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Percutaneous coronary intervention (PCI) has become an established technique to 
improve coronary flow when obstructive coronary heart disease results in angina symp-
toms which cannot be managed with medical therapy or when the myocardium is at risk 
of necrosis due to acute occlusion. Since the first angioplasty, the field of interventional 
cardiology has been subject to many developments. The advent of bare metal and drug 
eluting stents (DES) improved results by reducing the risk of major cardiovascular 
events. Adverse event rates in the first year post intervention diminished  below 10% 
with convergence approaching  5%. [1]   However, contemporary DES are not devoid of 
limitations such as the risk of stent fracture, coating-polymer induced vascular inflam-
mation and antiproliferative drug related adverse effects. Even the best DES still has an 
average reintervention rate of 1-2% after the first year. [2] To overcome some limitations 
of DES, bioresorbable stents (called ‘bioresorbable scaffolds’ [BRS]) were developed. The 
concept of a fully bioresorbable scaffold consists of providing only transient support to 
the vessel with the following hypothesized benefits: improvement of vascular healing 
after angioplasty with resorption of scaffold material resulting in improved coronary 
physiology with restoration of coronary flexibility and vasomotion, late lumen enlarge-
ment, absence of very late device thrombosis and finally, reduction in target lesion 
reinterventions in the long-term. The Absorb BVS was the first commercially available 
BRS, with a poly-L-lactide (PLLA) constitution while eluting everolimus to suppress neo-
intima formation.

Previous research

During the first-in-man (FIM) trials and subsequent strict controlled early registries, 
BVS was implanted only in highly selected, low-risk patients with low complex lesions. 
Five-year results of the FIM ‘ABSORB Cohort B’ were encouraging, revealing late lumen 
stability and restoration of vasomotor function, together with low event rates. [3, 4] 
Based on the promising imaging surrogate endpoints of the ABSORB Cohort B, the 
Absorb BVS received CE mark approval for clinical use in 2011. Superiority testing on 
angiographic and clinical outcomes for selected patients was hereafter initiated in mul-
tiple large randomised clinical trials i.e. ABSORB II, ABSORB III, ABSORB China, ABSORB 
Japan.  However, these studies were not designed to investigate the performance of the 
BVS in a more complex patient population and hence, these studies will not provide 
sufficiently data to justify extensive clinical usage beyond the inclusion criteria of the 
aforementioned trials.

Post-approval registries play an important role in filling the data gap between the 
performance of a new device in randomized clinical trials (RCTs) and their use in routine 
practice over time. Furthermore, registries incorporate inherent advantages over clinical 
trials. Firstly, registries comprise less strict in and exclusion criteria and thus create a more 
‘real-world’ like patient population. Accordingly, results originating from registries are 
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better generalizable. Secondly, registries provide a longer-term follow-up in comparison 
to follow-up duration in classic stent RCTs. Thirdly; the larger number of events increases 
the likelihood of identification of rare events, such as scaffold thrombosis (ScT). Fourth, 
as registries integrate data of large numbers of (less selected) patients, receiving care in 
diverse clinical settings, they lead to an enhanced investigation of specific subgroups 
that are often underrepresented in clinical trials. Furthermore, RCTs usually require a 
longer preparation time due to a more extensive ethical review process and a requisite 
appropriate budget where registries frequently provide data earlier in a more general 
population. 

With this in mind, the aim of this thesis is to investigate the clinical safety and efficacy 
of the first-generation Absorb BVS, when used in routine practice including high risk 
patients. Furthermore, we attempt to identify potential factors which could influence 
these outcomes to optimize future patient and lesion selection, procedural strategies 
and post-procedural pharmaceutical treatment. Lastly, additional information will be 
collected regarding the mechanisms of scaffold failure in terms of scaffold thrombosis 
and restenosis to advance this treatment further. 

The main observations from this thesis are:

1. BVS used in a routine clinical setting resulted in modest rates of adverse events in the 
short-term period.

2. Implantation of a BVS in more complex patient and lesion subsets may be feasible 
and associated with acceptable rate of adverse events. 

3. Longer term follow-up and a pooled analysis of complex and non-complex lesions 
and patients identified an increased risk in adverse outcomes for BVS-treated pa-
tients versus current DES.

4. BVS failure was related to procedural techniques, specifically pre- and post-dilatation. 
Termination of dual antiplatelet therapy (DAPT) before 18 months was another fac-
tor which contributed to this failure.

BVS used in the routine clinical setting 

The in 2012 initiated BVS Expand and BVS STEMI registries were designed to investigate 
the performance of BVS in the more complex patient and lesion subsets. The BVS Ex-
pand registry included a mixed patient population, involving patients who presented 
with stable or unstable angina, NSTEMI or silent ischemia. In this registry bifurcation, 
long lesion, chronic total occlusion and calcified lesions were not excluded. We included 
249 patients (intention-to-treat population) with a mean age of 61.3±10.2 years; 73.5% 
were male and 18.5% were diabetic. Clinical outcomes at 18 months were modest with 
MACE rate of 6.8% and rate of definite ScT of 1.9%. These results are similar to the largest 
multi-centre BVS registries such as the GHOST-EU [5], which reported even a slightly 
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high rate of thrombosis: definite/ probable ScT rate of 2.1% already at six months. The 
German GABI-R registry showed a MACE incidence of 4.1% after six months and definite/ 
probable ScT was documented in 1.4% of the patients. [6] More recent registries like IT-
DISAPPEARS, showed better results with a device-oriented composite endpoint (DOCE) 
of 9.9% and a definite/ probable ScT rate of 0.9% at 12 months. [7] In 2018, the RAI 
registry presented a DOCE rate of 3.9% and a definite/ probable ScT rate of 1.3%. [8]

The BVS STEMI registry was initiated shortly after the BVS Expand registry and 
recruited exclusively STEMI patients. In theory, ACS patients and particularly STEMI 
patients would be excellent candidates for implantation with a BVS. They are gener-
ally younger and thus have a distinctly longer life expectancy. The plaque burden in 
their coronary arteries is less extensive and the plaque itself ordinarily consists of soft 
material, facilitating the embedment of the device into the vessel wall. On the other 
hand, due to vasoconstriction and the presence of thrombus during the acute setting 
of STEMI, vessel sizing is challenging with the subsequent risk of undersizing or malap-
position. Also, the thicker struts provoke flow disturbances and locally low shear stress, 
which is an independent predictor of plaque progression. A detailed analysis of the first 
31 patients with immediate OCT control (BVS STEMI-first) demonstrated a large vessel 
lumen with a low percentage of malapposed struts, a small incomplete scaffold apposi-
tion area and a small intraluminal defect area. Within 30 day follow-up of the first 49 
patients, no scaffold thrombosis occurred. [9]

The full BVS STEMI registry included 151 patients and indicated modest clinical 
outcomes at 12 months with MACE rate of 8.1% and rate of definite ScT of 2.8%, increas-
ing to 9.8% and 4.3% at 18 months respectively. Event rates were remarkably higher 
compared to a matched series of DES. When compared to other published literature, for 
instance the BVS Examination, the same increase of definite ScT versus DES thrombosis 
was observed although overall lower in both arms (1.7% vs 0.7%). [10] The ISAR-ABSORB 
MI study, which presented their results during the ESC congress of 2018, with 76.3% of 
STEMI patients, showed promising results: comparable one-year event rates between 
the BVS group and the DES group. Definite/ probable ScT rate was 1.7%, the rate of 
pre-dilatation was 95.3% and finally post-dilatation was performed in 56.6%. [10]

The BVS STEMI registry included STEMI patients only and BVS implantation was 
performed in an earlier developmental phase than the studies described above, when 
the operators had less experience, which was reflected by the rates of pre- and post-
dilatation (54.1% and 39.7% respectively).

Both registries demonstrated that BVS used in routine clinical setting resulted in mod-
est rates of adverse events with a potential higher risk of the rare event of ScT. The topic 
ScT needed further investigation in larger data sets and specific analysis of this event 
and was studied in later sections of this thesis
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Implantation of BVS in more complex patient and lesion subsets 

Within the combined registries with over 400 patients treated in a single centre, 72% of 
patients presented with ACS, 29% with bifurcation lesions with side branches >2 mm 
and 35% with calcified lesions which allowed a more in-depth analysis of these for clini-
cal practice important subgroups. 

QCA analysis in the ACS population demonstrated that post-procedural acute lumen 
gain and percentage diameter stenosis were superior to non-ACS patients 1.62±0.65mm 
(versus 1.22±0.49mm, P<0.001) and 15.51±8.47% (versus 18.46±9.54%, P=0.04).  This 
did not result in differences in clinical outcomes at one year (MACE of 5.5% for ACS 
and 5.3% for non-ACS, TLR 3.1% vs 3.2; Def/ Prob ScT 2.4 vs 2.1 %). Noteworthy, ScT 
outcomes of the most challenging STEMI only population, as reported above, was 2.8% 
at 12 months rising to 4.3% at 18 months. In this group, the incidence of ScT seems to 
be most pronounced and warrants further investigation. The high incidence of acute 
and subacute ScT in this subgroup can be understood from the relationship between 
the activated coagulation cascade in ACS, the short pre-treatment time within the 
primary PCI setting and the larger strut thickness and width of the BVS resulting in a 
larger contact area between blood and stent material. A high incidence of late and very 
late ScT in STEMI can be elucidated by the relation between stent / scaffold undersizing 
due to vasoconstriction followed by vasodilatation after successful treatment of the 
STEMI [11], resulting in a higher rate of strut malapposition compared to stable angina 
treatment. [12] [13] Malapposition results in larger areas of both abnormal low and high 
shear stress, resulting in an increased risk of thrombosis and delayed strut coverage with 
endothelium and neointima. [14]

The use of BVS in patients with bifurcation lesions is also appealing. Permanent metallic 
stents will always be malapposed along the ostium of the side branch and introduce flow 
disturbances, assumedly related to the higher post-procedural event rate in bifurcation 
treatment. More complex stent adjustments with multiple balloons, finalized with kiss-
ing balloon post-dilatation, have been advocated to minimize this risk. The potential of 
full restoration of the natural bifurcation anatomy has been recognized. [15] Contrarily, 
the relatively broad and thick struts of the BVS could jeopardize the side branch during 
implantation. When analysing our registries data, we identified 102 patients with 107 
bifurcation lesions, having relevant side branches (≥ 2mm in diameter). The incidence 
of side branch impairment was low (12.1% temporary, 6.5% at end of procedure) with 
only one failure to rewire and dilate the ostium of the side branch. Two dimensional and 
three dimensional QCA did not show differences in MLD and % DS in the side branch 
after treating the main branch with a BVS. In these series, the first-year event rate was 
acceptable. In larger studies including bifurcations, such as the GHOST-EU[5] and the 
AIDA RCT[16], treatment of bifurcation lesions was not a predictor of target lesion failure 
(TLF) or ScT. Our series and the GHOST-EU and AIDA studies, mainly practiced provisional 
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stenting of the main branch with low numbers of two-stent techniques. Based on these 
data, provisional scaffolding with BVS can be considered as a favourable treatment op-
tion for bifurcations when a meticulous lesion preparation is adhered to. [17]

Calcified lesions constitute a large measure of all coronary lesion types and the treat-
ment of these lesions often result in poorer clinical outcomes. Lesion expansion during 
balloon angioplasty and the prevention of acute recoil by stent/ scaffold implantation 
are impaired by dense atherosclerosis. The evaluation of new generation stents in 
this lesion category is important particularly when ascertaining if the radial force, as 
measured in bench testing, is clinically sufficient. In smaller series, including 50 OCT 
measurements post BVS implantation, minimal and mean device area in moderately and 
heavily calcified lesions were comparable to DES. [18] Only the mean eccentricity index 
for BVS treated lesions was lower compared to DES, apparently reflecting the slightly 
lower radial force of BVS compared to contemporary DES. In this thesis, acute lumen 
gain in calcified lesions, as seen on angiography, treated with BVS was investigated in 
a much larger subset of 455 patients with 548 lesions. Two hundred of those lesions 
exhibited at least moderate calcification (angiographically). Despite more aggressive 
lesion preparation and post-dilation compared to non-calcified lesions, acute lumen 
gain was significantly less in calcified lesions (1.50±0.66 vs 1.62±0.69mm, p=0.040) 
with lower final MLD (2.28±0.41 vs 2.36±0.43, p=0.046). No differences in MACE were 
observed between both groups.

The current thesis revealed that the performance of BVS in the above described lesion 
subsets may be feasible resulting in acceptable clinical outcomes. Even though ScT may 
be a more frequent phenomenon in these lesion categories, similar observations have 
been described in DES platforms. Further investigation concerning the variations in this 
relatively infrequent phenomenon requires larger studies, meta-analysis of multiple 
studies and registries or, if available, pooled individual data of prospective RCT’s.  

Long term follow-up applying pooled analysis of complex and non-complex 
lesions and patients  

Individual one-year results of RCTs (ABSORB II, ABSORB III, ABSORB Japan and ABSORB 
China), which compared the BVS with its best-in-class counterpart: the second-gen-
eration everolimus-eluting stent demonstrated that the BVS was non-inferior to DES. 
[19-21] Subsequently, the Absorb BVS received FDA approval in July 2016. Remarkably 
and similar to the European registries, the rate of definite or probable device thrombosis 
was higher for BVS, although this was not statistically different. [22]  Moreover, the first 
meta-analysis which combined RCT-derived data at one year , performing a patient-level 
analysis did not show any statistical differences in clinical outcomes at one year.  [23] Ac-
cordingly, the performance of BVS at one year was deemed promising during the early 
phase in which solely simple lesions were treated with the device. 
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To gain further insights in relation to outcomes at one year and beyond in a population 
that reflects real-world daily practice, both RCTs and registries, inclusive of complex and 
non-complex lesions, should be incorporated in a meta-analysis. Single arm registries, 
without a control group, retain a major limitation in practice variability, in particular 
with respect to patient and lesion selection for a specific procedure. Local propensity 
matched series avert these concerns and are considered the best alternative when RCT’s 
are not available. We therefore performed a meta-analysis including RCTs and propen-
sity matched registries with a minimum follow-up of 12 months (median follow-up 30.5 
months) and including outcomes of 7320 patients. This meta-analysis revealed that BVS 
was associated with an increased risk of adverse events when compared to DES not 
only in the first year, but also hereafter. Several other meta-analyses focused on throm-
botic events and demonstrated an increased risk of device thrombosis in BVS-treated 
patients. [24-27] Clearly, the reported increased risk of very late (>1 year) ScT [25, 28, 
29]  was unexpected.  This risk of very late ScT suggests in part an association with the 
resorption process, which could cause scaffold disintegration with the subsequent risk 
of thrombosis. [30, 31]

Procedural techniques and the duration of DAPT

Initially, interventional cardiologists implanted scaffolds in an equivalent manner as 
DES. However, findings in this thesis suggested that the clinical success results after 
BVS implantation were sensitive to both underexpansion (Chapter 5) and post-dilation 
(Chapter 7), indicating that a different implantation approach may be indicated for BVS. 
Similarly, post-hoc analyses from other studies reported that correct scaffold sizing was 
imperative. Implantation in small vessels (< 2.5mm on visual estimation and < 2.25mm 
on QCA) increased the rate of DOCE with 60%. [32] Suboptimal implantation of the 
device was reported to play an important role, both in the short- and long-term, as was 
illustrated in this thesis in a first careful evaluation of early and late ScT cases. Incomplete 
lesion coverage, underexpansion and malapposition were revealed as the main potential 
pathomechanisms for both early and late ScT. This was also observed by a similar study, 
revealing underexpansion and malapposition as the most frequent determinants of ScT. 
[31] The sensitivity to underexpansion, implantation in small vessels and malapposition 
reflexes the difference in stent design, with a larger strut thickness and width causing 
disruption of laminar flow and inducing large areas with local low shear stress[33] 

Based on these observations, a dedicated BVS implantation strategy has been sug-
gested focussing on Pre-dilatation, Sizing and Post-dilatation (PSP) to diminish event 
rates. [34] However, due to the lack of long-term data and a randomized design that 
investigates the exact role of an optimal BVS-specific implantation technique, the 
question remains if optimization of the implantation strategy during index procedure 
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can legitimately overcome limitations of this device and improve outcomes in the long-
term. [35] 

Due to increasing evidence of higher rates of very late ScT with an accumulation 
during the degradation period of the PLLA based device, speculation arose that the 
optimal duration of DAPT in BVS-treated patients could be at variance compared to the 
DAPT duration in the DES population. The observations in this thesis, that the rate of 
ScT immediately after late DAPT termination (minimum of 6 months DAPT) was again 
increased, suggests that the prolongation of DAPT during the resorption period might 
be pivotal for BVS. In extension, given the associated risk of bleeding, whether DAPT 
prolongation is advisable for all patients or for those at higher risk of an event remains 
uncertain. The supposition of more potent P2Y12 inhibitors administration or a pro-
longed duration of DAPT with the objective of lowering ScT risk justifies further research 
with dedicated studies. 

Current status of BVS, a first-generation BRS

After the two-year results of the largest RCT (ABSORB III) were presented during the ACC 
congress in March 2017, the FDA issued a safety alert recommending the use of BVS only 
in appropriately selected patients, adhering to the updated implantation recommenda-
tions and continuation of DAPT for 12 months.[36] Correspondingly, the AIDA trial the 
two-year results were published earlier than expected after the safety monitoring board 
recommended to release the preliminary data due to safety concerns. [37] The afore-
mentioned unfavourable findings were again confirmed during the 2017 TCT congress 
in Denver, USA and in subsequent publications where the three-year data of ABSORB II 
showed again an increased rate of events in the BVS arm beyond one year. [36]  As a con-
sequence, the current generation BVS has been withdrawn from the market. Recently, a 
Task Force of ESC and EAPCI, justifiably declared that bioresorbable scaffolds should not 
be preferred above the currently used metallic DES [38].

Concluding, despite the theoretically advantages of the Absorb BVS for the treatment 
of CAD, this new device appeared to be limited in its application in daily practice as 
its association with increased risk of adverse events became clear over the foregoing 
years. Data on the implantation of the device in complex lesions (bifurcations, severely 
calcified lesions, aorta-ostial lesions and complex CTO lesions) is limited and in gen-
eral, not in favour of the BVS. Multiple shortcomings exist such as the limitation in 
overexpansion. Additionally, the thicker and boarder struts importantly contribute to 
the increased early ScT rate, especially in small vessels or when underexpansion arises. 
Next generations of BRS need to have a reduction in scaffold struts size, in addition to 
increased radial strength. Moreover, the resorption time is relatively long, approximately 
3 years. The detection of potential beneficial outcome effects would materialise within 3 
to 7 years, considering the results of the COMPARE ABSORB and ABSORB III RCTs. Lastly, 
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in selected patients, the duration of dual antiplatelet therapy could be extended beyond 
one year and maybe conceivably up to three years, which could be a burden to patients.

Currently, alternative BRS should be reserved only for highly selected patients, used in 
trials and registries. Notwithstanding BRS implantation in complex lesion subsets such 
as large vessels (with vessel diameter > 4 mm), small vessels (with vessel diameter < 
2.5 mm on visual estimation) should be avoided. One essential deliberation that should 
requires consideration is that this first-generation device direct comparators enjoy 
years of experience and subsequent multiple device iterations, has led to lowest event 
rates currently available. Characteristically, the bar has been set high.  Furthermore, the 
Absorb BVS was used for the first time by most of the operators during the early studies 
and knowledge concerning an optimal implantation strategy was incomplete in the 
corresponding period. 

It is fair to assume that the era of the first-generation BVS has now been concluded. 
The ensuing generations of bioresorbable scaffolds will most likely be both fascinating 
and intriguing when one considers the sage words of George Bernard Shaw “progress is 
impossible without change, and those who cannot change their minds cannot change 
anything”.
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