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ABSORB II, ABSORB III and AIDA: are three 
coincidences a proof?

ABSORB II

A bioresorbable everolimus-eluting scaffold versus a 
metallic everolimus-eluting stent for ischaemic heart 
disease caused by de-novo native coronary artery lesions 
(ABSORB II) trial was the first prospective, randomized 
trial comparing bioresorbable vascular scaffold (BVS) and 
contemporary drug eluting stent (DES) in stable patients 
with relatively simple lesions (1). The aims of the study 

were to demonstrate the superiority in angiographic 
vasomotor reactivity after administration of intracoronary 
nitrate of BVS versus the Xience metallic stent and the non-
inferiority with regard to late lumen loss both at 3 years. 
Absorb BVS was not superior in vasomotion and inferior 
in late lumen loss compared to Xience DES. Moreover, 
in the Absorb group there was a significant increase in 
target vessel-myocardial infarction (TV-MI) (6% vs. 1%; 
P=0.0108), mainly driven by peri-procedural MI (4% vs. 1%; 
P=0.16). In addition, during the 3 years follow-up, device 
definite/probable thrombosis was significantly higher in the 
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Absorb than in the Xience group (9 vs. 0, P=0.0331).
The failure of the ABSORB II trial can be explained, 

at least in part, through several reasons. The utilization of 
angiographic vasomotion as primary endpoint of a trial is 
debatable. In the sample size, authors hypothesized to detect 
true changes in mean lumen diameter of 0.07 mm for the 
Absorb scaffold and 0 mm for the Xience metallic stent with 
a standard deviation (SD) 3 times higher than the supposed 
difference between groups (SD 0.20 mm for both), measured 
with quantitative coronary angiography (QCA). The low 
reliability of this endpoint is testified by the same results of 
the trial. BVS was not only non-superior to Xience in the 
vasomotion endpoint, in fact vasomotion was numerically 
inferior in the BVS group compared to Xience group (Absorb 
group 0.047 mm vs. Xience group 0·056 mm; P=0.49 for 
superiority). This is theoretically unlikely as the same authors 
hypothesized absence of vasomotion in the stented segment. 
A possible partial explanation of these results is that in human 
the reabsorption process may take longer than expected, 
as suggested by a recent case series focusing on very late 
scaffold thrombosis (2). In addition, vasomotion has never 
been demonstrated to be a surrogate marker of any clinical 
endpoint. Thus, it is questionable to base sample size on it 
and to use it as primary endpoint in the first randomized 
comparison involving a new device such as BVS. This 
limitation was partially overcome by the second co-primary 
endpoint, namely late lumen loss that has robust evidence as 
surrogate for clinical endpoints. However, a major technical 
concern in the late lumen loss analysis is represented by the 
inclusion of patients with scaffold thrombosis. This has clearly 
affected the results, since 8 patients had device thrombosis in 
the Absorb group while 0 in the Xience group. It is plausible 
that excluding those patients from the analysis the result would 
have been different. From a clinical point of view, the rate of 
scaffold thrombosis was worrisome and it has been confirmed 
by subsequent studies (3,4). A partial explanation of such a 
high scaffold thrombosis rate could be the suboptimal BVS 
implantation technique since all patients were randomized 
before the development of the predilation-sizing-postdilation 
(PSP) technique. Among the patients experiencing scaffold 
thrombosis, none was post-dilated with a non-compliant 
balloon with diameter ≥0.5 mm than scaffold.

ABSORB III

At the recent American College of Cardiology Meeting, 
the “Everolimus-eluting Bioresorbable Vascular Scaffolds 
in Patients with Coronary Artery Disease” (ABSORB 

III) trial 2-year results were presented. This was possible 
since after consult with Food and Drugs Administration, 
the landmark target lesion failure (TLF) endpoint was 
revised from between 1 and 5 years in the initial protocol 
to between 3 and 7 (or up to 10) years (3). This change 
allowed unblinding of clinical endpoints between 1 and  
3 years in the ABSORB III trial. ABSORB III randomized  
2,008 patients in a 2:1 fashion to receive BVS or Xience 
DES. Enrolled patients were mainly stable or with stabilized 
acute coronary syndromes (ACS) with simple lesions. The 
main result of the study was that patients receiving BVS 
had a significantly higher rate of TLF at 2 years (11% vs. 
7.9%, P=0.03) driven by a significantly higher rate of TV-
MI (7.3% vs. 4.9%, P=0.04). Although non significantly, 
scaffold thrombosis rate was higher in BVS arm compared 
to DES arm (1.9% vs. 0.8%, P>0.05). Authors showed 
that, taking into account only patients with reference vessel 
diameter (RVD) ≥2.25 mm at QCA, there was no significant 
difference between the two arms in terms of events. 
However, this was a sub-analysis and therefore merely 
speculative. Interestingly, a pooled analysis from ABSORB 
III-IV data showed that, in the overall ABSORB IV 
population, lowering the percentage of patients with QCA 
RVD <2.25 mm (19% in ABSORB III vs. 4% in ABSORB 
IV) and increasing the percentage of patients receiving 
postdilation (66% in ABSORB III vs. 83% in ABSORB 
IV), the overall rate of device thrombosis fell from 1.1% to 
0.5% at 1 year. Obviously, we do not know the actual rate of 
scaffold thrombosis in the BVS group, but we can infer that 
it will be lower than the one showed by previous studies. 

AIDA

Another important evidence is given by the results of the 
Amsterdam Investigator-Initiated Absorb Strategy All-Comers 
Trial (AIDA) recently published (4). The results were released 
due to the high rate of definite/probable scaffold thrombosis 
in the BVS group (3.5% at 2 years). AIDA was a nearly all-
comers trial that enrolled 1,845 patients to BVS or DES 
at five high-volume percutaneous coronary intervention 
(PCI) centers in the Netherlands. The primary endpoint 
of TVF occurred was not different between the two groups  
(105 patients in the scaffold group vs. 94 patients in the 
stent group P=0.43). However, rates of TV-MI were 
significantly higher in in the scaffold group compared to the 
stent group (5.5% vs. 3.2%, P=0.04). The main concern of 
investigators was the number of definite or probable device 
thrombosis in the scaffold group (n=31) compared to the 
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one of the stent group (n=8). The 2-year Kaplan-Meier 
event rates of definite or probable device thrombosis were 
3.5% in the scaffold group and 0.9% in the stent group 
(P<0.001). These results are surely worrisome. Yet, it is 
worthy to note that among the 35 patients treated with BVS 
and experiencing a scaffold thrombosis in this trial, only 10 
(29%) received a correct postdilation with a non-compliant 
balloon ≥0.5 mm scaffold size.

As a response to the multiplication of the above presented 
worrisome results with particular regard to the high rate 
of scaffold thrombosis, manufacturer decided to limit 
the use of BVS to experienced operators in high-volume 
centers applying the PSP (pre-dilatation, sizing to 1:1, post-
dilatation with noncompliant balloon) technique in order 
to prospectively register data from a big population with 
standardized implantation technique. This will be extremely 
important in order to not put aside a new technology before 
having definitive data, remembering what has happened for 
first generation DES.

Adding irons in the fire: late clinical events and 
dual antiplatelet therapy (DAPT)

Once clarified the relevance of implantation technique 
on early clinical events, it is paramount to underline that 
recent evidences raise a red flag on late clinical events in 
patients receiving BVS. In a recent meta-analysis, very late 
device thrombosis occurred significantly more in patients 
treated with BVS compared to those treated with DES 
[12/996 (1.4%, 95% CI: 0.08–2.5) Absorb BVS vs. 1/701 
(0.5%, 95% CI: 0.2–1.6) DES; OR 3.04; 95% CI: 1.2–7.68, 
P = 0.03] (5). There are two important considerations to be 
made. First, late events cannot be related to implantation 
technique. Second, 92% of the very late device thrombosis 
in the BVS group occurred in the absence of DAPT, 
suggesting that longer DAPT could be needed in patients 
receiving BVS. These results leave several unsolved issues: 
which is the mechanism of late events? Which is the proper 
DAPT duration in patients receiving BVS? There are 
actually no data able to solve these issue and further studies 
are clearly on demand.

Overlapping BVS: an impossible challenge?

The need of overlap implies a long and complex lesion in a 
complex patient and it is per se a high-risk setting. Previous 
studies regarding both first and second generation DES 
have shown that overlapping is associated with an increased 

rate of stent thrombosis and in-stent restenosis (6-8). A 
recent study evaluated the mechanism of post-procedural 
cardiac biomarker rise following everolimus-eluting metallic 
stent and BVS implantation. Authors showed no significant 
differences between the two devices with regard to cardiac 
marker rise. Unsurprisingly, overlap emerged as the main 
determinant of peri-procedural myocardial infarction (9).

Overlap between bioresorbable scaffolds (BRS) is 
particularly challenging, because of higher struts thickness 
and poor angiographic visualization of the scaffolds 
platform. Scaffold struts are at least 150 microns thick  
(156 microns for Absorb BVS and 150 microns for 
DESolve) in order to ensure adequate radial force to the 
scaffold (10,11). Actual second generation DES have a 
struts thickness of approximately 88 microns. Hence, when 
overlap is necessary, stacked struts are formed in the area 
of overlap with a thickness of more than 300 microns and a 
steric hindrance of the lumen >600 microns.

In a study executed in a porcine coronary artery model 
by Farooq et al. (12), overlapping BVS and Xience V were 
compared, and it was noted that endothelialization was 
delayed at 28 days (which correspond approximately to  
6 months in humans) in BVS overlapping segments (both 
versus BVS non-overlapping segments and versus Xience 
V overlapping segments) (12). In the same study, it was also 
underlined that, at 90 days (which correspond to 18 months 
in humans), in the BVS group, the overlapping area showed 
a greater neointimal coverage compared to DES group (12). 

These two findings in the porcine model might translate 
in higher rate of adverse events. Indeed, the delayed 
endothelialization in BVS overlapping area, as emerged 
from data obtained from some randomized clinical trials 
and registries, might be responsible of an increased rate 
of early scaffold thrombosis (13-15). Instead, there is no 
actual evidence establishing a correlation between increased 
neointimal response at 90 days and risk of in-scaffold 
restenosis (12). In view of foregoing assumptions, the 
consensus document of 2015 about the use of BVS in PCI, 
stated that the implantation of two scaffolds in overlap is 
probably appropriate (16). 

Clinical data

A recent interesting manuscript by Geraci et al. (17), 
reported a sub-analysis of the GHOST-EU (Gauging 
coronary Healing with bioresorbable Scaffolding plaTforms 
in EUrope) registry on long coronary lesions treated with 
BVS. In their study the treatment of coronary lesions  



S917Journal of Thoracic Disease, Vol 9, Suppl 9 August 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 9):S914-S922jtd.amegroups.com

≥60 mm with BVS was associated with a higher TLF rate if 
compared to treatment with shorter length of BVS (either 
≤30 or 30–60 mm). Their results seem to raise major 
concerns regarding BVS implanted in overlap. However, 
there are several appraisals to be made. First, the subgroup 
of patients with the significantly higher rate of TLF events 
(≥60 mm) was composed by 81 patients. It is difficult to 
draw any conclusion on hard endpoints taking into account 
such a small population. Second, there were significant 
differences in baseline and procedural characteristics 
between the three groups with regard to diabetes mellitus 
II, ostial lesions and lesion length. All these characteristics 
emerged has predictors of adverse events at the multivariate 
analysis and were significantly more frequent in patients 
treated with ≥60 mm of BVS. Third, as showed above, 
this finding is not new. Overlap is a marker of high-risk, 
irrespectively from the utilized device, as recently showed 
for second generation DES (8). Thus, the difference in the 
outcome is attributable to patients and lesions complexity 
rather than to the use of a specific device. However, authors 
raise an important issue: the unacceptably high rate of 
scaffold thrombosis (3.8% at 1 year) in the ≥60 mm group. 
Their worrisome results are unfortunately in line with 
recently published and presented data (see above) (3,4). 
Still, it is noteworthy that we have no information on 
how overlap was performed in the study and no standard 
implantation technique was implemented. 

Actually, we have no randomized comparison between 
overlapping DES and BVS. However, in the “Bioresorbable 
Scaffold vs. Second Generation Drug Eluting Stent in 
Long Coronary Lesions requiring Overlap: A Propensity-
Matched Comparison” (UNDERDOGS) study (18),  
162 patients receiving overlapping BVS were compared 
through a propensity score with 162 patients receiving 
overlapping DES. Implantation technique in the BVS group 
fully respected the PSP rule (98% of patients received 
predilation almost 1:1, 95% of patients received postdilation 
with a non-compliant balloon >0.5 mm scaffold size). The 
primary endpoint was the 1-year device oriented endpoint 
(DOCE) rate that resulted comparable between the two 
groups (5.6% in the BVS group vs. 7.4% in the DES group, 
P=0.50). Definite/probable device thrombosis rate was not 
different between the two groups (1.2% in the BVS group 
vs. 1.8% in the DES group, P=0.65). Interestingly, imaging 
techniques and/or enhanced stent visualization (ESV) 
systems were significantly more employed in the BVS 
group. This should be considered an indirect confirmation 
that operators are well aware that a careful and standardized 

BRS implantation technique is crucial to optimize the 
short- and long-term performance of this device.

Again, given the recent amount of worrisome results 
on BVS and the absence of randomized comparison, it is 
crucial to collect a greater body of evidence coming from 
big populations with standardized implantation technique. 
We have no randomized data regarding overlapping BVS 
versus contemporary DES. Thus, overlap is a delicate 
setting for BVS implantation. When overlap is needed, 
extreme attention should be paid to the implantation 
technique routinely applying the PSP technique and 
trying to minimize the overlap length as much as possible. 
The next section is dedicated to tips and tricks on how to 
optimize implantation when BVS overlap is needed.

Scaffold overlap implantation: technical aspects

PSP

Implantation is clearly more demanding in BRS than in 
second generation DES. It requires a more careful and 
meticulous approach, mainly due to the absence of a 
metallic cage, to the higher struts thickness and to the limit 
in postdilation. The most important technical aspects of 
BRS implantation are the following: (I) the appropriate 
sizing of the target vessel; (II) an adequate preparation of 
the lesion; and (III) adequate post-dilation of the scaffold 
with a non-compliant balloon with a diameter 0.5 mm 
greater than the size of the scaffold (the so called PSP) (19).  
A preliminary evidence of the clinical impact of PSP 
technique is given by a recent GHOST-EU sub-analysis 
in which patients with a maximum PSP score (meaning 
a correct implantation) had a significantly lower rate of 
DOCE at 1-year compared to other patients (19) and by 
the above mentioned pooled analysis from ABSORB III and 
IV (3). These steps are even more important long coronary 
lesions requiring overlap. First, sizing is crucial, given the 
lower margin for postdilation in BRS (only 0.5 mm). As 
showed by several studies (18,20), use of imaging techniques 
such as intravascular ultrasound (IVUS) or optical 
coherence tomography (OCT) is extremely helpful during 
BRS implantation, especially in the first part of the learning 
curve (20). Imaging is important both for correct sizing and 
for optimization of the procedure with postdilation.

Afterwards, the operator has to perform proper pre-
dilatation with the aim to obtain a residual stenosis of less 
than 40%. Only at this point, it is possible to implant the 
scaffold. If overlap is needed, the operator has to position 



S918 Biscaglia et al. Overlapping BRS safety and feasibility

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 9):S914-S922jtd.amegroups.com

first the distal scaffold and, thereafter, the proximal one in 
order to avoid scaffold/balloon entrapment in the proximal 
scaffold with risk of struts disruption (21). 

Once implanted the BVS, it is crucial to proceed to 
postdilation with non-compliant balloon, taking into 
account that BRS have an expansion limit of 0.5 mm, 
which must not be exceeded to avoid struts fracture or 
other complications and to check the result with imaging in 
order to avoid malapposition and ensure adequate scaffold 
expansion. It is worthy to note that, in a recent study, 
postdilation itself was able to improve outcome after BVS 
implantation (22).

How to perform overlap

Scaffold overlap patterns

There are different pattern of overlapping scaffold: ‘minimal 

gap’, ‘scaffold to scaffold’, ‘marker to marker’, ‘marker over 
marker’, and ‘marker inside marker’ (Figures 1-3) (23,24).

(I)	 ‘Minimal gap’ consists in the positioning of the two 
scaffolds in order to precisely leave a minimal gap 
between the adjacent devices.

(II)	 ‘Scaffold to scaffold’ consists in a juxtaposition 
of the two scaffolds, through the positioning of 
the platinum markers side by side, without a real 
overlap of adjacent devices.

(III)	 ‘Marker to marker’ consists in positioning the distal 
marker of the proximal scaffold in correspondence 
with the proximal marker of the distal scaffold, 
achieving a minimum overlap (about 1 mm) with a 
reduced number of stacked struts.

(IV)	 ‘Marker  over  marker ’  i s  obta ined  by  the 
superimposition of the marker of the proximal 
scaffold with those of the distal one, obtaining a 
greater overlap (about 2 mm) with high number of 

Figure 1 Example of ‘marker over marker’ configuration. (A) enhanced stent visualization image of ‘marker over marker’ configuration; (B) 
OCT 3-D reconstruction with evidence of ‘marker over marker’ configuration (white arrows); (C) OCT long run showing a 2.1 mm overlap 
(white bars); (D-G) OCT short axis sections of the overlap zone. OCT, optical coherence tomography.
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Figure 2 Example of ‘marker to marker’ configuration. (A) Enhanced stent visualization image of ‘marker to marker’ configuration; (B) 
OCT 3-D reconstruction with evidence of ‘marker to marker’ configuration (white arrows); (C) OCT long run showing a 1.2 mm overlap 
(white bars); (D-G) OCT short axis sections of the overlap zone.

stacked struts.
(V)	 ‘Marker inside marker’ is realized by positioning 

the proximal marker of the distal scaffold in 
correspondence with the distal marker of the distal 
scaffold with a very long overlap (3–4 mm).

Many authors agreed in defining the ‘marker to marker’ 
technique as the best to be pursued. In fact, with ‘marker 
over marker’ and ‘marker inside marker’ techniques there 
is a significant risk of stent thrombosis, due to the elevated 
number of stacked struts formed in overlapping area which 
might delay endothelialization, as suggested from Farooq 
et al. who tested different overlap patterns in a porcine 
model (23). On the other side, the ‘scaffold to scaffold’ 
and ‘minimal gap’ techniques heighten the risk of in-stent 
restenosis, because of ‘geographical miss’ (23). 

Hence, the ‘marker to marker’ technique represents 
the best compromise, as it avoids leaving a gap between 
scaffolds, but at the same time creates a short overlap 

that does not delay struts coverage. Accordingly, in the 
UNDERDOGS study, the ‘marker to marker’ has been the 
most performed overlapping pattern (64% of cases) (18).  
All these considerations are referred to BVS but can be 
recommended also for DESolve, since material and struts 
thickness are similar to those of BVS. Indeed, in a recent 
observational study regarding DESolve, the ‘marker to 
marker’ method was performed when the overlap was 
required (25).

How to obtain a ‘marker to marker’ configuration

Although the ‘marker-to-marker’ is the most suitable 
overlap configuration to be pursued, it has been highlighted 
by several authors that its obtaining is substantially random 
and poorly reproducible when guided only by angiography. 
This is due to the fact that BRS are not radiopaque and 
therefore poorly visualized angiographically (26-29). Thus, 
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Figure 3 Schematic presentation of all possible overlap configurations.

it is advisable to perform the overlap between scaffolds 
with the use of ESV system usually integrated in most 
of angiographic systems (26-29). ESV system provides a 
magnification of radiopaque scaffold markers, allowing the 
operator can position scaffolds more accurately (26-29).

Conclusions

BRS are going through a very delicate moment given the 
worrisome results of several studies, particularly regarding 
scaffold thrombosis rate. However, these studies have 
several limitations, especially related to the implantation 
technique. The preliminary available data regarding 
BVS implanted according PSP technique seem to be  
reassuring (3,18,19).

However, bigger studies and registries enrolling patients 

receiving BRS with a standardized implantation technique are 
clearly on demand, especially in complex settings such as acute 
coronary syndrome or long lesions requiring overlap (30).
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