27.8 [-49.1- -2.69] -15.8 [-38.1-28.3]

Fractional flow reserve N=16 N=16 N=16

FFR stent gradient change, % -86.5 [-92.6- -65.1] -86.5 [-92.8- -77.2] -8.33 [-48.9-49.1]

All values are median and 25th-75th interquartile range.
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neointimal proliferation might well underscore a potential long term beneficial effect in 
reducing late stent thrombosis without an increase in revascularization rates.

Study limitations
Several limitations may be recognized. Selection bias may have occurred in individual 
cases. Besides, a proportion of patients were not included due to an acute intervention. 
Due to the acute setting of these interventions, it was not possible to obtain informed 
consent for the study. Hence, these patients were excluded a priori. Second, although 
clinical and angiographic outcomes are promising, the nature of this registry does not allow 
for comparison with a reference technique. Yet, this registry strengthens findings in other 
DEB studies. Finally, the number of patients included is low. However, in this study very 
sensitive techniques have been used which allows the accurate assessment of the acute 
and mid-term mechanisms involved in restoring and maintaining coronary blood flow. 

ConCLUsIon
Drug-eluting balloons restore coronary blood flow by means of an acute mechanical 
effect, causing an increase in lumen and stent volumes and compression of neointimal 
hyperplasia (with intra-stent dissections). Coronary patency persists and improves 
at follow-up due to a sustained drug effect, with further increase in lumen volume, 
decrease in neointimal volume and complete sealing of neointimal dissections. An 
effective sustained drug effect seems to be caused by an appropriate distribution 
of paclitaxel into the vessel wall due to the formula combining paclitaxel with a 
hydrophilic excipient.
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ABstRACt
Aim: To assess the safety and efficacy of the second generation DIOR paclitaxel 
drug-eluting balloon (DEB) for in-stent restenosis in a real world setting in a 
prospective single-arm registry with 8-month clinical outcomes.

Methods & Results: In this “real world”, international prospective registry, 
patients with in-stent restenosis (bare-metal stent and drug-eluting stent) were 
enrolled- in a unique study design- with a one week enrolment period, spread 
over 104 centres worldwide. Patients underwent predilatation with a regular 
balloon, with subsequent DEB inflation in the target lesion. Additional stenting 
of the target lesion was left to the operators discretion in case of suboptimal 
angiographic success (timi flow <3 and/or residual stenosis >30%). The primary 
endpoint was 6-9-month major adverse cardiac events (mace: all cause death, 
myocardial infarction, and target vessel revascularisation (including target lesion 
revascularisation). A total of 250 evaluable patients were enrolled in a large web-
based clinical research form and treated with the second generation DIOR DEB. 
Of these, 244 had 6-9 month clinical follow-up, with a mean follow-up time of 
7.5 Months. The cumulative MACE rate at follow-up was 11.1%, With 3 (1.2%) 
Cardiac deaths, 1 (0.4%) Noncardiac death, 5 (2.0%) Myocardial infarctions of 
which 2 (0.8%) Periprocedural, 21 (8.6%) Target vessel revascularisations, of 
which 18 (7.4%) Target lesion revascularisations. 

Conclusions: In-stent restenosis treatment with the second generation DIOR 
DEB is safe and feasible, with high angiographic success and low target lesion 
revascularisation and overall MACE rates. Moreover this new and unique method 
of high speed and short duration multi-centre study enrolment was very successful. 
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IntRoDUCtIon
With the introduction of drug-eluting stents (DES) the treatment of bare-metal stent 
(BMS) in-stent restenosis (ISR), improved significantly with respect to standard balloon 
angioplasty, with a clinical reduction of recurrent ISR and target lesion revascularisation 
rates.1-3 However, concerns about double metal layers and increased stent thrombosis 
rates have been raised in DES treated patients.4,5 Hence, prolonged (at least one 
year) dual-antiplatelet therapy (DAPT) is required with the use of DES. Moreover, stent 
for ISR-treatment causes multiple layers of metal (“double burger”) with increased 
stiffness of the vessel and limited repeatability of the procedure. Therefore, an 
alternative treatment strategy is warranted in order to replace the necessity of stent 
for ISR placement, combined with reduced DAPT. The use of a drug-eluting balloon 
(DEB) seems very promising. Preclinical and clinical data so far showed superior results 
for DEB in comparison to regular angioplasty balloon and also superior results with 
respect to a DES.6-8 However, all of these studies were relatively small and performed 
by one dedicated group with two different devices (SeQuent Please [B. Braun 
Melsungen AG, Berlin, Germany] and Paccocath® [Medrad Inc., Warrendale, PA, USA] 
an investigational device). The present study was performed with a different device, the 
second generation DIOR DEB (Eurocor GmbH, Bonn, Germany), in a large population 
of ISR patients treated in more than 100 hospitals worldwide. In this unique registry all 
patients were enrolled in just nine days, with a worldwide on-site monitoring.

MetHoDs
The Valentines I Trial is an international multicentre “real world” prospective registry, 
designed to assess the safety and efficacy of the second generation DIOR DEB, in 
patients treated for ISR. Four novelties were introduced: 1) a unique first of its kind 
call for investigators from all over the globe via CRTonline.org and PCRonline.com 
homepages, 2) no pre-selection of sites was performed, 3) rather than a predefined 
number of patients a predefined time frame for enrolment was determined (one 
week), 4) the study enrolment completion and subsequent first results were linked to 
a scientific congress, the CRT 2010 & 2011.9 The study was carried out in accordance 
with international healthcare guidelines, local laws and regulation. An electronic data 
capture system was designed and deployed and a data monitoring structure was 
organised to ensure that more than 50% of the data was verified. Baseline clinical and 
angiographic characteristics and in-hospital outcomes were entered into the electronic 
database within 28 days. Clinical followup was performed between six and nine months.

Patient selection
Patients were recruited in 104 centres from 26 countries around the globe between 
February 14th, 2010 (Valentine’s day) and February 23rd, 2010 (the last day of the CRT 
2011 congress). Included patients were older than 18 years of age, presenting with 
ISR (>50%) of a previously placed stent (DES or BMS). Eligible patients had stable or 
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unstable angina pectoris and/or documented ischaemia. All treated lesions were in 
native vessels, with a maximum of two lesions per patient. Exclusion criteria were life 
expectancy less than 12 months, acute myocardial infarction within the last 48 hours, 
lesion requiring additional stenting with either BMS or DES prior to the DEB treatment, 
previous therapeutic radiation to the target vessel, and patients who were unable to 
take DAPT for at least 3-month. Vessel size (diameter) was no exclusion criteria.

Drug-eluting balloon
The DEB used in this study was the second generation DIOR coronary angioplasty balloon 
catheter. This device is coated with 3 micrograms of paclitaxel per square millimeter of 
balloon surface using a shellac coating method with paclitaxel as active drug (available 
lengths: 15, 20, 25, and 30 mm; available diameters: 2.0, 2.25, 2.5, 2.75, 3.0, 3.5, 4.0 
mm). The un-inflated three folded balloon protects the drug from an early wash-off effect 
during insertion into the guiding catheter, during tracking in the coronary vasculature 
and during crossing of the lesion. The inflation time of the balloon has to be at least 30 
seconds (this time is halved with respect to the first generation DIOR DEB) in order to 
achieve adequate drug concentrations into the vessel wall.10 The first generation DIOR 
DEB had a roughened balloon surface, containing a crystalline coating. The currently 
available second generation DIOR has a coating consisting of a 1:1 mixture of paclitaxel 
with shellac applied to the balloon by a micro-pipetting procedure. Shellac is a natural 
coating layer. In the second generation DIOR DEB the hydrophilic shellac-network, once 
in contact with body tissues, swells and opens the structure for the pressure-induced fast 
release of paclitaxel on the inflated balloon. Due to this new shellac coating and higher 
loading dose, the advised inflation time in order to deliver the adequate amount of drug 
to the vessel tissue is 30-45 seconds in the second generation DIOR DEB instead of the 
previously prescribed 60 second (first generation DIOR DEB).17

Interventional procedure
All patients enrolled in the study were treated with acetylsalicylic acid (80-325 mg per 
day) and clopidogrel (300-600 mg loadingdose before the procedure, if needed, followed 
by 75 mg per day). Heparin was administered intravenously in order to maintain an 

Enrolled patients (N=276) 26 patients excluded:
Unanswered procedural 
and/or discharge queries 
(N=13)
Inclusion/exclusion criteria 
Protocol violations (N=13)

Included patients
(N=250)

Lost to follow-up 
(N=6)

8-month follow-up 
(n=244)

Figure 1. Enrolment of patients.
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activated clotting time ≥250 seconds during the procedure. Administration of glycoprotein 
IIb/IIIa inhibitors was left at the physician’s discretion. Acetylsalicylic acid was continued 
indefinitely after the procedure, and clopidogrel was continued for at least three months. 
After obtaining coronary angiograms, patients underwent regular balloon pre-dilatation of 
the lesion. Pre-dilatation with balloons with a diameter 0.7-0.8:1 balloon to original stent 
ratio and short length was advised. In case of good angiographic result (TIMI flow >III 
and residual stenosis < 30%) a DEB was inflated for at least 30 seconds in the stent 
with an overlap of at least 2 millimetres on each edge compared to the pre-dilatation 
balloon. The DEB-diameter was sized with a 1.0-1.1:1 DEB to original stent ratio. In case 
of haemodynamic or ischaemic instability multiple inflations were allowed in 2-3 inflation 
cycles of 15 seconds using the same DEB. Special care was taken to position each DEB, in 
order to avoid potential geographic miss (area treated by standard balloon but not covered 
by DEB). Additional stenting of the target lesion was left to the operators discretion in case 
of suboptimal angiographic success (TIMI flow <3 and/or residual stenosis >30%).

Follow-up and study endpoints
Clinical follow up was performed between six and nine months. The primary endpoint 
was the occurrence of major adverse cardiac event (MACE), defined as all cause 
death, myocardial infarction, and target vessel revascularisation. Definitions for stent 
thrombosis were according the Academic Research Consortium criteria.11 Spontaneous 
myocardial infarction was defined as any elevation of troponin (or other cardiac 
enzymes if troponin was lacking) combined with ischaemic chest pain. Periprocedural 
myocardial infarction was defined as an elevation of myocardial markers >3 times the 
upper limit of normal (depending on the hospital, it could be troponin or creatine 
kinase-MB or creatine kinase). Relationship of the myocardial infarction to the target 
vessel was based on electrocardiographic changes. Target vessel revascularisation 
(TVR) was defined as any repeat percutaneous or surgical coronary intervention in 
any segment of the treated vessel. Target lesion revascularisation (TLR) was defined 
as any repeat percutaneous or surgical coronary intervention due to a restenosis in 
the treated segment (including the whole DEB treated segment plus 5 mm proximal 
and distal of the treated segment). Angiographic success was defined as achievement 
of TIMI 3 flow and final residual stenosis <30%, after using the DEB device. Adverse 
outcomes were adjudicated by an independent clinical events committee.

Statistical analysis
Given the design of the study, only descriptive statistics are presented. Continuous 
variables are presented as means ±standard deviations, categorical variables are presented 
as counts and percentages. The diabetic sub-study presented in the results section was 
not pre-specified, but rather performed as a post hoc analysis for descriptive purposes.
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ResULts

Patient and procedural characteristics
A total of 276 patients with suitable ISR lesions were both screened and treated with 
a DEB between the 14th and the 23rd of February 2010 (Figure 1). Of the initial 276 
enrolled patients, 26 were excluded because of: violation of inclusion/exclusion criteria 
(13 patients), and unanswered procedural and/or discharge queries (13 patients). 
In the end 250 evaluable patients and treated according to protocol were enrolled 
in the database. Baseline clinical characteristics are shown in Table 1. Procedural 
characteristics are shown in Table 2.

In-hospital adverse events
Angiographic success was reached in 256 of 265 treated lesions (96.6%). A total of 2 
(0.8%) periprocedural myocardial infarctions occurred during the initial hospitalisation. 
In the first patient minor elevations of cardiac markers occurred due to occlusion of 
septal branches, no additional treatment was required. The second patient had a 
myocardial infarction in the target lesion, for which a re-PCI was performed. This TLR 
was not reported as a stent thrombosis by the operators, but due to a flow limiting 
dissection, not seen during the index procedure.

Adverse events between 
discharge and follow-up
The clinical events are shown in 
Table 3. Follow-up between six 
and nine months was available 
in 244 patients (97.6%). After 
discharge one non-cardiac death 
(0.4%) due to a hepatic carcinoma 
and three cardiac deaths (1.2%) 
were recorded. The three cardiac 
deaths were at 10, 11 and 20 
weeks of follow-up. The first and 
second patient had a myocardial 
infarction, and consequently died. 
Unfortunately, no further details 
were recovered. However, both 
were defined as possible stent 
thrombosis according to ARC. 
The third patient had a myocardial 
infarction of a non-target vessel, 
for which he underwent primary 
PCI. Nevertheless, the patient 
died during the interventional 

Table 1. Baseline characteristics.

Variable N=250

Age (years) 61.7±10.1

Male gender 77.2%

Left ventricular ejection fraction (%) 52.7±12.5

Stable angina pectoris 56.8%

Unstable angina pectoris 32.8%

Risk factors

Diabetes mellitus 31.6%

Hyperlipidaemia 60.4%

Smoking (current or previous) 23.2%

Hypertension 80.4%

Renal insufficiency 7.2%

Previous myocardial infarction 46.4%

Previous coronary bypass surgery 9.6%

Target lesion

Left anterior descending 50.2%

Circumflex 24.5%

Right coronary artery 25.3%

Number of lesion per patient 1.1±0.3

All values are mean±standard deviation or n (%).
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Table 2. Procedural characteristics.

Variable Lesions=265

Diameter stenosis,% 81±14

Pattern of restenosis

Focal 21.1%

Diffuse 62.5%

Proliferative  3.9%

Occlusive or multifocal 12.5%

Restenosed stent

Drug-eluting stent 86 (32.4%)

Bare metal stent 168 (63.4%)

Covered stent  1 (0.4%)

Unknown 10 (3.8%)

Drug-eluting balloons per patient 1.1±0.3

Drug-eluting balloon diameter (mm) 3.0±0.4

Drug-eluting balloon length (mm) 24±9.1

Drug-eluting balloon pressure (atm) 12.7±3.7

Total balloon inflation time (s) 66.7±38.8

Bailout stenting (per lesion) 13 (4.9%)

Glycoprotein IIb/IIIa 15 (6.0%)

Angiographic success (per lesion) 256 (96.6%)

All values are mean±standard deviation or n (%). 
Quantitative assessment by visual estimate.

procedure. In two (0.8%) patients a late definite stent thrombosis occurred, at 11 
and 12 weeks, respectively. Both patients underwent a successful re-PCI in the target 
lesion for this stent thrombosis. A further 16, resulting in a total of 18 clinically driven 
TLR (7.4%) and three clinically driven TVR-non-TLR (1.2%) were performed. Of these 
TVR-non-TLR, two were by PCI (0.8%) and one by CABG (0.4%). Finally a total of seven 
non-TVR (2.9%) were performed, of which one CABG (0.4%) and six PCI (2.5%). The 
cumulative MACE rate at 8-month follow-up was 11.1%. 

Adverse events in the bare-metal stent and drug-eluting stent groups
In 10 of the 250 available patients at baseline the originally implanted stent was 
unknown or a covered stent. Of the remaining 240 patients the originally implanted 
stents were BMS in 157 (62.8%) patients and DES in 83 patients (33.2%), counting 168 
and 86 lesions in the BMS and DES groups, respectively. The TLR were eight (5.1%) in 
the BMS group and nine (10.8%) in the DES group, and in one the originally implanted 
stent was unknown. For TVR non-TLR this was two (1.2%) and one (1.2%), respectively. 
Two (1.2%) myocardial infarctions were recorded in the BMS group and one (1.2%) in 
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the DES group. Definite stent thrombosis occurred in two patients, one in the BMS 
group, one (1.2%) in the DES group, and in another, the originally implanted stent 
was unknown. Finally there were two (1.2%) cardiac deaths in the BMS group and one 
(1.2%) in the DES group. 

Adverse events in diabetics and non-diabetics
At 8-months, 78 patients with diabetes mellitus (DM) and 166 patients without (non) 
diabetes mellitus (NDM) were followed-up. In both groups, nine TLR were recorded 
(11.5% and 5.4% in DM and NDM groups, respectively). Furthermore, three (1.8%) 
TVRnon- TLR, three (1.8%) myocardial infarctions, two (1.2%) definite stent thrombosis, 
three cardiac deaths (1.8%), and one (0.6%) noncardiac death were recorded in the 
NDM group. In the DM group no additional MACE was recorded next to the TLR. 
In both groups the left anterior descending artery was most often the culprit lesion. 
Considering the lesion types, in the DM group the lesion types were numerically more 
often diffuse than in the NDM group (47.4% versus 37.4%). 

Table 3. Clinical events.

Variable N=244

In-hospital

Non-cardiac death 0

Cardiac death 0

Myocardial infarction 2 (0.8%)

Target lesion revascularaisation 1 (0.4%)

Stent thrombosis 0

Major adverse cardiac events 2 (0.8%)

Between discharge and 8-month follow-up

Non-cardiac death 1 (0.4%)

Cardiac death  3 (1.2%)

Myocardial infarction  3 (1.2%)

Target vessel revascularisation 21 (8.6%)

Target lesion revascularisation 18 (7.4%)

Definite stent thrombosis 2 (0.8%)

Probable stent thrombosis 0

Possible stent thrombosis 2 (0.8%)

Non target vessel revascularisation 7 (2.9%)

Cumulative major adverse cardiac events* 27 (11.1%)

All values are n (%); *In-hospital and 8-month follow-up 
combined.
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DIsCUssIon
The main findings of the Valentines I Trial registry were: 1, high acute angiographic 
success; 2, low overall MACE rate at followup; 3, low clinical TVR rate at follow-up; 
4, results suggesting clinical safety in a “real world” ISR population (i.e., treatment of 
BMS and DES restenosis); 5, successful multicentre, worldwidebased, study enrolment 
and completion in a very short time frame. Previous small randomised studies showed 
superior results for DEB when compared to a normal angioplasty balloon and a DES for 
the treatment of BMS ISR.7,8 The DEB used in these studies was either the Paccocath 
(investigational device) or the SeQuent Please. The SeQuent Please showed better 
results than the first generation DIOR DEB in one animal study.13 It is believed that the 
pharmacokinetics and bioavailability of the first generation DIOR was not sufficient to 
successfully inhibit the restenotic process within the prescribed 60 seconds inflation 
time.14 The Valentines I Trial registry is the first study using exclusively the second 
generation DIOR DEB. This second generation DIOR DEB has a delivery dose of 
paclitaxel up to 100 times higher than the first generation DIOR DEB, and around the 
same delivery dose of the SeQuent Please DEB.10,15 Hence, this all-comer study gives 
us insight on the effect of higher delivery dose DEB.14 This study showed in terms of 
absolute numbers at least similar clinical results in ISR as the first published studies 
with a Paccocath or SeQuent Please DEB.6,7 However, a 1-to-1 comparison between 
these studies is difficult, as this study did not use stringent exclusion criteria as used in 
randomised trials. This is reflected by worse prognostic baseline patient characteristics 
in this study, such as a high rate of diabetics (>30%), patients with renal insufficiency 
(>7%) and patients with long diffuse ISR lesions (>60%). When comparing BMS-ISR 
vs. DES-ISR, the clinical outcomes seem to be better in the originally BMS treated 
patients, with figures suggesting lower revascularisation rates in the BMS restenosis 
treated patients. However, baseline patient characteristics in the DES group were less 
favourable than the BMS group (e.g., diabetes mellitus 39.8% vs. 28.0% and previous 
CABG 14.5% vs. 7.0% in the DES and BMS groups, respectively). Nevertheless, DEB 
treatment yielded good results in both initially DES and BMS treated patients. Results 
for DEB treatment in diabetics and non-diabetics suggest no additional safety hazard 
for diabetics. However, there is a trend towards a higher TLR rate in patients with 
diabetes mellitus. Nevertheless, it has been shown that restenosis rates in diabetics 
remain higher than in non-diabetics. Hence, the current findings are in line with these 
earlier results.16,17 Furthermore, it is interesting that a cross-over rate from DEB to stent 
was just <5% in the present study. This number is comparable to the cross-over rate 
in the Pepcad-II (9.1%) and much lower than the PICCOLETO.6,14 Several factors may 
explain the lower crossover rate when compared to the PICCOLETO study: 1, The 
PICCOLETO studied small vessel disease, instead of ISR like the Pepcad-II and the 
present study. The likelihood of accepting suboptimal angiographic results in small-
de novo lesions is very low, while much higher for ISR. 2, In the PICCOLETO study, 
only 28 patients were in the DEB arm, thus each individual patient that crossed-over 
to the stent arm had a higher impact in percentages. Finally, the Valentines I Trial 
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was the first study using a new and unique study design. Instead of enrolling large 
number of patients at a few, usually high-skilled centres, small numbers of patients 
in 104 centres across the globe were included in this study. And rather than setting a 
predefined number of enrolments, a strict enrolment time was chosen. There was no 
selection of sites, investigators volunteered and were approved to participate after 
completing an on-line web survey. This is probably a better “real world” reflection of 
patients presenting with ISR by minimising bias due to treatment by few but highly 
skilled operators and high enrolment rates per centre. On-site data monitoring during 
study follow-up was performed in 56% of cases, which is high compared to other large 
multicentre registries.

ConCLUsIon
Treatment of ISR with the second generation DIOR DEB is feasible and safe with high 
angiographic success and low target lesion revascularisation and overall MACE rates 
at mid-term follow-up. Moreover this new and unique method of high speed and 
short duration multicentre study enrolment was very successful. This registry showed 
a marked increase in efficiency with a previously defined time period for enrolment 
but also outcomes. This may potentially increase data generation and enhance 
implementation of new findings in clinical practice. Hence, it will be interesting to see 
to what extent the Valentines I Trial will impact future studies.

stUDy LIMItAtIons
All limitations as accounted for other registries also apply to this registry. Although in 
principle almost all patients with ISR should have been enrolled in this registry, selection 
bias may have occurred in individual cases. Second, although clinical outcomes are 
very good, the nature of this registry does not allow for 1-to-1 comparison with a 
reference technique. Third, no angiographic corelab analysis was performed on index 
interventions. Fourth, the effect of including very limited number of patients per centre 
is unknown, hence, validation of this newly explored enrolment technique needs 
still to be taken into consideration. Fifth, cardiac enzymes were not systematically 
obtained. Finally, when patients were free of complaints, angiographic follow-up was 
not mandatory, which could lead to an underestimation of (silent-) re-occlusions. 

soURCes of fUnDInG
Eurocor supported all centres by providing DIOR DEB devices and providing on-site 
data monitoring. Moreover, data verification was performed by Eurocor. Furthermore, 
web-based data collection and data analysis was performed by MedStar Health 
Research Institute (Washington D.C, USA).
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ABstRACt
Aim: Percutaneous treatment of coronary bifurcation lesions remains hampered 
by suboptimal results, mainly in the side branch (SB), even with the use of 
drug-eluting stents (DES). Paclitaxel drug-eluting balloons (DEB) could provide 
an attractive alternative to treat bifurcations in combination with a provisional 
T-stenting technique in order to minimize SB restenosis. We compared 
angiographic and clinical outcomes of a provisional T-stenting technique with a 
DEB plus bare metal stent (BMS) versus BMS versus paclitaxel DES.

Methods & Results: In this randomized, international, multicenter, single-blinded 
3-arm study, 117 patients with coronary bifurcation lesions underwent treatment 
with: A) DEB in both main branch (MB) and SB and BMS in MB; B) BMS in MB 
and regular balloon angioplasty in SB; or C) paclitaxel DES in MB and regular 
balloon in SB. All patients underwent provisional T-stenting with an identical 
stent platform in the MB. Paclitaxel was the drug for elution in groups A and C. 
The primary endpoint was 6-month angiographic late luminal loss. Secondary 
end points were 6-month binary restenosis and 12-month major adverse cardiac 
events (MACE: death, myocardial infarction, target vessel revascularization). The 
procedure was successful in all cases. Late luminal loss, measured respectively in 
the proximal MB, distal MB and SB was 0.58±0.65, 0.41±0.60, and 0.19±0.66 mm 
in group A; 0.60±0.65, 0.49±0.85, and 0.21±0.57 mm in group B; and 0.13±0.45, 
0.19±0.64, and 0.11±0.43 mm in group C (p=0.001). Binary restenosis rates per 
bifurcation and MACE rates were 24.2%, 28.6%, and 15% (p=0.45) and 20%, 
29.7%, and 17.5% (p=0.40) in groups A, B and C, respectively.

Conclusions: Pre-treatment of both MB and SB with DEB failed to show angiographic 
and clinical superiority over conventional BMS, using a provisional T-stenting 
technique. Moreover DES showed superior angiographic results than DEB and BMS. 

(ClinicalTrials.gov number, NCT00857441)

Funding to declare: unrestricted grant from EuroCor GmbH (Bonn,Germany)

Key Words: bifurcation; angioplasty; drug-eluting balloon; stent
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IntRoDUCtIon 
The use of drug-eluting stents (DES) has reduced restenosis after percutaneous 
coronary intervention (PCI) by mechanically preventing vessel wall recoil and late 
negative remodelling, and by pharmacologically inhibiting neo-intimal hyperplasia.1 

However, restenosis and stent thrombosis still remain drawbacks of DES, especially in 
complex lesions.2, 3 Among complex lesions, bifurcations, which account for 15-20% 
of all lesions treated percutaneously,4 remain hampered by technical difficulties, peri-
procedural complications and suboptimal long-term results, in spite of DES use and 
technical improvements.5 In particular, the outcomes related to the side branch (SB) 
appear to remain compromised. Since systematic stenting of both the main branch 
(MB) and the SB has never shown to improve outcomes compared to a provisional 
T-stenting technique,6 the latter remains the treatment of choice, despite considerable 
rates of SB restenosis and stent thrombosis.7-9

Recently, non-stent-based local anti-proliferative drug-delivery systems have been 
developed.10 Specifically, the paclitaxel drug-eluting balloon (DEB) has shown promising 
results.11 This DEB acts by releasing locally (during balloon inflation) a controlled dose of 
paclitaxel, homogeneously distributed to the entire injured vessel wall and not limited 
to only the contact surface area of the stent struts.3, 12 In bifurcation lesions, balloon 
dilatation of the SB with DEB during a provisional T-stenting strategy may reduce neo-
intimal hyperplasia, potentially leading to reduced SB restenosis. Such an approach 
could avoid additional metal scaffolding and thus respect the original anatomy of the 
bifurcation. Moreover another possible advantage of DEB is the reduction in duration 
of dual anti-platelet therapy (DAPT), due to the short presence of paclitaxel in the 
vessel wall (a few days) and to the absence of durable polymers. This hypothesis was 
first tested in a small pilot study with positive outcomes.13

Our randomized multicenter single-blind study aimed at assessing feasibility, 
efficacy and safety of pre-treatment of MB and SB with a first generation DEB in a 
provisional T-stenting technique with a bare metal stent (BMS), as compared with an 
identical technique using regular balloon angioplasty and BMS or DES.

MetHoDs
The Drug Eluting Balloon in BIfUrcations Trial (DEBIUT) is a randomized multicenter study, 
aimed at comparing a provisional T-stenting technique for coronary bifurcation lesions 
with pre-dilatation using DEB followed by BMS implantation (group A), versus standard 
pre-dilatation and BMS implantation (group B). A third arm with DES implantation was 
included in the randomization for observational purposes and to generate pilot data 
for future references (group C). In order to exclude confounding due to different stent 
designs, in all 3 arms an identical stent platform was used (Liberté, Boston Scientific, 
Natick, USA) and the same drug (paclitaxel) was compared in arms A and C.

The study, carried out according to the Declaration of Helsinki, was approved by 
the ethics committees of all 4 participating centers in the Netherlands, Belgium, and 
Germany, and signed informed consent was obtained from all patients.
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Patient Selection
Patients with stable or unstable angina pectoris (and documented ischemia) or silent 
ischemia and scheduled to undergo PCI for de novo coronary artery lesions (stenosis 
>50% and <100%) located at the level of a bifurcation with a MB diameter >2.5 mm 
and lesion length <32 mm and with a SB diameter >2 mm, were considered eligible. 
Side-branch disease was not considered as a pre-specified inclusion criteria. Exclusion 
criteria were left ventricular ejection fraction <30%; acute myocardial infarction (<72 
hours); left main disease; previous PCI in the target vessel; severe calcifications 
supposed to prevent an effective pre-dilatation with standard techniques; history of 
bleeding diathesis; cerebrovascular accident within the past 3 months; major surgery 
planned or required following the next 9 months; life expectancy <1 year; and 
untreatable allergy to contrast, paclitaxel and/or required anti-platelet medication.

Drug eluting balloon device
The DEB used in this study was the first generation DIOR-I (Eurocor GmbH, Bonn, 
Germany) coronary angioplasty balloon catheter. This device is coated with 3 
micrograms of paclitaxel per square millimeter of balloon surface using a crystalline 
coating method with paclitaxel and dimethylsulfoxide (available lengths: 15, 20, 25, 
and 30 mm; available diameters: 2.0, 2.25, 2.5, 2.75, 3.0, 3.5, 4.0 mm). The un-inflated 
three folded balloon protects the drug from an early wash-off effect during insertion 
into the guiding catheter, during tracking in the coronary vasculature and during 
crossing of the lesion. The inflation time of the balloon has to be at least 60 seconds 
to allow sufficient drug release into the vessel wall. 

Randomization and Interventional procedure
Randomization was obtained by means of sequentially numbered opaque sealed envelopes 
containing the assigned group letter (A, B or C). The coupling between number of the 
envelope and group letter was automatically generated by a computer and the envelopes 
were sealed by an independent employee. The allocation ratio to the 3 groups was 1:1:1.

All of the patients enrolled in the study were treated with acetylsalicylic acid 
(80-325 mg per day) and clopidogrel (300-600 mg loading-dose before the procedure, 
if needed, and 75 mg per day maintenance). Heparin was administered intravenously 
in boluses to maintain an activated clotting time >250 seconds during the procedure. 
Administration of glycoprotein IIb/IIIa inhibitors was left at the physician’s discretion. 

After obtaining coronary angiograms, patients underwent sequential pre-dilatation 
with regular balloons of MB and SB, after which they were randomly assigned to one of the 
3 treatment strategies: group A: sequential pre-treatment of MB and SB with two different 
paclitaxel balloons, followed by Liberté BMS implantation in the MB; group B: implantation 
of a Liberté BMS in the MB; or group C: implantation of a paclitaxel DES (Taxus Liberté, 
Boston Scientific) in the MB. More specifically, The DEB-diameter was sized with a (0.8-1):1 
DEB to artery ratio. Balloon inflation pressures of 8-10 atmospheres and a DEB inflation 
time of 60 seconds were prescribed per protocol. A final kissing balloon technique of both 
branches with regular balloons after MB stent implantation was mandatory per-protocol in 
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all groups (figure 1). In group A special care was taken to position each DEB, in order to 
avoid excessive DEB overlap in the MB (to avoid double dose) and potential geographic 
miss after stent placement in the MB.14 Additional bailout stenting (with stents of the same 
randomization group) of the SB or MB was performed in case of an abrupt or threatened 
artery closure after balloon angioplasty and/or after stenting. Acetylsalicylic acid was 
continued indefinitely after the procedure. Clopidogrel was continued for just 3 months in 
groups A and B and for 12 months in group C. 

Quantitative Coronary Angiography
All patients were asked to undergo 6-month angiographic follow-up. Quantitative coronary 
angiography (QCA) was performed according to standard procedures,15 using software 
specifically dedicated for bifurcations (QAngio XA version 7.2, Medis, Leiden, Netherlands) 
by an independent core laboratory (Genae NV, Antwerp, Belgium) with all observers 
blinded to randomization assignment. In each bifurcation 3 segments were analyzed: 
1) proximal MB, 2) distal MB, and 3) SB. In the MB, apart from the stent(s), additional 
5 mm segments proximal and distal to the stent(s) edges were analyzed. In the SB an 
additional 5 mm segment distal to the balloon-treated edge was assessed. In case of SB 
stent deployment, a 5 mm segment distal to the stent edge was analyzed. Minimal luminal 
diameter and lesion length were directly measured by the QCA software, while reference 

Figure 1. Flow-chart of the study with detailed sequential procedures in the three groups. BMS: bare 
metal stent, DEB: drug-eluting balloon, DES: drug-eluting stent, MB: main branch, SB: side branch.
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vessel diameter was estimated by an interpolation method, and percentage diameter 
stenosis was subsequently computed. Binary restenosis was defined as a diameter stenosis 
≥50% at angiographic follow-up. Moreover, MEDINA classification was according to core 
lab QCA analysis (table 1). Late luminal loss was defined as the difference between minimal 
luminal diameter post-procedure and minimal luminal diameter at follow-up. 

Follow-up and study endpoints
All patients were contacted by phone call and interviewed on their clinical status 1 
month after the procedure; and underwent clinical follow-up at 6 and 12 months. In 
case an event occurred, detailed review of the relative hospital files was performed. 

The primary endpoint of the study was late luminal loss. Secondary endpoints 
included angiographic findings such as: angiographic success, device success and binary 
angiographic restenosis; and clinical outcomes such as: procedural success, all-cause 
death, myocardial infarction, target lesion revascularization, target vessel revascularization 
and stent thrombosis. Spontaneous myocardial infarction was defined as any elevation of 
troponin (or other cardiac enzymes if troponin was lacking) combined with ischemic chest 
pain. Peri-procedural myocardial infarction was defined as an elevation of Creatine Kinase-
MB >3 times the upper limit of normal. Relationship of the myocardial infarction to the 
target vessel was based on electrocardiographic changes. Target lesion revascularization 
was defined as any repeat percutaneous or surgical coronary intervention due to a 
restenosis in the treated segment (including the stented segment and 5 mm proximal 
and distal in the MB, and the balloon-treated zone plus 5 mm distal in the SB). A target 
lesion revascularization was considered clinically indicated in case of restenosis >50% (by 
QCA), associated with recurrent angina and/or objective signs of silent ischemia (stress 
test, imaging tests or fractional flow reserve in the catheterization laboratory), or in case 
of restenosis >70% (by QCA) without above mentioned signs or symptoms. Target vessel 
revascularization was defined as any repeat percutaneous or surgical coronary intervention 
due to a new stenosis in the whole target vessel including the target lesion. Stent thrombosis 
was defined as a definite, probable, or possible according to the Academic Research 
Consortium criteria.16 Major adverse cardiac events (MACE) were defined as a combined 
hierarchical endpoint of death, myocardial infarction and target vessel revascularization. 
Angiographic success was defined as achievement of a TIMI 3 flow in both the MB and SB 
and final residual stenosis <30% in the MB, using any percutaneous method. Angiographic 
criteria for angiographic success were all visual estimates and not QCA based, QCA was 
done only in a second phase by an independent core lab. Hence, QCA results had no 
influence on the procedures. Device success was defined as angiographic success using 
the assigned device only. Procedural success was defined as angiographic success without 
the occurrence of in-hospital MACE. All outcomes were adjudicated by an independent 
clinical events committee.

Statistical analysis
The sample size calculation was based on the direct comparison between groups A 
and B, while group C was added for descriptive purposes and to generate figures for 
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future studies. The study tested the hypothesis that late luminal loss in group A would 
be significantly different than in group B. A sample size of 36 subjects per group was 
estimated to show a significant difference in late luminal loss of 0.40 mm (from 0.80 
to 0.40 mm) with a 2-tailed p-value of 0.05 and a power of 80%, assuming a standard 
deviation of 0.60 mm. To accommodate a 9% loss in angiographic follow-up, it was 
decided to extend the enrolment to 117 patients. Continuous variables were presented 
as means ± standard deviations, categorical variables were presented as counts and 
percentages. Continuous variables were compared between 2 groups using Student’s 
t-test. In case of an “overall” comparison (group A versus group B versus group C), 
analysis of variance was applied. Categorical variables were compared using chi-square 
or Fischer’s exact tests. The p-values presented in the manuscript depict the comparison 
of group A versus group B, unless an “overall” p-value is given. All analyses were 
2-tailed and intention-to-treat. A p-value of 0.05 was considered statistically significant.

ResULts

Patient and procedural characteristics
Overall, 117 patients with suitable bifurcation lesions were treated according to the 
protocol between November 2007 and December 2009. Baseline clinical characteristics 
are shown in Table 1. Procedural and angiographic characteristics are shown in tables 
2 and 3.The groups were well balanced for all variables. Angiographic and device 
success was achieved in all procedures.

In-hospital adverse events
A total of 8 (6.8%) peri-procedural non-Q wave myocardial infarctions occurred during 
the initial hospitalization, without differences between groups (overall; p= 0.69). No 
in-hospital deaths or repeated revascularizations were recorded (table 4).

Angiographic follow-up at 6 months
None of the patients was lost to follow-up. At 6 months 10 patients (8.5%) refused the 
angiographic control. All of them were asymptomatic and this was the main reason 
for refusal. Moreover in 2 patients no QCA analysis was possible due to technical 
issues. Thus, 6-month QCA was available in 33 group A patients (82.5%), in 35 group B 
patients (95%), and in 37 group C patients (92.5%). Considering the primary endpoint, 
group A showed a numerically similar late luminal loss as group B: 0.58±0.65 vs. 
0.60±0.65 in the proximal MB (p=0.87), 0.41±0.60 vs. 0.49±0.85 in the distal MB 
(p=0.67), and 0.19±0.66 vs. 0.21±0.57 in the SB (0.92). The values of late luminal loss 
in group C were numerically lower: 0.13±0.45 in the proximal MB, 0.19±0.64 in the 
distal MB, and 0.11±0.43 in the SB (table 3).

No significant differences were shown in binary restenosis rates between all groups 
in the different parts of the bifurcation. Also overall bifurcation restenosis were not 
significantly different: 24.2% in group A, 28.6% in group B, and 15% in group C 
(overall; p=0.45).



4

54

Adverse events between discharge and 6-month follow-up
A total of 29 MACE occurred in 26 patients. In group A, 6 TLR occurred in 6 (15%) 
patients. In group B, 10 TLR and 2 TVR-non-TLR occurred in 11 (29.7%) patients. In 
group C, 1 myocardial infarction, 6 TLR, 1 TVR non-TLR, occurred in 7 (17.5%) patients. 
One group C patient had an early definite stent thrombosis, 2 days after the index 
procedure (the only stent thrombosis registered in the study), which caused a myocardial 
infarction and led to a TLR. All TLR in all groups were clinically driven (table 4). There 
was no statistical difference in MACE rates between all groups (overall; p=0.40).

Adverse events between 6- and 12-month follow-up
In group A, 2 additional patients had an ischemia-driven TLR. One patient refused 6-month 
angiographic follow-up because he was asymptomatic, but he developed afterwards 
symptoms leading to a new TLR at 9 months. A second patient had asymptomatic binary 
restenosis (>50% but <70%) at 6-month angiographic control, but he later developed 

Table 1. Baseline characteristics of the patients and lesions in the three groups.

DEB  
with BMS

N=40

BMS
N=37

DES
N=40

P Value
DEB vs. 

BMS

Age (years) 63.3 ± 10.4 61.8 ± 10.1 65.7 ± 9.3 0.51

Male gender 25 (62.5%) 29 (78.4%) 31 (77.5%) 0.14

Risk factors

   Diabetes mellitus 2 (5%) 5 (13.5%) 6 (15%) 0.25

   Hyperlipidemia 21 (52.5%) 22 (59.5%) 22 (55%) 0.65

   Smoking 24 (60%) 24 (64.8%) 21 (52.5%) 0.14

   Hypertension 22 (50%) 21 (56.8%) 24 (60%) 0.88

Previous myocardial infarction 7 (17.5%) 8 (21.6%) 10 (25%) 0.78

Previous percutaneous coronary intervention 13 (32.5%) 12 (32.4%) 13 (32.5%) 1

Previous coronary bypass surgery 1 (2.5%) 2 (5.4%) 1 (2.5%) 0.61

Coronary artery disease with >50% stenosis 0.26

   Single-vessel disease 21 (52.5%) 23 (62.2%) 26 (65%)

   Two-vessel disease 14 (35%) 13 (35.1%) 8 (20%)

   Three-vessel disease 5 (12.5%) 1 (2.7%) 6 (15%)

Target bifurcation 0.53

   Left anterior descending/diagonal 31 (77.5%) 31 (83.8%) 36 (90%)

   Circumflex/marginal branch 8 (20%) 4 (10.8%) 3 (7.5%)

   Right coronary artery/posterior descending 1 (2.5%) 1 (2.7%) 1 (2.5%)

Medina classification (according to core lab) 0.86

   Bifurcation including SB disease (xx1) 21 (52.5%) 19 (51.4%) 14 (35%)

All values are mean ± standard deviation or n (%). BMS: bare metal stent, DEB: drug-eluting 
balloon, DES: drug-eluting stent.
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Table 2. Baseline characteristics of the procedures in the three groups.

DEB with  
BMS
N=40

BMS 

N=37

DES 

N=40

P Value
DEB vs.  

BMS

Pre-dilatation balloon diameter , mm

   Main branch 2.7 ± 0.31 2.7 ± 0.29 2.6 ± 0.45 0.77

   Side branch 2.4 ± 0.29 2.5 ± 0.30 2.5 ± 0.43 0.06

Pre-dilatation balloon length, mm

   Main branch 12.7 ± 3.01 13.9 ± 3.43 12.9 ± 3.35 0.12

   Side branch 12.6 ± 2.65 12.9 ± 3.61 12.5 ± 3.04 0.68

Pre-dilatation balloon pressure, atm

   Main branch 8.8 ± 2.18 9.1 ± 2.34 9.7 ± 2.11 0.54

   Side branch 8.1 ± 2.41 8.0 ± 1.84 8.3 ± 2.04 0.77

DEB diameter, mm

   Main branch 3.0 ± 0.38 - - -

   Side branch 2.5 ± 0.33 - - -

DEB length, mm

   Main branch 25.8 ± 3.68 - - -

   Side branch 18.1 ± 3.37 - - -

DEB pressure, atm

   Main branch 7.4 ± 1.48 - - -

   Side branch 7.5 ± 1.41 - - -

Number of stents in the main branch 41 41 42 0.19

   1 39 33 36

   2 1 4 3

Stent diameter, mm 3.11 ± 0.38 3.15 ± 0.30 3.10 ± 0.39 0.63

Total stent length, mm 21.27 ± 4.94 20.78 ± 5.53 20.14 ± 6.27 0.76

Bailout stenting of the side branch 4 (10%) 2 (5.4%) 2 (5%) 0.68

Final kissing balloon 39 (97.5%) 36 (97.3%) 40 (100%) 1

Glycoprotein IIB/IIIA inhibitor 7 (17.5%) 11 (29.7%) 9 (22.5%) 0.42

Contrast use ml 230.5 ± 76 230.2 ± 70 203.6 ± 61 0.99

Fluoroscopy time, min 14.7 ± 8.0 14.6 ± 6.2 13.0 ± 8.7 0.92

Procedural time, min 56.6 ± 22.2 51.9 ± 15.5 53.5 ± 21.2 0.28

Angiographic success 40 (100%) 40 (100%) 40 (100%) 1

Procedural success 37 (92.5%) 35 (94.6%) 37 (92.5%) 0.69

All values are mean ± standard deviation or n (%). BMS: bare metal stent, DEB: drug-eluting 
balloon, DES: drug-eluting stent.
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Table 3. Quantitative coronary angiography of the bifurcations treated in the three groups.

DEB with 
BMS
N=40

BMS 

N=37

DES 

N=40

P Value
DEB vs.  

BMS

Pre-procedure 40 (100%) 37 (100%) 40 (100%)

Minimal luminal diameter, mm

Proximal main branch 1.30 ± 0.79 1.24 ± 0.77 1.40 ± 0.86 0.75

Distal main branch 1.15 ± 0.60 1.06 ± 0.60 1.06 ± 0.53 0.51

Side branch 1.17 ± 0.51 1.15 ± 0.46 1.23 ± 0.58 0.86

Reference vessel diameter, mm

Proximal main branch 2.70 ± 0.51 2.77 ± 0.53 2.66 ± 0.49 0.57

Distal main branch 2.59 ± 0.65 2.46 ± 0.53 2.38 ± 0.52 0.34

Side branch 2.53 ± 0.56 2.35 ± 0.47 2.36 ± 0.53 0.14

Diameter stenosis, %

Proximal main branch 51.6 ± 27.7 54.7 ± 26.8 48.2 ± 28.9 0.62

Distal main branch 55.2 ± 21.1 57.0 ± 23.4 55.4 ± 19.9 0.73

Side branch 52.9 ± 21.2 50.4 ± 19.8 47.3 ± 22.8 0.59

Lesion length, mm

Proximal main branch 6.5 ± 3.4 6.0 ± 3.0 4.8 ± 1.8 0.51

Distal main branch 4.4 ± 2.7 5.0 ± 3.1 4.2 ± 2.6 0.35

Side branch 3.8 ± 1.8 4.7 ± 2.4 3.5 ± 1.6 0.07

Post-procedure 40 (100%) 37 (100%) 40 (100%)

Minimal luminal diameter, mm

Proximal main branch 2.89 ± 0.61 2.80 ± 0.38 2.69 ± 0.39 0.40

Distal main branch 2.20 ± 0.72 2.27 ± 0.56 2.25 ± 0.49 0.62

Side branch 1.65 ± 0.42 1.67 ± 0.41 1.59 ± 0.44 0.84

Diameter stenosis (%)

Proximal main branch 8.1 ± 7.8 11.5 ± 8.5 9.3 ± 10.4 0.07

Distal main branch 19.2 ± 13.4 16.9 ± 12.8 15.9 ± 13.5 0.46

Side branch 24.4 ± 14.6 24.1 ± 14.2 23.5 ± 16.6 0.94

Follow-up 33 (82.5%) 35 (94.6%) 37 (92.5%) 0.16

Minimal luminal diameter, mm

Proximal main branch 2.41 ± 0.58 2.21 ± 0.67 2.56 ± 0.62 0.19

Distal main branch 1.89 ± 0.64 1.80 ± 0.57 2.03 ± 0.63 0.52

Side branch 1.51 ± 0.54 1.47 ± 0.53 1.45 ± 0.43 0.74

Diameter stenosis, %

Proximal main branch 20.9 ± 14.5 26.0 ± 19.8 16.6 ± 17.7 0.23

Distal main branch 30.1 ± 18.6 30.1 ± 19.2 21.4 ± 12.7 1

Side branch 36.6 ± 17.1 35.1 ± 22.7 32.4 ± 16.2 0.76

continued on the next page
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symptoms and underwent a TLR at 11 months. No additional adverse events occurred 
after 6 months in group B and group C. The total MACE rate was 20% in group A, 29.7% 
in group B and 17.5% in group C (overall; p=0.32, see table 4 for details).

DIsCUssIon
The main findings of the randomized, multicenter DEBIUT were: 1) the DIOR-I DEB 
failed to demonstrate angiographic superiority as compared to BMS, with similar late 
luminal loss and binary restenosis rates in both treatment groups; 2) DES showed 
clearly better angiographic results than both DEB and BMS; 3) bifurcation lesions still 
remain a subset with a high rate of MACE at follow-up, even with recognized simplified 
techniques such as provisional T-stenting.

Drug-eluting stents were developed with the knowledge that the process of restenosis 
after stent implantation is gradual and progressive. Therefore, drug release from the 
stent was deliberately prolonged with the use of polymer coatings, providing a long-term 
and sustained drug release. On the other hand, laboratory results have shown that even 
a short contact between taxol compounds and vascular smooth muscle cells can inhibit 
the proliferation of these cells for a long period, suggesting that stent-based sustained 
drug release may not be necessary.17 This was confirmed in animal experiments, where 
paclitaxel was delivered into coronary arteries using contrast medium or coated balloon 
catheters.10, 18 Both methods significantly reduced neo-intimal proliferation with a more 
pronounced reduction in the paclitaxel-coated balloon group.19 These findings were also 
confirmed in clinical studies,20, 21 in which the SeQuent Please paclitaxel-coated balloon 
(Braun Melsungen AG, Melsungen, Germany) was used.

An appealing extension of the use of DEB appeared to be the treatment of 
bifurcations, combining DEB with the provisional T-stenting technique. Specific 

Late luminal loss, mm

Proximal main branch 0.58 ± 0.65 0.60 ± 0.65 0.13 ± 0.45 0.87

Distal main branch 0.41 ± 0.60 0.49 ± 0.85 0.19 ± 0.64 0.67

Side branch 0.19 ± 0.66 0.21 ± 0.57 0.11 ± 0.43 0.92

Binary restenosis

Proximal main branch 2 (6.1%) 5 (14.3%) 2 (5.4%) 0.24

Distal main branch 5 (15.2%) 6 (17.1%) 2 (5.4%) 0.82

Side branch 7 (21.2%) 7 (20%) 3 (8.1%) 0.90

Overall bifurcation restenosis 8 (24.2%) 10 (28.6%) 6 (15%) 0.79

All values are mean ± standard deviation or n (%).BMS: bare metal stent, DEB: drug-eluting 
balloon, DES: drug-eluting stent.

DEB with 
BMS
N=40

BMS 

N=37

DES 

N=40

P Value
DEB vs. 
 BMS
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advantages of this approach might be: 1) homogeneous administration of the drug to 
the vessel wall (specifically at the ostium of the SB), whereas the DES only delivers the 
drug in the proximity of its struts; 2) delivery of high concentrations of drug into the 
vessel wall at the moment of highest injury; 3) no distortion of the original anatomy 
of the bifurcation at the level of the carina; 4) minimization of strut deformation, of 
polymer crushing and of potential uncontrolled drug release (in case of multiple DES) 
and therefore; 5) potential decrease in duration of DAPT. Notwithstanding these 
potential advantages, the DIOR-I DEB failed to prove superior angiographic outcomes 
in the present study. All published clinical studies demonstrating a beneficial effect 
of DEB were performed with the SeQuent Please DEB, while the present study and 
another recently published study (the PICCOLETO trial),22 conducted after the start of 
enrollment of the DEBIUT, were performed with the DIOR-I DEB. To date, limited data 
have been published on the pharmacological differences between currently available 
DEB. Especially actual tissue delivery dosages remain a matter of uncertainty, while they 
may have a determining role for the efficacy of DEB. Data on animal results are limited, 
non standardized and partly confusing due to different measurements used. According 
to animal data there is a significant difference in paclitaxel tissue concentration between 
DIOR-I and SeQuent Please, with considerably higher paclitaxel tissue concentrations 
(>factor 5) after treatment with a SeQuent Please.26 After study completion, a second 

Table 4. Clinical events in the three groups.

DEB with  
BMS
N=40

BMS
N=37

DES
N=40

P Value
DEB vs. 

BMS

In-hospital

Peri-procedural myocardial infarction 3 (7.5%) 2 (5.4%) 3 (7.5%) 0.69

Between discharge and 6 months

Death 0 0 0 -

Myocardial infarction 0 0 1 (2.5%) -

Target lesion revascularization 6 (15%) 10 (27%) 6 (15%) 0.30

Target-vessel revascularization 0 2 (5.4%) 1 (2.5%) 0.14

Stent thrombosis 0 0 1 (2.5%) -

Between 6 months and 12 months

Death 0 0 0 -

Myocardial infarction 0 0 0 -

Target lesion revascularization 2 (5%) 0 0 0.14

Target-vessel revascularization 0 0 0 -

Stent thrombosis 0 0 0 -

Cumulative major adverse cardiac events 8 (20%) 11 (29.7%) 7 (17.5%) 0.32

All values are n (%).
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generation DIOR-II, with higher tissue delivery dose, has been introduced. Recently 
an experimental study showed much higher drug concentrations into the vessel wall 
with this DIOR-II (factor >30) versus DIOR-I, combined with a shorter inflation time.23 
With drug dose and release kinetics being the only variables among the 3 treatment 
groups in the DEBIUT study, our findings suggest that the pharmacokinetics of paclitaxel 
with DIOR-I may have been insufficient to provide comparable benefits, in terms of late 
luminal loss, to those observed in the DES arm. Hence, the use of a second generation, 
higher tissue delivery dose, DIOR-II DEB in combination with a BMS might lead to better 
angiographic and clinical outcomes when used in bifurcation lesions.

Surprisingly, the angiographic values of both the BMS and DES arms were lower 
than expected. This might be caused by the dedicated new Bifurcation QCA software 
used in this study. Recent studies with this new QCA software have also shown better 
late luminal loss with respect to historical known data on bifurcations.24, 25 

An interesting finding in our study is the suggested safety of a DEB approach in 
PCI of coronary bifurcation lesions; although the numbers are too small and the follow-
up relatively short, a reduction of the duration of DAPT to just 3 months after DIOR-I 
DEB may be sufficient to minimize stent thrombosis. One important goal of future DEB 
studies should be to show improved efficacy while maintaining the same safety profile.

Finally, as accounted for DES, a thorough validation of various DEB available needs 
to be performed in order to exploit their full potential. The value of each individual 
DEB should be determined to provide more insights into the technical properties of 
the different DEB, in order to find the best available DEB. One of the main aspects is 
the understanding of the actual tissue drug penetration after DEB inflation, a variable 
that seems to impact more on DEB efficacy than distinct balloon concentrations.

We were not able to demonstrate a beneficial effect of pre-treatment with the 
DIOR-I DEB in coronary bifurcation lesions. However, technical improvements (e.g. 
higher tissue delivery dose) could theoretically provide better results and should be 
evaluated in order to assess the real value of DEB in the percutaneous treatment of 
coronary bifurcation lesions. 

Study limitations
First, the scale of this study was not aimed at detecting clinical differences between 
groups, hence no firm conclusions can be drawn on the safety of DEB. Second, 
whereas the core laboratory was not aware of the group status of the patients, the 
operator might have observed a difference between the DEB and regular balloon, thus 
potentially resulting in information bias. Finally, there is a possible risk of selection bias 
which however applies equally to all three treatment arms. 

ConCLUsIons
Pre-treatment of both MB and SB with the first generation DIOR-I DEB failed to show 
angiographic and clinical superiority over conventional BMS, using a provisional T-stenting 
technique. Moreover DES showed superior angiographic results than DEB and BMS. 
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ABstRACt 
Aim: The predictive value of OCT in indentifying FFR positive in-stent coronary 
lesions has not been determined yet. By means of optical coherence tomography 
(OCT) coronary dimensions can be assessed accurately. However, whether 
OCT can indentify hemodynamic significant coronary lesions as determined 
by fractional flow reserve (FFR) in patients with an in-stent lesion is not known. 
Therefore we tried to assess the predictive value of OCT parameters in this 
setting as compared to FFR. 

Methods & Results: In patients who underwent a percutaneous coronary 
intervention for an in-stent restenotic lesion, or who underwent 6-month 
angiographic follow-up after an acute myocardial infarction, OCT and FFR was 
acquired. In case of a FFR≤ 0.80 a lesion was classified as hemodynamically 
severe. Diagnostic efficiency of several OCT parameters was assessed with a 
receiver operational curve, besides correlation coefficients were calculated. In 
54 patients 93 coronary lesions were imaged with OCT, in 66 coronary lesions 
FFR was additionally acquired. The diagnostic efficiency of OCT derived minimal 
luminal diameter (MLD) and minimal luminal area (MLA) are good, with an AUC 
of 0.83 (95% CI: 0.74-0.93) and 0.83 (95% CI: 0.73-0.93), and a corresponding 
best cutoff value of 1.77 mm (sensitivity 74% and specificity 78%) and 2.54 
mm2 (sensitivity 71% and specificity 84%) for MLD and MLA respectively. The 
diagnostic efficiency of OCT derived maximum neointimal area is moderate, as 
for maximum neointimal area stenosis this is poor, the AUC are 0.73 (95% CI: 
0.61-0.85) and 0.39 (95% CI: 0.25-0.53), and the corresponding best cutoff 
values are 5.01 mm2 (sensitivity 66% and specificity 72%) and 49% (sensitivity 
40% and specificity 66%) respectively. Correlations for MLD and MLA with FFR 
are reasonable, r=0.69 and r=0.71 respectively.

Conclusions: With OCT a good diagnostic efficiency can be achieved in 
identifying coronary severity in in-stent lesions. This hallmark provides an extra 
dimension (i.e. next to morphological information) when acquiring OCT images. 
However, OCT seems restrained for per patient clinical decision making due to 
reasonable but limited sensitivity and specificity in predicting coronary severity. 

Conflicts of interest:  The authors report no conflicts of interest concerning this 
study.

Funding to declare:  None

Key Words: In-stent restenosis; fractional flow reserve; optical coherence 
tomography
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IntRoDUCtIon 
For many years quantitative coronary angiography (QCA) has been used in clinical to 
assess progression/regression of coronary artery disease and to evaluate the efficiency 
of coronary interventions. Besides, clinical decision making still rely to a great extent 
on angiographic assessment of coronary lesions.

However, assessing hemodynamic severity of a lesion based on QCA is limited by 
its poor predictive value.1, 2

In this regard, fractional flow reserve is considered as the gold standard in 
determining the severity of a coronary lesion.1-3 Although clinical decision making 
based on FFR can be made safe with a good predictive value, it does not provide 
morphological and anatomical information.1, 2 In order to find a good predictor of the 
hemodynamic severity of a coronary lesion, and provide morphological information, 
intravascular ultrasound (IVUS) was explored to fulfill both requirements. However, 
IVUS failed to provide a strong predictor for this purpose.4-6 

Recently optical coherence tomography (OCT) has been introduced for the 
assessment of coronary arteries at near histological resolution, with high accuracy 
and reproducibility in assessing coronary dimensions.7-9 By means of OCT an in vivo 
assessment of the vessel wall can be made with a resolution of approximately 15 µm, 
which is about ten times higher than can be achieved with IVUS.8, 9

Only one recent study in de novo intermediate lesions has been performed to 
address the potential value of OCT in determining the hemodynamic severity of 
coronary lesions. This study, as older IVUS studies, mainly focused on the minimal 
luminal area (MLA). Therefore, we assessed the value of several OCT parameters as 
potential predictors of hemodynamic significant in-stent lesions, using FFR as reference. 

MetHoDs

Study design
The OCT and FFR data used for the current analysis are the data generated in two 
prospective studies, the first is an international multicenter randomized trial and the 
second is a prospective observational study (unpublished data).10 The studies were 
carried out according to the Declaration of Helsinki, and were approved by the ethics 
committee of the University Medical Center Utrecht and the other participating 
hospitals. Moreover, all included patients provided signed informed consent.

Patient Selection
In one study, included patients consisted of patients who were scheduled to undergo 
6-month angiographic and OCT follow-up after the treatment of a ST-segment elevated 
myocardial infarction at baseline, in the other study, patients who were scheduled to 
undergo PCI because of in-stent restenosis were considered eligible. These patients 
underwent OCT and FFR analysis before the PCI, immediately after and at 6 months 
follow up. 
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Interventional procedure
All patients enrolled in the study were treated with acetylsalicylic acid (80-100 mg 
per day for ISR; 80-325 mg per day for STEMI patients) and clopidogrel (300-600 mg 
loading-dose before the procedure, if needed, and 75 mg per day maintenance). 
Heparin was administered intravenously in boluses (70-100 U/Kg) to maintain an 
activated clotting time ≥250 seconds during the procedure. Administration of 
glycoprotein IIB/IIIA inhibitors was left at the physician’s discretion. 

Quantitative Coronary Angiography, Optical Coherence Tomography 
and Fractional Flow Reserve
Quantitative coronary angiography (QCA) was performed according to standard 
procedures,11, 12 using dedicated software (CAAS 5.9.1 research edition, Pie Medical 
Imaging, Maastricht, Netherlands). Images were analyzed by an independent operator. 
Operators were instructed to acquire images of the coronary lesions in perpendicular 
angles, allowing for an accurate off line analysis of the lumen dimensions. 

Minimal luminal diameter (MLD), reference vessel diameter and lesion length were 
directly measured by the QCA software, from this the percent diameter stenosis was 
subsequently computed. 

The time-domain or frequency-domain OCT systems (M3 LightLab Imaging, MA, USA 
or C7XR, St Jude Medical, MA, USA, respectively) were used. All images were analyzed by 
an independent operator. Optical coherence tomography imaging of the target lesion was 
obtained after 200 µg intracoronary nitroglycerin and OCT pullback images were acquired 
during continuous infusion of contrast from the guiding catheter, by means of a controlled 
injection (2-4 ml/s contrast with 200-300 psi, depending on the coronary assessed), as 
previously described.13-15 Images were acquired with automated pullback-speeds of 2 
mm/s (M3), or 20 mm/s (C7XR) with a frame rate of 20 fps (M3) or 100 fps (C7XR). All cross-
sectional images (frames) were initially screened for quality assessment and excluded if: 
any portion of the stent was out of the screen, images were not analyzable due to a side 
branch, or images had poor quality caused by residual blood, artifacts, or reverberation.16 
A dedicated semi-automated contour-detection system (Curad BV, Amsterdam, The 
Netherlands) was used. Images were visualized in cross-sections and in longitudinal views 
and both types of representation were used for analysis. Two contours were automatically 
delineated: the lumen contour (for each cross-sectional image) and the stent contour [every 
2 cross-sectional images for the C7XR system and every 5 cross-sectional images for the M3 
system, thus every 0.4 mm (C7XR), or 0.5 mm (M3 with 2 mm/s)]. For stent analysis, between 
frames an automated stent contour interpolation was performed. Manual corrections were 
applied if needed. Lumen, stent and neointimal hyperplasia diameters, areas and volumes 
were automatically calculated. 

Fractional flow reserve was measured with a coronary pressure guidewire (Certus 
Pressure Wire, St. Jude Medical, St. Paul, Minnesota) at maximal hyperemia induced 
by intravenous adenosine, which was administered at a rate of 140 μg/Kg/min-1 through 
a central vein. The FFR wire was placed as distal as possible in the target vessel and 
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FFR was assessed by means of a manual pullback in the distal part of the target vessel 
(“standard FFR”), just at the level of the distal stent edge and just at the level of the 
proximal stent edge (generating an “in-stent FFR gradient” as difference between these 
2 values). Finally the FFR wire was retrieved at the level of the guiding catheter to achieve 
a FFR value of 1.00 in order to assess the quality of the measurement performed.

Fractional flow reserve was only assessed in patients in the in stent restenosis study. 
In the STEMI study, QCA and OCT analysis were performed, without concomitant FFR 
assessment.

Statistical analysis
Continuous variables are expressed as mean±SD. Categorical variables are presented 
as counts and percentages. Continuous variables were compared between 2 groups 
using independent t-test or Mann-Whitney U test, as appropriate. Data were analyzed 
on a per patient basis for the clinical characteristics and on a per lesion basis for the rest 
of calculations. The relationship of OCT parameters and FFR is graphically presented 
in a scatter plot, with the corresponding coefficients of determination. Correlation 
coefficients were derived from Pearson analysis or its nonparametric equivalent 
Spearman analysis. The OCT measurements were used for the estimation of area under 
the receiver-operating characteristic (ROC) curve, identification of optimal cutoff value 
to predict a FFR≤0.80, and the associated sensitivity and specificity. Optimal cutoff 
value identification was based on the highest sum of sensitivity and specificity. The 
diagnostic efficiency, according to the values of the area under the curve (AUC), of OCT 
measurements were divided in three groups: 1. low (<0.70), moderate to good (0.70 to 
0.90), and high (>0.90). Data were analyzed with the SPSS 17.0 software for Windows 
(SPSS, Chicago, Illinois). A p value of <0.05 was considered statistically significant.

ResULts
A total of 93 QCA and OCT images have been acquired in 54 patients. There were 
no complications related to the imaging procedures. In 66 lesions FFR was performed 
next to the acquisition of OCT images. Clinical data and stenosis characteristics by 
QCA, OCT, and FFR are shown in Table 1. In figure 1 the relationship between OCT 
and FFR is graphically presented, with the corresponding coefficients of determination.

Table 2 shows the differences in OCT measurements between stenosis with 
FFR≤0.80 and those with FFR>0.80.

The correlations between QCA and OCT dimensions, and FFR is moderate to good. 
The highest correlation was found between the two dimensional OCT parameter MLA 
and FFR (table 3). 

The ROC curves and the corresponding sensitivity and specificity table for OCT 
parameters is shown in Figure 2. The diagnostic efficiency of OCT derived MLD and 
MLA are good, with an AUC of 0.83 (95% CI: 0.74-0.93) and 0.83 (95% CI: 0.73-0.93) 
respectively. The corresponding best cutoff values are 1.77 mm (sensitivity 74% and 
specificity 78%) and 2.54 mm2 (sensitivity 71% and specificity 84%) for MLD and MLA 
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Table 1. Baseline characteristics of the patients and lesions.

Patients n=54
Lesions n=93

Age (years) 61.2±10.9

Male gender 38 (70)

Risk factors

Diabetes mellitus 7 (13)

Hyperlipidemia 15 (28)

Current or previous smoker 37 (69)

Hypertension 25 (46)

Family history of cardiovascular disease 26 (48)

Previous myocardial infarction 16 (30)

Previous CABG 3 (5.6)

Clinical presentation

In-stent restenosis/follow-up after in-stent 
restenosis 27 (50)

Follow-up after acute myocardial infarction 27 (50)

Target vessel

Left anterior descending artery 21 (39)

Ramus circumflex artery 11 (20)

Right coronary artery 22 (41)

Angiographic stenosis characteristics Lesions n=93

Reference vessel diameter, mm 2.53±0.57

Lesion length, mm 26.5±13.7

Diameter stenosis, % 38.3±24.8

Minimal luminal diameter, mm 1.57±0.72

OCT stenosis characteristics

Lesion length, mm 25.1±9.37

Minimal luminal diameter, mm 1.79±0.49

Minimal luminal area, mm 3.60±2.12

Maximum neointimal area, mm 4.94±1.72

Maximum neointimal area stenosis, % 46.2±16.3

Fractional flow reserve Lesions n=66

Distal 0.77±0.18

In-stent gradient 0.14±0.17

All values are mean±standard deviation, or n (%). 
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Figure 1. Scatter plots depicting the relationship between OCT and FFR Measurements.Fractional 
flow reserve (FFR) measurements compared to 4 different OCT parameters. MLD= minimal luminal 
diameter (mm); MLA=minimal luminal area (mm2); Maximum neointimal area (mm2); Maximum 
neointimal area stenosis= percentage neointimal stenosis of the total stent volume.
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respectively. The diagnostic efficiency of OCT derived maximum neointimal area is 
moderate, as for maximum neointimal area stenosis this is poor, the AUC are 0.73 
(95% CI: 0.61-0.85) and 0.39 (95% CI: 0.25-0.53) respectively. The corresponding best 
cutoff values are 5.01 mm2 (sensitivity 66% and specificity 72%) and 49% (sensitivity 
40% and specificity 66%) respectively.

DIsCUssIon
This study assessed the diagnostic value of OCT dimensions in predicting coronary 
severity in in-stent coronary lesions as compared with FFR. The main findings of this 
study were: 1. OCT derived dimensions have a reasonable correlation with FFR, 2. with 
a good predictive value of coronary severity. 

Although several studies challenged the value of angiography, it is still the most 
common technique used, to assess both severity of coronary disease and to serve as 
endpoint in comparing efficiency of different 

Table 2. Differences in QCA and OCT measurements in coronary lesions with a 
FFR≤0.80 and FFR>0.80.

FFR≤0.80 FFR>0.80 p-value

QCA n=34 n=32

MLD, mm 1.08±0.67 1.83±0.56 <0.001

Diameter stenosis, % 55±25 27±18 <0.001

OCT

MLD, mm 1.47±0.42 2.03±0.37 <0.001

MLA, mm2 2.31±1.60 4.54±1.84 <0.001

Maximum neointimal area, mm2 5.64±1.50 4.43±1.22 0.001

Maximum neointimal area stenosis, % 43±17 46±10 0.12

Values are presented as mean±standard deviation. Abbreviations as in figure 1.

Table 3. Correlations between QCA, OCT and FFR. 

OCT MLD
n=93 P-value OCT MLA

n=93 P-value FFR
n=66 P-value

QCA

MLD 0.86 <0.001 0.87 <0.001 0.68 <0.001

Diameter stenosis 0.80 <0.001 0.81 <0.001 -0.69 <0.001

OCT

MLD, mm - - - 0.69 <0.001

MLA, mm2 - - - 0.71 <0.001

Correlation coefficients and p values between QCA, OCT and FFR measurements.
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AUC (95% CI) Sensitivity Specificity Cut-off

MLD, mm 0.83 (0.74-0.93) 74% 78% 1.77

MLA, mm2 0.83 (0.73-0.93) 71% 84% 2.54

Maximum neointimal area, mm2 0.73 (0.61-0.85) 66% 72% 5.01

Maximum neointimal area stenosis, % 0.39 (0.25-0.53) 40% 66% 49

Figure 2. Diagnostic value of OCT parameters in predicting positive FFR. Receiver operating 
characteristic curve for 4 different OCT parameters, with the concomitant area under the curve 
(AUC), sensitivity, specificity and optimal cut-off value for predicting a positive FFR. Abbreviations 
are as listed in figure 1. 
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Stents,1, 2, 10, 12 while FFR is the gold standard in assessing the hemodynamic 
severity of coronary lesions.2 However, major limitations of these techniques are their 
poor predictive value of coronary severity (QCA), while FFR lacks the capability to 
obtain additional anatomic and morphological information of the coronary vessel. 
Intravascular ultrasound has been explored to provide a surrogate measure for the 
severity of lesions, next to the morphological information. In order to do so, various 
optimal cutoff values for MLA have been proposed as indicator of coronary severity. 
However, a wide range of cutoff values were found with only modest sensitivity 
and specificity.4, 5, 17 With the introduction of OCT, assessment of coronary vessels 
can be performed at a near histological resolution, at a resolution that exceeds the 
resolution of IVUS by 10 fold. Therefore, with OCT lumen and stent dimensions can be 
traced more accurate than with IVUS. This was confirmed in several studies, reporting 
excellent accuracy and reproducibility of the OCT technique. 7, 8, 16 Besides, analysis 
of the coronary vessel can be performed at the stent strut level. This is providing 
additional value on endothelial healing after implantation of a stent, any thrombus 
formation in the coronary vessel and plaque characterization.8, 16 Notwithstanding 
the value of FFR measurements, a great extension of OCT would be predicting the 
severity of coronary lesions due to its accurate measurements of coronary dimensions, 
while also providing morphological and anatomical information.

The current study demonstrated that OCT has a good predictive value in assessing 
hemodynamic relevant stenosis. Interestingly, the optimal cutoff value of MLA 
(i.e. 2.54 mm2), was considerably lower than was found in intravascular ultrasound 
studies (between 3-4 mm2).4, 5 Similar findings as ours were reported in a recent study 
with OCT in de novo lesions, which showed an optimal cutoff value of 1.95 mm2, while 
in the same study an optimal cutoff value of 2.36 mm2 was found with intravascular 
ultrasound.6 By means of OCT a better predictive value was found than for IVUS, also 
indicating IVUS might be limited by its spatial resolution.

Although our study was performed in in-stent lesions, and the aforementioned study 
in de novo lesions, the optimal cutoff values are reaching similar values. Moreover, in 
both these studies the sensitivity and specificity seems to be limited between 70% and 
80%. This suggests that the severity of coronary lesions can be predicted only partially 
by the dimensions of the coronary vessel. This indicates involvement of several factors 
in establishing sufficient coronary flow. Clearly, a narrowing of the coronary lumen is an 
important contributing factor, but it does not determine completely the severity of a 
lesion. Other potential factors such as collateral circulation, the myocardium supplied 
by a particular vessel, and the viability of the myocardium influence the severity too. 
With IVUS MLA has been proposed as a predictor of coronary severity, however, IVUS 
is constrained by its limited spatial resolution. With the introduction of OCT coronary 
dimensions can be assessed in vivo with near histological accuracy. Considering this 
high spatial resolution of OCT, while the predictive value remains limited, suggests 
that a ceiling has been reached for the prediction of coronary severity based on lesion 
dimensions. Therefore OCT can provide accurate morphological and anatomical 
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information that can serve as clinical endpoint in device studies to assess regression or 
progression of disease, or could guide a procedure when this should be made based 
on this morphological and anatomical information.10, 18 However, OCT cannot be 
considered as an all in one procedure for clinical decision making. It rather will serve 
complementary to FFR, or as standalone in cases certain morphological information is 
required which cannot be provided by FFR or angiography. 

Study limitations
The present study assessed the value of OCT in predicting hemodynamic severity of 
coronary lesions. However, only coronary vessels with a stent were assessed, therefore 
results cannot be extrapolated to other lesion subsets. Secondly, the assessed data 
concerns a wide range of FFR values. This might have caused that the study has been 
underpowered for the detection of large variation in OCT dimensions at certain FFR 
values. Albeit, our results are both in terms of predictive value and correlations, in 
line with a previous report in intermediate de novo lesions. Moreover, this allows for 
a better determination of how OCT dimensions hold through a wide range of FFR 
values. Finally, we did not take into account other factors that determine severity of a 
lesion, such as collateral circulation, the mass of myocardium supplied by a particular 
vessel, and the viability of the myocardium.

ConCLUsIon
With OCT a good diagnostic efficiency can be achieved in identifying coronary severity 
in in-stent lesions. This hallmark provides an extra dimension when acquiring OCT 
images. However, OCT seems restrained for clinical decision making due to reasonable 
but limited sensitivity and specificity in predicting coronary severity. Therefore, OCT 
should be considered for acquiring morphological and anatomical information and 
endpoint assessment in clinical studies, while the MLA can provide a good indication 
of the severity of the lesion, rather than steering decision making. 
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ABstRACt
Aim: Concerns remain regarding the long-term safety of DES in STEMI. DEB 
could provide an attractive alternative in order to achieve potentially similar 
effectiveness but limiting the long term hazards related to late-acquired stent 
malapposition and thus stent thrombosis. Therefore we compared angiographic, 
intravascular imaging and functional parameters and also clinical outcome of 
patients treated with drug-eluting balloon (DEB) plus bare-metal stent (BMS) 
versus BMS versus drug-eluting stent (DES) for ST-segment elevated acute 
myocardial infarction (STEMI)..

Methods & Results: In this randomized, international, 2-center, single-blinded, 
3-arm study, STEMI patients were randomly assigned to: A) BMS; B) DEB plus 
BMS; C) DES after successful thrombus aspiration. The primary endpoint was 
6-month angiographic in-stent late-luminal loss. Secondary end points were 
in-stent binary restenosis, major adverse cardiac events (MACE: cardiac death, 
myocardial infarction, target vessel revascularization). In a subgroup of patients, 
stent (mal)apposition (by optical coherence tomography [OCT]) and endothelial 
function (by acetylcholine infusion) was assessed. Overall, 150 patients were 
randomized. Procedural success was achieved in 96.7%. In groups A, B and C 
respectively, late-luminal loss was 0.74±0.57, 0.64±0.56, and 0.21±0.32 mm 
(p<0.01), binary restenosis was 26.2%, 28.6%, and 4.7% (p=0.01), and MACE rates 
were 23.5%, 20.0%, and 4.1% (p=0.02) respectively. The median percentage of 
uncovered and malapposed stent struts per lesion was 0 [0-0.35], 2.84 [0-6.63], 
and 5.21 [3.25-14.5] (p<0.01). Significant paradoxical vasoconstriction was seen 
in groups B and C.

Conclusions: In STEMI patients, DEB followed by BMS implantation failed to 
show angiographic superiority to BMS only. Angiographic results of DES were 
superior to both BMS and DEB. Moreover DEB before implantation induced 
more uncovered and malapposed stent struts than BMS but less than after DES.

(ClinicalTrials.gov number: NCT00856765)

Funding to declare: research grant from Eurocor GmbH (Bonn, Germany)

Key Words: myocardial infarction; drug-eluting balloon; stent; angioplasty; STEMI
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IntRoDUCtIon 
Primary percutaneous coronary 
intervention (PCI) for the treatment of 
patients with ST-segment elevation 
myocardial infarction (STEMI) is well 
established.1 In this setting drug-
eluting stents (DES) reduce the 
need for repeat revascularization 
as compared to bare-metal stents 
(BMS). However, the revascularization 
benefit of DES is more pronounced 
in study settings than in routine clinical practice, partly due to protocol-mandated 
angiographic follow-up.2 Moreover, in patients without risk factors for restenosis such 
as diabetes mellitus, reference vessel diameter >3.0 mm, and lesion length <20 mm, 
DES and BMS result in similar revascularization rates.2

Furthermore, safety concerns regarding the risk of late -acquired- stent malapposition 
and thus an increased risk of stent thrombosis in the long-term with the use of DES 
in STEMI setting remain.3 It is known that DES induce local inflammation, due to the 
presence of polymers, drug-induced delayed endothelial healing and vessel wall 
toxicity. Besides, in STEMI, the culprit lesions usually show a large necrotic core and high 
amount of thrombus formation, characteristics that can cause even more local toxicity, 
inflammation and delayed vascular healing after DES implantation.4,5 These effects are 
also associated with an impaired vasomotor function in the treated vessel.6,7

The paclitaxel drug-eluting balloon (DEB) is an emerging device, which has shown 
promising results,8-11 by means of a high concentration, rapid local release of an anti-
restenotic drug (paclitaxel), into the coronary vessel without using durable polymers.12 

Therefore it could provide a valid alternative treatment in STEMI patients by avoiding 
sustained drug/polymer interaction with the vessel wall.

The aim of the current study was to test the DIOR DEB (Eurocor GmbH, Bonn, 
Germany) combined with a modern cobalt chromium BMS in primary PCI with the 
goal of obtaining improved angiographic results and comparable vessel healing and 
preserved endothelial function with respect to BMS alone and less uncovered or 
malapposed stent struts than a paclitaxel-eluting DES.

MetHoDs
The Drug Eluting Balloon in Acute Myocardial Infarction (DEB-AMI) trial was a 
randomized, international, two-center, single-blinded, three-arm study, aimed at 
comparing BMS implantation (group A), versus sequential DEB dilatation and BMS 
implantation (group B) and paclitaxel DES implantation (group C) in patients presenting 
with STEMI. In order to minimize confounding, in both group A and B an identical stent 
platform was used and the same drug (paclitaxel) was compared in groups B and C.

Abbreviations and acronyms

BMS= bare-metal stent

DEB = drug-eluting balloon

DES = drug-eluting stent

MACE = major adverse cardiac events

PCI = percutaneous coronary intervention

OCT= optical coherence tomography

TLR = target lesion revascularization

TVR= target vessel revascularization

MLD= minimal luminal diameter
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The study, carried out according to the Declaration of Helsinki, was approved by 
the ethics committees of both participating centers, and signed informed consent was 
obtained from all included patients.

Patient Selection
Patients between 18 and 80 years-old, presenting in the first 12 hours after the 
onset of STEMI (diagnosed by the presence of anginal symptoms associated with 
electrocardiographic ST-segment elevation of > 1 mm in >2 contiguous leads or new 
left bundle-branch block), and undergoing primary PCI, with angiographic evidence 
of a single culprit lesion in the target vessel, after successful thrombus aspiration 
(defined by no angiographically evident flow-limiting residual thrombus at the site 
of [sub-]occlusion, and Thrombolysis In Myocardial Infarction (TIMI) flow > 1) were 
deemed eligible for inclusion.

Major clinical and procedural exclusion criteria were: contraindications to study 
medications (acetylsalicylic acid, clopidogrel, paclitaxel), life expectancy <12 months, 
lesion length >25 mm, reference vessel diameter (RVD) <2.5 mm and >4.0 mm, severe 
triple vessel disease, left main stenosis > 50%, and a combination of type C coronary 
lesion and diabetes mellitus (in which DES was favored).

Devices
The DEB used in this study was the second generation DIOR coronary angioplasty 
balloon.8 This DEB has a coating consisting of a 1:1 mixture of paclitaxel with shellac 
applied to the balloon by a micro-pipetting procedure. This device is coated with 3 
µg of paclitaxel/mm2 of balloon surface. The DIOR DEB is available in the following 
lengths: 15, 20, 25, and 30 mm; and diameters: 2.0, 2.25, 2.5, 2.75, 3.0, 3.5, 4.0 mm. 
The shellac coating protects the drug from a wash-off effect during tracking in the 
guiding catheter and in the coronary vasculature. The minimal inflation time is 30 
seconds (recommended 45-60 seconds) to allow sufficient drug release into the vessel 
wall in order to achieve the required effective tissue dosages of paclitaxel to inhibit 
smooth muscle cell proliferation.12

The BMS (Genius Magic stent, Eurocor GmbH, Bonn, Germany) is a new cobalt 
chromium stent platform with a strut thickness of 60 µm. The DES (Taxus Liberté, 
Boston Scientific, Natick, MA, USA) has a stainless steel stent platform coated with 
a permanent polymer that allows the release of paclitaxel (1 µg/mm2). The total strut 
thickness including stent and polymer is 132 µm.

Randomization and Interventional procedure
All patients received routinely in the ambulance or at the first medical contact a 
loading dose of acetylsalicylic acid (325-500 mg) and of clopidogrel (600 mg). Heparin 
was administered before and during the procedure in order to maintain an activated 
clotting time ≥250 seconds. Additional administration of glycoprotein IIb/IIIa inhibitors 
was recommended, but left at the physician’s discretion. 
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After fulfilling angiographic inclusion criteria, patients underwent mandated 
thrombus aspiration of the culprit lesion with a manual thrombus aspiration device. 
Sequentially, if thrombus aspiration was successful according to definition, patients 
were randomly assigned to one of the 3 treatment strategies: group A: predilatation 
with a standard balloon (balloon artery ratio 0.8:1) followed by BMS implantation; 
group B: predilatation with a standard balloon (balloon artery ratio 0.8:1) followed by 
sequential dilatation with DEB (balloon artery ratio 1:1 and at least 5 mm longer than 
the normal balloon in order to avoid geographic miss ) for at least 30 seconds, and 
BMS implantation; or group C: predilatation with a standard balloon (balloon artery 
ratio 0.8:1) followed by implantation of a paclitaxel-eluting DES. Randomization was 
obtained by means of sequentially numbered, opaque sealed envelopes containing 
the assigned group letter (A, B or C). The coupling between number of the envelope 
and group letter was automatically generated by a computer and the envelopes were 
sealed by an independent employee. The allocation ratio to the 3 groups was 1:1:1.

Concerning the DEB use a 1:1 balloon to artery ratio, nominal inflation pressures 
and an inflation time of >30 seconds were mandated. Special care was taken to center 
the DEB in the lesion and to use a DEB at least 5 mm longer than the normal balloon 
used and the intended stent length, in order to avoid potential geographic miss.13 In 
any group, additional bailout stenting (with stents of the same randomization group) 
was performed in case of residual edge dissections or incomplete lesion coverage. 
In this setting in group B, additional DEB were also mandated to cover the complete 
stented segment. In case of multiple DEB use, care was taken to avoid excessive 
DEB overlap (to avoid double dose release). Additional postdilatation was left at the 
physician’s discretion. Discharge medications included acetylsalicylic acid 80-100 mg 
per day lifelong and clopidogrel 75 mg per 12 months.

Follow-up and clinical endpoints
All patients were contacted by phone call 1 month after the procedure; and underwent 
clinical and angiographic follow-up at 6 months. In case an event occurred, detailed 
review of the related hospital files was performed.

Major adverse cardiac events (MACE) were defined as a hierarchical composition 
of death, any myocardial infarction (MI) and target vessel revascularization (TVR). 
All definitions followed the Academic Research Consortium criteria.14 Target lesion 
revascularization (TLR) was defined as any repeat percutaneous or surgical intervention 
due to a restenosis in the treated segment (including the stent and 5 mm proximal and 
distal). A target lesion revascularization was considered clinically indicated in case of 
restenosis >50% by quantitative coronary angiography (QCA), associated with recurrent 
angina and/or objective signs of silent ischemia (stress tests or fractional flow reserve), 
or in case of restenosis >70% by QCA without above mentioned signs or symptoms. 
Stent thrombosis was defined as a definite, probable, or possible and early or late also 
according to the Academic Research Consortium criteria.14 Angiographic success was 
defined as achievement of a TIMI 3 flow and final residual stenosis <30%, using any 
percutaneous method. Device success was defined as angiographic success using the 



6

82

randomized device. Procedural success was defined as angiographic success without 
the occurrence of in-hospital MACE. All patients’ files were independently monitored 
and all outcomes were adjudicated by an independent clinical events committee.

Quantitative Coronary Angiography
Quantitative coronary angiography was performed according to standard procedures 
(15), using dedicated software (CAAS 5.9.1 research edition, Pie Medical Imaging, 
Maastricht, Netherlands). Images were analyzed by an independent core laboratory with 
operators not involved with the procedure and blinded to randomization assignment. 
As the vessel was totally occluded in most of the baseline images, the preprocedural 
images analyzed were those after thrombus aspiration. The total number of patients 
with a total occlusion was assessed and manual correction of the values of diameter 
stenosis and minimal luminal diameter (MLD), respectively in 100% and 0 mm in case 
of total occlusion, was performed. In the post-procedural and follow up images, the 
stent(s) and additional 5 mm segments proximal and distal to the stent(s) edges were 
analyzed. Minimal luminal diameter and lesion length were directly measured by the 
QCA software, while reference vessel diameter was estimated by an interpolation 
method, and percent diameter stenosis was subsequently computed. Binary restenosis 
was defined as a diameter stenosis ≥50% at angiographic follow-up. Late-luminal loss 
was defined as the difference between post-procedural MLD and MLD at follow-up 
in the same segment (proximal to the stent, in-stent, distal to the stent, in-segment). 
In-stent late-luminal loss was the primary endpoint of the study.

Optical Coherence Tomography
At the same time point of the main randomization, each patient was also randomized 
to undergo at 6 months only angiographic follow up or optical coherence tomography 
(OCT) investigation and endothelial function testing together with the angiographic 
control (4:1 ratio).

The time-domain or frequency-domain OCT systems (M3 LightLab Imaging, MA, 
USA or C7XR, St Jude Medical, MA, USA) were used. All images were analyzed by an 
independent core laboratory.

OCT imaging of the target lesion was obtained after 200 µg intracoronary 
nitroglycerin infusion and OCT pullback images were acquired during continuous 
infusion of contrast from the guiding catheter, by means of a controlled injection (2-4 
ml/s contrast with 200-300 psi, depending on the coronary assessed), as previously 
described.16 Images were acquired with automated pullback at a rate of 2, 3, or 20 
mm/s (according to the type of OCT system). All cross-sectional images (frames) were 
initially screened for quality assessment and excluded if: any portion of the stent was 
out of the screen, images were not analyzable due to side branch, or images had poor 
quality caused by residual blood, artifacts, or reverberation.17

A dedicated semi-automated contour-detection system (Curad BV, Wijk bij 
Duurstede, The Netherlands) was used. Two contours were delineated: the lumen 
contour (for each cross-sectional image) and the stent contour (every 0.4-0.5 mm, 
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depending on the pullback speed, thus for example every 5 frames for 2 mm/s). 
For stent analysis, between frames an automated stent contour interpolation was 
performed. Manual corrections were applied if needed. Lumen, stent and neointimal 
hyperplasia diameters, areas and volumes were automatically calculated. Stent struts 
were semi-automatically classified as: covered embedded, covered protruding, 
uncovered apposed, and malapposed. Covered embedded struts were defined as 
covered by tissue and not otherwise interrupting the smooth lumen contour; covered 
protruding struts were defined as covered with tissue but extending into the lumen 
(however not > the stent strut thickness: 132 µm for DES and 60 µm for BMS); uncovered 
apposed struts were defined by the same distance from the lumen border as covered 
protruding struts, however without the presence of tissue coverage; malapposed 
struts were defined as those not abutting the lumen border, ≥132 µm for DES and ≥60 
µm for BMS.18 The distance was measured between the center of the stent strut and 
the lumen border and was preset in the software, and manually corrected if necessary. 
Hence, all struts were semi-automatically defined depending on their distance. 

Endothelial function testing
The assessment of the endothelium-dependent vasomotor function was performed 
by the selective infusion of the endothelium-dependent vasodilator acetylcholine into 
the target coronary artery. After baseline angiography, acetylcholine was infused via an 
infusion micro-catheter located at the level of the stent into the target coronary artery at 
incremental concentrations of 10-6, 10-5, and 10-4 mol/l/ml. Acetylcholine was infused for 3 
minutes at each concentration, with 3 minutes interval between each infusion. Angiography 
was obtained after each infusion. The infusion was terminated when the largest dose 
of acetylcholine was reached or in case of coronary vasoconstriction >50% by visual 
estimation. Nitroglycerin was then injected as an intracoronary bolus (100 µg) through the 
guiding catheter to evaluate the endothelium-independent coronary vasoactive response 
of the coronary artery. An angiography was also obtained after nitroglycerin infusion.

Coronary responses to acetylcholine and nitroglycerin were analyzed offline, using 
dedicated QCA software allowing for segmental analysis by the same core laboratory. 
All images were recorded in identical gantry position, allowing for accurate consecutive 
analysis, and were analyzed during diastole. The images obtained at baseline and 
after each infusion were analyzed for MLD in consecutive segments of 5 mm distal to 
the stent. Shoulder patterns on QCA analysis were used to identify the distal stent 
edge.15 The first 15 mm were considered in the analysis and the worst MLD per every 
5 mm segment was chosen. Minimal luminal diameter obtained after each infusion was 
compared to baseline. Baseline MLD was set as 0. Endothelial function was quantified as 
percentage change of MLD from baseline, with negative values expressing paradoxical 
vasoconstriction and positive values representing physiological vasodilatation. 

Statistical analysis
The primary endpoint of the study was in-stent late-luminal loss. The sample size 
calculation was based on the direct comparison between BMS (group A) and DEB 
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plus BMS (group B). The study tested the hypothesis that late-luminal loss in group B 
would be significantly better than in group A. A sample size of 43 subjects per group 
was estimated to show a significant reduction in late-luminal loss of 50% (from 0.70 
to 0.35 mm) with a 2-tailed p-value of 0.05 and a power of 90%, assuming a standard 
deviation of 0.50 mm. To accommodate a 15% loss in angiographic follow-up, 50 
patients per group were enrolled. A third DES arm with the same number of patients 
was added as exploratory arm, to test at the same time also this device in the same 
setting. Concerning OCT and endothelial function, the number of patients for the 
substudy was 10 per group and it was specifically powered (see online appendix).

Continuous variables are presented as means±standard deviations if normally 
distributed, or medians [interquartile ranges] if not normally distributed. Categorical 
variables are presented as counts and percentages. Continuous variables were 
compared between 2 groups using Student’s t-test or its nonparametric equivalent 
Mann–Whitney–U test. In case of a between groups comparison (A versus B versus C), 
analysis of variance or its nonparametric equivalent Kruskal-Wallis test were applied. 
Categorical variables were compared using chi-square or Fischer’s exact tests. All 
analyses were performed according to the intention-to-treat principle. A 2-tailed 
p-value of 0.05 was considered statistically significant.

ResULts

Patient and procedural characteristics
Overall, 150 patients were included and underwent primary PCI for STEMI according 
to the protocol between February 2009 and November 2010 (figure 1). Baseline clinical 

Figure 1. Flow chart of the study. Patients with ST-segment elevation myocardial infarction (STEMI) 
were included if they presented within 12 hours after the onset of symptoms. Of the 1041 patients 
undergoing primary PCI, 891 were not randomly assigned to a treatment group. The remaining 150 
patients were randomized to one of the 3 treatment groups. PCI: percutaneous coronary intervention.
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characteristics are shown in Table 1. Procedural and angiographic characteristics 
are shown in tables 2 and 3.The groups were well balanced for all variables. Both 
angiographic and device success were achieved in 50 (98.0%), 49 (98.0%), 48 (98.0%), 
and procedural success in 49 (96.1%), 48 (96.0%), 48 (98.0%) of patients in BMS, DEB, 
and DES groups, respectively (overall p=1 and p=0.83, respectively).

In-hospital adverse events
Two MACE occurred during hospitalization. A sub-acute stent thrombosis occurred 
4 days post-procedure in a 61 year-old man randomized to group B. This caused 
a recurrent MI and a TLR with successful thrombus aspiration and implantation of 
an additional BMS distal to the previous stent placed because of a missed edge 
dissection after the index treatment. This patient was initially treated with a single 
BMS which was predilated (before DEB) with a normal balloon. The second patient, 
randomized to group A, was an 86 year old woman who died one day post-procedure 
due to cardiogenic shock, developed shortly after the index procedure.

Table 1. Baseline characteristics of the patients and lesions in the three groups.

BMS
N=51

DEB
N=50

DES
N=49

P Value
DEB vs. 

BMS

Age (years) 59.9±10.9 59.7±9.9 55.9±9.7 0.92

Male gender 42 (82.4) 41 (82.0) 41 (83.7) 0.96

Risk factors

Diabetes mellitus 6 (11.8) 3 (6.0) 2 (4.1) 0.49

Hyperlipidemia 11 (21.6) 13 (26.0) 16 (32.7) 0.60

Current smoker 29 (56.9) 19 (38.0) 28 (57.1) 0.07

Hypertension 18 (35.3) 17 (34.0) 15 (30.6) 0.89

Previous myocardial infarction 0 1 (2.0) 2 (4.1) 0.50

Previous percutaneous coronary intervention 1 (2.0) 1 (2.0) 2 (4.1) 0.99

Previous coronary bypass surgery 0 0 0 -

Time from symptom onset to hospital 
arrival, min

125 
[66-200]

121 
[89-192]

114 
[76-238] 0.58

Time from hospital arrival to treatment, min 40 [25-80] 35 [25-80] 30 [20-72] 0.64

Location of the myocardial infarction 0.78

Anterior 19 (37.3) 23 (46.0) 17 (34.7)

Inferior 25 (49.0) 22 (44.0) 24 (49.0)

Lateral 3 (5.9) 3 (6.0) 4 (8.2)

Posterior 3 (5.9) 2 (4.0) 4 (8.2)

Killip class II/III 1 (2.0) 1 (2.0) 2 (4.1) 0.99

All values are mean±standard deviation, or median [25th-75th interquartile range], or n (%). BMS: 
bare-metal stent, DEB: drug-eluting balloon, DES: drug-eluting stent.
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Table 2. Baseline characteristics of the procedures in the three groups.

BMS
N=51

DEB
N=50

DES
N=49

P Value
DEB vs. 

BMS

Radial approach 22 (43.1) 20 (40.0) 20 (40.8) 0.75

Target vessel 0.16

Left anterior descending/diagonal 21 (41.2) 24 (48.0) 18 (36.7)

Circumflex/marginal branch 8 (15.7) 13 (26.0) 11 (22.4)

Right coronary artery/posterior descending 22 (43.1) 13 (26.0) 20 (40.1)

Baseline TIMI flow 0.28

0 or 1 43 (84.3) 34 (68.0) 27 (55.1)

2 or 3 8 (15.7) 16 (32.0) 22 (44.9)

Predilatation with standard balloon 51 (100) 30 (60.0) 49 (100) <0.01

Predilatation balloon diameter, mm 2.5±1.1 2.2±0.4 2.4±1.1 0.29

Predilatation balloon length, mm 15.8±5.3 16.5±5.3 16.2±4.6 0.59

Predilatation balloon pressure, atm 11.9±3.6 12.1±3.2 12.3±3.3 0.86

DEB diameter, mm - 3.0±0.5 - -

DEB length, mm - 23.4±3.7 - -

DEB pressure, atm - 10.9±3.3 - -

DEB inflation time, s - 44.1±14.4 - -

Number of stents implanted per lesion 1.3±0.5 1.3±0.7 1.2±0.5 0.77

Number of stents implanted per lesion 0.42

1 37 (72.5) 40 (80.0) 40 (81.6)

2 13 (25.5) 9 (18.0) 8 (16.3)

>2 1 (2.0) 1 (2.0) 1 (2.0)

Stent diameter, mm 2.94±0.54 2.98±0.52 2.88±0.44 0.71

Total stent length, mm 25.3±10.8 24.4±13.4 25.4±13.3 0.69

Postdilatation with standard balloon 18 (35.3) 18 (36.0) 14 (28.6) 0.88

Postdilatation balloon diameter, mm 3.2±0.7 3.1±0.7 3.3±0.5 0.47

Postdilatation balloon length, mm 13.2±4.1 14.3±4.2 14.0±6.1 0.43

Maximum inflation pressure per lesion, atm 16.9±3.3 15.9±2.3 16.8±2.7 0.08

Final TIMI flow 0.99

0 or 1 0 0 0

2 1 (2.0) 1 (2.0) 1 (2.0)

3 50 (98.0) 49 (98.0) 48 (98.0)

Glycoprotein IIB/IIIA inhibitor 41 (80.4) 43 (86.0) 39 (79.6) 0.64

Contrast use, ml 170 
[150-220]

190 
[150-240]

160 
[120-210] 0.27

Fluoroscopy time, min 8 [7-12] 9 [7-17] 8 [6-10] 0.17

Procedural time, min 46 [40-60] 51 [44-70] 40 [34-50] 0.18

Angiographic success 50 (98.0) 49 (98.0) 48 (98.0) 0.99

Procedural success 49 (96.1) 48 (96.0) 48 (98.0) 0.98

All values are mean±standard deviation, or median [25th-75th interquartile range], or n (%). BMS: 
bare-metal stent, DEB: drug-eluting balloon, DES: drug-eluting stent. TIMI: Thrombolysis in 
Myocardial infarction.
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Angiographic follow-up
At 6 months 23 patients (15%) did not undergo angiographic control: 19 refused due 
to lack of symptoms, 2 patients died before angiographic follow-up and 2 patients 
were recommended not to undergo it for clinical reasons (renal failure and intracranial 
hemorrhage with severe sequelae). Hence, 6-month QCA was available in 43 (84.3%), 
42 (84.0%), and 42 (85.7%) group A, B, and C patients respectively (overall p=0.75).

The QCA data are presented in table 3. The primary endpoint, reduction of in-
stent late-luminal loss, was not met: 0.74±0.57 in group A vs. 0.64±0.56 in group B 
(p=0.39). Late-luminal loss in group C was significantly less compared to both groups 
A and B: 0.21±0.32 (overall p<0.01).

No significant differences were shown in binary restenosis rates between groups 
A (26.2%) and B (28.6%), while group C (4.7%) showed a significantly lower rate 
compared to the other groups (overall p=0.01).

Adverse events at 6-month follow-up
Clinical events are shown in table 4. A total of 28 MACE occurred in 24 patients. In 
group A, 12 (23.5%) patients had a MACE: 9 (17.6%) TLR (all due to restenosis and all 
treated with repeated PCI), 1 (2.0%) TVR non-TLR (due to disease progression), and 2 
(3.9%) cardiac deaths (one due to cardiogenic shock, shortly after the index procedure 
as already described, the second after 5 months because of progressive heart failure). 
In group B, MACE occurred in 10 (20.0%) patients. Ten (20.0%) TLR were reported: 
8 due to restenosis and all treated percutaneously, and 2 due to early definite stent 
thrombosis. The first was a sub-acute stent thrombosis 4 days postprocedural, as has 
been already described. The second occurred 5 days after the index procedure, causing 
a recurrent MI treated with successful thrombus aspiration and balloon re-dilatation of 
the previous stent, probably undersized. This patient was initially treated with a single 
BMS, without predilatation with a normal balloon. Further, 1 (2.0%) TVR non-TLR (due 
to disease progression) and 2 (4.0%) MI (both caused by stent thrombosis as previously 
mentioned) occurred. In the DES group 1 (2.0%) TLR (due to restenosis and treated 
percutaneously) and 1 (2.0%) TVR non-TLR (due to disease progression) occurred in 2 
patients. Finally, in 2 patients, both in the DEB group, repetitive events of the same 
type occurred in the first 6 months. The first patient had a stent thrombosis 5 days 
post-procedure causing an MI and TLR (as previously described) and underwent a new 
TLR because of restenosis 3 months later. The second patient underwent a clinically 
driven TLR because of restenosis at 10 weeks and again at 6 months.

Optical coherence tomography and endothelial function testing
After the index procedure, 31 patients were randomized to undergo OCT and endothelial 
function testing. An additional patient was randomized, above the 30 planned patients, 
because of the death of one patient before the follow-up procedure. During the 6-month 
angiographic follow-up 27 patients underwent OCT and 21 patients underwent endothelial 
function testing. Thus, of these 31 randomized patients, 3 refused angiographic follow-up 
and 1 died before it. In additional 6 patients only OCT was performed without endothelial 
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function testing: in 3 severe in-stent restenosis was evident, in 2 the temporary pacemaker 
lead (routinely placed during this test for safety purposes) could not be placed, and in one 
a new severe lesion distal to the stent was detected. The OCT and endothelial function 
findings at 6-month follow-up are presented in table 5.

The average percentage of uncovered and malapposed stent struts per lesion was 
0% [0-0.35], 2.84% [0-6.63], 5.21% [3.25-14.5] in groups A, B, and C respectively (overall 

Table 3. Quantitative coronary angiography of the culprit lesions treated in the 
three groups.

BMS
N=51

DEB
N=50

DES
N=49

P Value
DEB vs. 

BMS

P Value
DEB vs. BMS 

vs. DES

Pre-procedure

Reference vessel  
diameter, mm 2.84±0.58 2.84±0.41 2.78±0.53 0.99 0.78

Minimal luminal  
diameter before any 
intervention, mm

0.16±0.33 0.20±0.30 0.34±0.41 0.57 0.03

Diameter stenosis before 
any intervention, % 94.1±11.9 92.4±11.4 88.4±13.6 0.47 0.03

Minimal luminal  
diameter, mm* 0.74±0.36 0.62±0.32 0.64±0.38 0.09 0.14

Diameter stenosis, %* 74.1±11.8 78.8±11.9 77.3±12.8 0.05 0.03

Lesion length, mm* 16.20±9.1 18.7±13.1 16.8±8.7 0.28 0.41

Post-procedure

Minimal luminal  
diameter, mm 2.47±0.51 2.50±0.49 2.53±0.41 0.75 0.87

Diameter stenosis, % 14.1±7.8 14.1±9.6 12.2±8.6 1 0.65

Follow-up N=42 N=42 N=43

Minimal luminal  
diameter, mm 1.68±0.75 1.86±0.74 2.31±0.42 0.25 <0.01

Diameter stenosis, % 41.2±23.5 35.7±20.9 19.0±11.6 0.26 <0.01

Late-luminal loss, mm

Proximal 0.22±0.64 0.27±0.45 0.16±0.43 0.67 0.69

In-stent 0.74±0.57 0.64±0.56 0.21±0.32 0.39 <0.01

Distal 0.01±0.50 0.12±0.48 0.07±0.44 0.30 0.74

In-segment 0.52±0.66 0.44±0.55 0.17±0.35 0.51 0.02

Binary restenosis in-stent 10 (23.8) 12 (28.6) 2 (4.7) 0.67 0.01

Binary restenosis 
in-segment 10 (23.8) 13 (31.0) 3 (7.0) 0.51 0.02

All values are mean±standard deviation or n (%). BMS: bare-metal stent, DEB: drug-eluting 
balloon, DES: drug-eluting stent.
* Measured after opening culprit lesion.
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p<0.01). On cross-sectional analysis, vessel size was not statistically different between 
groups with stent diameters of 3.57 [2.75-3.77], 3.07 [2.75-3.40], and 3.19 [2.92-3.34] 
mm in the BMS, DEB, and DES groups respectively (overall p=0.25). Moreover, the 
stent length was also not statistically different between groups 25.3 [19.2-35.3], 22.9 
[18.3-28.3], 19.4 [14.5-27.9] mm, respectively (overall p=0.42). Maximum neointimal 
area and neointimal volume were higher in the BMS group, compared to DEB and 
DES: 6.25 [4.53-9.37], 4.91 [4.23-5.28], 2.70 [1.97-3.52] mm2 (overall p<0.01) and 
101.3 [63.5-101.3], 60.0 [46.7-80.4], 24.2 [11.5-47.4] mm3 (overall p<0.01) respectively.

Concerning endothelial function, no effect was seen in the BMS group, with 
substantial stability of the vascular dimensions. In contrast, both DEB and DES showed a 
paradoxical vasoconstriction related to incremental doses of acetylcholine. The degree 
of endothelial-dependent vascular response to incremental acetylcholine doses, 
expressed as percentage change of in-segment MLD, was significantly diminished 
in the DES group in comparison to the control group BMS for low, medium, and 
high acetylcholine infusions in the first 5 mm distal of the stent (figure 2). In the DEB 
group more paradoxical vasoconstriction was seen for medium and high acetylcholine 
infusions in comparison to BMS. The endothelial-independent vascular response, after 
nitroglycerin infusion, was similar between all 3 groups.

Table 4. Clinical outcomes at 6-month.

BMS
N=51

DEB
N=50

DES
N=49

P Value
DEB vs. BMS

Events at 1-month follow-up

Cardiac death 1* (2.0) 0 0 0.32

Myocardial infarction 0 2¥ (4.0) 0 0.24

Target lesion revascularization 0 2¥ (4.0) 0 0.24

Target vessel non lesion revascularization 0 0 0 -

Stent thrombosis 0 2¥ (4.0) 0 0.24

Cumulative events at 6-month follow-up

Cardiac death 2 (3.9) 0 0 0.16

Myocardial infarction 0 2 (4.0) 0 0.24

Target lesion revascularization 9 (17.6) 10 (20.0) 1 (2.0) 0.76

Target vessel non lesion revascularization 1 (2.0) 1 (2.0) 1 (2.0) 0.99

Stent thrombosis 0 2 (4.0) 0 0.24

Major adverse cardiac events 12 (23.5) 10 (20.0) 2 (4.1) 0.67

All values are n (%). BMS: bare-metal stent, DEB: drug-eluting balloon, DES: drug-eluting stent.
* Event occurred in-hospital.
¥ Of these two patients one patient had a stent thrombosis, myocardial infarction, and target 
lesion revascularization in-hospital. 
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DIsCUssIon
The main findings of this randomized, multicenter study are: 1) DIOR DEB failed to 
demonstrate angiographic superiority over BMS, with similar late-luminal loss and binary 
restenosis rates; 2) DES showed significantly better angiographic and clinical results 
compared to both DEB and BMS; 3) DEB had significantly more combined uncovered 
and malapposed struts compared to BMS, however less compared to the DES group.

Drug-eluting stents were developed with the knowledge that the process of 
restenosis after stent implantation is gradual and progressive. Therefore, drug release 
from the stent was deliberately prolonged with the use of polymer coatings, providing 
a long-term and sustained drug release. On the other hand, laboratory results have 
shown that even a short contact between taxol compounds with vascular smooth 
muscle cells can inhibit the proliferation of these cells for a long period, suggesting 
that stent based sustained drug release may not be necessary.19 With this knowledge 
a DEB was developed and tested in trials, which confirmed this inhibitory effect on 

Figure 2. Endothelial function results.Comparisons of percentage of minimal luminal diameter 
changes, 5 mm distal from the stent, in response to acetylcholine in incremental doses (10-6, 
10-5, and 10-4 mol/l/ml) and nitroglycerin. Data are expressed as mean±standard error of the 
mean. Change in MLD is significantly different between BMS and DEB for the high acetylcholine 
group (p=0.03). Between BMS and DES significant differences were seen for the low (p=0.03), 
medium (p=0.01), and high (p=0.04) acetylcholine groups. All other DEB and DES points were 
not statistically different from the reference BMS. MLD: minimal luminal diameter, BMS: bare-
metal stent, DEB: drug-eluting balloon, DES: drug-eluting stent. 
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neointimal hyperplasia. This effect was demonstrated for the currently used DIOR 
DEB,8,20 and for the SeQuent Please paclitaxel-coated balloon (Braun Melsungen AG, 
Melsungen, Germany).10,11 

An appealing extension of the use of DEB appeared to be the treatment of 
STEMI, combining DEB with a BMS. Specific advantages of this approach might 
theoretically be: 1) homogeneous administration of the drug to the vessel wall, 
especially at the area of the culprit plaque, whereas the DES delivers the drug only in 
the proximity of its struts; 2) better angiographic results, and hence less need for TLR; 
3) less malapposition, with potentially less stent thrombosis with respect to DES; 4) 
preservation of endothelial function with respect to DES; 5) potentially less prone 
to consequences of shortened dual-antiplatelet durations, in patients incapable to 
adhere to 12-month dual-antiplatelet therapy.

Notwithstanding these potential advantages, the DEB used in this study failed to 
prove superior angiographic outcomes. We were not able to demonstrate a beneficial 
effect of pre-treatment with DEB in STEMI. Interestingly however, the percentage of 
uncovered and malapposed struts as seen on OCT, suggest that there is a drug effect 
induced by DEB which shows morphological changes compared to BMS alone. The 
DES group showed even more pronounced morphological changes. These findings 
are in line with a recent OCT study in STEMI patients.5 These results may suggest that 
the DEB did induce some effects on neointimal proliferation as demonstrated by OCT, 
however insufficient to cause enough inhibition of the process in order to reduce late-
luminal loss as compared to the BMS group. As it has been previously demonstrated for 
DES in OCT studies, effective inhibition of late-luminal loss seems to be accompanied 
by specific morphological changes, seen as uncovered and malapposed struts. These 
delayed healing processes may contribute to an increased risk of stent thrombosis.21,22 
Also the acetylcholine testing findings in the present study point towards a drug 
effect in DEB treated patients. After incremental acetylcholine infusions paradoxical 
vasoconstriction occurred in the DEB and DES treated patients, with non significantly 
more pronounced vasoconstriction in DEB compared to DES. In contrast, endothelial 
function in the BMS group was stable after incremental acetylcholine concentrations.

A possible explanation of the findings relies on the fact that the currently used DEB 
may have failed to warrant sufficient bioavailability of paclitaxel at the lesion site.24 A 
clarification for this might be the used excipient, which consist of shellac. Recently, a side 
by side comparison in a porcine model of various DEB relying on different excipients 
demonstrated differences in late-luminal loss in one DEB over the other. In that same 
study, fibrin deposition and inflammatory response were more pronounced in the most 
effective DEB in comparison to a normal angioplasty balloon and the less effective 
DEB23 Although the currently used DEB was not specifically used in that study, the study 
itself shows the importance of the excipient or drug-carrier in DEB technology.

A second justification might be the fact that although mandatory per protocol, 
only 60% of patients in the DEB group underwent predilatation with a regular balloon. 
Predilatation before using a DEB should improve drug uptake by the vessel wall due to 
the creation of micro-dissections and thus facilitate drug transport through the intima 
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and media. Secondly in case of calcified lesions, predilatation will facilitate lesion 
crossing with the usually more bulky DEB and prevent potential scrape-off of the drug. 
Therefore, in order to understand the results obtained, we performed a series of post-
hoc “hypothesis-generating” analyses focused on the DEB group. Of 25 patients who 
had predilatation the late-luminal loss was 0.49±0.52 mm versus 0.85+0.56 mm in the 
17 patients without predilatation in the same DEB group (p=0.04). Moreover, in 10 
patients in whom more than 1 stent was placed at the lesion site, a protocol-mandated 
DEB dilatation was not performed in the segment where the additional BMS was 
placed. In these 10 patients with additional BMS and without an extra DEB dilatation, 
the late-luminal loss was 1.01±0.75 mm versus 0.52±0.44 mm in the 32 patients 
without an additional stent (i.e. no geographical mismatch) (p=0.01). Noticeably, 5 
out of these 10 patients (50%) had a TLR. 

Considering the patients who had predilatation with a normal balloon and 1 stent 
(i.e. no geographical mismatch of DEB and BMS), late-luminal loss was 0.74±0.60 
mm (29 patients), 0.43±0.45 mm (19 patients), and 0.19±0.30 (35 patients) in the 
BMS, DEB, and DES groups respectively. In this specific subgroup the DEB had a 
significantly lower late-luminal loss than the BMS subgroup (table 6).

It remains difficult to judge the impact of these protocol deviations on the outcomes 
in the DEB arm. Nevertheless, it is important to consider these results as “hypothesis-
generating” and possibly useful when applying DEB in future studies. 

Furthermore, while in DES the release of paclitaxel is regulated by a polymer 
coating, ensuring a sustained and gradual release over time, DEB are applied by a 
single short exposure to the vessel. This may have still an impact on the long term 
outcomes in patients with de novo lesions. However, it has been demonstrated that 
with a short exposure to DEB the amount of paclitaxel in the vessel wall was still in 
a bio-effective range after 7 days.23 Therefore, we do not believe that the half life of 
paclitaxel significantly contributed to the negative results of this study.

Study limitations
This study was powered for angiographic outcomes and not aimed at detecting clinical 
differences between groups. Hence, no firm conclusions can be drawn on the safety 
of DEB. Since this was the first study with DEB in STEMI no reference late-luminal 
loss for the DEB group was available for the power calculation. As late-luminal loss 
was higher in the DEB group than assumed, the study might have been insufficiently 
powered to detect smaller differences in angiographic outcomes between the BMS 
and DEB groups. Therefore, even a reduction in late-luminal loss <50% (as the original 
assumption of this study was) could be of clinical significance when applied in a larger 
cohort of patients. The OCT outcomes with a reduction of neointimal hyperplasia in 
the DEB group seem to suggest that the changes induced by DEB might indeed have 
clinical significance when applied in an appropriate number of patients. Hence, future 
larger randomized studies should be performed in order to put the current findings 
into perspective. Second, the study was single blinded, thus potentially resulting in 
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treatment bias. Third, a risk of selection bias, which however should equally apply to 
all three treatment arms, could not be completely ruled out. Finally, the deviations 
from the protocol regarding the lack of predilatation in the DEB arm, and the lack of 
additional DEB dilatation in case of additional BMS implantation may have influenced 
the results negatively. Nevertheless, the consequences of these post-hoc analyses 
should be applied with thought and used as hypothesis-generating outcomes.

ConCLUsIon
Local drug delivery with a DEB to the culprit plaque of a STEMI at the moment of 
highest inflammation remains an attractive treatment opportunity. Nevertheless, the 
DIOR™ DEB in combination with BMS failed to show angiographic superiority to BMS 
alone also with more evident morphological and functional changes on OCT and 
acetylcholine testing respectively. These morphological changes suggest a drug effect, 
however insufficient to result in superior angiographic results. Finally, angiographic 
results of DES were superior to both BMS and DEB, however DES induced delayed 
healing and endothelial dysfunction.
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Table 6. Effect of predilatation and geographical mismatch on angiographic outcomes.

BMS DEB DES
P Value
DEB vs. 

BMS

Predilated lesions N=51 N=25 N=49

Late-luminal loss 0.74±0.57 0.49±0.52 0.21±0.32 0.07

Predilated lesions and 1 stent implanted N=29 N=19 N=35

Late-luminal loss 0.74±0.60 0.43±0.45 0.19±0.30 0.047

All values are mean±standard deviation BMS: bare-metal stent, DEB: drug-eluting balloon, 
DES: drug-eluting stent.
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onLIne APPenDIX 
Power analysis for the optical coherence tomography and endothelial function 
substudy.

Parts of the secondary endpoints of this study were OCT analysis of stent strut 
coverage and endothelial function testing measured after acetylcholine infusion. The 
sample size is based on the outcomes of leading OCT studies till 2008 for BMS and 
DES in non-STEMI patients as data in STEMI patients were not available.1,2 Using OCT 
at 6-month, the average percentages of strut malapposition and uncoverage per stent 
after DES were 1-1.7% and 8-16% respectively, while in the BMS group they were 
<1%. Data on DEB in patients with STEMI were not available. For the sample size 
calculation, assuming an average 13% stent strut malapposition/uncoverage per stent 
(average of the 2 studies) with a SD of 5% after DES, a reduction of 50% in strut 
malapposition/uncoverage after DEB/BMS with a power of 0.80 and an alpha of 0.05, 
10 patients per group were needed (mean stent length 20 mm with approximately 
10 struts per mm stent). Therefore, a total of 30 patients (10 per group), undergoing 
6 month follow-up angiography were asked to undergo intra-coronary OCT for the 
assessment of vascular healing.

For endothelial function testing the sample size is based on two papers3,4 
demonstrating endothelial dysfunction in coronary segments distally to DES 
implantation in patients with stable coronary disease, as no such study was done to 
our knowledge in STEMI patients.

The percentage coronary vasoconstriction assessed by QCA after acetylcholine 
infusion with micro-catheter advanced selectively in the stented coronary vessel was 
32% and 27% respectively. There was no vasoconstriction present in patients treated 
with a BMS. There is no data available on coronary vasomotor function after use of 
DEB in patients with STEMI. 

The percentage minimal luminal diameter reduction assessed by QCA after incremental 
doses of acetylcholine was assumed to be 25% less for DEB than for DES. The BMS group 
was the reference group, in which a physiological response was assumed. To test the 
hypothesis that DEB reduces by 25% paradoxical vasoconstriction when compared to 
DES a sample size of 8 subjects per group was estimated to show a significant difference 
between groups with a 2-tailed p-value of 0.05 and a power of 90%.
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IntRoDUCtIon
In the past decades, major progress has been made in the percutaneous treatment of 
coronary artery disease. Due to its simplicity and less invasive nature when compared 
to surgery the number of PCIs grew, while at the same time also the lesion complexity 
for PCI treatment increased.1, 2 Despite this increasing number of procedures and the 
concomitant development of materials and techniques, three important drawbacks 
are still encountered when performing PCI: 1. Restenosis, 2. Stent thrombosis, and 
3. Suitability of a specific device in a certain lesion subset. With regard to restenosis, 
the transition from balloon angioplasty to bare-metal stenting, and recently from 
bare-metal stenting to drug-eluting stenting resulted in significant reductions of 
revascularizations.3, 4 However, also with DES certain drawbacks are still encountered.5, 6 
The most ominous complication following PCI, although less common than restenosis, 
is stent thrombosis. Stent thrombosis can result in severe clinical sequelae, leading to 
myocardial infarction (70-90%) and is associated to a high mortality rate (20-40%).7-9 
Several factors are related to the occurrence of stent thrombosis: 1. Patient factors, 
2. Lesion characteristics, 3. Procedural factors, and 4. Stent factors. The former 3 
characteristics are unrelated to the use of a BMS or a DES. However, stent factors 
are foremost associated with DES rather than with BMS implantation.9-15 Concerning 
these stent factors, optical coherence tomography (OCT) studies demonstrate that 
stent strut uncoverage and malapposition is more often seen in DES than in BMS 
treated patients. This phenomena of morphological changes are also seen during 
autopsy studies in patients with stent thrombosis. More pronounced eosinophilic, 
macrophages, T-cells and mast cells involvement at the stent site has been described in 
DES treated patients, suggesting a hypersensitivity inflammation.11, 15-17 These findings 
point toward a cascade in which DES treated patients are more prone to develop 
stent thrombosis when compared to BMS treated patients. It is believed this is due to 
an ongoing drug effect which hampers endothelial healing, and therefore abolishing 
the protective role of the endothelium.18 In addition, polymers on DES allow for a 
sustained release of the anti-restenotic drug. These polymers are also associated with 
an ongoing inflammatory response.12, 19 Therefore an important extension of the DEB 
technology is avoiding the use of polymers, and therefore preventing an inflammatory 
response targeted to polymers as is seen in DES. Notwithstanding the anti-restenotic 
effects of DES, a device that can reduce an ongoing inflammatory response, which 
creates a pro-thrombogenic environment, is warranted.20

In this light we sought for an alternative option that could reduce restenosis when 
compared to BMS without leading to the above mentioned morphological changes, 
mainly seen in DES, which are associated with stent thrombosis.

This discussion will concern the application of new devices in (complex) coronary 
lesions, with the idea of reducing restenosis rates as effective as DES, however, 
without instigating the above mentioned morphological changes associated with 
stent thrombosis. 
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DRUG-eLUtInG BALLoons foR In-stent RestenotIC 
LesIons
In chapter 2 and 3 we described the application of two different DEB in patients with 
in-stent restenosis. From a historical perspective, in-stent restenosis was the first lesion 
subset in which a DEB was explored.21 All were preclinical and human trials focusing 
on the efficiency of the device, and optimizing the technique.22-24 In order to get also 
a better understanding of the mechanisms involved in restoring coronary blood flow, 
serial OCT, fractional flow reserve, and angiographic images and measurements were 
acquired in the DEB-ISR study. The hydrophilic excipient used in the In.Pact falcon DEB 
is comparable to the proven effective excipient used in the SeQuent Please DEB.24-26 
This study contributes to the understanding of the direct and mid-term effects of DEB. 
We demonstrated that this DEB restored coronary blood flow by means of an acute 
mechanical effect, causing an increase in lumen by extra expanding the stent and 
compression of the neointimal tissue, while generating dissections only visible with 
OCT. In the mid-term coronary patency persists and even improves at follow-up due to 
a sustained drug effect, with further increase in lumen volume, decrease in neointimal 
volume and without impairing adequate sealing of neointimal dissections. Hence, 
not only did the DEB allow for coronary patency, but it also allows for endothelial 
healing, with a limited number of uncovered and malapposed stent struts. Because 
no additional stent is placed when applying a DEB, this might also result in less issues 
related to additional stent placement and dual antiplatelet therapy can be reduced 
to 1-3 months instead of 12 months with DES. In clinical practice the implications of a 
reduction in dual antiplatelet therapy might be significant, since compliance to dual 
antiplatelet therapy is known to be not optimal , while in clinical trials this is more 
controlled.27 From an efficiency point of view the DEB-ISR study showed an average 
late-luminal loss of 0.01 mm, while allowing good endothelial healing. Considering 
the literature, this result seems to be very promising.21, 25, 28

The second study we have performed in patients with in-stent restenosis is the 
Valentines I study. We have assessed the clinical value of the DIOR DEB in a larger 
patient population, with limited exclusion criteria. In terms of revascularization rate 
the results seem satisfying. The PEPCAD II study showed a similar revascularization 
percentage as was found in the Valentines I study. Although it is difficult to compare 
figures between these two studies as the PEPCAD II has angiographic endpoints, while 
the Valentines I study is a clinically oriented study without a comparator group, and as 
it is known from literature angiographic follow-up increases revascularization rates.29 
Therefore, in case a routine angiographic follow-up was performed in the Valentines I 
study, the revascularization rate might had been higher than is the case now. 

An interesting extension of the Valentines I trial is the study design. A relatively 
large number of patients were included in a one week time. Instead of enrolling 
patients in high volume centers over a prolonged period of time, a considerable 
number of centers included as many patients as possible in a very short period. This 
proof of concept, might be considered in future trials. Not only can this provide faster 
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data acquisition, but also does it reflect a more real world setting and outcomes due 
to less experienced operators than normally is seen in trials.

DRUG-eLUtInG BALLoons In MyoCARDIAL InfARCtIons 
Primary percutaneous coronary intervention (PCI) with stent implantation is considered 
as the default treatment of choice for patients with ST-segment elevation myocardial 
infarction (STEMI).30 In general BMS and DES are considered in STEMI lesions.31-33 In 
this setting, the DES is considered superior to BMS in terms of reducing restenosis 
and reinterventions. However, safety concerns regarding an increased risk of stent 
thrombosis with DES persist, not only due to the aforementioned reasons regarding 
stent factors. ST-segment myocardial infarction itself is considered as a risk factor for 
the occurrence of stent-thrombosis.8, 9, 34, 35 

This can be explained by the pathological characteristics of the culprit lesions usually 
showing a large necrotic core and high amount of thrombus burden, characteristics 
that cause inflammation and delayed vascular healing, thus making the setting of an 
acute myocardial infarction prone for stent thrombosis development.11, 36 Moreover 
adequate stent sizing can be difficult during STEMI and this can lead to frequent 
undersizing and underexpansion of the stent with residual malapposition. Besides, 
as DES induce an inflammatory process, therefore DES in STEMI might pose an even 
higher threat on stent thrombosis than in stable coronary lesions.34, 37, 38 Therefore, 
the aims of the DEB-AMI: 1. To assess whether a DEB could reduce the degree of 
restenosis as compared to BMS and 2. To avoid the toxicity to the endothelium 
as compared to DES,18 thus overcoming the risks of an increase in uncovered and 
malapposed stent struts which on their turn are associated with stent thrombosis 
(figure 1). The study failed to show angiographic superiority of DEB over BMS, with 
similar late-luminal loss and angiographic restenosis in both treatment arms. The DES 

Figure 1. OCT images at 6-month follow-up in STEMI patients. Left: Patient treated with a BMS, 
showing a typical image with clear in-stent restenosis; Mid: Patient treated with a DEB followed 
by a BMS implantation, this image illustrates an effective inhibition of the restenotic process 
without causing uncovered and malapposed stent struts. Hence, respecting the endothelial 
integrity of the coronary vessel; Right: Patient treated with a paclitaxel DES, this image illustrates 
a typical OCT image following DES implantation, with a too strong reduction of the restenotic 
process causing endothelial damage and exposing uncovered and malapposed stent struts. 
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arm was angiographically superior to both DEB and BMS. This resulted in a similar 
revascularization rate in the DEB and BMS groups, while less revascularization were 
performed in the DES group compared to both DEB and BMS groups.

 in a subgroup of patients OCT images were acquired at 6-month follow-up. On 
one hand, in the DEB patients more stent strut uncoverage and malapposition was 
seen than in the BMS treated patients. On the other hand, less neointimal volume 
was seen in the DEB arm compared to the BMS arm. Considering the DES arm, OCT 
findings showed even more pronounced stent strut uncoverage and malapposition 
and a stronger inhibition of neointimal proliferation. The results of the DEB-AMI 
might suggest that the DEB did induce some effects on neointimal proliferation 
as demonstrated by OCT, however insufficient to cause enough inhibition of the 
restenotic process in order to significantly reduce late-luminal loss as compared to 
the DES group. On the contrary DEB induced more uncovered and malapposed 
stent struts. Hence, this is taking away the rationale for DEB at this moment (i.e. no 
reduction in neointimal proliferation while yielding more stent strut uncoverage and 
malapposition and its associated risk of stent thrombosis).

Also the acetylcholine test findings in the DEB-AMI study point towards a 
(toxic) drug effect in DEB treated patients. After incremental acetylcholine infusions 
paradoxical vasoconstriction occurred in the DEB and DES treated patients. In 
contrast, endothelial function in the BMS group was stable, showing as expected no 
signs of endothelial dysfunction. A possible explanation for the negative angiographic 
results in the DEB-AMI study may acquiesce in the fact that the used DIOR DEB has 
failed to warrant sufficient bioavailability of paclitaxel in the vessel wall, at the level of 
the smooth muscle cells. Instead of acting at the smooth muscle cells, a toxic effect 
was caused at the level of the endothelium, while no or insufficient anti-restenotic 
effect was established. A clarification for this might be the used coating which consists 
of shellac. Recently, a side by side comparison of various DEB relying on different 
excipients demonstrated differences in late-luminal loss in one DEB over the other.39 
Already in an early developmental stage the importance of a hydrophilic excipient was 
demonstrated. The authors showed that the coating technique is of utmost importance 
in realizing sufficient paclitaxel tissue concentrations, while paclitaxel solely passes the 
vessel wall poorly.23, 24 A second explanation might be that due to the more extensive 
inflammation in the vulnerable plaque, the stimulation of a repair mechanism (including 
the smooth muscle cells) is more extensive, warranting a prolonged anti-restenotic 
drug delivery in order to achieve sufficient inhibition of the restenotic process. 

DRUG-eLUtInG BALLoons AnD DeDICAteD stents 

In BIfURCAtIon LesIons
Coronary bifurcation lesions make up 15-20% of all percutaneous coronary 
interventions.40 This subset of lesions is considered complex with higher restenosis 
and stent thrombosis rates than simpler coronary lesions.7, 41 In particular, the 
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restenosis rates in the side branch remain the Achilles’ heel of bifurcation lesions.7, 

42-44 In order to tackle these problems various double stenting strategies have been 
explored in order to improve angiographic and clinical outcomes. However, none 
of these different double stenting strategies have clearly shown a beneficial effect 
when compared to a single main branch stenting strategy, which therefore remains 
nowadays the standard of care for bifurcation lesions.6, 45-48 Furthermore, a double 
stenting strategy is technically more complex, and depending on the exact type of 
double stenting strategy, the side branch ostium (most common place of restenosis) 
may not be fully covered. While with other double stenting techniques the main 
disadvantage is the high concentration of metal layers in either the proximal vessel 
or bifurcation carina, which might complicate subsequent wire access complicating a 
possible re-PCI in case of restenosis. Moreover, a high concentration of metal layers 
increases the risk of restenosis and stent thrombosis.49 From this perspective the search 
for an alternative treatment strategy in bifurcation lesions is warranted, i.e. a device 
that reduces restenosis rates in both main and side branch, without complicating the 
procedure. A DEB was considered as a promising device. The operator can perform 
a single stenting strategy, covering the whole main branch, while also treating the 
side branch by means of a DEB dilatation., drug can be effectively delivered in the 
side branch without the need for an additional DES. Moreover, this strategy would 
result in a better ostial coverage (i.e. drug delivery at the whole carina) than can be 
achieved with a DES. A DEB can adopt better to the anatomy of the coronary vessel 
due to a higher flexibility of the device. Besides the DEB can be repositioned in order 
to touch the whole carina, while a DES cannot be repositioned after dilatation. We 
hypothesized that by integrating a DEB in a single main branch stenting strategy, 
followed by a sequential DEB dilatation in the main and side branch would reduce 
restenosis in both branches. Although the rationale seemed promising, the DEBIUT 
randomized study failed to demonstrate superiority over a single stenting strategy 
with a BMS, while a DES was superior to both BMS and DEB.

It should be noticed that the DIOR DEB used in the DEBIUT study was the 
predecessor of the DIOR DEB used in the DEB-AMI. This first generation DIOR DEB 
used in DEBIUT is supposed to be even less effective than the second generation one 
used in the DEB-AMI, as the elution of paclitaxel is very limited due to the coating 
technique. A preclinical study showed an approximately 20 fold lower paclitaxel 
delivery to the vessel wall than with proven effective DEB. This amount of paclitaxel 
falls below the threshold to inhibit the restenotic process. It is likely that the failure of 
this device is attributable to the coating method.50-52 In our study, in order to minimize 
confounding, we have used the same stent platform in all three arms. The amount of 
paclitaxel elution was the main variable, with no paclitaxel in the BMS group, gradual 
paclitaxel release in the DES group, and rapid high concentration of paclitaxel elution 
in the DEB group. This underscores the thought of an insufficient bio-availability of 
paclitaxel at the smooth muscle cell level. 

As the feasibility of DEB in bifurcations was excellent in the DEBIUT trial, this study 
may remain an incentive for a second study using a higher delivery dose DEB combined 
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for instance with a new generation thin strut cobalt chromium stent in the main branch and 
a DEB in the side branch, instead of the currently used stainless steel thick strut stents.53

tHe CURRent PosItIon of DeB
The DEB is an interesting new device, which can deliver an anti-restenotic drug to the 
vessel wall by a single dilatation, without warranting a sustained release from a stent 
platform. In this thesis and in literature the effects of DEB have been explored in different 
lesion subsets. At this point of time, in-stent restenosis is the lesion subset that benefit 
the most from DEB treatment. Several studies, including the DEB-ISR, demonstrate 
that a DEB can effectively reduce the restenotic process, while avoiding the need of a 
new stent layer.21, 24, 25 In case a re-restenosis occurs following a DEB treatment, there 
is still room for the placement of a new stent layer. Hence, an extra step is provided by 
this approach of primarily a DEB and a DES in a second stage. Considering the positive 
outcomes with DEB treatment for BMS in-stent restenosis, a DEB has been considered 
as a valid strategy, with a class IIa level B evidence in the European guidelines for 
percutaneous coronary intervention. Drug-eluting balloon for DES in-stent restenosis 
will probably follow soon, as recently published studies demonstrate a beneficial effect 
for DEB in this setting too.54, 55 In order for DEB to surpass the DES in the guidelines for 
the treatment of in-stent restenosis, larger clinical trials should be performed.

In case of STEMI lesions, it is known that especially first generation DES induce local 
inflammation due to the presence of polymers and vessel wall toxicity, causing delayed 
endothelial healing more uncovered and malapposed stent struts, increasing the risk 
of stent thrombosis. In that regard a DEB might seem an attractive alternative option 
in combination with a BMS. However, whether the combination of a BMS followed by 
a DEB or a DEB followed by a BMS will yield any advantage over a standalone latest 
generation DES is questionable. A just published randomized study in STEMI patients 
comparing a cobalt chromium BMS with a well established 2nd generation everolimus 
DES, showed a reduction in target lesion revascularization with this DES compared 
to BMS.56However, probably the most remarkable finding is the reduction of stent 
thrombosis when compared to the BMS group. This might well represent a paradigm 
shift, a DES with a better safety profile (i.e. less stent thrombosis), while yielding better 
anti-restenotic properties. Although, we should interpret these results carefully, very 
late stent thrombosis in the DES group due to incomplete endothelial healing cannot 
be ruled out yet, as follow-up was only up to one year. Besides, these results should 
be confirmed yet in other large randomized trials.

A second alternative which might be considered as treatment option in primary 
PCI is the DEB only strategy. Several factors associated with stent thrombosis are 
related to the presence of foreign material in the coronary vessel.9 Therefore, the field 
of a DEB only strategy in STEMI patients is worthwhile to explore. In such cases the 
restenotic process might be inhibited without the threat of stent thrombosis. Moreover, 
the lesion characteristics of a vulnerable plaque differ from lesions in patients with 
stable symptoms. Mostly STEMI lesions consists of a soft plaque, which is easy to open 
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up with a balloon only, while stable lesions have a thicker fibrous cap which more often 
warrants metal scaffolding to prevent vessel recoil.3, 57 

In conclusion, probably the latest generations DES will hold the near future in the 
treatment of STEMI patients, while a DEB only strategy might be an interesting pad 
to explore.56, 58

Bifurcation lesions might well be a suitable lesion subset for DEB, as even newest 
generation DES are constrained by the technical complexity of the procedure rather than 
the effectiveness of the DES device itself. As it has become clear from the DEBIUT study 
and the DEB-ISR study, an effective DEB should be considered in case a second DEB 
bifurcation study is initiated. It is still interesting to focus on the technical improvements 
to be considered in DEB technology. By modifying the coating method and applying 
higher doses of drug on the DEB, the drug delivery into the vessel wall will increase. 
Probably because of this ineffective coating method insufficient drug was delivered into 
the vessel wall with the DIOR DEB, while with the In.Pact Falcon DEB a more potent 
effect was found due to a better coating. It will be also more interesting to investigate 
whether a DEB based on other anti-restenotic drugs than paclitaxel will provide further 
improvements. Two pre-clinical studies using a local delivery of sirolimus and zotarolimus 
have shown encouraging results so far.59, 60 In the first study, local delivery of sirolimus 
showed inhibition of both smooth-muscle cells and the expression of extracellular matrix 
components involved in neointimal proliferation. In the second study, a zotarolimus DEB 
showed a marked reduction in neointimal proliferation with respect to conventional 
balloon angioplasty. Interestingly, similar angiographic results for the zotarolimus DEB 
were found compared with the established zotarolimus DES, while retaining a lower 
inflammation score than the zotarolimus DES. Next to zotarolimus, an everolimus DEB is 
currently under development. As it has been the case for DES, a thorough development 
pad has to be followed also for DEB, with technical optimization of the current paclitaxel 
based DEB technology, but also upcoming zotarolimus and everolimus based DEB. A 
concomitant validation of these new DEB should again be performed in various lesion 
and patients subsets in comparison to well-established devices.
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sUMMARy
As mentioned in the introduction, in this thesis we have explored the value of new 
interventional strategies in  complex coronary lesions . The main focus was to show 
efficacy, with at least non-inferiority when compared to current optimal treatment 
strategies, while on the other hand having additional benefits in terms of reduction 
in antiplatelet duration, avoid additional stent layers, and reduction in uncovered and 
malapposed stent struts as seen on OCT (which can be considered as a surrogate 
measure for the risk on stent thrombosis).   

In chapter 1 an introduction is given mainly focusing on the DEB. In this chapter an 
overview is given of the developmental progress in the field of drug-eluting balloons 
and any open fields yet to be explored.

In chapter 2 we report on the results of the DEB-ISR prospective observational study, 
using a 2nd generation DEB. In this study we describe the acute mechanisms involved in 
restoring coronary blood flow and the mid-term effects in patients with in-stent restenosis. 
To do so, serial measurements using QCA, OCT, and FFR were performed pre-, post-
procedure, and at 6-month follow-up. A total of 25 patients underwent treatment with 
this DEB, with a 100% and 92% angiographic and device success respectively. The acute 
gain after this treatment was 1.26±0.61 mm, with a late-luminal loss of 0.01±0.43 mm 
at follow-up. Coronary blood flow is restored by increasing not only the lumen volume, 
but also the stent volume. At follow-up a further modest increase of lumen volume 
and decrease of neointimal volume was seen. This suggests a direct mechanical effect 
caused by the DEB dilatation, while patency of the lumen volume is accomplished by a 
delayed drug effect. A concomitant decrease of the FFR stent gradient was measured 
after the procedure, and at 6-month follow-up the FFR stent gradient decreased further, 
albeit a non significant decrease. Finally, on post-procedure OCT images dissections 
were seen in all patients through the whole treated segment. These dissections resolve 
without additional treatment and do not hamper outcomes.    

In chapter 3 we report on the first clinical experience with a DIOR DEB in patients 
treated for in-stent restenosis. In this ‘real world’, international prospective registry, 
patients with in-stent restenosis were enrolled- in a unique study design- with a one 
week enrollment period, spread over 104 centres worldwide. A total of 244 patients 
were treated with concomitant follow-up between 6-9 months. Angiographic success 
was achieved in 96.6% of patients. At follow-up the cumulative major adverse cardiac 
events rate was 11.1%, with a 7.4% target lesion revascularization rate, and a 0.8% 
definite stent thrombosis rate. Considering the “real-world” patient population, this 
device seems feasible, effective and safe in this setting.

In chapter 4 the 6-month angiographic and 12-month clinical follow-up results of 
the DEBIUT-randomized trial have been reported. In this bifurcation study 117 
patients were randomized to a provisional T-stenting strategy, comparing BMS vs. 
a first generation DIOR DEB plus BMS vs. DES. Angiographic success was achieved 
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in all cases. At 6-month follow-up late-luminal loss in the proximal main branch was 
0.60±0.65, 0.58±0.65, and 0.13±0.45 mm in the BMS, DEB and DES treated groups 
respectively. Target lesion revascularization rate was 27%, 15%, and 15% respectively. 
This benchmark study for bifurcation lesions failed to show superiority of a first 
generation DIOR DEB over BMS, with no reduction in late-luminal loss, however, a 
non-significant trend towards a lower revascularization rate was observed with regard 
to BMS. No stent thrombosis were recorded for the DEB and BMS groups, while 1 
patient had a stent thrombosis in the DES group. Although no additional efficacy 
could be demonstrated with DEB, this new treatment strategy showed to be feasible 
and  safe with regards to stent thrombosis.

In chapter 5 we extended our work in the field of OCT. It has been shown that by 
means of OCT coronary dimensions can be assessed accurately. In order to test the 
predictive value of OCT in indentifying hemodynamic significant coronary lesions, in 
patients with an in-stent lesion FFR was acquired next to OCT. We calculated receiver 
operating characteristic curves to evaluate the diagnostic value of OCT in recognizing 
important coronary lesions. We found that the diagnostic efficiency of OCT derived 
minimal luminal diameter (MLD) and minimal luminal area (MLA) are good, with an 
area under the curve of 0.83 (95% CI: 0.74-0.93) and 0.83 (95% CI: 0.73-0.93). A 
corresponding best cutoff value of 1.77 mm (sensitivity 74% and specificity 78%) 
and 2.54 mm2 (sensitivity 71% and specificity 84%) were found for MLD and MLA 
respectively. From this we concluded that next to important morphological information 
(as assessed in chapter 2 and 6), OCT can also provide information on the severity of a 
lesion. Albeit, it is not a strong enough predictor to use for clinical decision making in 
a per patient basis. Rather it can serve as surrogate measure on a group basis in clinical 
studies for the assessment of severity of a lesion following a certain intervention.    

In chapter 6 the 6-month angiographic, morphological, functional, and clinical results 
of the DEB-AMI have been reported. In this randomized 3-arm study, STEMI patients 
were randomly assigned to treatment with BMS, second generation DIOR DEB plus 
BMS, or DES after successful thrombus aspiration. In this study 150 patients were 
randomized for primary PCI following one of the 3 above mentioned treatment groups. 
A multiple pronged approach was used in order to assess the properties of the DEB 
in STEMI patients. Angiographic late-luminal loss was calculated in order to evaluate 
the efficiency of this DIOR DEB. Secondly, by means of OCT, stent strut coverage 
at 6-month follow-up was assessed in a sub-group of patients. A higher amount of 
stent strut uncoverage and malapposition was considered as a surrogate measure of 
an increased risk on stent-thrombosis. Thirdly, the amount of endothelial response 
to incremental infusion of acetylcholine was assessed. A paradoxical vasoconstriction 
following acetylcholine infusion was considered a measure of endothelial dysfunction. 

Angiographic and procedural success was achieved in 98.0% and 96.7% of cases 
respectively. In the BMS, DEB, and DES groups respectively, late-luminal loss was 
0.74±0.57, 0.64±0.56, and 0.21±0.32 mm, and major adverse cardiac events rate 
were 23.5%, 20.0%, and 4.1%. The median percentage of uncovered and malapposed 
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stent struts per lesion was 0 [0-0.35], 2.84 [0-6.63], and 5.21 [3.25-14.5] respectively. 
Significant paradoxical vasoconstriction was seen in the DEB and DES groups.

This benchmark study in STEMI patients failed to show angiographic superiority for 
DEB over BMS, while DES was superior to both of these groups. From a morphological 
and functional perspective, results suggested a drug effect for both DEB and DES 
groups. These outcomes suggest that DIOR DEB should not be considered as an 
alternative treatment strategy for primary PCI yet. Pending technical improvements of 
this device, insights might change in the future.
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sAMenvAttInG
Zoals vermeld in de inleiding, in dit proefschrift is de waarde van nieuwe 
interventiestrategieën in complexe coronaire laesies behandeld. De focus was gericht 
op het bepalen van de werkzaamheid van deze nieuwe strategieën, waarbij het doel 
was ten minste non-inferioriteit ten opzichte van de huidige optimale behandeling 
strategieën aan te tonen. Tegelijkertijd beoogden wij extra voordelen te laten zien in 
termen van 1. vermindering van de duur van dubbele plaatjesremmende medicijnen, 
2. Door middel van het vermijden van extra stent lagen, en 3. vermindering van 
onbedekte en malapposed stent stuts zoals bepaald met OCT analyses (onbedekte 
en mallaposed stent struts kunnen worden beschouwd als een surrogaat maat voor de 
kans op stent trombose).

In hoofdstuk 1 wordt een inleiding gegeven waarbij de nadruk ligt op de DEB 
technologie. In dit hoofdstuk wordt een overzicht gegeven van de ontwikkeling op 
het gebied van de DEB. Tevens worden hiaten in de literatuur besproken.

In hoofdstuk 2 bespreken we de resultaten van de DEB-ISR prospectieve 
observationele studie, waarin gebruik wordt gemaakt van een 2e generatie DEB. In 
deze studie beschrijven we de acute mechanismen door middel waarvan de coronaire 
bloedstroom wordt hersteld in patiënten met in-stent restenoses. Daarnaast wordt er 
gekeken naar de effecten in de coronair voor de middellange termijn. Om dit te doen, 
werden seriële metingen met behulp van QCA, OCT, en FFR uitgevoerd pre-, post-
procedure, en na 6 maanden follow-up. Een totaal van 25 patiënten werd behandeld 
met deze DEB, met 100% en 92% angiografisch en procedureel succes respectievelijk. 
De acute lumen winst na deze behandeling was 1,26±0,61 mm, met een late-lumen 
loss van 0,01±0,43 mm bij follow-up. In de acute setting herstelt de coronaire 
bloedstroom doordat het lumen volume wordt vergroot door de stent te expanderen, 
en dientengevolge neemt zo ook het stent volume toe. Bij de follow-up wordt een 
verdere bescheiden toename van lumen volume en afname van neointima volume 
waargenomen. Dit suggereert een direct mechanisch effect door de DEB dilatatie, 
terwijl de verdere vergroting van het lumen volume en reductie van het neointima 
volume wordt bereikt door een farmacologisch effect. Een gelijktijdige verlaging 
van de FFR stent gradiënt werd gemeten na de procedure, met een verdere niet 
significante FFR stent gradient daling bij 6 maanden follow-up. Tot slot, op de post-
procedurele OCT afbeeldingen werden dissecties in het hele behandelde segment 
waargenomen. Deze dissecties behoefden geen verdere behandeling en waren 
genezen bij follow-up, zonder dat dit klinisch negatieve effecten had.

In hoofdstuk 3 rapporteren wij de eerste klinische ervaringen met een DIOR DEB 
bij patiënten behandeld voor in-stent restenose. In deze ‘real world’, internationale 
prospectieve studie, werden patiënten met in-stent restenosis behandeld. Het betrof 
een uniek studie design, met maar één week inclusie periode, verspreid over 104 centra 
wereldwijd. Een totaal van 244 patiënten werden behandeld met een klinische follow-
up bij 6-9 maanden. Angiografisch succes werd bereikt in 96,6% van de patiënten. 
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Bij follow-up bedroeg het cumulatieve percentage van ‘major adverse cardiac events’ 
11,1%, met een 7,4% ‘target lesion revascularization rate’, en een 0,8% ‘definite stent 
trombosis rate’. Gezien de ‘real world’ patiëntenpopulatie, lijkt deze DEB praktisch, 
efficiënt in het reduceren van reïnterventies, en veilig.

In hoofdstuk 4 worden de 6-maanden angiografische en 12-maanden klinische follow-
up resultaten van de DEBIUT gerandomiseerde studie gepresenteerd. In deze studie 
werden 117 patiënten gerandomiseerd naar een BMS, DIOR DEB plus BMS, of DES 
groep. Patiënten werden volgens een ‘provisional T-stenting’ strategie behandeld. 
Angiografisch succes werd behaald in alle gevallen. Bij 6-maanden follow-up was 
de ‘late luminal loss’ in de proximale hoofdtak 0,60±0,65, 0,58±0,65, en 0,13±0,45 
mm in de BMS, DEB en DES behandelde groepen respectievelijk. ‘Target lesion 
revascularization’ bedroeg 27%, 15% en 15% respectievelijk in de 3 groepen. Deze 
benchmark studie voor bifurcatie laesies kon geen superioriteit van een eerste generatie 
DIOR DEB aan tonen ten opzichte van de BMS alleen, waarbij er geen vermindering 
was in ‘late luminal loss’ in de DEB groep ten opzichte van de BMS groep. Echter was 
er wel een niet-significante trend naar een lager ‘revascularization rate’ in vergelijking 
met BMS. In de DEB en BMS groepen was er geen stent trombose, terwijl 1 patiënt in 
de DES groep een stent trombose had. Hoewel er geen additionele werkzaamheid kon 
worden aangetoond met DEB ten opzichte van BMS, bleek deze nieuwe behandeling 
strategie praktisch goed toepasbaar en veilig in termen van geen stent trombose.

In hoofdstuk 5 hebben wij ons werk op het gebied van OCT uitgebreid. Het is 
aangetoond dat door middel van OCT dimensies van coronairen nauwkeurig kunnen 
worden bepaald. Om de voorspellende waarde van OCT te testen bij het identificeren 
van hemodynamisch significante coronaire laesies bij patiënten met in-stent laesie 
werd de FFR naast OCT gemeten. We berekenden receiver operating characteristic 
curves om de diagnostische waarde van de OCT te evalueren in het herkennen van 
belangrijke coronaire laesies. We vonden dat de diagnostische waarde van OCT goed 
is, met een “area under the curve” van 0,83 (95% CI: 0.74-0.93) en 0,83 (95% CI: 
0,73-0,93) voor “minimal luminal diameter (MLD)” en “minimal luminal area (MLA)” 
respectievelijk. Een overeenkomstige optimale grenswaarde van 1,77 mm (74% 
sensitiviteit en specificiteit 78%) en 2,54 mm2 (71% sensitiviteit en specificiteit 84%) 
werd gevonden voor MLD en MLA respectievelijk. Hieruit kunnen we concluderen dat 
naast belangrijke morfologische informatie (zoals vastgesteld in hoofdstuk 2 en 6), 
OCT ook informatie over de ernst van een letsel kan bieden. Echter is OCT niet sterk 
genoeg om als voorspeller te fungeren om op per patiënt basis het beleid te sturen. 
In plaats hiervan kan het wel dienen als surrogaat maat in klinische studies voor het 
bepalen van de ernst van een letsel op een per groep basis. 

In hoofdstuk 6 zijn de 6-maanden angiografische, morfologische, functionele en 
klinische resultaten van de DEB-AMI gepresenteerd. In deze gerandomiseerde 
3-armige studie werden STEMI patiënten willekeurig gerandomiseerd naar een 
behandeling met BMS, tweede generatie DIOR DEB plus BMS of DES na succesvolle 
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trombus aspiratie. In dit onderzoek werden 150 patiënten gerandomiseerd voor 
primaire PCI naar één van de drie bovengenoemde behandelingsgroepen. Een 
meerledige benadering werd gebruikt om de eigenschappen van de DEB te 
beoordelen in STEMI patiënten. Angiografische ‘late lumen loss’ werd berekend om 
de efficiëntie van deze DIOR DEB evalueren. Ten tweede werd middels OCT in een 
subgroep van patiënten gekeken naar de endothelializatie van de stent strus. Een 
hoger percentage van ‘uncovered’ en ‘malapposed’ stent struts werd beschouwd als 
een surrogaat meting voor een verhoogd risico op stent trombose. Ten derde is de 
respons van het bloedvat na inspuiten van toenemende dosis acetylcholine gemeten 
of er paradoxale vasoconstrictie ontstaat. De mate van vasoconstrictie volgend op 
acetylcholine infusie werd gezien als een maat voor endotheel dysfunctie.

Angiografisch en procedureel succes werd bereikt in 98,0% en 96,7% van de 
gevallen respectievelijk. In de BMS, DEB, en DES groepen respectievelijk was de ‘late 
lumen loss’ 0,74±0,57, 0,64±0,56 en 0,21±0,32 mm, en het ‘major adverse cardiac 
events rate’ was 23,5%, 20,0% en 4,1%. De mediane percentage ‘uncovered’ en 
‘malapposed’ stent struts per laesie was 0 [0-0,35], 2,84 [0-6,63], en 5.21 [3,25-14,5] 
procent respectievelijk. Significante paradoxale vasoconstrictie werd gezien in de DEB 
en DES groepen.

Deze benchmark studie in STEMI patiënten faalde in het tonen van angiografische 
superioriteit van DEB ten opzichte van BMS, terwijl DES superieur was aan beide 
groepen. Vanuit een morfologisch en functioneel perspectief, suggereerden deze 
resultaten een effect van de ‘drug coating’ op de DEB en DES. Deze uitkomsten 
suggereren dat de DIOR DEB niet beschouwd kan worden als een alternatief 
behandeling strategie voor primaire PCI. In afwachting van technische verbeteringen 
van deze techniek, kunnen inzichten in de toekomst veranderen.
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DAnKWoRD
Ik verbaas mij er nog steeds over hoe onvoorstelbaar snel alles is gegaan, in anderhalf 
jaar hebben wij dit proefschrift tot stand laten komen. Hoe kort ook, het was lang 
genoeg om mij hier thuis te gaan voelen en nieuwe vrienden te maken. Er zijn veel 
mensen die ik wil bedanken, wetende dat dit alles niet mogelijk was zonder hen.

Mijn promotor, beste prof. dr. P.A.F.M. Doevendans, het is een voorrecht om onder u 
te promoveren, wetende dat vele succesvolle promovendi onder uw begeleiding mij 
zijn voorgegaan.

“Niets is onmogelijk, en gewoon doen” lijkt uw credo te zijn. Het heeft mij 
geïnspireerd om gewoon zaken aan te pakken en niet te denken vanuit problemen 
maar vanuit oplossingen. Ik hoop in de toekomst nog veel van u te mogen leren.

Mijn co-promotoren, beste dr. P.R. Stella en dr. P. Agostoni, ik durf met een gerust hart 
te stellen dat er geen periode of fase in mijn school of studie periode zo leerzaam 
was als het afgelopen anderhalf jaar. Intensief ben ik wetenschappelijk gevormd, alles 
heeft de revue gepasseerd. Van het analyseren van de beelden, tot aan het schrijven 
van de artikelen en de daarbij horende valkuilen. 

Dr. P.R. Stella, ik kan gerust stellen dat u het brein was achter de onderzoeken in dit 
proefschrift, ik kwam in een gespreid bed, waarin alles reeds was georganiseerd. Maar ook 
daarnaast, u heeft altijd weinig woorden nodig gehad om mij te motiveren en te inspireren, 
altijd op het juiste moment de juiste woorden, geen woord teveel en geen woord te weinig. 
Gevoel van waardering is er daarom altijd geweest. Bij het schrijven van de manuscripten, 
altijd doortastend en altijd wetende hoe wij de boodschap het beste kunnen presenteren. 
Evenzo triviaal als complex is hoe u mij heeft geleerd om te begrijpen en te vragen naar 
wat nu precies de boodschap is. Dikwijls wijdt men enorm uit over de details, zonder 
goed voor het oog te hebben wat nu de onderliggende onderzoeksvraag is. Een goed 
onderzoek begint bij een sterke vraagstelling en een goed uitgewerkte methodologie. 

Buiten het werkgerelateerde, kon ik altijd bij u terecht als ik niet goed wist hoe ik 
iets moest aanpakken of ik gewoonweg ergens mee zat. Altijd stond u voor mij garant, 
en hiervoor ben ik u zeer dankbaar. De etentjes ter viering van elk mijlpaal waren altijd 
geslaagd, hopelijk zullen er daarom nog vele volgen.

Dr. P. Agostoni, vele uren hebben wij samen gezeten, werkend aan de manuscripten. 
Wetenschap in zijn puurste vorm, waarbij uw stokpaardje statistiek uiteraard niet 
ontbrak. Ik heb zoveel geleerd, en toch als we elke keer samen gaan zitten realiseer ik 
mij hoeveel ik nog kan en moet leren, alle statistische toetsen en regels die ik nu kan 
dromen ten spijt. Immer was ik bevreesd een fout in een enkele cel te hebben staan in 
een database met tien duizenden cellen, wetende dat u dit zou vinden. Wetenschap 
wisselde zich af met persoonlijke en oprechte gesprekken, dikwijls hebben wij samen 
tot laat gezeten, praten over alles wat ons bezig houdt in het leven. 

Hopelijk zullen onze wegen zich nog niet scheiden, en kunnen wij de vele lopende 
projecten verder uitwerken en publiceren, ik ben blij dat ik onder jullie begeleiding dit 
alles heb mogen doen.
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Ik wil de leden van de beoordelingscommissie, prof. dr. M.J. de Boer, prof. dr. 
M.A.A.J. van den Bosch, prof. dr. Y. van der Graaf, prof. dr. F.L. Moll, bedanken voor 
hun toewijding en expertise bij het beoordelen van dit proefschrift. 

Dr. H.M. Nathoe, zonder u had ik deze aanstelling niet gehad, waarvoor dank. Maar 
ook daarna, met sturing in de juiste richting. 

Dr. S.A.J. Chamuleau, als student heb ik het genoegen gehad om onder uw begeleiding 
een onderzoek te doen. Dit heeft de basis gelegd om te zijn waar ik nu ben.

Mijn collega onderzoekers Frebus, Geert, Gijs, Hamza, Ing Han, Jetske, Judith, Manon, 
Margot, Marieke, Mieke, Rosemarijn, Sjoukje, Sofieke, Stefan, Tycho en Willemien 
hebben bijgedragen aan een leerzame maar bovenal een buitengewoon prettige tijd 
als onderzoeker. Ik hoop in de toekomst nog veel prettige jaren als arts-assistenten te 
mogen doormaken met jullie.

Lieve R&D dames Ellie, Jeannette, Manon, Yvonne en Han, jullie waren de stille 
krachten achter de schermen. Ongelooflijk hoe belangrijk jullie zijn geweest bij het tot 
stand komen van dit proefschrift, waarvoor ik jullie zeer erkentelijk ben. Jullie kunnen 
nu eindelijk opgelucht ademhalen, geen mappen die blijven liggen op mijn kamer, 
en over kamer gesproken zal ik met pijn in mijn hart “mijn vergaderkamer” weer 
overdragen aan jullie. Ik zal zeker nog af en toe bij jullie binnenlopen om over voetbal 
te praten, ondanks dat ze daar in 020 geen verstand van hebben. Maar alle gekheid 
op een stokje, grote dank voor jullie steun.

De interventiecardiologen betrokken bij onze studies dr. Voskuil (UMCU), drs. Onsea 
(UMCU), dr. Wildbergh (Meander Ziekenhuis Amersfoort), en de interventiecardiologen 
uit Leuven, Genk, Essen, en Modena wil ik danken voor hun expertise en bereidwilligheid 
te participeren in deze studies.

Drs. C. Shao (Suzhou, China) ik hoop op een weerzien, want onze samenwerking 
zal ik niet vergeten.

De stafsecretaresses van de afdeling fantastisch hoe jullie de logistiek op orde hebben. 
Het was altijd geruststellend om bij jullie langs te komen niet alleen omdat Tamara je 
altijd onthaalde met een enorm vriendelijke lach, maar zeker ook omdat je wist dat 
alles perfect geregeld werd.

Mijn vrienden vanaf de 4e klas van de middelbare school. Allen zijn we druk, jullie 
in Rotterdam en ik in Utrecht, en toch is het weerzien bij voetbal elke zaterdag als 
vanouds. De herinneringen aan ons ’s nachts bij mij thuis lerend voor de toetsweek (Joe 
achter ons in slaap gevallen) hebben gelukkig hun vruchten afgeworpen voor ons allen.

Drs. A. Westzaan, Andrew “vijand” in de 2e klas maar daarna snel één van mijn beste 
vrienden. Tot op de dag van vandaag pushen wij elkaar om het beste uit ons zelf te 
halen. Jij een 9 voor wiskunde ik een 8, jij een 8 voor natuurkunde ik een 9. Of het nou 
om voetbal, squash, of gamen gaat, altijd naar elkaar kijken wie de meeste sets heeft 
gewonnen, doelpunten heeft gemaakt of hoogste punten aantal heeft na elke game. 

Stud
Doorhalen
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Een nieuw tijdperk gaat aanbreken, maar hopelijk kunnen we ons ritueel in stand 
houden; één game per avond.

Beste Hamza, ik ben blij dat we elkaar hebben leren kennen, je bent meer dan 
een collega geworden in de afgelopen 2 jaar. We hebben samen het proces van 
promoveren doorlopen, en alle bijkomende perikelen. Ik ben blij dat we dit samen 
hebben mogen doen. Nog meer wens en hoop ik dat we als vrienden in de toekomst 
samen mogen blijven werken. 

Voor mijn familie, mijn ooms en tantes, jammer dat oma er niet meer bij is. Ik vergeet 
niet de 6 weken die ik bij haar heb gewoond tijdens mijn co-schappen. Ondanks haar 
ziekten, stond zij elke ochtend vroeg op om brood voor mij te smeren en een appeltje 
klaar te zetten, zeggen dat dit niet hoefde hielp niet, elke ochtend stond mijn ontbijt 
toch weer klaar. Als een tweede moeder, denk ik nog elke dag aan haar.

Mijn schoonmoeder, Els, bedankt dat je altijd voor ons klaar staat. Het is prettig om 
af en toe mijn oor ten luisteren te leggen bij jou, want van het politieke heb ik geen 
kaas gegeten.

Mijn ouders, broer (inclusief Laura, Inaya, en Imran), zusje en broertje. Omringd 
door zoveel liefde, vergeet ik niet mijn fantastische opvoeding. De zondagen naar 
Scheveningen zijn in mijn geheugen gegrift. Pa altijd hard aan het werk zodat wij niks 
tekort kwamen. Dat was dan ook zijn advies, werken en nog eens werken. Jij zag erop 
toe dat wij goed terecht zouden komen. Mama, de oprechtheid en eerlijkheid die je 
uitstraalt, het beste voor met iedereen en nooit een kwaad woord over een ander. Met 
zoveel liefde heb je ons grootgebracht, ik weet hoe trots jullie nu zijn. 

Jaouad, anderhalf jaar ouder, samen opgegroeid. Ik heb altijd tegen je opgekeken, 
ik bewonder hoe makkelijk jij met iedereen kan omgaan, en het is duidelijk van wie Inaya 
haar sociale vaardigheden heeft. In de luwte van mijn grote broer ben ik veilig opgegroeid.

Siham en Naoufal, het is mooi om te zien hoe goed jullie je ontwikkelen. Met een 
gerust hart kijkt jullie “grote broer” toe, hoe jullie zo goed met jullie toekomst bezig zijn.

Mijn Jill, sommigen hebben jaren nodig om “haar” tegen te komen. Ik kan daarom 
nog steeds niet bevatten dat ik jou al op de middelbare school heb leren kennen. 
Mijn toeverlaat, mijn steun, mijn baken. Bij jou vind ik rust en liefde, ondanks dat ik 
constant druk ben met werk, klaag je nooit.

Die wereldreis, jij en ik, wij samen, gaat nog komen. Weer hebben wij een mijlpaal 
bereikt, de volgende is jouw masterdiploma. Hopelijk zullen wij hierna nog veel meer 
mooie mijlpalen samen bereiken, zolang jij maar aan mijn zijde bent. 

 


