
Treatm
ent of Coronary A

therosclerotic Lesions w
ith 

Bioresorbable Vascular Scaff
olds

 Roberto D
iletti

Treatm
ent of Coronary A

therosclerotic Lesions w
ith 

Bioresorbable Vascular Scaff
olds

 Roberto D
iletti

Treatm
ent of Coronary A

therosclerotic Lesions w
ith 

Bioresorbable Vascular Scaff
olds

 Roberto D
iletti

13672_Diletti_Cover.indd   1 19-04-16   10:21





























































































































































































































































































































































































































































































































































































































































































































































BVS EXPAND study    |   365

PART

III

Total	Occlusions	
Vessels showing a total occlusion were 29. After vessel desobstruction total occluded 
vessel were treated with BVS achieving a fi nal MLD and %DS not diff erent from other 
lesion types (MLD: 2.51 ± 0.53 mm vs 2.40 ± 0.39; p=0.163; %DS: 17.2 ± 9.4% vs 17.7 ± 
8.6%; p=0.780), with a high rate of fi nal device success (96.6% vs 98.2%; p=0.465) and 
procedure success (96.6% vs 98.6%; p=0.393). To reach those results supportive wires 
were used much more frequently in occluded vessels (54.2% vs 2.1%; p<0.001). (Table 7, 
Figure 3)

figure 3. Chronic total occlusion and bifurcation.
Top panels show from left to right the angiograms pre-procedure, after recanalization and scaff old implantation (BVS 
3.0 x 28mm with the sequential post dilatation of the diagonal and the scaff old in the main branch) and 2-month 
follw-up with partial distal vessel positive remodeling. Characters a-c indicate the positions of the OCT cross-sections. 
OCT (St.Jude Lightlab Dragonfl y™) post procedure show distal a well deployed scaff old (Panel A), an well opened 
carina with the diagonal branch (Panel B *) and the overlap of the proximal marker with the septal branch (Panel C *). 
The 3D reconstruction (Intage realia™, Cybersystems, Tokyo, Japan) shows the opening of the struts at the carina with 
the diagonal branch. (Arrowhead bottom panel).
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figure 4. Chro nic total occlusion and bifurcation.
The angiogram top left shows the long lesion in the LAD. The mid-panel shows the markers of the two overlapping 
scaff olds (a & c distal BVS 3.0 x 28mm and b & d proximal BVS 3.5 x 18mm). The top right shows the fi nal result 
with the OCT cross-section positions indicated by a to d). OCT (St.Jude Lightlab Dragonfl y™) shows a well deployed 
scaff old. Panels B & C show the markers of respectively the proximal and distal scaff olds (*), indicating an overlap of 
approximately 1 mm. 

Long	Lesions 
In a total of 79 lesions (31.7%) more than one device was implanted (Figure 4). The mean 
lesion length treated with BVS was 25.86 ± 13.64 mm. The maximum lesion length covered 
by BVS was 80.01 mm. Overlapping of BVS with BVS was often performed with a total of 
76 overlapping scaff olds. The great majority (96%, 73/76) were performed using scaff old 
of the same diameter or with a maximum of 0.5 mm diff erence in nominal diameter. In 3 
cases a 3.5 mm scaff old was placed in overlap with a 2.5 mm device. 

Clinical	outcomes 
Survival data at 12 months after the procedure were available for 99.4 % of patients. A 
questionnaire was sent to all living patients with specifi c queries on re-hospitalization 
and cardiovascular events. For patients who suff ered an adverse event at another center, 
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medical records or discharge letters from the other institutions were systematically 
reviewed. General practitioners and referring physicians were contacted for additional 
information if necessary.
At 12-month follow-up all cause-death was reported in 3 cases. A total of 5 target lesion 
revascularizations and 4 non-target vessel revascularisations were reported. Four definite, 
scaffold thrombosis (ST) occurred within one year after index procedure; none of them 
was acute or sub-acute. Of note, one of those cases was meeting the ARC criteria for ST 
but no clear thrombus was observed by optical coherence tomography (OCT). In the 
remaining 3 cases, severe calcification, bifurcation lesion and long overlap were observed 
but BVS underexpansion was the factor that was present in all of them. 

D escription           of   t h e  S caffold        t h rombosis         cases     

Case 1 
A 59-year old male patient, smoker, with history of cerebrovascular accident and stable 
angina pectoris, was treated after predilatation on long lesion involving the ostial left 
anterior descending (LAD) and the bifurcation with the first diagonal (D1), using a BVS 3.5 
x 28mm. Despite a postdilatation was performed with a 3.5 non-complaint (NC) balloon 
at high pressure, the BVS remained under-expanded with an impaired flow in the first 
diagonal. At the day 111 post PCI the patient was re-admitted with NSTEMI, while being 
on DAPT, and angiographically was observed a total re-occlusion of the LAD beginning 
from the ostium. After predilatation a DES 3.5 x32mm was implanted. Of note, at day 
81 after the second PCI the patients was again re-admitted for instable angina pectoris 
caused by a re-occlusion also of the metal stent in the proximal LAD. The patients was 
treated with CABG.
Lesion key characteristics: Ostial lesion, long lesion, bifurcation, impaired side-branch TIMI flow 

and BVS underexpansion

Case 2 
A 69-year old male with history of dyslipidaemia and hypertension was admitted with 
NSTEMI. Angiographically was observed a long, severely calcified, chronic total occlusion 
(CTO) of the proximal and mid LAD with severe calcification and involvement of D1. After 
Predilatation, 2x 3.5 x 18mm BVS were implanted. The procedure was complicated by 
pinching of D1 and thrombus formation. Additional ballooning of the ostium of the side-
branch was performed, but at the end of the procedure remained BVS underexpansion 
and haziness in the mid LAD. Despite continued DAPT usage the patient developed at day 
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47 a non-Q wave MI due to definite scaffold thrombosis in the proximal LAD, which was 
treated with thrombectomy and DES implantation. 
Lesion key characteristics: CTO, long lesion, bifurcation, severe calcification, thrombus 
formation and BVS underexpansion 

Case 3 
A 65-year old male patient, smoker, with history of hypertension was admitted with NSTEMI, 
due to a sub-occlusive lesion in the LAD located at the site of a tortuous trifurcation with 
the first and second diagonal. The initial TIMI flow was 1. After predilatation, a 3.0 x 18mm 
BVS was implanted and after postdilatation a TIMI III flow was achieved. At day 142 on 
DAPT the patient was re-admitted with NSTEMI. Angiographically a proximal BVS edge 
sub-total restenosis was observed with a distal TIMI flow 1. A DES stent 3.5 x38mm was 
deployed covering the BVS and a large proximal segment. Of note, this case was meeting 
the ARC criteria for stent thrombosis and was adjudicated as such by the CEC, but should 
be mentioned that an OCT performed before predilatation did not showed any clear 
intraluminal thrombus. 
Lesion key characteristics: tortuous trifurcation (no thrombus by OCT) 

Case 4 
A 70-year old male, with severe peripheral vascular disease, diabetes mellitus, 
dyslipidaemia, hypertension, and reduced left ventricular function was admitted with 
stable angina pectoris. Angiography revealed, a long and severely calcified lesion mid 
LAD involving two bifurcations (D1 and D2). Aggressive preparation was performed 
with rotational atherectomy and high-pressure dilatations with NC and cutting balloons. 
Two overlapping BVS were placed with a quite long segment of overlap (5 mm). Despite 
extensive postdilatation under-expansion remained at the end of the procedure. Five 
months after index PCI, the patient underwent non-cardiac surgery. The antiplatelet 
therapy was interrupted (both aspirin and clopidogrel) and the patient developed 
a NSTEMI due to a scaffold thrombosis that was treated with balloon dilatation and 
eptifibatide. Unfortunately, the patient died few days later because of heart failure.
Lesion key characteristics: Severe calcification, bifurcation, long overlap, no antiplatelet 
therapy and BVS underexpansion 
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D isc   u ssion     

The present investigation represents en evaluation of the feasibility of BVS implantation in 
everyday clinical practise reflected by in a wide range of coronary lesions subsets including 
bifurcations, calcified vessels, chronic total occlusions and long lesion in patients with 
stable coronary artery disease and acute coronary syndromes. At variance of previous 
reports we also aimed to provide a detailed description of procedural data en techniques 
that were used to allow the use of this novel device in challenging subsets. 

Bifurcation lesions 
A common concern regarding this technology is the fact that implantation of the BVS 
in bifurcation lesions might result into side-branch compromise due to the thick strut 
nature of this device. In keeping with this concept, a recent study performed by our group 
showed that BVS deployment could be associated with an increased small (≤0.5 mm) side-
branch occlusion and a consequent increase of enzymes release after procedure.(13)

However, in the present report the effect of BVS implantation in what is commonly 
considered a bifurcation lesion (with a side branch ≥ 2 mm) was specifically investigated. 
Rewiring of the side-branch in those cases and consequent ballooning (mainly with small 
balloon 1.5-2 mm in diameter) of the SB ostium is feasible as we already reported(13) and 
safe also in terms of scaffold geometry and fracture.(14,15) In the present study side-
branch ballooning was performed in one third of the patients (33%, 18/54) with promising 
results. In majority of the cases this was done with sequential ballooning and proximal 
optimization technique (POT), kissing balloon only in 3 cases.
Taking into consideration the rates of TIMI flow < 3 in the main vessel or in the side-branch, 
the rate of failure to rewire the side-branch and failure to dilate the side-branch, the BVS 
performed at least as good as metallic stents according to historical data. (12)

In addition the rate of the composite endpoint of side-branch impairment (9.3%) was 
observed to be encouraging especially when compared with data recently reported by 
Burzotta et al. with rates of side-branch impairment in sirolimus and everolimus eluting 
stents respectively 16% and 11%. (12) These data are supportive of the concept that BVS 
could be used safely in bifurcation lesions with side-branch ≥ 2.0 mm with a single scaffold 
approach and could provide results similar to metallic stents.

Calcified lesions 
A total of 119 calcified lesions with a considerable percentage of heavily calcified plaques, 
were treated with BVS. A large number of those lesions were located in diffusely diseased 
vessels with an overall mean treated lesion length of more than 36 mm (severe calcified 
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group). QCA analysis showed final MLD, %DS, acute gain and device, procedural and 
clinical success not different from non-calcified lesions. These results were obtained at 
the cost of a more aggressive lesion preparation with a considerable use of rotational 
atherectomy and scoring balloons. 
Such approach is needed to facilitate the delivery of the scaffold given its slightly higher 
profile compared with second generation DES. In addition appropriate lesion preparation 
could avoid scaffold under-expansion or need for aggressive post-dilatation. This strategy 
could be relevant also when using metallic stents. (16) Our data might suggest feasibility 
of BVS implantation in calcified vessels with optimal results given an adequate lesion 
preparation.
On the other hand, should be mentioned that many of the advantages proposed for BVS 
namely the restoration of the vasomotion and vessel physiology could be minimized in 
artery at a very advanced stage of the atherosclerosis process even considering the fact 
that patients with diffused calcified vessels have also a multivessel disease,(17) that might 
benefit from a temporary implant allowing future surgical treatments. 

Total occlusions
Successful re-canalization of total occlusions has been previously associated with a 
significant improvement in angina symptoms (18,19) and complete coronary revascularization 
was demonstrated to have an important impact on long-term clinical outcomes.(20) 
Vessels with total occlusions have peculiar characteristics in terms of vascular remodeling; 
this is a dynamic process involving regulation of vascular cell migration and mitosis and 
apoptosis rates in response to several factors comprising blood flow and pressure, shear 
stress, circumferential stretch and wall tension.(21) Reduction or even more absence of 
blood flow in totally occluded vessels might promote negative remodeling and plaque 
growth; on the other hand restoration of flow could have an opposite effect.
Recently, Park J.J. and colleagues reported, at 6-month follow-up after successful total 
occlusion revascularization, a flow-dependent vascular remodeling process in human 
coronary arteries, associated with increases in lumen diameter, lumen area and external 
elastic membrane area.(22) This process was observed in a large part of treated vessels 
(69%) with a mean lumen diameter increase of 0.40 ± 0.34 mm. IVUS analysis of those 
vessels revealed that the amount of incomplete stent apposition increased significantly 
during 6 months in patients with positive remodeling and lumen area increase but not in 
those without lumen area increase. 
In this scenario choosing a metal stent based on the vessel diameter at the index procedure 
might lead to stent under-sizing.
Given this background a theoretical advantage of BVS implantation in patients with total 
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occlusion is the fact that it might allow at mid-term follow-up, after the loss of scaffold 
mechanical integrity, late lumen enlargement without late acquired malapposition, as at 
that time the remnants of the bioresorbable implant can follow the vessel remodeling.

Long lesions and overlap 
In the present series several lesions were treated with more than one scaffold up to a 
maximum of 5 scaffolds for a maximum lesion length of 80 mm. Operators were advised 
to minimize the extension of overlapping segment using a marker-to-marker technique.
In the metal stent era, long segments treatment has been associated to an increased risk of 
stent thrombosis,(23-25) and could results in prevention of future surgical revascularisations. 
Both these issues could be overcome with the use of bioresorbable technologies and the 
introduction in the near future of bioresorbable scaffold with thinner struts could mitigate 
the effect of overlap on delayed vascular healing.

Clinical outcomes 
The mid-term clinical outcomes of this study revealed a relatively reassuring safety profile 
of the BVS when used in a large range of lesion type and in patients with either stable 
symptoms or acute coronary syndromes. The event rate in this study is only minimal 
higher compared to the results in non-complex patients as treated in the randomized 
Absorb II and Absorb Japan studies (26,27). In other European registries like GHOST-EU and 
AMC registries (28,29) initial event rate is in general higher compared to the selected patients 
studies, although results seem to be better in more recent registries like the Milan registry 
(30) and ASSURE BVS (31) where more BVS specific implantation protocols where applied. 
Regarding the occurrence of scaffold thrombosis (ST), at variance of previous reports 
no acute or sub-acute STs were observed in the present investigation. This datum could 
be related to procedural characteristics including a meticulous lesion preparation pre 
BVS implantation and an advanced stage in learning curve of the operators in terms of 
BVS implantation. The revision of the cases with ST revealed that several factors might 
be associated with such event comprising severe lesion calcification, the presence of 
bifurcations, long overlap and antiplatelet therapy discontinuation. However, the factor 
that was particularly consistent was scaffold under-expansion. Previous investigations 
described stent underexpansion as an important predictor of ST with both bare metal 
stents and DES,(32-36) with an impact on the occurrence of ST that was hypostasized to 
be superior to stent malapposition.(37) The mechanisms behind these findings could be 
the fact that stent underexpansion translates into an abnormal shear stress. In particular 
increased radial transport of blood components and low wall shear stress, were described 
to promote platelet-dependent thrombosis.(38) In addition the impact of underexpansion 
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on shear stress could be potentiated by the presence of the BVS thick struts.(39) 
Although, given the small number of patients and event reported in the present study it is 
not possible to reach firm conclusions, our findings suggest that optimal BVS expansion, 
with lesion preparation and appropriate scaffold postdilatation, should be pursued given 
the possible relevant clinical implications. 

Limitations
The present report is an investigator initiated, single center, single arm study. The choice 
for BVS implantation was left to operator discretion, this could be source of selection bias. 
The absence of a comparator arm is limiting the interpretation of our data. The limited 
number of patients does not allow reaching firm conclusions on clinical outcomes. The 
mid-term follow-up is preventing the availability of information on long-term safety and 
efficacy.

Concl   u sion  

The implantation of the everolimus eluting bioresorbable vascular scaffold in an expanded 
range of coronary lesion types and clinical presentations was observed to be viable with 
promising angiographic results and mid-term clinical outcomes. Larger studies with 
longer follow-up and a direct comparison with currently available metallic drug eluting 
stents are needed to fully evaluate the possible additional value of the bioresorbable 
technologies an all comers setting.
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A bstract      

Bioresorbable vascular scaffolds have been recently introduced as a novel paradigm 
for coronary artery disease treatment allowing temporary vessel support and drug 
delivery without long term coronary caging, potentially reducing the long-term 
limitation of metallic stents.
The scientific community have rapidly embraced this concept and bioresorbable 
devices have been introduced in clinical practice.
However, despite the fact that bifurcation lesions represent a large and challenging 
subset in the field of interventional cardiology, this subgroup of lesions have 
been avoided in the initial experience with bioresorbable scaffolds and clear 
recommendations on methodological approaches are lacking.
In the present report we describe the various techniques for bifurcation treatment 
with bioresorbable scaffolds and the theoretical advantages and disadvantages of 
this technology in different scenarios, with a glimpse to challenging subsets and 
possible complications.
Therefore, we aim to provide experience based insights and practical guidance for 
bioresorbable scaffold implantation in bifurcation lesions.
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I ntrod     u ction     

Bifurcation lesions represent a technically challenging subset of percutaneous coronary 
interventions (PCI) accounting for 15-20% of all procedures (1,2). Despite the several 
technological revolutions in stent designs, PCI for bifurcation lesions is associated with 
worse clinical outcomes compared with non-bifurcation lesions(3). Bare metal stents 
(BMS) were associated with high restenosis rates irrespectively of the bifurcation 
technique adopted.(4-10) Drug eluting stent technology significantly reduced neointimal 
proliferation, restenosis rate and target lesion revascularization, yet clinical results 
remained inferior to non-bifurcations lesions.
In particular, the ostium of the side-branch was identified as the site most frequently 
affected by increased atherogenesis and restenosis.(11,12) In addition, bifurcation treatment 
was reported to be associated with an higher risk of stent thrombosis,(13,14) probably 
triggered by delayed vascular healing and incomplete neointimal coverage(15) 
Bioresorbable scaffolds were recently introduced as a novel paradigm for coronary artery 
disease treatment, potentially reducing the long-term limitation of metallic stents, such 
as vessel caging, permanent side-branch jailing and impairment of vasomotion.(16) The 
scientific community rapidly embraced and introduced this bioresorbable concept into 
clinical practice.
However, bifurcation lesions have been avoided in the initial experience with bioresorbable 
scaffolds and clear recommendations on methodological approaches are lacking.
The present report aims to provide experience based insights and practical guidance for 
bioresorbable scaffold implantation in bifurcation lesions.
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A pproac     h  to  bif   u rcation       treatment       , 
one   -  or   two   - scaffold         strateg      y 

The provisional 1-stent approach is the technique of first choice in the current era 
of bifurcation stenting. The main vessel is stented first and only if needed subsequent 
ballooning and stenting of the side-branch (SB) is performed (17-22) 
Dedicated research will reveal whether the same paradigm holds for the second-generation 
everolimus eluting bioresorbable vascular scaffold (BVS). In principle at least for the first 6 
months, the current BVS technology behaves like other metallic devices (revascularization, 
drug elution and vessels scaffolding), therefore supporting a generalization of metal 
stents results in bifurcation lesions also to this novel device. On the other hand, the strut 
thickness and the polymeric nature of the device allowing full bioresorption over time, 
differentiate the BVS from the latest generation drug eluting metal stents (DES).
The large BVS strut thickness (157 µm) results in a higher device profile, reduced  
deliverability and may predispose to more scaffold thrombosis. From a technical 
perspective, it may be more difficult to rewire through a previously deployed thicker 
strut device. Furthermore a two-stent technique typically requires final kissing balloon 
(FKB) inflation to optimize stent deployment and apposition and obtain adequate 
carina coverage. FKB may impose excessive mechanical stress to the polymeric scaffold 
that could eventually damage its integrity and impair long-term clinical outcome. All 
these considerations could suggest the provisional T-stenting as first choice also when 
implanting a BVS in bifurcation lesions. 
On the other hand, particular anatomical substrates such as large SB diameter with 
significant narrowing may justify a 2 stent/scaffold technique. This hypothesis, applied 
to metal stents, was tested in the recently presented Nordic Baltic IV study evaluating 
provisional approach vs 2 stent technique (mainly culotte) in bifurcations with SB ≥ 
2.75 mm and showing a trend towards improved short term outcomes in the 2 stent 
arm.(23) A similar concept was reported in the DKCRUSH-II study(24) evaluating true 
bifurcation lesions with a reference vessel diameter comprised between 2.5 and 4.0 in 
both branches and comparing double kissing crush (DK crush) or provisional stenting 
techniques, with a significant reduction of target lesion revascularization (TLR) and target 
vessel revascularization (TVR) in the DK crush group. An additional trial, the EBC II study 
comparing culotte vs provisional stenting in bifurcation with SB≥2.5 mm and significant 
disease is currently ongoing and could add further to our understanding on the indication 
for a complex approach in bifurcation lesions. 
In conclusion, a simple provisional T-scaffolding approach (Figure 1) could be the most 
appropriate in the majority of the bifurcation lesions (similarly as for metal stents). In 
selected cases with large side-branches, a 2-scaffold technique could be considered.
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Figure 1. Flow chart of the Provisional T-scaffolding.

One-scaffold strategy 
In a one-scaffold strategy (provisional T-scaffolding) only the main vessel is treated with 
BVS implantation. Meticulous lesion preparation has an important role in facilitating an 
easy delivery of the device and optimal deployment; in the specific setting of BVS use, the 
adoption of predilatation with non-compliant balloons with a nominal size equal to the 
intended BVS and inflated at high pressure, may be a reasonable strategy.
Predilatation of the side-branch gives the obvious advantage of an increased SB ostium 
lumen before scaffolding and could reduce the diameter stenosis after scaffolding 
lowering the need for rewiring and ballooning. On the other hand predilatation of the SB 
may lead to ostial damage and dissection with an increased risk for bailout SB scaffolding. 
Currently available data on this topic report conflicting results with SB predilatation 
probably increasing the overall rate of target lesion failure(25) but potentially having some 
benefit in case of true bifurcation lesions.(26) 
When choosing the size of the BVS in bifurcation lesions, several models may be applied 
to understand the degree of distal diameter reduction in relation to the side-branch size 
and guide optimal BVS size selection (27-30).
The maximum diameter proximal to the bifurcation requires particular attention (31). To 
ensure adequate apposition in the proximal part of the bifurcation, the size of the BVS 
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should allow safe expansion up to the estimated proximal maximal diameter (Dmax). 
Given the reported long term safety and efficacy of minimal under-expansion of slightly 
oversized BVS in small vessels,(32,33), a low-pressure inflation of a BVS sized on the basis 
of the proximal Dmax, planning a subsequent proximal optimization (POT) could be a 
reasonable strategy. When using this approach initial low-pressure scaffold deployment 
should be considered a key factor to avoid distal edge dissection and bailout interventions. 
On this regard distal Dmax could be considered for scaffold sizing in case of minimal 
mismatch between the proximal and distal bifurcation segment, taking into account the 
possibility for an additional POT using up to 0.5 mm bigger balloons.
The proximal optimization technique, (34) a concept already reported for bifurcation 
stenting with metal devices, could have additional advantages with a thick strut device 
like the BVS. Reduction of proximal malapposition could lower the occurrence of scaffold 
thrombosis at the bifurcation site, in addition as the wider BVS strut might be associated 
with difficult SB re-wiring and ballooning, the oblique BVS shape after POT at the site of 
the SB ostium could facilitate re-crossing. 

Figure 2. Proximal optimization technique (POT). Upper panel (A) a low pressure inflation of a BVS sized on the 
basis of the proximal Dmax ensure distal optimal apposition e low risk of distal dissection. Middle panel (B) proximal 
optimization with a non complaint balloon inflated on the basis of the proximal Dmax. Lower panel (C) final result 
after POT with an oblique BVS shape at the site of the side branch possibly facilitating re-crossing.
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Side-branch ballooning and Sequential ballooning 
In case of side-branch compromise, re-wiring the SB through the BVS struts should be 
attempted. Ideally such manoeuvre should be performed after the POT to minimize the 
chances of wire placement behind malapposed struts. The feasibility of side branch re-
wiring and side-branch ostium ballooning through the BVS struts has been previously 
reported.(35,36)

In a bifurcation phantom model, Ormiston et al.(37) deployed a 3.0 and 3.5 mm BVS in the 
main branch, and after rewiring inflated 2.0, 2.5 and 3.0 mm balloons up to 14 atm at the 
ostium of the SB. In those experiments, the 2.0 mm balloon did not cause any fracture. The 
2.5 mm balloon was associated with a 13% scaffold fracture and the 3.0 mm balloon 19%. 
In the same report SB dilatations with a 3.0 mm non-compliant balloon in a 3.0 mm scaffold 
up to 10 atm pressure were not likely to cause fractures whilst a similar strategy but with 
higher SB balloon pressures was associated with scaffold structure discontinuity.(37)

Also as expected with metal stents, the inflation of a balloon in the ostium of the SB could 
be associated with main vessel (MV) scaffold distortion and consequent malapposition 
opposite to the SB ostium and MV scaffold narrowing immediately distal to the SB. 
Therefore it is recommended to perform a second MV post dilatation in a sequential 
manner after SB ballooning (sequential ballooning).

Kissing Balloons
The strain created by the overlapping kissing balloons can fracture the BVS circular rings 
potentially extending to the entire length of the scaffold segment where the 2 balloons 
are overlapping translating into a relevant scaffold fracture (scaffold “unzipping”). (38)

An alternative strategy is the adoption of a mini kissing balloon post dilatation (mini-
KBPD) approach also named “snuggle balloon dilatation”.(39) With this technique, the 
final optimization of the bifurcation is performed with simultaneous dilatation of the 2 
balloons but with a minimal protrusion in the MV of the SB balloon. 
Practically the snuggle technique requires placement of the proximal marker of the SB 
balloon in the MV just proximal to the SB ostium.(37) The SB balloon is inflated first. This 
technique may safely enlarge the SB ostium with minimal MV scaffold distortion. Of note, 
the risk of BVS fracture increased exponentially for pressures higher than 5 atm (37). 
In aggregate, we suggest to avoid true kissing balloon inflations whenever possible and 
prefer POT in combination with sequential ballooning and recommend confirmation of 
the final result with intravascular imaging.
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Need for bailout SB Scaffolding/stenting
Both metallic stents and additional BVS can be considered for bail-out techniques such 
as T-stenting or T-stenting and small protrusion (TAP). BVS has a higher profile compared 
to contemporary metallic DES, which may affect crossing the BVS towards the SB and 
mandate aggressive SB ostium dilatation with increased risk of MV BVS damage. 
Meticulous sizing and BVS positioning in the SB is crucial to avoid excessive strut 
protrusion in the MV. Interestingly, TAP with BVS may have the unique advantage of a 
complete coverage of the SB ostium with a complete disappearance of the protruding 
struts over time.
In conclusion in case of bailout SB stenting with reverse T-stenting or TAP, complete 
bifurcation coverage with BVS may be challenging and sometimes use of metal DES may 
technically be the ultimate solution.

T wo  - scaffold         approac      h

A 2-scaffold technique may be needed in selected bifurcation anatomies.
The same principles that are valid for metallic stents could be applied to the bioresorbable 
technology (BVS) with some important caveats.

Culotte technique
The culotte technique has been fully described previously.(2) In brief the SB is scaffolded 
first, followed by rewiring the MB through the scaffold and performing balloon inflation. 
Subsequently a 2nd scaffold is inflated through the first scaffold into the MB. The SB is then 
rewired and the case is completed with kissing balloon inflations. 
The Culotte technique implies double scaffold coverage in the proximal segment of the 
main vessel and in principle results in complete carina coverage.(40) The culotte technique 
fits best when there is only a limited size mismatch between the branches.
This technique performed with metal stents has been evaluated in several studies. (17,40-43) 

Feasibility of the culotte technique with BVS has been shown.(44) Theoretically BVS could 
be appealing with this technique since over time the scaffolds will resorb, avoiding a 
permanent multilayer of metal in the coronary artery, leaving a smooth carina and virtually 
eliminating persistent device-malapposition or delayed healing at the side branch ostium. 
However, from a purely technical point of view the implantation procedure per se could 
be hindered by the relatively high crossing profile of the BVS, reasonably requiring an 
optimal back-up guide catheter, highly supportive wires and a relatively aggressive lesion 
preparation and initial scaffold dilatation. In addition although a strategy of “mini-culotte” 
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should be applied, the proximal part of the vessel will be covered by 2 layer of a thick 
strut polymeric material that could increase the risk of delayed vessel healing and scaffold 
thrombosis. 
Finally the kissing balloon recommended when performing culotte with metal stents, will 
determine cells opening, distortion and mechanical stretch of both implanted devices 
increasing the probability of scaffold fracture.
Given these considerations and in absence of solid clinical data, the culotte technique 
with the current generation of bioresorbable devices is not recommended and should be 
performed only if strctly necessary with extreme caution. We recommend meticulous case 
preparation including 1) appropriate supportive guiding catheters and guidewires; 2) 
aggressive lesion preparation with the use of adequately sized balloons in main and side 
branches; 3) Minimization of the proximal overlap 4) POT; 5) sequential final ballooning 
avoiding classical FKB (snuggle technique can be a valid alternative, avoiding high 
pressures); 6) Confirmation of the final result with intravascular imaging such as optical 
coherence tomography.

Figure 3. Culotte technique performed with bioresorbable vascular scaffolds in a chronically occluded vessel.
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Crush techniques 
The crush technique has been extensively evaluated with metal stents, with various 
procedural modifications like double crush, mini-crush and double kissing crush 
techniques. 
The common denominator is the crushing and deformation of the proximal protruding 
segment of the side branch scaffold, that is implanted first, followed by a second scaffold 
implantation in the main vessel. 
Thereafter, the side branch needs to be rewired through the cells of the two devices 
to complete the procedure with a final kissing balloon (Figure 4). Currently, even with 
metals stents, a mini-crash approach is largely recommended over the classic crush to 
minimize the extent of multiple layers in the main vessel. In the context of BVS, the impact 
of crushing the polymeric struts has been preliminary explored in bench testing showing 
technical feasibility of this approach.(45) 

Figure 4. Crush technique performed with bioresorbable vascular scaffolds.

However, the crush technique implies the presence of 3 overlapping layers of 157 µm 
each in the proximal vessel, a condition that is prompt to malapposition, underexpansion, 
long-term uncoverage and increased risk of thrombosis. This background could be even 
worsened by the possible occurrence of areas of malapposition between the carina and 
the 2 scaffolds mainly due to the geometrical deformation of the SB scaffold.(45) 
The use of a mini-crush technique would reduce the amount of polymeric material 
crushed against the vessel wall and it should be preferred to a classical crush. 
The DK-crush has never been reported with BVS. Although this technique could bring 
some advantages when performed with metal stents (easier re-crossing and expanded 
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SB ostial area) with BVS the following issues arise; 1) the above mentioned limitation of 
crush per se, 2) the mechanical stress of the kissing balloon with theoretical increased risk 
of scaffold fracture. 
Given those considerations, at the current status of the art in bioresorbable technologies 
there is common agreement among authors not to favour crush techniques with BVS. 

T-stenting
The T-stenting technique provides a good solution in case of bifurcation with angle close 
to 90 degrees. A fundamental aspect of this technique is to precisely deploy the side-
branch scaffold to ensure optimal SB ostial coverage. 
To achieve such results, radiopaque markers at each scaffold edge could be used as 
reference (43).

Figure 5. T-scaffolding performed in a bifurcation lesion with a favourable angle. 
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(In the everolimus eluting bioresorbable vascular scaffold, the proximal polymeric ring of 
a 3.5-mm BVS protrudes 1.4 mm from the proximal radiopaque platinum marker when 
crimped and 1mm when the scaffold is deployed).
A practical approach would be to align the proximal marker to the carina. This will warrant 
sufficient protrusion into the main branch to allow for complete coverage of the bifurcation 
and avoiding excessive protrusion into the main vessels that would convert the technique 
into a mini-crush.(46) The final result should be optimized by POT. Intravascular imaging 
might be indicated to confirm results.

V-stenting
The V-technique implies the delivery and simultaneous implantation of two devices. 
One scaffold is advanced in the side branch, the other in the main branch creating a new 
proximal carina.(47-49) 
The V-technique is particularly suitable for bifurcations with medina classification 0,1,1 
and classically regarded as appropriate for bifurcations with a very proximal location in 
the coronary tree (i.e. ostial left anterior descending and circumflex). Bifurcation angles 
less than 90 degrees are preferable for this approach given the fact that the 2 scaffolds are 
forming a new carina. When this new carina is considerably (≥ 5 mm) extended proximally, 
this technique has been named as simultaneous kissing stents/scaffolds (50) 

Figure 6. Left main bifurcation lesion treated with V-scaffolding technique. Distal left main lesion (A), predilatation 
(B), simultaneous kissing Scafoold implantation (C), final result (D). Optical coherence appearance of the polymeric 
neocarina (mid panel).
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If executed in a medina 0,1,1 lesion, struts will not jail the access to either of the two 
branches with no need for strut re-crossing. Intravascular imaging might be indicated to 
confirm results. 

T h e  role     of   intravasc       u lar    imaging      

Intravascular imaging, both IVUS and OCT contributed to our understanding of the 
mechanisms of side-branch compromise after bifurcation stenting.(51-54) OCT with its higher 
resolution may have a specific role in guiding bifurcation treatment with bioresorbable 
technologies.(55,56)

 Invasive imaging may provide detailed insights on plaque morphology and distribution 
pre intervention(57) and may elucidate the concept of carina shift. 
OCT may guide SB rewiring, a classification system was introduced taking into account 
the different compartments the ostium of the SB could be divided into when implanting 
BVS with potential implications on neointimal growth and strut coverage and providing 
a detailed guide for optimal SB re-wiring specifically when using BVS.(58) After main vessel 
treatment, OCT guidance for distal stent/scaffold cell re-crossing towards the SB has 

Figure 7. Accurate assessment of SB ostia from one single MB pullback obtained with a reconstruction of the cross-
sections perpendicular to the SB centreline.
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been demonstrated to be feasible and to reduce the rate of strut malapposition at the 
SB ostium.(59) In addition, the recent development of software for three-dimensional (3D) 
OCT reconstruction enables formal spatial characterisation of the strut position at the site 
of the SB ostium.(52,60)

Post scaffold implantation OCT is a reliable tool to assess malapposition, underexpansion, 
scaffold fractures, struts protrusion in the MB and the need for additional manoeuvres (i.e 
post dilatation, POT, etc.). 
Although the use of intravascular imaging should not be considered mandatory, we 
recommend invasive imaging to achieve optimal results, especially during the initial 
phase of the BVS implantation learning curve, or in case of complex procedures involving 
2-scaffold techniques. It should be acknowledged that OCT imaging might disclose 
defects in implantation such as scaffold fractures that are not yet clearly codified in terms 
of management. 
Ideally, a comprehensive evaluation of bifurcation treatment with a 2-scaffold technique 
implies OCT pullbacks from both branches. The QAngioOCT 1.0 (Medis Specials Bv, Leiden, 
the Netherlands) is a new software tool to reconstruct the cross-sections perpendicular 
to the SB centreline to obtain more accurate assessment of SB ostia from one single MB 
pullback (61,62)

C h allenging          S u bsets     

Left main 
Limited data exists on the use of everolimus eluting vascular scaffolds implantation in the 
left main (LM) coronary artery.(63-65). The current limited size availability of BVS with the 
largest device being a 3.5 mm with a maximal postdilatation limit at 4.0 mm has drastically 
limited the use of this scaffold for left main disease. In addition the potential need for SB 
dilatation with large balloons ≥2.5 mm (i.e. towards the LCX artery), might translate into 
scaffold disruption.
Furthermore, a 2-scaffold strategy could imply the presence of multi-layered thick scaffold 
struts or their protrusion in the distal LM (in case of TAP), with a theoretical increased risk 
of thrombosis.
As previously hypothesized,(66) a LM lesion not involving the ostium of the LCX may be 
more suitable for BVS implantation. 
Intravascular imaging should be considered to elucidate size, plaque burden and 
distribution in both MB and SB .(66) 
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The introduction of novel devices such as the novolimus eluting coronary scaffold (67) with 
a wider safety margin for expansion and thinner struts and/or the next generation BVS 
could improve the usage and the treatment options with bioresorbable technologies in 
left main coronary artery disease. 

In-stent restenosis 
Limited data are currently available on the use of bioresorbable devices for treatment of 
in-stent restenosis (ISR).(68-70) 
Conceptually the implantation of a bioresorbable scaffold in such lesions could be 
appealing, as it would ensure a higher vessel scaffolding and longer drug delivery 
compared with simple balloon or drug eluting balloon angioplasty, avoiding at the same 
time the permanent multiple layer of metal in the coronary artery. For this indication 
we would recommend proper pre-dilatation and meticulous scaffold evaluation after 
implantation by invasive imaging. 

Thrombotic lesions 
Intracoronary thrombus, with the concomitant presence of a relevant side branch 
at the lesion site, is not an unusual finding during acute coronary syndromes and the 
feasibility of BVS implantation in thrombotic lesions has been recently reported.(71-73) Initial 
thrombectomy may improve visualization of the target vessel and thus sizing. Again a 
single-scaffold provisional approach should be the first choice. Bioresorbable scaffolds 
may have particular features appealing for thrombotic lesions: 1) Wider struts may 
reduce thrombus dislodgment and distal embolization;(71) 2) The so-called self-correction 
property of the recently introduced novolimus eluting coronary scaffold (67) could limit 
under-sizing and malapposition. 

Complications           

Abrupt side-branch closure 
Initial concerns were raised regarding the fact that implantation of bioresorbable scaffolds 
in bifurcation lesions might result into a higher side-branch impairment, compared to 
metallic stents, due to the presence of thick struts in front of the SB ostium. In keeping 
with this concept, BVS deployment seemed to be associated with more small (≤0.5 mm) 
side-branch occlusions and consequent cardiac enzyme release after the procedure.
(74) Whether this finding also holds when applied to what is commonly considered a 
bifurcations lesion (with a side branch ≥ 2 mm) is unsettled.
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Rewiring of the side-branch in those cases and consequent ballooning (mainly with an 
undersized balloon 1.5-2 mm in diameter) of the SB ostium is feasible and safe also in 
terms of scaffold geometry and fracture.(37,45) 

Scaffold fracture 
Although the structural discontinuity of the polymeric struts at a later stage is a 
programmed fate of the scaffold as part of the bioresorption process, scaffold disruption 
during the index procedure is an iatrogenic phenomenon that is associated with clinical 
events. 
The identified reason for scaffold fracture during implantation is the overexpansion 
beyond the safety limits of the device. Therefore postdilatation with bioresorbable 
scaffolds should be performed with a balloon no larger than 0.5 mm above the nominal 
scaffold diameter. Dilatation of the SB ostium can be safely performed with 1.5 mm or 2.0 
mm balloon. The risk of scaffold damage increases with 2.5 mm and 3.0 mm balloons at 
high pressure.(37) Kissing balloon techniques might lead to relevant scaffold damage. 

Figure 8. Scaffold fracture after kissing balloon.

Sequential ballooning and the snuggle technique may be more appropriate with 
bioresorbable scaffolds.
The clinical impact of scaffold fracture and how to approach it when discovered is unclear. 
In a recent post hoc analysis of the ABSORB Cohort B study, the reported incidence of 
acute scaffold disruption was low, (2 cases, 3.9%), yet associated with a target lesion 
revascularization (TLR) at 1 month in 1 patient.(75) 
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Scaffold disruption diminishes its local support to the vessel wall and the presence of struts 
floating in the lumen could induce flow disturbance triggering small thrombus formation.
(75,76) Novel bioresorbable devices with wider safety limits in terms of overexpansion are 
currently being tested.(67)

Dissections
Main vessel dissection Bioresorbable scaffolds implantation demands appropriate lesion 
preparation, which may predispose to coronary dissection due to balloon dilatation. 
Optimal scaffold coverage of the dissected segment is thus mandatory. In particular 
remaining edge dissections after stenting have been associated with an increased risk of 
stent thrombosis in the early phases after implantation.
Side branch dissection When treating bifurcation lesion a common complication is 
side-branch impairment after provisional scaffolding of the main vessel. Subsequent 
SB ballooning may be associated with SB dissection prompting a bailout treatment 
(T-stenting or T-stenting and small protrusion). The high BVS profile may impair proper 
SB access with additional bioresorbable scaffolds. In such cases a hybrid approach with a 
metallic stent in the side-branch could be considered.

F u t u re   P rospective          

Implantation of bioresorbable devices in coronary bifurcation lesions results in 
the formation of a smooth neointimal membranous neocarina and complete strut 
disappearance facing the SB ostium over time (77). However, the presence of struts at the 
ostium of the SB can also lead to the formation of endoluminal neointimal bridges as 
results of strut coverage. Concerns about long-term SB patency(58) were refuted as these 
tissue bridges progressively thinned over time suggesting a probable benign nature of 
those formations.(78) This concept also holds true for 2-scaffold techniques implying the 
presence of struts in the vessel lumen such us the TAP technique.
Future improvements in the bioresorbable technology are thinner struts with less 
polymeric material at the site of the SB ostia, with easier scaffold delivery and potentially 
improved vascular healing. 
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Concl   u sion  

A one-scaffold strategy, namely provisional T-scaffolding with meticulous lesion 
preparation and proximal optimization should be considered the strategy of choice for the 
vast majority of the cases. In selected cases, a two-scaffold approach could be considered 
with intravascular imaging representing a useful tool for procedural optimization. Future 
technical improvement of the bioresorbable scaffolds could facilitate the expanded use of 
these devices in bifurcation lesions.

Sources of Funding
Thoraxcenter receives unrestricted grants from the Abbott Vascular

Disclosures
The Authors have no conflicts of interest to disclose 



BVS in bifurcation lesions    |   395

PART

III

R eferences       

1.	 Sarno G, Lagerqvist B, Frobert O, Nilsson J, Olivecrona G, Omerovic E, Saleh N, Venetzanos D, James S. 
Lower risk of stent thrombosis and restenosis with unrestricted use of ‘new-generation’ drug-eluting 
stents: a report from the nationwide Swedish Coronary Angiography and Angioplasty Registry (SCAAR). 
Eur Heart J 2012;33(5):606-13.

2.	 Lassen JF, Holm NR, Stankovic G, Lefevre T, Chieffo A, Hildick-Smith D, Pan M, Darremont O, Albiero R, 
Ferenc M and others. Percutaneous coronary intervention for coronary bifurcation disease: consensus 
from the first 10 years of the European Bifurcation Club meetings. EuroIntervention 2014;10(5):545-60.

3.	 Diletti R, Garcia-Garcia HM, Bourantas CV, van Geuns RJ, Van Mieghem NM, Vranckx P, Zhang YJ, Farooq 
V, Iqbal J, Wykrzykowska JJ and others. Clinical outcomes after zotarolimus and everolimus drug eluting 
stent implantation in coronary artery bifurcation lesions: insights from the RESOLUTE All Comers Trial. 
Heart 2013;99(17):1267-74.

4.	 Yamashita T, Nishida T, Adamian MG, Briguori C, Vaghetti M, Corvaja N, Albiero R, Finci L, Di Mario C, Tobis 
JM and others. Bifurcation lesions: two stents versus one stent--immediate and follow-up results. J Am 
Coll Cardiol 2000;35(5):1145-51.

5.	 Sheiban I, Albiero R, Marsico F, Dharmadhikari A, Tzifos V, Pagnotta P, Montorfano M, Leonardo F, Saba P, 
Di Mario C and others. Immediate and long-term results of “T” stenting for bifurcation coronary lesions. 
Am J Cardiol 2000;85(9):1141-4, A9.

6.	 Lefevre T, Louvard Y, Morice MC, Dumas P, Loubeyre C, Benslimane A, Premchand RK, Guillard N, Piechaud 
JF. Stenting of bifurcation lesions: classification, treatments, and results. Catheter Cardiovasc Interv 
2000;49(3):274-83.

7.	 Karvouni E, Di Mario C, Nishida T, Tzifos V, Reimers B, Albiero R, Corvaja N, Colombo A. Directional 
atherectomy prior to stenting in bifurcation lesions: a matched comparison study with stenting alone. 
Catheter Cardiovasc Interv 2001;53(1):12-20.

8.	 Al Suwaidi J, Berger PB, Rihal CS, Garratt KN, Bell MR, Ting HH, Bresnahan JF, Grill DE, Holmes DR, Jr. 
Immediate and long-term outcome of intracoronary stent implantation for true bifurcation lesions. J Am 
Coll Cardiol 2000;35(4):929-36.

9.	 Thuesen L, Kelbaek H, Klovgaard L, Helqvist S, Jorgensen E, Aljabbari S, Krusell LR, Jensen GV, Botker HE, 
Saunamaki K and others. Comparison of sirolimus-eluting and bare metal stents in coronary bifurcation 
lesions: subgroup analysis of the Stenting Coronary Arteries in Non-Stress/Benestent Disease Trial 
(SCANDSTENT). Am Heart J 2006;152(6):1140-5.

10.	 Colombo A, Al-Lamee R. Bifurcation lesions: an inside view. Circ Cardiovasc Interv 2010;3(2):94-6.

11.	 Colombo A, Moses JW, Morice MC, Ludwig J, Holmes DR, Jr., Spanos V, Louvard Y, Desmedt B, Di Mario 
C, Leon MB. Randomized study to evaluate sirolimus-eluting stents implanted at coronary bifurcation 
lesions. Circulation 2004;109(10):1244-9.

12.	 Tanabe K, Hoye A, Lemos PA, Aoki J, Arampatzis CA, Saia F, Lee CH, Degertekin M, Hofma SH, Sianos 
G and others. Restenosis rates following bifurcation stenting with sirolimus-eluting stents for de novo 
narrowings. Am J Cardiol 2004;94(1):115-8.

13.	 Farb A, Boam AB. Stent thrombosis redux--the FDA perspective. N Engl J Med 2007;356(10):984-7.

14.	 Iakovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, Stankovic G, Airoldi F, Chieffo A, Montorfano M, 
Carlino M and others. Incidence, predictors, and outcome of thrombosis after successful implantation of 
drug-eluting stents. JAMA 2005;293(17):2126-30.

15.	 Farb A, Burke AP, Kolodgie FD, Virmani R. Pathological mechanisms of fatal late coronary stent thrombosis 
in humans. Circulation 2003;108(14):1701-6.



396   |    Chapter 18

16.	 Serruys PW, Garcia-Garcia HM, Onuma Y. From metallic cages to transient bioresorbable scaffolds: change 
in paradigm of coronary revascularization in the upcoming decade? Eur Heart J 2012;33(1):16-25b.

17.	 Hildick-Smith D, de Belder AJ, Cooter N, Curzen NP, Clayton TC, Oldroyd KG, Bennett L, Holmberg S, 
Cotton JM, Glennon PE and others. Randomized trial of simple versus complex drug-eluting stenting for 
bifurcation lesions: the British Bifurcation Coronary Study: old, new, and evolving strategies. Circulation 
2010;121(10):1235-43.

18.	 Ferenc M, Gick M, Kienzle RP, Bestehorn HP, Werner KD, Comberg T, Kuebler P, Buttner HJ, Neumann FJ. 
Randomized trial on routine vs. provisional T-stenting in the treatment of de novo coronary bifurcation 
lesions. Eur Heart J 2008;29(23):2859-67.

19.	 Colombo A, Bramucci E, Sacca S, Violini R, Lettieri C, Zanini R, Sheiban I, Paloscia L, Grube E, Schofer J 
and others. Randomized study of the crush technique versus provisional side-branch stenting in true 
coronary bifurcations: the CACTUS (Coronary Bifurcations: Application of the Crushing Technique Using 
Sirolimus-Eluting Stents) Study. Circulation 2009;119(1):71-8.

20.	 Behan MW, Holm NR, Curzen NP, Erglis A, Stables RH, de Belder AJ, Niemela M, Cooter N, Chew DP, Steigen 
TK and others. Simple or complex stenting for bifurcation coronary lesions: a patient-level pooled-
analysis of the Nordic Bifurcation Study and the British Bifurcation Coronary Study. Circ Cardiovasc Interv 
2011;4(1):57-64.

21.	 Maeng M, Holm NR, Erglis A, Kumsars I, Niemela M, Kervinen K, Jensen JS, Galloe A, Steigen TK, Wiseth R 
and others. Long-term results after simple versus complex stenting of coronary artery bifurcation lesions: 
Nordic Bifurcation Study 5-year follow-up results. J Am Coll Cardiol 2013;62(1):30-4.

22.	 Louvard Y, Thomas M, Dzavik V, Hildick-Smith D, Galassi AR, Pan M, Burzotta F, Zelizko M, Dudek D, Ludman 
P and others. Classification of coronary artery bifurcation lesions and treatments: time for a consensus! 
Catheter Cardiovasc Interv 2008;71(2):175-83.

23.	 I K. Randomized comparison of provisional side-branch stenting versus a 2-stent strategy for treatment 
of true coronary bifurcation lesions involving a large side branch. 2-year results in the Nordic-Baltic 
Bifurcation Study IV. EuroPCR; May 21, 2015; Paris, France 2015.

24.	 Chen SL, Santoso T, Zhang JJ, Ye F, Xu YW, Fu Q, Kan J, Paiboon C, Zhou Y, Ding SQ and others. A 
randomized clinical study comparing double kissing crush with provisional stenting for treatment 
of coronary bifurcation lesions: results from the DKCRUSH-II (Double Kissing Crush versus Provisional 
Stenting Technique for Treatment of Coronary Bifurcation Lesions) trial. J Am Coll Cardiol 2011;57(8):914-
20.

25.	 Song PS, Song YB, Yang JH, Hahn JY, Choi SH, Choi JH, Koo BK, Seung KB, Park SJ, Gwon HC. The Impact 
of Side Branch Predilatation on Procedural and Long-term Clinical Outcomes in Coronary Bifurcation 
Lesions Treated by the Provisional Approach. Rev Esp Cardiol (Engl Ed) 2014;67(10):804-12.

26.	 Pan M, Medina A, Romero M, Ojeda S, Martin P, Suarez de Lezo J, Segura J, Mazuelos F, Novoa J, Suarez de 
Lezo J. Assessment of side branch predilation before a provisional T-stent strategy for bifurcation lesions. 
A randomized trial. Am Heart J 2014;168(3):374-80.

27.	 Murray CD. The Physiological Principle of Minimum Work Applied to the Angle of Branching of Arteries. 
J Gen Physiol 1926;9(6):835-41.

28.	 Finet G, Gilard M, Perrenot B, Rioufol G, Motreff P, Gavit L, Prost R. Fractal geometry of arterial coronary 
bifurcations: a quantitative coronary angiography and intravascular ultrasound analysis. EuroIntervention 
2008;3(4):490-8.

29.	 Kamiya A, Togawa T. Optimal branching structure of the vascular tree. Bull Math Biophys 1972;34(4):431-8.

30.	 Huo Y, Finet G, Lefevre T, Louvard Y, Moussa I, Kassab GS. Optimal diameter of diseased bifurcation 
segment: a practical rule for percutaneous coronary intervention. EuroIntervention 2012;7(11):1310-6.



BVS in bifurcation lesions    |   397

PART

III

31.	 Gomez-Lara J, Diletti R, Brugaletta S, Onuma Y, Farooq V, Thuesen L, McClean D, Koolen J, Ormiston JA, 
Windecker S and others. Angiographic maximal luminal diameter and appropriate deployment of the 
everolimus-eluting bioresorbable vascular scaffold as assessed by optical coherence tomography: an 
ABSORB cohort B trial sub-study. EuroIntervention 2012;8(2):214-24.

32.	 Diletti R, Onuma Y, Farooq V, Gomez-Lara J, Brugaletta S, van Geuns RJ, Regar E, de Bruyne B, Dudek D, 
Thuesen L and others. 6-month clinical outcomes following implantation of the bioresorbable everolimus-
eluting vascular scaffold in vessels smaller or larger than 2.5 mm. J Am Coll Cardiol 2011;58(3):258-64.

33.	 Diletti R, Farooq V, Girasis C, Bourantas C, Onuma Y, Heo JH, Gogas BD, van Geuns RJ, Regar E, de Bruyne 
B and others. Clinical and intravascular imaging outcomes at 1 and 2 years after implantation of absorb 
everolimus eluting bioresorbable vascular scaffolds in small vessels. Late lumen enlargement: does 
bioresorption matter with small vessel size? Insight from the ABSORB cohort B trial. Heart 2013;99(2):98-
105.

34.	 Hildick-Smith D, Lassen JF, Albiero R, Lefevre T, Darremont O, Pan M, Ferenc M, Stankovic G, Louvard Y, 
European Bifurcation C. Consensus from the 5th European Bifurcation Club meeting. EuroIntervention 
2010;6(1):34-8.

35.	 van Geuns RJ, Gogas BD, Farooq V, Regar E, Serruys PW. 3-Dimensional reconstruction of a bifurcation 
lesion with double wire after implantation of a second generation everolimus-eluting bioresorbable 
vascular scaffold. Int J Cardiol 2011;153(2):e43-5.

36.	 Gogas BD, van Geuns RJ, Farooq V, Regar E, Heo JH, Ligthart J, Serruys PW. Three-dimensional 
reconstruction of the post-dilated ABSORB everolimus-eluting bioresorbable vascular scaffold in a true 
bifurcation lesion for flow restoration. JACC Cardiovasc Interv 2011;4(10):1149-50.

37.	 Ormiston JA, Webber B, Ubod B, Webster MW, White J. Absorb everolimus-eluting bioresorbable scaffolds 
in coronary bifurcations: a bench study of deployment, side branch dilatation and post-dilatation 
strategies. EuroIntervention 2014.

38.	 Di Mario C, Foin N, Colombo A. Kissing vanishing stents: are we trading ephemeral benefit for permanent 
damage? EuroIntervention 2013;9(7):777-9.

39.	 Seth A, Sengottuvelu G, Ravisekar V. Salvage of side branch by provisional “TAP technique” using Absorb 
bioresorbable vascular scaffolds for bifurcation lesions: first case reports with technical considerations. 
Catheter Cardiovasc Interv 2014;84(1):55-61.

40.	 Adriaenssens T, Byrne RA, Dibra A, Iijima R, Mehilli J, Bruskina O, Schomig A, Kastrati A. Culotte stenting 
technique in coronary bifurcation disease: angiographic follow-up using dedicated quantitative coronary 
angiographic analysis and 12-month clinical outcomes. Eur Heart J 2008;29(23):2868-76.

41.	 Tiroch K, Mehilli J, Byrne RA, Schulz S, Massberg S, Laugwitz KL, Vorpahl M, Seyfarth M, Kastrati A, 
Investigators I-LMS. Impact of coronary anatomy and stenting technique on long-term outcome after 
drug-eluting stent implantation for unprotected left main coronary artery disease. JACC Cardiovasc 
Interv 2014;7(1):29-36.

42.	 Kervinen K, Niemela M, Romppanen H, Erglis A, Kumsars I, Maeng M, Holm NR, Lassen JF, Gunnes P, Stavnes 
S and others. Clinical outcome after crush versus culotte stenting of coronary artery bifurcation lesions: 
the Nordic Stent Technique Study 36-month follow-up results. JACC Cardiovasc Interv 2013;6(11):1160-5.

43.	 Chen SL, Xu B, Han YL, Sheiban I, Zhang JJ, Ye F, Kwan TW, Paiboon C, Zhou YJ, Lv SZ and others. Comparison 
of double kissing crush versus Culotte stenting for unprotected distal left main bifurcation lesions: results 
from a multicenter, randomized, prospective DKCRUSH-III study. J Am Coll Cardiol 2013;61(14):1482-8.

44.	 Ruzsa Z, van der Linden M, Van Mieghem NM, Regar E, Ligthart JM, Serruys P, van Geuns RJ. Culotte 
stenting with bioabsorbable everolimus-eluting stents. Int J Cardiol 2013;168(2):e35-7.

45.	 Dzavik V, Colombo A. The absorb bioresorbable vascular scaffold in coronary bifurcations: insights from 
bench testing. JACC Cardiovasc Interv 2014;7(1):81-8.



398   |    Chapter 18

46.	 van Mieghem N, Wilschut JJ, Ligthart J, Witberg K, van Geuns RJ, Regar E. Modified T-technique with 
bioresorbable scaffolds ensures complete carina coverage: an optical coherence tomography study. 
JACC Cardiovasc Interv 2014;7(8):e109-10.

47.	 Iakovou I, Ge L, Colombo A. Contemporary stent treatment of coronary bifurcations. J Am Coll Cardiol 
2005;46(8):1446-55.

48.	 Schampaert E, Fort S, Adelman AG, Schwartz L. The V-stent: a novel technique for coronary bifurcation 
stenting. Cathet Cardiovasc Diagn 1996;39(3):320-6.

49.	 Colombo A, Gaglione A, Nakamura S, Finci L. “Kissing” stents for bifurcational coronary lesion. Cathet 
Cardiovasc Diagn 1993;30(4):327-30.

50.	 Sharma SK, Choudhury A, Lee J, Kim MC, Fisher E, Steinheimer AM, Kini AS. Simultaneous kissing stents 
(SKS) technique for treating bifurcation lesions in medium-to-large size coronary arteries. Am J Cardiol 
2004;94(7):913-7.

51.	 Karanasos A, Tu S, van der Heide E, Reiber JH, Regar E. Carina shift as a mechanism for side-branch 
compromise following main vessel intervention: insights from three-dimensional optical coherence 
tomography. Cardiovasc Diagn Ther 2012;2(2):173-7.

52.	 Farooq V, Serruys PW, Heo JH, Gogas BD, Okamura T, Gomez-Lara J, Brugaletta S, Garcia-Garcia HM, van 
Geuns RJ. New insights into the coronary artery bifurcation hypothesis-generating concepts utilizing 
3-dimensional optical frequency domain imaging. JACC Cardiovasc Interv 2011;4(8):921-31.

53.	 Koo BK, Waseda K, Kang HJ, Kim HS, Nam CW, Hur SH, Kim JS, Choi D, Jang Y, Hahn JY and others. Anatomic 
and functional evaluation of bifurcation lesions undergoing percutaneous coronary intervention. Circ 
Cardiovasc Interv 2010;3(2):113-9.

54.	 Suarez de Lezo J, Medina A, Martin P, Novoa J, Suarez de Lezo J, Pan M, Caballero E, Melian F, Mazuelos F, 
Quevedo V. Predictors of ostial side branch damage during provisional stenting of coronary bifurcation 
lesions not involving the side branch origin: an ultrasonographic study. EuroIntervention 2012;7(10):1147-
54.

55.	 Di Mario C, Iakovou I, van der Giessen WJ, Foin N, Adrianssens T, Tyczynski P, Ghilencea L, Viceconte N, 
Lindsay AC. Optical coherence tomography for guidance in bifurcation lesion treatment. EuroIntervention 
2010;6 Suppl J:J99-J106.

56.	 Karanasos A, Tu S, van der Linden M, van Weenen S, Ligthart J, Regar E. Online 3-dimensional rendering 
of optical coherence tomography images for the assessment of bifurcation intervention. Can J Cardiol 
2012;28(6):759 e1-3.

57.	 Diletti R, Garcia-Garcia HM, Gomez-Lara J, Brugaletta S, Wykrzykowska JJ, van Ditzhuijzen N, van Geuns 
RJ, Regar E, Ambrosio G, Serruys PW. Assessment of coronary atherosclerosis progression and regression 
at bifurcations using combined IVUS and OCT. JACC Cardiovasc Imaging 2011;4(7):774-80.

58.	 Okamura T, Onuma Y, Garcia-Garcia HM, Regar E, Wykrzykowska JJ, Koolen J, Thuesen L, Windecker S, 
Whitbourn R, McClean DR and others. 3-Dimensional optical coherence tomography assessment of 
jailed side branches by bioresorbable vascular scaffolds: a proposal for classification. JACC Cardiovasc 
Interv 2010;3(8):836-44.

59.	 Alegria-Barrero E, Foin N, Chan PH, Syrseloudis D, Lindsay AC, Dimopolous K, Alonso-Gonzalez R, 
Viceconte N, De Silva R, Di Mario C. Optical coherence tomography for guidance of distal cell recrossing 
in bifurcation stenting: choosing the right cell matters. EuroIntervention 2012;8(2):205-13.

60.	 Farooq V, Gogas BD, Okamura T, Heo JH, Magro M, Gomez-Lara J, Onuma Y, Radu MD, Brugaletta S, 
van Bochove G and others. Three-dimensional optical frequency domain imaging in conventional 
percutaneous coronary intervention: the potential for clinical application. Eur Heart J 2013;34(12):875-85.

61.	 Tu S, Holm NR, Christiansen EH, Reiber JH. First presentation of 3-dimensional reconstruction and 
centerline-guided assessment of coronary bifurcation by fusion of X-ray angiography and optical 
coherence tomography. JACC Cardiovasc Interv 2012;5(8):884-5. 



BVS in bifurcation lesions    |   399

PART

III

62.	 Karanasos A, Tu S, van Ditzhuijzen NS, Ligthart JM, Witberg K, Van Mieghem N, van Geuns RJ, de Jaegere 
P, Zijlstra F, Reiber JH and others. A novel method to assess coronary artery bifurcations by OCT: cut-plane 
analysis for side-branch ostial assessment from a main-vessel pullback. Eur Heart J Cardiovasc Imaging 
2015;16(2):177-89.

63.	 Grundeken MJ, Kraak RP, de Bruin DM, Wykrzykowska JJ. Three-dimensional optical coherence 
tomography evaluation of a left main bifurcation lesion treated with ABSORB(R) bioresorbable vascular 
scaffold including fenestration and dilatation of the side branch. Int J Cardiol 2013;168(3):e107-8.

64.	 Sato K, Latib A, Panoulas VF, Naganuma T, Miyazaki T, Colombo A. A case of true left main bifurcation 
treated with bioresorbable everolimus-eluting stent v-stenting. JACC Cardiovasc Interv 2014;7(8):e103-4.

65.	 Sengottuvelu G, Dattagupta A. Optical coherence tomographic image of dynamic left main coronary 
artery compression caused by intramural haematoma due to spontaneous coronary artery dissection - 
degloved artery managed with bioresorbable vascular scaffold. EuroIntervention 2014.

66.	 Miyazaki T, Panoulas VF, Sato K, Naganuma T, Latib A, Colombo A. Bioresorbable vascular scaffolds for left 
main lesions; a novel strategy to overcome limitations. Int J Cardiol 2014;175(1):e11-3.

67.	 Verheye S, Ormiston JA, Stewart J, Webster M, Sanidas E, Costa R, Costa JR, Jr., Chamie D, Abizaid AS, 
Pinto I and others. A next-generation bioresorbable coronary scaffold system: from bench to first 
clinical evaluation: 6- and 12-month clinical and multimodality imaging results. JACC Cardiovasc Interv 
2014;7(1):89-99.

68.	 Ielasi A, Latib A, Naganuma T, Cortese B, Sato K, Miyazaki T, Panoulas VF, Tespili M, Colombo A. Early results 
following everolimus-eluting bioresorbable vascular scaffold implantation for the treatment of in-stent 
restenosis. Int J Cardiol 2014;173(3):513-4.

69.	 Grasso C, Attizzani GF, Patane M, Ohno Y, Capodanno D, Tamburino C. First-in-human description of 
everolimus-eluting bioabsorbable vascular scaffold implantation for the treatment of drug-eluting stent 
failure: insights from optical coherence tomography. Int J Cardiol 2013;168(4):4490-1.

70.	 Naganuma T, Costopoulos C, Latib A, Sato K, Miyazaki T, Colombo A. Feasibility and efficacy of 
bioresorbable vascular scaffolds use for the treatment of in-stent restenosis and a bifurcation lesion in a 
heavily calcified diffusely diseased vessel. JACC Cardiovasc Interv 2014;7(5):e45-6.

71.	 Diletti R, Karanasos A, Muramatsu T, Nakatani S, Van Mieghem NM, Onuma Y, Nauta ST, Ishibashi Y, 
Lenzen MJ, Ligthart J and others. Everolimus-eluting bioresorbable vascular scaffolds for treatment of 
patients presenting with ST-segment elevation myocardial infarction: BVS STEMI first study. Eur Heart J 
2014;35(12):777-86.

72.	 Kocka V, Maly M, Tousek P, Budesinsky T, Lisa L, Prodanov P, Jarkovsky J, Widimsky P. Bioresorbable vascular 
scaffolds in acute ST-segment elevation myocardial infarction: a prospective multicentre study ‘Prague 
19’. Eur Heart J 2014;35(12):787-94.

73.	 Brugaletta S, Gori T, Low AF, Tousek P, Pinar E, Gomez-Lara J, Scalone G, Schulz E, Chan MY, Kocka V 
and others. Absorb Bioresorbable Vascular Scaffold Versus Everolimus-Eluting Metallic Stent in ST-
Segment Elevation Myocardial Infarction: 1-Year Results of a Propensity Score Matching Comparison: 
The BVS-EXAMINATION Study (Bioresorbable Vascular Scaffold-A Clinical Evaluation of Everolimus Eluting 
Coronary Stents in the Treatment of Patients With ST-segment Elevation Myocardial Infarction). JACC 
Cardiovasc Interv 2015;8(1 Pt B):189-97.

74.	 Muramatsu T, Onuma Y, Garcia-Garcia HM, Farooq V, Bourantas CV, Morel MA, Li X, Veldhof S, Bartorelli A, 
Whitbourn R and others. Incidence and short-term clinical outcomes of small side branch occlusion after 
implantation of an everolimus-eluting bioresorbable vascular scaffold: an interim report of 435 patients 
in the ABSORB-EXTEND single-arm trial in comparison with an everolimus-eluting metallic stent in the 
SPIRIT first and II trials. JACC Cardiovasc Interv 2013;6(3):247-57.



400   |    Chapter 18

75.	 Onuma Y, Serruys PW, Muramatsu T, Nakatani S, van Geuns RJ, de Bruyne B, Dudek D, Christiansen E, 
Smits PC, Chevalier B and others. Incidence and imaging outcomes of acute scaffold disruption and late 
structural discontinuity after implantation of the absorb Everolimus-Eluting fully bioresorbable vascular 
scaffold: optical coherence tomography assessment in the ABSORB cohort B Trial (A Clinical Evaluation of 
the Bioabsorbable Everolimus Eluting Coronary Stent System in the Treatment of Patients With De Novo 
Native Coronary Artery Lesions). JACC Cardiovasc Interv 2014;7(12):1400-11.

76.	 Onuma Y, Serruys PW, Ormiston JA, Regar E, Webster M, Thuesen L, Dudek D, Veldhof S, Rapoza R. Three-
year results of clinical follow-up after a bioresorbable everolimus-eluting scaffold in patients with de 
novo coronary artery disease: the ABSORB trial. EuroIntervention 2010;6(4):447-53.

77.	 Okamura T, Serruys PW, Regar E. Cardiovascular flashlight. The fate of bioresorbable struts located at a 
side branch ostium: serial three-dimensional optical coherence tomography assessment. Eur Heart J 
2010;31(17):2179.

78.	 Karanasos A, Simsek C, Gnanadesigan M, van Ditzhuijzen NS, Freire R, Dijkstra J, Tu S, Van Mieghem N, van 
Soest G, de Jaegere P and others. OCT Assessment of the Long-Term Vascular Healing Response 5 Years 
After Everolimus-Eluting Bioresorbable Vascular Scaffold. J Am Coll Cardiol 2014;64(22):2343-56.



BVS in bifurcation lesions    |   401

PART

III





Chapter 19

Everolimus Eluting Bioresorbable  
Vascular Scaffold for Treatment of  
Complex Chronic Total Occlusions 

Jiang Ming Fam, MD; Soledad Ojeda, MD, PhD, Azeem Latib, MD; Marcella De Paolis, MD; 
Roberto Garbo, MD; Robert Jan van Geuns MD, PhD; Beatriz Vaquerizo, MD; Georgios J. 
Vlachojannis MD, PhD; Hiroyoshi Kawamoto, MD; Jors van der Sijde, MD; Cordula Felix, MD; 
Manuel Pan MD, PhD; Roberta Serdoz MD; Babu Ezhumalai, MD; Giacomo Giovanni Boccuzzi, 
MD; Boukhris Marouane, MD; Gennaro Sardella, MD; Alessio La Manna, MD; Corrado 
Tamburino MD, PhD; Pieter C. Smits MD, PhD; Nicolas M. van Mieghem MD, PhD; Carlo Di 
Mario MD, PhD; Ashok Seth, MD; Antonio Serra MD; Antonio Colombo MD; Alfredo R. Galassi, 
MD; Patrick Serruys MD, PhD; Felix Zijlstra MD, PhD; Roberto Diletti, MD

Submitted



404   |    Chapter 19

A bstract    

Aims The bioresorbable vascular scaffolds (BVS) represent a novel therapeutic 
option for the treatment of coronary artery diseases. The objective of this study 
is to evaluate the feasibility and clinical outcomes following BVS deployment in 
complex chronic coronary total occlusions (CTO).
Methods and Results The present report is a multi-centre registry evaluating 
results after BVS implantation in challenging CTOs lesion defined as J-CTO score≥2 
(difficult or very difficult). 
A total of 105 patients were included in the present analysis. The mean J-CTO score 
was 2.61 (difficult 52.4%, very difficult 47.6%). Device-success and procedural-
success were 98.1% and 97.1% respectively. Retrograde approach was used in 
25.7% of the cases. After wire-crossing predilatation was performed in all cases with 
a mean predilatation balloon diameter of 2.69 ± 0.32 mm. The mean scaffold length 
was 59.75±25.85 mm, with postdilatation performed in 89.5 % of the cases and a 
mean postdilatation balloon diameter of 3.35±0.44 mm. Post-PCI minimal lumen 
diameter was 2.50±0.51 mm, percentage diameter stenosis was 14.53±10.31 %. 
Multislice CT scan was performed in a subgroup of patients (32.4 %) at 6-month post 
index-procedure and only in 2 cases was observed scaffold restenosis. At 6-month 
follow-up the MACE rate was 3.1%, with one case of late scaffold thrombosis at 47 
days after index procedure. No case of mortality occurred.
Conclusions The present report suggests feasibility of BVS implantation in complex 
CTO lesion, given adequate lesion preparation and post-dilatation, with good 
acute angiographic results and mid-term clinical outcomes. 
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I ntrod     u ction   

Successful recanalization of chronic total occlusions (CTO) by percutaneous coronary 
intervention (PCI) has been associated with angina relief, improved left ventricular 
function,1-3 reduction in the rate of myocardial infarction and coronary artery bypass 
grafting with an overall improved patient survival,4-10 even in patients with well-developed 
collateral circulation.10 
However, despite the recent advancement in techniques and materials, success rate for 
PCI in CTO is significantly lower compared to other lesion subsets11, 12 and although the 
presence of CTO have been reported in a remarkable percentage of the patients with 
coronary artery disease undergoing elective angiography13, 14 this lesion subset represents 
only a minority of the target lesion treated with PCI.14, 15 In addition, CTOs are often long 
lesions requiring the implantation of multiple metallic stents resulting in a “full metal 
jacket” treated artery,16 potentially increasing the risk of thrombosis and restenosis.17 
Furthermore, many patients with CTO show extensive coronary disease, requiring 
multivessel revascularization,5, 6, 8, 18 potentially benefiting from bypass graft surgery.
Given this background, the introduction of bioresorbable vascular scaffolds provides 
a novel therapeutic option for the treatment of chronic total occlusions, allowing 
revascularization without permanent caging of long coronary segments, potentially 
reducing the long term events related to the presence of metallic stents and maintaining 
the option for future surgical revascularizations.
Bioresorbable technologies have shown so far promising results in relatively simple 
coronary lesions,19, 20 but there are very limited data and experience on the use of BVS 
in complex scenarios, especially in CTO lesions. Initial experience in this subgroup 
was reported in limited cohorts21-23 with no specific evaluation of BVS performance in 
challenging CTO lesions. 
Therefore, the objective of the present study is to evaluate the feasibility and mid-term 
BVS performance after implantation in coronary chronic occluded vessels presenting 
characteristics likely to make the procedure challenging according to the J-CTO score.24 

M et  h ods	  

This is a multicentre single arm study conducted to evaluate the feasibility, procedural 
results and mid-term performance of the Absorb BVS (Abbott Vascular, Santa Clara, CA, 
USA) for the treatment of patients with complex CTO lesions.
Enrolled patients were male or female subjects presenting with silent ischemia, stable 
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angina pectoris or acute coronary syndromes, candidates for percutaneous treatment 
of coronary CTO lesions. Lesion difficulty was graded according to the J-CTO score, 
lesions defined as to be “easy” (J-CTO score 0) or at intermediate difficulty (J-CTO score 
1) were excluded from the analysis and only complex cases defined as those with J-CTO 
score of ≥2 (difficult or very difficult)24 were evaluated. Exclusion criteria comprised 
contraindications to antiplatelet medication, maximal vessel diameter > 4 mm, female 
patient with childbearing potential or currently breastfeeding and acute ST-segment 
elevation myocardial infarction.

Study device
The study device is the second generation Absorb BVS which is a balloon expandable 
scaffold with a polymer backbone of Poly-L lactide Acid (PLLA) coated with a thin layer of a 
1:1 mixture of an amorphous matrix of Poly-D and L lactide acid (PDLLA) polymer, eluting 
100 micrograms/cm2 of everolimus. Approximately 80% of the drug is eluted within the 
first 30-days. Two radiopaque platinum markers positioned at the ends of the scaffold allow 
for accurate visualization of the radiolucent Absorb BVS during angiography. Both PLLA 
and PDLLA are fully bioresorbable. The polymers are degraded via hydrolysis of the ester 
bonds, and the resulting lactate and its oligomers are quickly transformed to pyruvate 
and metabolized in the Krebs energy cycle. Small particles, less than 2μm in diameter, 
have also been shown to be phagocytized and degraded by macrophages. According to 
preclinical studies, the time for complete bioresorption of the polymer backbone is 2 to 
3 years.

Study Procedure
All patients underwent PCI according to standard practice.25, 26 Vascular access and either 
antegrade or retrograde approach (Figure 1, Figure 2,) were determined depending on 
anatomy and at operator discretion. Vessel sizing pre BVS implantation was conducted 
after intracoronary injection of nitroglycerine and only after confirmation of successful 
wire crossing into the true lumen either by contrast injection or intravascular ultrasound 
(IVUS). The Absorb BVS was deployed gradually in stepwise increments of 2 atm every 
5 seconds.27 If more than one BVS was necessary, they were implanted from the distal 
to the proximal part of the target vessel in a minimal marker-to-marker overlapping 
manner. IVUS was performed mainly for procedural guidance. After implantation, optical 
coherence tomography (OCT) was performed in a patient subgroup of 10 patients to 
assess scaffold expansion and incomplete strut apposition (ISA). 
All patients were placed on a treatment regime of dual antiplatelet therapy for at least 12 
months followed by lifelong aspirin.
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Figure 1. Successful implantation of bioresorbable vascular scaffolds using an antegrade strategy.
Occlusion length was 29.7mm and J-CTO score was 3. The lesion had a blunt stump (white star) with good distal 
landing zone (black star) (Panel A). Successful crossing was achieved with antegrade approach and confirmed with 
antegrade contrast injection (Panel B). Predilation (Panel C) was performed with a non-compliant 3.0mm balloon. 
Two BVS 3,5 x 18 mm and one 3.0 x 28mm were implanted in overlap (Black arrow) (Panel D). Final snuggle kissing 
balloon dilation was performed at the bifurcation (Panel E) with good angiographic result (Panel F). Optimal scaffold 
expansion and apposition was seen on Optical Coherence Tomograpy (OCT) post deployment. MLA- Minimal lumen 
area; MSD- Minimum scaffold diameter.

Figure 2. Successful implantation of bioresorbable vascular scaffolds in a right coronary artery with a chronic total 
occlusion using a retrograde strategy.
The lesion had a blunt stump (white star) with good distal landing zone (black star) (Panel A). Good septal collaterals were 
seen from contralateral contrast injection. Successful crossing was achieved with a Conquest ProTM wire on CorsairTM 
microcatheter support (Panel B and C). Predilation (Panel D) was performed before scaffolds deployment (two BVS 3,5 x 
28mm and one 3.0 x 28mm in an overlap) (Panel E) with good angiographic result (Panel F).
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Figure 3. BVS implantation in a calcified chronic total occlusion using an antegrade strategy.
 The lesion had a blunt proximal stump and multiple calcifications (marked *) (Panel A). J-CTO score was 2. Successful 
wire crossing was achieved with antegrade approach and confirmed with antegrade contrast injection (Panel B). 
Predilation was performed with a 3.0 x 20 mm semi-compliant balloon at maximum inflation pressure of 16 atm 
(Panel C). Panel D shows the left anterior descending artery after predilation BVS before implantation. Two scaffolds 
(BVS 3.5 x 28mm and 2.5 x 28mm were deployed in overlap) and postdilated with a non-compliant balloon 3.5 x 
12mm (Panel F) with good final angiographic result (Panel G- dashed lines indicating scaffolds location)

Figure 4. Subintimal BVS implantation.
Final result at the index procedure after subintimal tracking, true lumen re-entry and subintimal BVS implantation 
(Panel A). 2-year angiographic appearance (Panel B) with an in-scaffold restenosis (circled area). Panel D and E long-
term vascular healing after BVS subintimal implantation. Panel C in-scaffold restenosis. MSD- Mean scaffold Diameter 
MLA- Mean lumen area.
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Quantitative coronary angiography
Quantitative coronary angiography (QCA) analyses were performed using the Coronary 
Angiography Analysis System (Pie Medical Imaging, Maastricht, Netherlands). The QCA 
measurements we performed pre and post BVS implantation. Angiographic views with 
minimal foreshortening of the lesion and limited overlap with other vessels were used. 
Pre-procedure QCA analysis was performed as proximally as possible from the occlusion 
(in case of a side branch, distally to the most proximal take off of the side branch) as 
already described.28 For each lesion, the following QCA parameters were measured in 
diastole: minimal lumen diameter (MLD), reference vessel diameter (RVD), percentage of 
area stenosis, and occlusion length. For each lesion, was computed the J-CTO score which 
has been shown to correlate well with lesion complexity and procedural outcomes.

OCT image acquisition and analysis
The C7 system or the Ilumien Optis system and the corresponding DragonFly or DragonFly 
Duo imaging catheters (St. Jude Medical, St Paul, Minneapolis, Minnesota) were used for 
image acquisition. The OCT catheter was advanced distal to the treated segment, and an 
automated pullback was performed at 20mm/s with simultaneous contrast injection at 
a rate of 3 to 4 ml/s using a power injector. Two sequential pullbacks were performed to 
enable assessment of the entire scaffolded/ stented segment when required.
The OCT measurements were performed offline using the QCU-CMS software, (Medis 
Medical Imaging Systems, Leiden, The Netherlands). Analysis was performed at 1-mm 
intervals within the entire scaffolded segment and proximal and distal edge segments. 
Lumen and scaffold area and diameter measurements were performed in the region 
of interest, as appropriate, (Figure 4) using standard methodology for the analysis of 
bioresorbable scaffolds.28-30 Eccentricity index and Symmetry index were additionally 
calculated as previously reported.31-33 

Study definitions
Device Success was defined as successful BVS implantation with the attainment of 
<30% final in segment residual stenosis by angiographic visual estimation after Absorb 
BVS implantation. Procedure Success was defined as device success and no major peri-
procedural complications (Emergent CABG, coronary perforation requiring pericardial 
drainage, residual dissection impairing vessel flow – TIMI-flow II or less). Clinical success 
was defined as procedural success and no in-hospital major adverse cardiac events 
(MACE). All deaths were considered cardiac unless an undisputed non-cardiac cause was 
identified. Myocardial infarction (MI) and scaffold thrombosis were defined according to 
the Academic Research Consortium (ARC) definition.34 Any Target lesion revascularization 
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(TLR) was defined as clinically driven if at repeat angiography a diameter stenosis >70% 
was observed, or if a diameter stenosis >50% was present in association with recurrent 
angina pectoris; objective signs of ischaemia (ECG changes) at rest or during exercise 
test, likely to be related to the target vessel; abnormal results of any invasive functional 
diagnostic test.
Major adverse cardiac events (MACE) was defined as the composite of cardiac death, any 
re-infarction (Q or Non Q-Wave), emergent bypass surgery (CABG), or clinically driven 
target lesion revascularization (TLR). 

Statistical Analysis
Categorical variables are reported as counts and percentages and continuous variables 
are reported as mean ± standard deviation. Statistical analyses were performed using 
SPSS, version 20.0 for Windows (IL,US).

R es  u lts

Patient demographics
Baseline demographics of the patients (n=105) are presented in Table 1. Mean age was 
59.40 ± 8.96, 89.5 % of the patients were male, 33.3% had diabetes mellitus, 68.6 % 
presented with stable angina.

Angiographic and lesion characteristics
The most frequently treated vessel was the right coronary artery (44.8%), 35.2% of the CTO 
were located at the proximal/ostial coronary segment, 28.6% cases involved a bifurcation 
lesion with aside branch ≥ 2 mm and 56.2% of the cases showed a multivessel disease, 
74.3% of the lesions had occlusion length ≥ 20 mm and 43.8% bridging collaterals at the 
level of the occlusion. Rentrop grade 3 collaterals were present in 29.5% of the lesions.
The mean J-CTO score was 2.61 with nearly half (47.6 %) of the CTO lesions being very 
difficult (J-CTO score ≥3). (Table 2)
Quantitative coronary angiography showed a Pre-treatment reference vessel diameter 
of 2.71 ± 0.55 mm, Post-PCI mean MLD of 2.50 ± 0.51 mm with a percentage diameter 
stenosis of 14.53 ± 10.31%. (Table 2)

Procedural Characteristics
Procedural characteristics are shown in Table 3. The majority of the cases (62.9%) were 
performed with a bi-femoral approach with a frequent use of contralateral injection. 
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Table 1. Baseline Demographic and Clinical Characteristics.

n=105

Age, yrs 59.40 ± 8.96

Male gender % 89.5

History of smoking% 48.6

Diabetes mellitus% 33.3

Dyslipidemia% 72.4

Hypertension% 69.5

Family History of CAD% 21.9

Myocardial Infarct% 29.5

Prior PCI% 46.7

Prior CABG% 2.9

Silent ischemia% 5.7

Stable angina% 68.6

Acute coronary syndrome% 23.8

Congestive cardiac failure% 1.9

Values specified as percentages or mean with standard deviation. CAD=coronary artery disease, PCI=percutaneous 
coronary intervention, CABG= coronary artery bypass graft

Table 2. Baseline Lesion and Angiographic Characteristics.

n=105

Left anterior descending artery%  41.9

Left circumflex/ marginal% 12.4

Right coronary artery% 44.8

Ostial-proximal % 35.2

Mid% 61.9

Distal% 2.8

Bifurcation % 28.6

Single vessel disease% 43.8

Two-vessel disease% 40.0

Three-vessel disease% 16.2

Severe tortuosity% 26.7

Blunt stump% 60.0

Calcification present% 70.5

Bending > 45 degrees% 49.5

Occlusion ≥ 20mm% 74.3

Retry lesion% 11.4

(Any) Side branch present% 65.7
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n=105

(Any) Bridge collateral present% 43.8

Rentrop grade 3 collateral% 29.5

Bad landing zone% 34.3

Bad distal vessel% 26.7

CTO J-score% 2.61 ± 0.75

Easy (J-CTO score 0) % 0 

Intermediate (J-CTO score 1) % 0

Difficult (J-CTO score 2) %  52.4

Very Difficult (J-CTO score ≥3) %  47.6

   J-CTO score 3 37.1

   J-CTO score 4 7.6

   J-CTO score 5 2.9

Pretreatment reference vessel diameter, mm 2.71 ± 0.55

Pretreatment Diameter stenosis, % 100,0 

Post-treatment minimal lumen diameter, mm 2.50 ± 0.51

Post-treatment reference vessel diameter, mm 2.88 ± 0.51

Post-treatment diameter stenosis, % 14.53 ± 10.31

Values specified as percentages or mean with standard deviation. 

Successful lesion crossing with retrograde strategy occurred in 25.7% of the procedures. 
Predilatation was performed in every lesion with a mean predilatation balloon diameter 
of 2.69 ± 0.32 mm. Guide-wires used for successful crossing included the Conquest Pro 
9/12 (12.4%), Gaia First/ Second/ Third (11.4%), Miracle Bros 3/6 (8.6%) and Pilot 150/200 
(19.0%). A total of 256 BVS were implanted with a mean number of scaffolds implanted 
per lesion equal to 2.44 ± 1.12, with 79 overlaps, a total scaffold length per lesion of 59.75 
± 25.85 mm and a mean scaffold diameter per lesion of 3.00 ± 0.31 mm. Postdilation was 
performed in 89.5% of the cases. 

OCT measurements Post scaffold deployment
Post scaffold deployment imaging of the scaffolds with the use of OCT was performed in 
10 cases (18.2%). Mean lumen area was 7.31± 1.28 mm2, with a minimum lumen area 5.35 
±1.53 mm2 and residual area stenosis of 6.83 ± 26.44%. Mean ISA area was 0.03 ± 0.04 
mm2. Mean eccentricity index 0.86 ± 0.04 and symmetry index was 0.37 ±0.10. (Table 4)

Clinical Outcomes
Device success and procedural success were 98.1% and 97.1% respectively. During the 
index procedure two patients required bailout stenting with metal stents and in one case 
was observed a final TIMI II flow. No other major peri-procedural complications such as 

Table 2. Continued.
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Table 3. Procedural Characteristics.

n=105

Vascular access 

Single access, femoral 22.8

Single access, radial 9.5

Double access, femoral and radial 4.8

Double access, both femoral 62.9

Contralateral injection 63.8

Intravascular imaging

Intravascular ultrasound 55.2

Optical coherence tomography 9.5

Successsful antergrade strategy 74.3

Successsful Retrograde strategy 25.7

Number of guidewires used per lesion 3.27 ± 1.69

Guidewire or CTO Devices used for crossing

Conquest Pro 9/12 12.4

Fielder XT-R/FC 23.8

Gaia First/ Second/ Third 11.4

Miracle Bros 3/6 8.6

Pilot 150/200 19.0

Sion/Sion Black/ Sion Blue 6.7

Ultimate Bro 5.7

BMW 1.9

CrossIT 100/200 XT/ Progress 8.6

Whisper 1.9

Predilation performed 100

Use of OTW balloon 8.6

Microcatheters used 85.7

Cutting balloon/ rotation artherectomy (11/1) 11.4

Maximum predilation balloon diameter, mm 2.73 ± 0.43

Maximum predilation pressure, atm 14.97 ± 2.72

Total number of scaffolds impanted 256

Number of scaffolds per lesion 2.44± 1.12

Overlapping scaffolds 79.0

Total scaffold length per lesion, mm 59.75 ± 25.85

Mean scaffold diameter per lesion, mm 3.00 ± 0.31

Maximum scaffold implantation pressure, atm 13.82 ± 2.93

Postdilation performed 89.5

Maximum postdilation balloon diameter, mm 3.35 ± 0.44
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n=105

Procedure time, min 167.06 ± 78.28

Fluroscopy time, min 60.95 ± 35.16

Contrast volume, mls 334.63 ± 138.01

Antiplatelet therapy 

Aspirin 100.0

Clopidogrel 47.6

Prasugrel 28.6

Ticagrelor 23.8

OTW- over the wire. Values specified as percentages or mean with standard deviation. 

Table 4. Optical Coherence Tomography Measurements post scaffold deployment.

n=10 

Analyzed length/mm 36.64 ±11.64

Reference lumen area/mm2 6.00 ± 1.88

Minimum lumen area/mm2 5.35 ±1.53

Mean lumen area/mm2 7.31 ±1.28

Lumen volume/mm3 254.02 ± 79.47

Maximum scaffold diameter/mm 3.85 ± 0.45

Minimum scaffold diameter/mm 2.42 ± 0.32

MSA/mm2 5.84 ±1.31

Mean scaffold area/mm2 7.71 ±1.37

Scaffold volume/mm3 268.81 ± 93.51

RAS/% 6.83 ± 26.44

EI 0.86 ± 0.04

EI at MSA 0.84 ±0.06

SI 0.37 ±0.10

Device with ISA detected 6 

Mean ISA area/mm2 0.03 ± 0.04

Total struts 3,387

Malapposed struts 39

Mean prolapse area/mm2 0.53 ± 0.42

Edge Dissection 8 (80.0)

EI-Eccentricity index
ISA-Incomplete strut apposition
MSA- Minimum scaffold area
RAS-Residual area stenosis
SI- Symmetricity index
Values are expressed as mean ± standard deviation. 

Table 3. Continued.
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scaffold thrombosis were reported. No episodes of severe in hospital adverse events were 
observed.
The 6-month follow up was completed in 91.4% of the cases. One patient developed late 
scaffold thrombosis at 47 days post-procedure. The patient had 3 Absorb BVS scaffolds 
(3.0 x 28mm; 3.5 x 18mm and 3.5 x 18mm in an overlapping manner) implanted in the 
left anterior descending artery CTO (J-CTO score 3). The lesion was predilated with a 
3.0mm balloon and postdilated with a 3.5mm noncompliant balloon. He presented with 
a Non ST-segment Elevation Myocardial Infarct, the coronary angiogram showed scaffold 
thrombosis involving the treated artery and further PCI was performed (thrombectomy, 
implantation of a drug eluting metal stent and intravenous infusion of eptifibatide). Two 
additional clinically driven target lesion revascularisations were reported, one of those 
was performed after observation by CT scan of re-occlusion of the 3.0 x 28mm Absorb BVS 
scaffold previously implanted in the left circumflex artery the patient was symptomatic 
and a treatment was carried out at 6 months post-procedure with a metallic drug eluting 
stent. No cases of mortality were seen. The overall MACE rate was therefore 3.1%
Computed Tomography scans were performed at 6 months in 34 patients, only in two 
cases was observed scaffold restenosis. After clinical re-evaluation of these two patients, 
1 case (above-mentioned) underwent TLR whereas the other case give the absence of 
symptoms and of inducible ischemia was managed conservatively.

D isc   u ssion   

Coronary chronic total occlusions are classically regarded as a challenging subset 
burdened by low procedural success and poorer clinical outcomes when compared to 
other lesion types. Even though the introduction of drug eluting stents has reduced 
the rate of in-stent restenosis, the adoption of these devices is not devoid of limitations 
especially in chronically occluded vessels.
Treatment of CTOs often implies stenting of long coronary segments with permanent 
vessel caging of large part of the artery. This is not only associated with a possible 
increased risk of restenosis and stent thrombosis, but is also precluding future surgical 
revascularizations in patients that often show diffuse and multivessel atherosclerosis as 
also confirmed in the present report with 56.2% of the patients having multivessel disease.
In addition after recanalization of CTOs, a flow-dependent positive vascular remodeling 
process has been reported and has been associated with progressive increase in lumen 
diameter, external elastic membrane (EEM) diameter, lumen area and EEM area.35-37 Park 
and colleagues35 reported that this increase in lumen dimensions is followed by an 
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increased incomplete stent apposition at 6-month follow-up in patients treated for CTO 
lesions. Theoretically, the bioresorption process could eliminate this limitation as the 
scaffold remnants can follow the vessel wall motion already between six months and one 
year after implantation.20

Recently, small series of CTOs treated with BVS with slightly lower lesion complexity has 
been reported, with outcomes comparable to ours.21-23 The present investigation focused 
specifically on complex chronically occluded coronary lesions, excluding all cases scored 
as easy or intermediately difficult according to de J-CTO score, with nearly half of the 
occlusions defined as very difficult. Our data suggests feasibility of BVS implantation 
also in the challenging subset of complex CTO lesions, with optimal acute scaffold 
expansion and apposition given an appropriate lesion preparation and a high rate of final 
postdilatation. The final angiographic results showed a post-PCI minimal lumen diameter 
of 2.50 ± 0.55 with a very low percentage diameter stenosis (14.53 ± 10.31 %) associated 
with a final TIMI 3 flow achieved practically in the entire population. Such promising acute 
results are in line with angiographic data obtained in previous reports evaluating the BVS 
as well as metallic DES implantation in CTO lesions21, 23, 38 
These data were obtained after an aggressive lesion predilatation with maximum balloon 
diameter close to the reference vessel diameter and to the nominal scaffold diameter. 
Postdilatation was performed in a large number of cases with balloons bigger than the 
nominal scaffold diameter (up to 0.5 mm exceeding the scaffold diameter). This approach 
translated also into an optimal device apposition with a very low incomplete scaffold 
apposition area as assessed by OCT and facilitated optimal scaffold expansion. On this 
regard, a common concern when hypothesising the use of BVS in CTO lesion is the fact 
that the presence of diffusely diseased vessels with extensive calcifications may affect the 
scaffold expansion. In the present investigation was observed a mean scaffold eccentricity 
and symmetry index resembling results previously reported for BVS and for metal DES 
in non-chronically occluded vessels.31-33 These findings suggest that the concern on 
BVS optimal expansion in CTO lesions might not be justified if an appropriate lesion 
preparation and scaffold postdilatation is performed. (Figure 3) 
The encouraging angiographic results were followed by mid-term clinical outcomes 
showing an overall survival and target lesion revascularisation comparable the everolimus 
eluting stent in CTO lesions.39 However, given the limited number of patients and the low 
event rate this data should be considered as simply descriptive and hypothesis generating.
A current limitation of the bioresorbable technology is the high strut thickness that could 
be associated with a delayed vascular healing and endothelialisation especially at the site 
of the overlap. In addition the larger profile of this device compared with last generation 
metallic DES could represent an important obstacle when approaching tortuous, calcified 
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vessels. Technical scaffold improvement such as new delivery systems, reduction in strut 
thickness and in the crossing profile, are awaited for an improvement of the current device 
performance. 
Our results support feasibility of BVS implantation in CTO lesion even in complex scenarios, 
the theoretical advantages of this new technology need to be evaluated in further larger 
studies focused on direct comparison with standard metal drug eluting stents and 
analysing angiographic, intravascular imaging and clinical results at long-term follow-up.

Limitations
This is a single arm retrospective study, as such procedural and clinical outcomes cannot 
be directly compared with lesions treated with drug eluting metallic stents. Given the 
limited number of patients and the low rate of events clinical outcomes data should be 
considered as purely descriptive and hypothesis generating. The BVS was used as per 
operator discretion, this methodology may be source of selection bias. The number of 
OCT performed in the present study is very limited and results should be considered as 
descriptive and hypothesis generating.

Concl   u sion  

The findings provided by the present investigation suggest feasibility of BVS implantation 
for treatment of complex CTO lesions. In this setting, good procedural and mid term 
clinical outcomes may be achieved given adequate lesion preparation and scaffold 
postdilatation. 

Clinical Implications
Our seminal observations suggest feasibility of bioresorbable scaffold implantation in 
patients with chronic total occlusion and complex anatomies supporting an expansion of 
the BVS use also in this setting, potentially extending the theoretical advantages of this 
novel technology. Optimal antiplatelet regimen, accurate comparison with the current 
generation metallic DES and long-term performance remain to be evaluated.
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A ssessment          of   coronar      y  at h erosclerosis             wit   h 
intravasc       u lar    imaging      

The understanding of the atherosclerotic process is fundamental to achieve an adequate 
treatment of the coronary artery disease. The first part of the present thesis is focused on 
the characterisation of the coronary plaques using intravascular imaging; the use of such 
technologies allows us to assess the plaques characteristics and composition. In particular 
the combination of different imaging modalities (i.e. intravascular ultrasound virtual 
histology and optical coherence tomography) could be appropriate to fully investigate 
lesion vulnerability.
Plaque rupture and subsequent activation of the clotting cascade resulting in sudden 
intraluminal
thrombosis are thought to be the most frequent cause of acute coronary syndromes.1, 2 
In pathology, precursor lesions, known as thin-cap fibroatheromas (TCFA), are characterized 
by a large pool of necrotic core covered by a thin fibrous cap <65 μm3. The resolution of 
current intravascular ultrasound (IVUS) systems (100 to 200 μm) constitutes an important 
limitation of this technique for the measurement of fibrous cap thickness. On the other 
hand, optical coherence tomography (OCT), has higher resolution (10 to 20 μm) but low 
signal penetration.4 Therefore, combining the two imaging modalities might provide a 
more accurate method to investigate TCFAs5, 6 
In addition the full understanding of the plaque morphology and composition may guide 
the appropriate strategy when treating coronary lesions. The presence of a large amount of 
circumferential calcium could be the underlying reason to initiate a coronary intervention 
with an aggressive lesion preparation approach (i.e. rotablation, cutting balloon, high 
pressure non compliant ballooning). Such information maybe of paramount importance 
especially when implanting bioresorbable devices, as an optimal lesion preparation and 
scaffold deployment has been identified as key factors to facilitate good angiographic 
results and clinical outcomes.
Continuous developments in invasive and non-invasive imaging allow a detailed 
visualization of coronary pathology, considerably increasing our knowledge about plaque 
growth and rupture while prospective natural history of atherosclerosis studies observed 
a link between plaque morphology and future clinical outcomes.7 
However, the invasive treatment of a potential culprit lesion in asymptomatic patients can 
be justified only if stent implantation is completely safe. Initial reports demonstrated an 
unacceptable high risk of complications in non flow limiting lesions treated with balloon 
angioplasty or bare metal stents, whereas the new developments in stent design may 
have reduced the risk of complications, but they have not eradicated them.8 
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The alteration of vessel wall physiology as well as the risk of neoatherosclerosis and 
inflammatory reaction to a permanent foreign body remains considerable pitfalls of 
metallic stents. 
Bioresorbable scaffold is a recent technology introduced to address the above-mentioned 
drawbacks. These devices have the ability to dissolve after restoring the patency of the 
vessel allowing the coronary artery to maintain its physiologic integrity.9 
Recent reports demonstrated that the neointimal tissue developed postimplantation of a 
bioresorbable scaffold can seal the underlying plaques, whereas studies in animal models 
showed that the neointimal tissue has features associated with plaque stability.10, 11 
These initial reports may support the use of bioresorbable scaffolds for paving diseased 
coronary segments with vulnerable plaques, but long-term follow-up data are required to 
elucidate this prospective.
 At the current state of the art, given our inability to accurately predict which of the 
detected vulnerable plaques will rupture, when this will occur, and whether this event 
will have clinical implications an invasive sealing of potential culprit lesions cannot be 
justified. 
However, the revolution occurring in invasive and non-invasive imaging and the advances 
in molecular biology are expected to provide additional information about atherosclerotic 
disease progression/regression, probably allowing us to predict with a higher accuracy 
events and plaque ruptures. Although, few years ago, the early detection and invasive 
passivation of future culprit lesions appeared as an unrealistic dream, it is currently 
regarded as a future potentiality.

I nitial       e x perience         wit   h  B ioresorbable             scaffolds         

The everolimus eluting bioresorbable vascular scaffold (BVS) consists of a backbone of 
poly-L-lactide (PLLA) coated with poly-D,L-lactide (PDLLA) that contains and controls the 
release of the antiproliferative drug everolimus. It has been initially evaluated in humans 
in a small cohort study, the Absorb Cohort A trial enrolling 30 patients12 and showing 
feasibility of implantation of this novel technology, with an acceptable in-stent late loss at 
6-month follow-up (0.44 ±0.35 mm).
The first generation of BVS showed a slightly higher acute recoil compared with 
conventional metallic platform stents,13 and at 6 months, an 11.8% reduction in scaffold 
area and a 24.3% decrease in minimal luminal area were documented and defined “late 
recoil.”12, 14

Although the short- and long-term results of the ABSORB cohort A trial were favourable, 
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reinforcement of the mechanical performance of the device and prolongation of its 
mechanical integrity up to 6 months were regarded as potential improvements of this 
technology.
To enhance the mechanical strength of the struts and to reduce immediate and late 
recoil,14 the strut design and the manufacturing process of the polymer were modified in 
the revised version, BVS 1.1. The new design has in-phase zigzag hoops linked by bridges 
that allow a more uniform
strut distribution, reduce maximum circular unsupported surface area, and provide more 
uniform vessel wall support and drug release.15 In addition, a modified manufacturing 
process has resulted in a lower hydrolysis (in vivo degradation) rate of the polymer, thus 
preserving its mechanical integrity for a longer period of time.10 The BVS revision 1.1 was 
tested in 101 patients of the ABSORB cohort B study.
The Part II of the present thesis represents an overview of initial investigations performed 
in the very early phase of our knowledge on this technology. 
We learned, that the late shrinkage and the performance of the second generation BVS 
improved by changing the manufacturing process of the polymer, reducing the maximum 
circular unsupported surface area16, and modifying the bioresorption profile. 
We assessed such improvement in the bioresorption process with IVUS-Virtual histology 
(VH).
IVUS-VH misrepresents polymeric struts as dense calcium and necrotic core so that 
their presence and disappearance could be used as potential artifactual surrogate of 
bioresorption17 
The particular polymeric composition of the scaffold lead to slightly different geometrical 
properties of this device compared with metal when implanted in coronary arteries, 
particularly in terms of lower eccentricity index and a higher symmetry index18 without 
apparently affecting clinical outcomes.
The bioresorbable vascular scaffold is a totally novel paradigm for coronary artery 
treatment and a novel approach for implantation should be considered, in particular an 
initial concern raised from the possibility of fracturing the scaffold by over-expanding it. 
The appropriate sizing of the vessels before implantation was regarded as a key point 
for an optimal implantation and the adoption of the proximal and distal maximal lumen 
diameters (DMAX) as reverences added in important information on how to perform an 
optimal deployment.
The polymeric nature of the device was also associated to a novel way to display stent 
contours when performing intravascular imaging, with the consequent need for a deep 
understanding of the new images. In particular the assessment of strut coverage became 
more challenging with the standard optical coherence tomography (OCT).
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Strut coverage after implantation is expressing endothelialisation and the overall vascular 
healing and could be related to future events like scaffold thrombosis.
Struts imaged with OCT post-implantation typically appear as a box-shaped highly 
reflective frame that marks the refractive index change at the lumen-polymer and polymer-
tissue interfaces.10, 19 Unlike metallic stents, the assessment of coverage with BVS is more 
challenging, because the backscattering from thin neointimal layers mixes with that from 
the polymer interface and can be difficult to discern in a conventional analysis of the log-
transformed OCT signal. On the other hand fitting the raw OCT backscattering signal to 
a Gaussian line spread functions (LSF) facilitates identification of the interfaces between 
BVS polymer and lumen or tissue. Such analysis enables more precise measurement of 
the strut thickness and an objective assessment of coverage. A similar concept has been 
recently used in randomized trials comparing BVS with metal stents.20 
The initial experience with bioresorbable vascular scaffold implantation in humans showed 
promising results also in terms of clinical and angiographic outcomes when considering 
relatively challenging scenarios such as small vessels21 with a vascular response similar to 
what observed in metal stents.22 
Given this background a randomized trial was initiated to compare BVS with current 
generation metallic drug eluting stents and also aiming to present a new approach to 
coronary artery disease treatment that integrates transient mechanical revascularization, 
drug elution, medical treatment and life style changes into a single strategy to restore 
coronary blood flow and vessel physiology. 

B ioresorbable             scaffolds          for    treatment         of  
comple     x  lesions        and    patients       wit   h  ac u te   coronar      y 
s y ndromes       

After the introduction of BVS and the preliminary results in relatively simple lesions and 
stable patients the devices received the CE mark for clinical use, indicated for improving 
coronary lumen diameter in patients with ischemic heart disease due to de novo native 
coronary artery lesions with no restriction in terms of clinical presentation. Therefore the 
BVS can be currently used routinely in Europe in different settings comprising complex 
lesions and the acute myocardial infarction without a specific written informed consent in 
addition to the standard informed consent to the procedure. Our institution was the first 
simultaneously with the group of Prague to report results after BVS implantation in acute 
myocardial infarction.23, 24

And both analyses showed very similar results supporting feasibility the BVS implantation 
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in patients presenting with acute myocardial infarction, with high rate of final TIMI-flow III 
and good scaffold apposition.
These evidences not only diffused the idea, within the scientific community, that acute 
thrombotic lesions could be treated with bioresorbable devices but some authors 
identified the soft ruptured plaques as an appealing subset for the implantation of 
polymeric devices given the easily distensibility of such lesions.25 
At the current state of the art the implantation of this device in the entire spectrum of 
complex lesions encountered during the daily practice is still matter of debate.
In particular the implantation technique has been profoundly changed since the initial 
experience when most of the operator were reluctant to the idea of an aggressive 
postdilatation. 
Accumulating data on the expanded use of the bioresorbable technology in daily practice 
suggest the importance of an appropriate lesion preparation and even more an adequate 
postdilatation to optimize deployment and expansion.
This evolution of the implantation technique allowed us to implant this device in real 
challenging subsets like calcified lesions, bifurcations and total occlusions.
In particular thank to the collaboration of many expert in chronic total occlusion (CTO) 
treatment we were able to report promising data after implantation of this novel device 
also in complex CTO that probably represent the most challenging subset in interventional 
cardiology.

Concl   u sions   

The bioresorbable technologies represent a novel concept for treatment of coronary 
artery disease providing revascularization with transient vascular support and drug 
delivery. This novel therapy has been termed as vascular restoration therapy as after 
bioresorption the coronary vessel will be able to re-acquire the physiological vasomotion, 
without metallic caging, exposed to the pulsatile blood flow and potentially free to have 
positive remodeling and late lumen enlargement.
Given the peculiar mechanical properties and the polymeric nature of this device, it should 
not be considered just another stent in the clinical arena but a separated way of treating 
patients. This implies that a dedicated technique of implantation should be adopted with 
a meticulous lesion preparation, particular attention to the expansion limits and high 
pressure postdilation in the majority of the cases. 
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The theoretical advantages of these novel technologies could be potentially beneficial 
for every patient but the implantation of bioresorbable scaffold should be probably 
primarily considered in those subjects where these advantages could be maximized. 
In particular, young patients who could benefit from having coronaries free of metal 
for many years, patients with multivessel disease that could in future be candidate for 
surgical revascularisations and acute patients were vasoconstriction could be associated 
with stent undersizing and very long-term malapposition.
The current bioresorbable devices are not devoid of limitations. The higher profile of 
the second generation BVS make the scaffold delivery slightly more challenging than 
standard metal stents especially in tortuous calcified vessels. The higher strut thickness 
might delay the endothelialisation and coverage facilitating platelet aggregation and the 
occurrence of thrombotic events. 
However, this technology is probably in a very early phase of its development and similar 
clinical outcomes compared to metals DES that have been optimised for more than fifteen 
years should be considered already a great achievement. Technical improvements of 
the scaffold with the introduction of thinner struts more similar to those of the current 
generation DES, a wider range of available sizes and less strict expansion limits are currently 
awaited. Such improvements could reduce the technical gap between bioresorbable and 
metal and facilitate a larger adoption of this technology in clinical practice.
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Kara    k terisering           van   coronaire         at h erosclerose           
met    intravasc       u laire      imaging      

Het begrip van het atherosclerotisch proces is fundamenteel voor het bereiken van een 
adequate behandeling van coronaire hartziekte. Het eerste deel van dit proefschrift 
is gericht op de karakterisering van de coronaire plaques met gebruikmaking van 
intravasculaire beeldvorming; het gebruik van dergelijke technologieën stelt ons in 
staat de karakterisering en samenstelling van de plaques te beoordelen. Met name 
de combinatie van verschillende beeldvormingsmodaliteiten (d.w.z. intravasculaire 
ultrasound, virtuele histologie en optische coherentietomografie) zou geschikt zijn voor 
een volledig onderzoek van de laesiekwetsbaarheid.
Plaqueruptuur en daaropvolgende activering van de stollingscascade leidend tot plotse 
intraluminale trombose, vormen naar men denkt de vaakst voorkomende oorzaak van 
acute coronaire syndromen.1, 2 
In de pathologie worden precursorlaesies, bekend als thin-cap fibroatheromas (TCFA) 
gekarakteriseerd door een grote pool van necrotische kern, bedekt door een dunne 
fibreuze kap < 65 μm3. De resolutie van de huidige intravasculaire ultrasoundsystemen 
(IVUS) (100 tot 200 μm) vormt een belangrijke beperking van deze techniek voor de 
meting van de dikte van de fibreuze kap. Anderzijds heeft optische coherentietomografie 
(OCT) een hogere resolutie (10 tot 20 μm) maar een lage signaalpenetratie.4 Daarom zou 
combinatie van de twee beeldvormingsmodaliteiten een nauwkeurige methode kunnen 
bieden voor het onderzoeken van TCFA’s5, 6 
Bovendien kan volledig begrip van de plaquemorfologie en -samenstelling een leidraad 
zijn voor de juiste strategie bij de behandeling van coronaire laesies. De aanwezigheid van 
een grote hoeveelheid omringend calcium zou de onderliggende reden kunnen zij voor 
het initiëren van een coronaire interventie met een agressieve laesiepreparatiebenadering 
(d.w.z. rotablatie, snijballon, high pressure non compliant ballooning). Dergelijke informatie 
kan van zeer groot belang zijn, met name bij de implantatie van bioresorbeerbare stents, 
omdat is vastgesteld dat optimale laesiepreparatie en scaffoldgebruik de belangrijkste 
factoren zijn voor het vergemakkelijken van goede angiografische resultaten en klinische 
uitkomsten.
Continue ontwikkelingen op het gebied van de invasieve en non-invasieve beeldvorming 
maken een gedetailleerde visualisatie mogelijk van coronaire pathologie, wat een 
aanzienlijke vermeerdering betekent van onze kennis over plaquegroei en -ruptuur, 
terwijl de prospectieve natuurlijke voorgeschiedenis van atherosclerose-onderzoeken 
een koppeling aangaf tussen plaquemorfologie en toekomstige klinische uitkomsten.7 
De invasieve behandeling van een potentiële culprit laesie bij asymptomatische 
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patiënten kan echter alleen gerechtvaardigd zijn als stent-implantatie geheel veilig is. 
De eerste meldingen toonden een onaanvaardbaar hoog risico op complicaties in niet-
flowbeperkende laesies behandeld met ballonangioplastiek of bare-metal-stents, terwijl 
de nieuwe ontwikkelingen op het gebied van stent-ontwerp het risico op complicaties 
verminderd hebben maar niet doen verdwijnen.8 
De verandering van de vaatwandfysiologie en het risico op neoatherosclerose en 
ontstekingsreactie op een permanent vreemd lichaam blijven een aanzienlijk nadeel van 
metalen stents. 
Bioresorbeerbare scaffold is een recente technologie die is geïntroduceerd om de 
bovengenoemde bezwaren aan te pakken. Deze stents hebben het vermogen om op te 
lossen na het herstellen van de doorgankelijkheid van het vat, waardoor de coronairarterie 
zijn fysiologische integriteit behoudt.9 
Recente rapporten toonden dat het neo-intimale weefsel dat wordt ontwikkeld na 
implantatie van een bioresorbeerbare scaffold de onderliggende plaques kan verzegelen, 
terwijl onderzoeken in diermodellen toonden dat het neo-intimale weefsel kenmerken 
heeft die zijn geassocieerd met plaquestabiliteit.10, 11 
Deze eerste rapporten kunnen het gebruik van bioresorbeerbare scaffolds voor zieke 
coronaire segmenten met kwetsbare plaques ondersteunen, maar langetermijnfollow-
upgegevens zijn vereist om deze verwachting te verklaren.
 Bij de huidige stand van de techniek zal, gegeven ons onvermogen om nauwkeurig te 
voorspellen welke van de kwetsbare plaques zullen scheuren, wanneer dit zal gebeuren 
en of dat voorval klinische implicaties zal hebben een invasieve sealing van mogelijke 
culprit laesies niet zijn gerechtvaardigd. 
De revolutie die gaande is op het gebied van invasieve en non-invasieve beeldvorming 
en de vooruitgang in de moleculaire biologie zal echter naar verwachting aanvullende 
informatie opleveren over progressie/regressie van atherosclerotische ziekte, waardoor 
wij waarschijnlijk met grotere nauwkeurigheid voorvallen en plaquerupturen kunnen 
voorspellen. Hoewel een aantal jaren geleden de vroege detectie en invasieve passivering 
van toekomstige culprit laesies een onrealistische droom leek, wordt dit momenteel 
gezien als een mogelijkheid voor de toekomst.

E erste      ervaring        met    bioresorbeerbare                 stents    

De everolimus-eluderende bioresorbeerbare vasculaire scaffold (BVS) bestaat uit een 
backbone van poly-L-lactide (PLLA) bekleed met poly-D,L-lactide (PDLLA) dat het 
antiproliferatieve geneesmiddel everolimus bevat en dat afgeeft. Het is in eerste instantie 
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beoordeeld bij mensen in een klein cohortonderzoek, het Absorb Cohort A-onderzoek 
waarin 30 patiënten werden ingeschreven12 en dat de haalbaarheid aantoonde van 
implantatie van deze nieuwe technologie, met een aanvaardbare in-stent late loss bij 
follow-up na 6 maanden (0,44 ±0,35 mm).
De eerste generatie BVS toonde een iets hogere acute recoil vergeleken met conventionele 
metalen platformstents,13 en na 6 maanden werden een 11,8% reductie in het 
scaffoldgebied en een 24,3% afname in het minimale luminale gebied gedocumenteerd 
en gedefinieerd als “late recoil”.12, 14

Hoewel de kortetermijn- en de langetermijnresultaten van het ABSORB cohort 
A-onderzoek gunstig waren, werden versterking van de mechanische prestaties van het 
implantaat en verlenging van de mechanische integriteit ervan tot 6 maanden gezien als 
mogelijke verbeteringen van deze technologie.
Om de mechanische sterkte van de steunen te vergroten en onmiddellijke en late recoil 
te verminderen,14 werden het steun-ontwerp en het fabricageproces van het polymeer 
gewijzigd in de herziene versie, BVS 1.1. Het nieuwe ontwerp heeft in-fase zigzag hoops 
gekoppeld door bruggen die een uniformere steunverdeling mogelijk maken, het maximale 
circulaire niet-ondersteunde vlak verkleinen en uniformere vaatwandondersteuning en 
geneesmiddelafgifte bieden.15 Bovendien heeft een gewijzigd fabricageproces geleid 
tot een lager hydrolysepercentage (afbraak in vivo) van de polymeer, waardoor de 
mechanische integriteit daarvan langer behouden blijft.10 De BVS-revisie 1.1 werd getest 
bij 101 patiënten uit het ABSORB cohort B onderzoek.
Deel II van dit proefschrift geeft een overzicht van de eerste onderzoeken uitgevoerd in 
de zeer vroege fase van onze kennis over deze technologie. 
We hebben ontdekt dat de late krimping en de prestaties van de tweede generatie BVS 
verbeterden door het veranderen van het fabricageproces van de polymeer, wat een 
vermindering betekent van het maximale circulaire niet-ondersteunde vlak16 en het 
veranderen van het bioresorptieprofiel. 
We beoordeelden een dergelijke verbetering in het bioresorptieproces met IVUS-Virtuele 
Histologie (VH).
IVUS-VH geeft een verkeerde voorstelling van polymerische steunen als dichte calcium en 
necrotische kern zodat hun aanwezigheid en verdwijning zou kunnen worden gebruikt 
als potentieel artifactueel surrogaat van bioresorptie17 
De specifieke polymerische samenstelling van de scaffold leidt tot verschillende 
geometrische eigenschappen van deze stent vergeleken met metaal bij implantatie in 
coronairarteriën, met name in termen van een lagere eccentriciteitsindex en een hogere 
symmetrie-index18 zonder kennelijk invloed te hebben op de klinische uitkomsten.
De bioresorbeerbare vasculaire scaffold is een geheel nieuw paradigma voor coronaire-
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arteriebehandeling en een nieuwe benadering voor implantatie zou overwogen moeten 
worden, met name een initieel punt van zorg gelet op de mogelijkheid van breuk van de 
scaffold door deze te sterk te expanderen. De juiste maatvoering van de vaten voorafgaand 
aan implantatie werd beschouwd als een zeer belangrijk punt voor een optimale 
implantatie en het gebruik van de proximale en distale maximale lumendiameters 
(DMAX) wordt toegevoegd aan belangrijke informatie over hoe optimaal gebruik kan 
worden bereikt.
De polymerische aard van het implantaat werd ook in verband gebracht met een nieuwe 
manier voor het weergeven van de stentcontouren bij het uitvoeren van intravasculaire 
beeldvorming, met de daaruit voortvloeiende behoefte aan een diepgaand begrip van 
de nieuwe beelden. Met name de beoordeling van steuncoverage werd moeilijker met de 
standaard optische coherentietomografie (OCT).
Steuncoverage na implantatie geeft endothelialisatie en totale vasculaire genezing aan 
en zou gerelateerd kunnen zijn aan toekomstige voorvallen zoals scaffoldtrombose.
Steunen waarvan beelden worden gemaakt met OCT post-implantatie worden 
meestal weergegeven als een doosvormig uiterst reflectief frame dat de refractieve 
indexverandering bij de lumen-polymeer en polymeerweefselinterfaces weergeeft.10, 19 
In tegenstelling tot metalen stents is de beoordeling van coverage met BVS moeilijker, 
omdat de backscattering uit dunne neo-intimale lagen wordt vermengd met die uit de 
polymeerinterface en moeilijk te onderscheiden kan zijn in een conventionele analyse van 
het log-getransformeerde OCT-signaal. Anderzijds vergemakkelijkt het passen van het 
ruwe OCT backscatteringsignaal bij een Gaussian line spread functions (LSF) identificatie 
van de interfaces tussen BVS-polymeer en lumen of weefsel. Een dergelijke analyse maakt 
nauwkeuriger meting mogelijk van de steundikte en een objectieve beoordeling van de 
coverage. Een soortgelijk concept is reeds gebruikt in gerandomiseerde onderzoeken ter 
vergelijking van BVS met metalen stents.20 
De eerste ervaring met bioresorbeerbare vasculaire scaffold-implantatie bij de mens 
toonde veelbelovende resultaten, ook in termen van klinische en angiografische 
uitkomsten bij het overwegen van relatief moeilijke scenario’s zoals kleine vaten21 met 
een vasculaire respons soortgelijk aan die die is waargenomen bij metalen stents.22 
Gegeven deze achtergrond werd een gerandomiseerd onderzoek gestart ter 
vergelijking van BVS met de huidige generatie metalen drug-eluting stents ook gericht 
op het presenteren van een nieuwe benadering van behandeling van ziekte van de 
coronairarterie die voorbijgaande mechanische revascularisatie, geneesmiddelafgifte, 
medische behandeling en leefstijlveranderingen integreert in één enkele strategie om de 
coronaire bloedstroom en de vaatfysiologie te herstellen. 
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B ioresorbeerbare                scaffolds          voor     be  h andeling         van  
comple     x e  laesies        en   pati  ë nten     met    ac u te   coronaire        
s y ndromen       

Na de introductie van BVS en de voorlopige resultaten in relatief eenvoudige laesies en bij 
stabiele patiënten kregen de stents een CE-markering voor klinisch gebruik, geïndiceerd 
voor verbetering van de coronaire lumendiameter bij patiënten met ischemische 
hartziekte als gevolg van de novo native coronairarterielaesies zonder beperking in 
termen van klinische presentatie. Daarom kan de BVS momenteel als routine worden 
gebruikt in Europa in verschillende settings bestaande uit complexe laesies en acuut 
myocardinfarct zonder een specifieke schriftelijke geïnformeerde toestemming naast de 
standaard geïnformeerde toestemming voor de procedure. Onze instelling was tegelijk 
met de groep uit Praag de eerste die resultaten rapporteerde na BVS-implantatie bij acuut 
myocardinfarct.23, 24

En beide analyses toonden zeer soortgelijke resultaten ter ondersteuning van de 
haalbaarheid van de BVS-implantatie bij patiënten met acuut myocardinfarct, met een 
hoge uiteindelijke TIMI-flow III en goede scaffold-appositie.
Deze bewijzen deden het idee binnen de wetenschappelijke gemeenschap vervagen dat 
acute trombotische laesies behandeld zouden kunnen worden met bioresorbeerbare 
stents, maar sommige auteurs identificeerden de zachte gescheurde plaques als een 
aantrekkelijke subset voor de implantatie van polymerische implantaten, gegeven de 
gemakkelijke uitzetbaarheid van dergelijke laesies.25 Bij de huidige stand van de techniek 
is de implantatie van deze stent in het gehele spectrum van complexe laesies die men 
tegenkomt in de dagelijkse praktijk nog steeds een punt van discussie.
Met name de implantatietechniek is sterk veranderd sinds de eerste ervaring toen 
de meeste operateurs terughoudend waren wat betreft het idee van een agressieve 
postdilatatie. 
Verzamelde gegevens over het uitgebreide gebruik van de bioresorbeerbare technologie 
in de dagelijkse praktijk suggereren het belang van een passende laesiepreparatie en nog 
meer een adequate postdilatatie om plaatsing en expansie te optimaliseren.
Deze ontwikkeling van de implantatietechniek heeft ons in staat gesteld tot het 
implanteren van deze stent in werkelijk moeilijke subsets zoals verkalkte laesies, bifurcaties 
en totale occlusies.
Met name dankzij de medewerking van veel deskundigen op het gebied van behandeling 
van chronische totale occlusie (CTO) konden we veelbelovende data melden na implantatie 
van dit nieuwe implantaat, ook bij complexe CTO die waarschijnlijk de moeilijkste subset 
in de interventiecardiologie vertegenwoordigen.
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Concl   u sies  

De bioresorbeerbare technologieën vertegenwoordigen een nieuw concept voor de 
behandeling van coronairarterielijden dat revascularisatie biedt met tijdelijke vasculaire 
ondersteuning en geneesmiddeltoediening. Deze nieuwe behandeling wordt vasculaire 
restauratietherapie genoemd omdat na bioresorptie het coronairvat weer fysiologische 
vasomotie kan verkrijgen, zonder metalen caging, blootgesteld aan de pulserende 
bloedstroom en potentieel vrij voor positieve hermodellering en late lumenvergroting.
Gegeven de bijzondere mechanische eigenschappen en de polymerische aard van 
deze stent moet deze niet worden gezien als gewoon een andere stent in de klinische 
arena maar als een afzonderlijke manier om patiënten te behandelen. Dit impliceert dat 
een speciale implantatietechniek moet worden toegepast met een zeer nauwgezette 
laesiepreparatie, specifieke aandacht voor de expansiegrenzen en in de meeste gevallen 
hoge druk na dilatatie. 
De theoretische voordelen van deze nieuwe technologieën zouden mogelijk gunstig 
kunnen zijn voor elke patiënt, maar de implantatie van bioresorbeerbare scaffolds zou 
waarschijnlijk primair kunnen worden overwogen bij die proefpersonen bij wie het 
meeste uit deze voordelen gehaald zou kunnen worden. Met name jonge patiënten die 
jarenlang zouden kunnen profiteren van kransslagaders zonder metaal, patiënten met 
ziekte van meerdere vaten die in de toekomst in aanmerking zouden kunnen komen 
voor chirurgische revascularisaties en acute patiënten bij wie vasoconstrictie in verband 
gebracht zou kunnen worden met een te kleine stent en zeer langdurige slechte appositie.
De huidige bioresorbeerbare stents zijn niet zonder beperkingen. Het hogere profiel van 
de tweede generatie BVS maakt de scaffoldplaatsing iets moeilijker dan die van standaard 
metalen stents, met name in tortueuze verkalkte vaten. De grotere steundikte zou de 
endothelialisatie en de coverage kunnen vertragen, wat bloedplaatjesaggregatie en het 
optreden van trombotische voorvallen vergemakkelijkt. 
Deze technologie bevindt zich waarschijnlijk in een zeer vroege fase van ontwikkeling en 
soortgelijke klinische uitkomsten vergeleken met metalen DES die gedurende meer dan 
vijftien jaar steeds beter zijn geworden moeten al als een uitstekend resultaat worden 
beschouwd. Technische verbeteringen van de scaffold met de introductie van dunnere 
steunen die meer lijken op die van de huidige generatie DES, een breder assortiment 
beschikbare maten en minder strikte expansiegrenzen worden momenteel verwacht. 
Dergelijke verbeteringen zouden de technische kloof tussen bioresorbeerbare en metalen 
stents kunnen verkleinen en een breder gebruik van deze technologie in de klinische 
praktijk vergemakkelijken.
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Just few years ago I was a young cardiologist in training and I would have never thought to 
settle in another country, finalize a PhD at the Thoraxcenter and become an interventional 
cardiologist in one of the most prestigious institution in the world.
This evolution in my life and career was possible because of my family and many 
extraordinary people I met during my journey.

First of all I would like to thank the person who has been a role model that guided me 
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you strangely slim. I will have always the thought that if I would have stayed I could have 
recognised earlier the disease. I remember the day I received the communication I was 
awarded with the EAPCI grant. I immediately called you and you said “congratulations I am 
so happy for you”. But that day I heard for the first time your voice so weak. The pain I felt 
was so intense that I tried to speak as less as possible to hide it. I would give back whatever 
award, my job, everything I have to hear your voice again strong as it was. One and half 
month later I received that grant and the only thing I was able to say in public was “I hope 
that the most important person in my life is looking from the sky into this room and he is 
proud of his son”. 
I have the same feeling also today and I hope that during my thesis defence you will be 
there proud of me. But most of all I hope you are proud of me for my everyday life, for how 
I work, for the family I am trying to build up, for the man I am. I hope to be able to be for 
my son what you have been for me. You known he looks like you in many ways.

Mamma, you have been the most sweet loving person in my life. You always surrounded 
me with love and you put me before everything. I felt secure in my childhood and so I feel 
now. You gave a great strength letting me understand that the only real things that matter 
is to have around you the few people who care about you and that you love. All the rest 
is secondary.

My little great sister Sara, you are a force of the nature, you are really great, strong, smart, 
determined, you planned targets in life and you achieved them one after the other, I am 
so proud of you. You are already a great lawyer, and I hope you will became soon judge 
as you wish. Despite having very busy days you were always able to help your brother 
who is calling you form Holland with every sort of issue or document needed at the very 
last moment (you know, I am not very well organized like you), and you always had to 
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run to fix everything. I can only thank you. Most of all I thank you for being my wonderful 
beloved little sister.

My love, my wife Sara, we have been together for the greatest part of our lives, we met 
when we were seventeen and we are still together but for me is like only one day has 
passed. You have been with me every moment, we grew together. Maybe it is for this 
reasons that we are so similar and you know me so well. I would not have done this thesis 
without you, actually I would not have done medicine without you. I was considering 
being en engineer but you really thought I was done to be a doctor, (by the way I was not 
that good in mathematics) and I cannot remember anything important I did without you 
being there, sometimes helping in the shadow (often literally, for this thesis you made 
the style corrections in the night). I think it was not easy to stay with me all these years, 
I am definitely not perfect but I also have the feeling that whatever happening we will 
be always together and this gives me a great strength. You make me think to the saying 
“behind a great man there is always a great woman”, in our case I am not a great man but 
you are certainly a great woman. 
During all these years, in every occasion you put me, my needs and my happiness first 
before thinking about you, from the very small things to the very important ones. For 
you it looks like natural but for me it is extraordinary. Many people seem to have a self-
centered mind trying to emerge and to show to others they are special, but you not, you 
just want me to be happy, (and now also Riccardo), you make us feel loved and this makes 
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research fellow to clinical fellow to senior interventional cardiologist.
I remember the first time I contacted Prof. Patrick W. Serruys via mail, respectfully asking 
for an interview with him, a living monument of interventional cardiology and research, 
he immediately replied positively and two weeks later I was in Rotterdam in his office.
I introduced myself, I explained my aspirations and ambitions and I showed him my CV 
with my 2 publications in a small Italian journal with no impact factor. After reading 
carefully every line of my CV, Prof. Serruys looked at me and told me: “Well… Roberto… 
actually you do not have a CV…” I was a little bit intimidated by him, but I firmly replied: 
“That is why I am here for, to build up my CV and career”. He smiled and said: “then you 
definitely have to come…” and we started collaborating.
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The first thing I wrote in Rotterdam was a case report with serial OCT imaging showing 
the healing process of a coronary dissection resulting in an intimal scar. A very small 
paper. I gave to Professor Serruys. The day after I was by chance passing by the meeting 
room in Cardialysis where at that moment was taking place the writing session for the 
RESOLUTE all comers Trial (lately published on the New England journal of Medicine) he 
saw me, he interrupted the session and he came out of the room to give me his comment 
and suggestions on the case report. I was impressed, it was a demonstration of great 
consideration and that day I learned that probably is not really important what you are 
working on (a NEJM paper or a case report) but is the commitment, the abnegation, and 
the integrity you put in your work to qualify you.
Few months later, during my research fellowship, I experienced the worse and saddest 
moment in my life, I had to stop my fellowship and come back to Italy. I still remember the 
support of Prof. Serruys and of all the people I had met in Rotterdam. One of my papers 
was left unfinished, Professor Serruys picked it up and wrote himself the missing parts. 
The period I spent under the supervision of Professor Serruys was one of the most 
extraordinary of my life, a continuous flow of stimulating information and experiences 
that changed my way of looking at science and medicine thanks to one of the most 
intelligent, brilliant and illuminated mentor I could ever dream of. 

After spending months in Cardialysis I realised that research was only part of the picture 
and that it could only be completed by a parallel clinical work. I decided to ask for a clinical 
fellowship at the Thoraxcenter.
I met for the first time Professor Zijlstra. I was excited of being interviewed by one of the 
person that gave a so great and decisive contribution to interventional cardiology and 
to our clinical practice. As a person truly engaged in patients treatment he received me 
in the office of the Cathlab. I was immediately impressed by his professionalism, his real 
interest in my potentiality, his unique way of leading the discussion.
That day I had my second great chance, I was accepted for a clinical fellowship at the 
Thoraxcenter.
During my very first Cathlab-day we had an acute case, a man with anterior infarction and 
in cardiogenic shock. The procedure was a complex one and required the positioning of 
intra-aortic balloon pump. I was not really familiar with the device, I was too slow. The 
procedure was successful but I knew I was the one slowing down the treatment that day. 
I promised myself to become extremely familiar with all possible action required and to 
perform them every time very fast so that the next time I would have been ready.
Few days later I was working with Professor Zijlstra and he saw me doing my job and 
rushing to do it as quickly as possible. He told me that the really good internationalist 
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should be calm and relaxed while doing fast the largest amount of manoeuvres and 
taking the time to precisely perform the few key actions that make a procedure successful. 
I started observing him and I learned when to be fast when to be precise, I learned how to 
approach a procedure and give a good treatment to the patient.
The interventional cardiologists are often tempted to focus on the coronaries, as this was 
the central and unique issue related to the patient. 
Every time I was working with Professor Zijlstra I participated to a patient treatment, not 
just to a coronary artery treatment, evaluating the person in the global clinic situation and 
tailoring the intervention to the specific case. That is the way I am trying to follow in my 
daily practice.
One day I was not able even to engage the left coronary artery with the diagnostic catheter 
(one of the simplest things in interventional cardiology) Professor Zijlstra took over and he 
made the manoeuvre in about 2 seconds, then he left me continue. I was a bit disappointed 
with myself and I said: “ I do not deserve it..” the reply I got was: “ I have many more years 
of experience. I can do it because I also have the same experience before”. I started again 
the case. In the same procedure we performed a CTO treatment, it was challenging but 
Professor Zijlstra guided me step by step; at the end we got blocked and our wire was not 
proceeding any more. He suggested using a wire I was not even considering and when I 
reached the lesion with that wire I was able to cross it immediately.
The nurse was impressed and immediately congratulated us for the success, but Professor 
Zijlstra said “It is not me, I did nothing, It was Roberto”, (of course it was all due to him I 
would not ever had fished the procedure and everybody knew in the room). 
That day I learned that stimulating the enthusiasm and the self confidence of a young is 
one of the greatest thing a mentor can do and secondly that great men do not need to 
show or highlight their qualities, if they are real they are just evident. 
I could mention thousands of similar episodes from my everyday life. Professor Zijlstra 
has been and he is now a mentor for my profession and for my life I admire his way of 
approaching medicine, colleagues and life. He is a great example to follow and I will 
always remember every single time he supported me.
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competence and maturity.
I definitely enjoyed being trained by him. I feel in him my same passion for our profession 
that brought us to spend innumerable evenings performing cases. I learned from him 
to be methodical, to have a mental scheme of my procedure before performing it, to be 
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disciplined in my movements and actions. In the years of my training when I was working 
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his extraordinary clinical and scientific experience he was always able to give me the right 
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While joking he often defined himself an “old Muppet”, but during these years you have 
been a solid and fundamental guide for young interventionalists, generating in all our 
minds respect and admiration.

I would like to thank Professor Robert Jan van Geuns he was the person who introduced 
me in the Thoraxcenter, he trained me and we worked together on one of my favourite 
research topic, the bioresorbable technologies for treatment of coronary artery disease. 
He favoured the important transition for me from being a fellow, to guide fellows in 
research. I learned from him how to interpret the clinical evidences and he always gave 
me additional viewpoints to better understand reality. 

Evelyn Regar was the first person to interview me among senior interventional cardiologists 
when I was applying for the clinical fellowship, she was immediately friendly and she 
explained me in details the organization of the daily work, none of us was imaging that 
we would have done that work together for years. I learned from her how to interpret 
intravascular imaging and that what we see with simple angiograms is only a small part 
of the reality. I understood how clinical events and complications often need a deep 
investigation and understanding of the underlying intravascular mechanisms to have a 
correct treatment. We have now quite a tradition with the live cases during the Optics in 
Cardiology meeting an some were so successful that companies put the live cases on their 
internet home page, such results were possible only thanks to an excellent teamwork and 
the appropriate use of cutting edge technologies.
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Joost Daemen we are sharing the pleasure and the burden of being young interventional 
cardiologists in one of the most prestigious center in the world. We are also sharing 
similar experience with our private live building up a family. I wish you all the best in the 
profession and in your life.

I would like to thank all the colleagues of the cardiology department for the way we 
professionally collaborate everyday and for the amazing personal relation we established.

I would like to thank my Paranymphs Yoshinobu and Jurgen. Yoshi you have been always 
very helpful since when I arrived in Rotterdam, you are a great scientist and physician, I am 
sure you will be one of the most relevant opinion leaders in our field in the future.
Jurgen you are a real expert of intravascular imaging you sheared your knowledge with 
generations of fellows. We always collaborated with great results and with a lot of fun. Our 
live cases were meticulous prepared and successfully performed, our images were most 
of the time at the same time beautiful and meaningful. 

Since my first day in the Cathlab, I was always supported by an extraordinary team of 
nurses and technicians. I know I have around me prepared persons, able to combine high 
professionalism with friendly attitude, creating a productive but confortable environment.  
This is something really uncommon and that I consider a great and precious value to 
preserve. 

I would like to thank Anja, when she saw the deadline for the thesis defence and the 
organization of the symposium, she was skeptical about our chances to be able to do 
everything. But after a lot of work we made it. We made it.

Hanny, I have been calling you at any time during the day and also in the evening with 
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created a nice working team I will not forget those days.



454   |    Acknowledgements

In addition I would like to thank all the people I met in Cardialysis, they friendly accepted me 
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wonderful profession. While I ma teaching you, you make me a better operator, because I 
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Zorgacademie Bijscholing “DAPT” Rotterdam, 24 April 2014 0.3

Zorgacademie Bijscholing Rotterdam, 18 December 2013 0.3

Conference Presentations/Lectures Date and Location ECTS

EuroPCR 2011 (1 oral presentation) Paris, 17-20 May 2011 0.6

EuroPCR 2012 (3 oral presentations) Paris, 15-18 May 2012 1.8

EuroPCR 2013 (2 oral presentations) Paris, 21-24 May 2013 1.2

EuroPCR 2014 (1 oral presentation) Paris, 20-23 May 2013 0.6

EuroPCR 2015 (1 oral presentation) Paris, 17-20 May 2013 0.6

TCT 2011 (1 oral presentation) San Francisco, 7-11 November 2011 0.6

TCT 2012 (1 oral presentation) Miami, 22-26 October 2012 0.6

Optics in Cardiology (1 oral presentation) Rotterdam 11-13 March 2015 0.6

ESC 2015 (1 oral presentation) London, 29 Aug-02 Sept 2015 0.6

Bioresorbable Vascular Scaffold Course 2014 (4 oral presentations) Boston, 25-26 July 2014 2.4

PCR Focus Group 2012 (3 oral presentations) Rotterdam, 08-09 March 2012 1.8

GISE 2010 - The Italian Society of Invasive Cardiology Congress 
(1 oral presentation)

Genoa, 19-22 October 2010 0.6

GISE 2011 - The Italian Society of Invasive Cardiology Congress 
(2 oral presentations)

Genoa, 11-14 October 2011 1.2

GISE 2012 - The Italian Society of Invasive Cardiology Congress 
(1 oral presentation)

Genoa, 3-5 October 2012 0.6

GISE 2013 - The Italian Society of Invasive Cardiology Congress 
(1 oral presentation)

Genoa, 9-11 October 2013 0.6

GISE 2015 - The Italian Society of Invasive Cardiology Congress 
(3 oral presentations)

Genoa, 27-30 October 2015 1.8

SIC 2014 - The Italian Society of Cardiology Congress 
(1 oral presentation)

Rome, 13-15 December 2014 0.6

SIC 2013 - The Italian Society of Cardiology Congress 
(1 oral presentation)

Rome, 14-16 December 2013 0.6

SIC 2012 - The Italian Society of Cardiology Congress 
(4 oral presentatios)

Rome, 15-17 December 2012 2.4

SIC 2011 - The Italian Society of Cardiology Congress 
(1 oral presentation)

Rome, 10-12 December 2011 0.6

BVS Meeting (1 oral presentation) Cordova, 20-21 April 2015 0.6

CTO Summit (1 oral presentation) Turin, 14-15 April 2015 0.6

DRES 2015 (1 oral presentation) Nijkerk, 11-12 June 2015 0.6

Taiwan Absorb Symposium (4 oral presentations) Taiwan, 5 July 2014 2.4
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