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Abstract
Aims: This study sought to investigate the long-term clinical outcomes related to scaffold sizing based on 
quantitative coronary angiography.

Methods and results: A total of 1,248 patients who received Absorb bioresorbable scaffolds in the 
ABSORB Cohort B, ABSORB EXTEND, and ABSORB II trials were included in the analysis. The inci-
dence of MACE (a composite of cardiac death, any myocardial infarction [MI], and ischaemia-driven target 
lesion revascularisation [ID-TLR]) was analysed according to the Dmax subclassification of oversized scaf-
fold group versus non-oversized (any undersize) scaffold group. At three years, event rates were similar in 
both groups in MACE (9.4% vs. 9.8%, p=0.847), target vessel MI (5.2% vs. 4.8%, p=0.795), and ID-TLR 
(4.8% vs. 5.8%, p=0.445). Landmark analysis after one year showed that the non-oversized scaffold group 
had higher rates of MACE (3.2% vs. 6.9%, log-rank p=0.004), target vessel MI (0.7% vs. 2.7%, log-rank 
p=0.007), and ID-TLR (2.5% vs. 4.7%, log-rank p=0.041).

Conclusions: Implantation of an undersized scaffold was associated with a higher risk of MACE between 
one and three years, while in the previous report an oversized scaffold was associated with a higher 
risk of MACE up to one year. This implies different mechanisms for early and late events after scaffold 
implantation.

KEYWORDS

• bioresorbable 
scaffolds

• QCA
• stent thrombosis

SUBMITTED ON 19/03/2018 - REVISION RECEIVED ON 09/04/2018 - ACCEPTED ON 12/04/2018



e1058

EuroIntervention 2
0
1
8

;14
:e

10
5

7-e
10

6
6

Abbreviations
BRS bioresorbable scaffold
DES drug-eluting stent
DOCE device-oriented composite endpoint
ID-TLR ischaemia-driven target lesion revascularisation
ILSD intraluminal scaffold discontinuity
MACE major adverse cardiac events
MI myocardial infarction
MLD minimal lumen diameter
NIRF near-infrared fluorescence
OCT optical coherence tomography
POCE patient-oriented composite endpoint
QCA quantitative coronary angiography
RVD reference vessel diameter
ST scaffold thrombosis
TLF target lesion failure

Introduction
Bioresorbable scaffolds (BRS) were developed with the hope that 
they would overcome complications observed with metallic drug-
eluting stents (DES) including delayed vessel healing, hypersensi-
tivity reactions, neoatherosclerosis, and restenosis, with the risk of 
repeat intervention and stent thrombosis (ST)1-5. However, Absorb™ 
(Abbott Vascular, Santa Clara, CA, USA), the most investigated 
BRS, was shown to have an increased risk of target lesion failure 
driven by greater target vessel myocardial infarction and ischaemia-
driven target lesion revascularisation in comparison with the con-
temporary XIENCE DES (Abbott Vascular)6. Even between one and 
three years, when the device is expected to have been well incor-
porated into the vessel wall, rates of target lesion failure and device 
thrombosis were higher with BRS than with DES.

Shortly after scaffold implantation, coronary arteries show an 
alternans of extremely low and high endothelial shear stress val-
ues and localised areas of high blood viscosity. These initial local 
haemodynamic disturbances may trigger fibrin deposition and 
thrombosis7. On the other hand, at a later phase, these heteroge-
neities in shear stress would be normalised and other factors such 
as scaffold discontinuity and neoatherosclerosis would emerge as 
possible causes of adverse events8.

Previously, we have reported that scaffold oversizing is assoc-
iated with major adverse cardiac events at one year in a pooled 
population of ABSORB Cohort B, ABSORB EXTEND, and 
ABSORB II9. However, as suggested above, different aetiologies 
may contribute to the occurrence of early (~one year) and late 
adverse events. Therefore, we aimed to investigate the relationship 
between events and scaffold sizing based on quantitative coronary 
angiography (QCA) with longer-term outcome (~three years) and 
to explore possible causes of late scaffold failure.

Methods
STUDY DESIGN AND POPULATION
We analysed the results of Absorb scaffold implantation in 
1,248 patients enrolled between 2009 and 2013 in the ABSORB 

Cohort B study10, ABSORB EXTEND study11, and ABSORB II12 
randomised controlled trial. The design of each study is described 
elsewhere13-15. In the ABSORB Cohort B, a 3.0/18 mm Absorb scaf-
fold was available. In the ABSORB EXTEND and ABSORB II 
studies, patients were treated as follows14,15: 1) a 3.5 mm Absorb 
scaffold was used when both the proximal and distal Dmax were 
within an upper limit of 3.8 mm and a lower limit of 3.0 mm; 
2) a 3.0 mm Absorb scaffold was used when both the proximal 
and distal maximal lumen diameters were within an upper limit of 
3.3 mm and a lower limit of 2.5 mm; 3) a 2.5 mm Absorb scaf-
fold was used when both the proximal and the distal Dmax were 
within an upper limit of 3.0 mm and a lower limit of 2.25 mm; and 
4) scaffold overlap was allowed. All of these trials were sponsored 
and funded by Abbott Vascular. The research ethics committee of 
each participating institution approved the protocol, and all enrolled 
patients provided written informed consent before inclusion.

STUDY DEVICE
The details of the study device (Absorb) have been described in 
detail previously15. In brief, the Absorb scaffold comprises a poly-
L-lactide backbone coated with an amorphous drug-eluting coat-
ing matrix composed of poly-D,L-lactide polymer containing 
everolimus. According to preclinical studies, the time for complete 
bioresorption of the polymer backbone is two to three years16.

QCA ANALYSIS
QCA guidance of Absorb implantation relies on the angiographic 
diameter function curve of the pre-treatment vessel segment that con-
tains three unambiguous luminal dimensions, namely the minimal 
lumen diameter (MLD), and the maximal luminal diameter (Dmax) 
in the proximal segment (proximal Dmax) and in the distal segment 
(distal Dmax) with respect to the MLD9. QCA analyses were under-
taken by the sites before Absorb implantation, and post-procedurally 
by an independent core laboratory (Cardialysis BV, Rotterdam, the 
Netherlands) using a Cardiovascular Angiography Analysis System 
(Pie Medical Imaging, Maastricht, the Netherlands).

DEFINITIONS AND ENDPOINTS
The patient population in the present study was stratified by the 
difference between the angiographic maximal diameter and the 
nominal diameter of the implanted scaffold. The selection of 
device size was considered “oversized” (oversized scaffold group) 
when the patient received one or more devices in vessels in which 
both the proximal and the distal Dmax were smaller than the nom-
inal size of the device. Patients who received Absorb scaffolds in 
vessels with either a proximal or a distal Dmax or both Dmax 
larger than the nominal size of the device constituted the “non-
oversized scaffold group” (in other words, “(any) undersized scaf-
fold group”). When a patient received two or three overlapping 
Absorb scaffolds in a long lesion, the nominal size of the proxi-
mally implanted device was compared with the proximal Dmax, 
whereas the nominal size of the distally implanted device was 
compared with the distal Dmax.
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In the present analysis, we followed the same definitions of 
clinical outcomes as in the previous report9. In brief, the primary 
outcome of interest was major adverse cardiac events (MACE), 
defined as a composite of cardiac death, any myocardial infarc-
tion (MI), and ischaemia-driven target lesion revascularisation 
(ID-TLR). Device-oriented composite endpoint (DOCE) was 
defined as a composite of cardiac death, target vessel MI, and 
ID-TLR. Patient-oriented composite endpoint (POCE) was defined 
as a composite of all death, all MI, and all revascularisation. MI 
classification and criteria for diagnosis were defined according to 
the per-protocol definition, which was consistently applied in all 
trials included in the present analysis12. Definite or probable scaf-
fold thrombosis (ST) was adjudicated according to the Academic 
Research Consortium definitions17. All clinical outcomes were 
adjudicated by an independent clinical events committee.

STATISTICAL ANALYSIS
All analyses were conducted using the intention-to-treat popula-
tion. The present analyses were based on individual patient-level 
data. Categorical variables were compared by Fisher’s exact test. 
Continuous variables were presented as mean ±SD and were com-
pared by t-test. Time-to-event variables were presented as Kaplan-
Meier curves and the Shoenfeld residuals test was performed. If the 
proportional hazard could be assumed, a log-rank test was carried 
out subsequently. Landmark analyses were performed at one year 
after the index procedure. To determine the independent predictors 
of MACE between one and three years, firstly univariate logistic 
regression models were constructed using the following variables: 
age, male sex, current smoking, hypertension requiring treatment, 
dyslipidaemia requiring treatment, any diabetes, unstable angina, 
prior myocardial infarction, preprocedural diameter stenosis, pre-
procedural MLD, preprocedural reference vessel diameter (RVD), 
lesion length, smallest (Dmax – device diameter), smallest angula-
tion >45°, calcified lesions, preprocedural visible thrombus, bifur-
cation lesions, type B2/C lesions, left anterior descending artery, 
nominal scaffold size/post-procedural MLD, treatment with over-
lapping scaffolds, target vessel treatment with 2.5 mm device, and 
scaffold implantation in a vessel with both proximal and distal 
Dmax smaller than the nominal device size. Secondly, significant 
variables (p<0.15) in the univariate analysis were forcedly entered 
into a multivariable logistic regression model to predict for MACE 
between one and three years. A two-sided p-value <0.05 was con-
sidered significant for all tests. Statistical tests were performed 
with SPSS Statistics 24.0.0.2 (IBM Corp., Armonk, NY, USA) and 
R, version 3.4.3 (R Foundation for Statistical Computing, Vienna, 
Austria).

Results
Of a total population of 1,248 patients, preprocedural Dmax was 
assessed by the core laboratory in 1,232 (98.7%) patients. The 
nominal size of the implanted Absorb scaffold was larger than 
both proximal and distal Dmax in 649 patients (oversized scaffold 
group 52.7%).

Clinical and angiographic characteristics between the oversized 
scaffold group and the non-oversized scaffold group are given in 
the previous report9 and tabulated in Supplementary Table 1. The 
two groups did not differ significantly with regard to main base-
line clinical characteristics, whereas preprocedural MLD, refer-
ence vessel diameter, and both proximal and distal Dmax were 
significantly smaller in the oversized scaffold group than in the 
non-oversized scaffold group. The study flow chart is shown in 
Figure 1.

Comparisons of event rates between the oversized scaffold 
group and the non-oversized group at one year, between one 
and three years, and at three years are shown in Table 1. At one 
year, the oversized scaffold group was associated with a higher 
risk of MACE and POCE mainly driven by all MI, as well as 
DOCE mainly driven by target vessel MI. However, at three years, 
event rates were similar in MACE (9.4% vs. 9.8%, p=0.847), all 
MI (5.5% vs. 5.5%, p=1.000), target vessel MI (5.2% vs. 4.8%, 
p=0.795), and ID-TLR (4.8% vs. 5.8%, p=0.445).

Kaplan-Meier curves are shown in Figure 2. Landmark ana-
lyses from one to three years show that the non-oversized group 
had a significantly higher rate of MACE than the oversized group, 
driven by significant differences in target vessel MI and ID-TLR, 
resulting in the similar rate of clinical events at three years. A log-
rank test at three years was not performed due to violation of pro-
portional hazards assumption (Supplementary Table 2).

The graphical presentation as a function of (distal Dmax minus 
nominal scaffold size) and (proximal Dmax minus nominal scaf-
fold size) clearly shows that those patients with MACE clustering 
in the oversized group in the lower left quadrant at one year have 
moved in the upper right direction between one and three years 
(Figure 3A). Notably, definite/probable scaffold thrombosis cases 
showed more clearly that lower left clustering of event cases at 
one year had moved in the upper right direction (Figure 3B).

By multivariable analysis, type B2 or C lesions (odds ratio 
[OR]: 0.49, 95% confidence interval [CI]: 0.27 to 0.88, p=0.018) 
and the oversized group (OR 0.49, 95% CI: 0.24 to 0.97, p=0.041) 
were negatively associated with one- to three-year MACE (Table 2 
[results of univariate analyses in Supplementary Table 3]). In other 
words, the presence of any undersizing was a (positive) independ-
ent predictor of one- to three-year MACE.

Discussion
Although in the multivariate analysis scaffold oversizing was 
independently associated with MACE up to one year in the pre-
vious report9, scaffold oversizing turned out to be an independ-
ent protective factor between one and three years in the current 
study, resulting in the similar MACE rate between the oversized 
and non-oversized groups at three years. Namely, scaffold non-
oversizing (any undersizing) was significantly associated with late 
adverse clinical outcome.

Recently, in the MICAT single-centre registry (n=657), Gori et 
al reported that scaffold oversizing was associated with a higher 
incidence of early ST, while undersizing was associated with ST 
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ABSORB II:
335 patients treated with BRS

3 patients without
   Dmax available

ABSORB Cohort B:
101 patients treated with BRS

ABSORB EXTEND:
812 patients treated with BRS

13 patients without
     Dmax available

332 patients with Dmax available

1 lost to follow-up
6 withdrew consent
1 withdrawn by 
   physician/site

324 patients followed up at 1 year

4 died
3 withdrew consent

317 patients followed up at 2 years

3 died
2 lost to follow-up
4 withdrew consent

308 patients followed up at 3 years

101 patients with Dmax available

101 patients followed up at 1 year

1 lost to follow-up
1 withdrew consent

  99 patients followed up at 2 years

1 died
1 withdrew consent

  97 patients followed up at 3 years

799 patients with Dmax available

8 died
3 lost to follow-up
1 others

787 patients followed up at 1 year

9 died
4 lost to follow-up
1 withdrew consent
4 others

769 patients followed up at 2 years

11 died
  1 lost to follow-up

757 patients followed up at 3 years

Figure 1. Study flow chart. BRS: bioresorbable scaffold

Table 1. Incidence of clinical events at 1 year, from 1 to 3 years, and at 3 years.

At 1-year follow-up From 1 to 3 years At 3-year follow-up

Oversized 
scaffold 
group 

(n=649)

Non-
oversized 

group 
(n=583)

p-value

Oversized 
scaffold 
group 

(n=649)

Non-
oversized 

group 
(n=583)

p-value

Oversized 
scaffold 
group 

(n=649)

Non-
oversized 

group 
(n=583)

p-value

All death 6 (0.9) 2 (0.3) 0.293 12 (1.8) 16 (2.7) 0.341 18 (2.8) 18 (3.1) 0.866

Cardiac death 4 (0.6) 1 (0.2) 0.378 4 (0.6) 10 (1.7) 0.104 8 (1.2) 11 (1.9) 0.366

All MI 30 (4.6) 14 (2.4) 0.045 6 (0.9) 18 (3.1) 0.007 36 (5.5) 32 (5.5) 1.000

Target vessel MI 30 (4.6) 13 (2.2) 0.029 4 (0.6) 15 (2.6) 0.009 34 (5.2) 28 (4.8) 0.795

All TLR 20 (3.1) 10 (1.7) 0.140 21 (3.2) 29 (5.0) 0.148 41 (6.3) 39 (6.7) 0.818

Ischaemia-driven TLR 17 (2.6) 9 (1.5) 0.235 14 (2.2) 25 (4.3) 0.035 31 (4.8) 34 (5.8) 0.445

TVR 24 (3.7) 14 (2.4) 0.248 29 (4.5) 37 (6.3) 0.164 53 (8.2) 51 (8.7) 0.759

MACE 43 (6.6) 20 (3.4) 0.013 18 (2.8) 37 (6.3) 0.003 61 (9.4) 57 (9.8) 0.847

DOCE 43 (6.6) 19 (3.3) 0.009 16 (2.5) 34 (5.8) 0.003 59 (9.1) 53 (9.1) 1.000

POCE 67 (10.3) 40 (6.9) 0.033 51 (7.9) 68 (11.7) 0.026 118 (18.2) 108 (18.5) 0.883

Definite/probable ST 8 (1.2) 3 (0.5) 0.232 1 (0.2) 14 (2.4) <0.001 9 (1.4) 17 (2.9) 0.074

Data are count (percentage). p-values are by Fisher’s exact test. DOCE: device-oriented composite endpoint; MACE: major adverse cardiac events; 
MI: myocardial infarction; POCE: patient-oriented composite endpoint; ST: scaffold thrombosis; TLR: target lesion revascularisation; TVR: target vessel 
revascularisation

at a later phase18. The results in the present study are in line with 
their report; however, it is of note that the Dmax analysis per-
formed by the core lab led to the same conclusion in the present 
study.

POSSIBLE CAUSES OF EARLY SCAFFOLD FAILURE
Compared with contemporary metallic DES, the first-generation 
BRS has substantially thicker and wider struts, which induces 
greater shear stress and platelet activation, more frequently 
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obstructs side branches19, and prolongs the time required for 
complete endothelialisation. These factors may be exacerbated 
when a relatively large scaffold is implanted in a relatively small 
vessel, increasing the density of scaffold struts and thereby 
inducing early events such as periprocedural MI (Figure 4). 
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Figure 2. Time-to-event curves of MACE and its components. Three-year and one-year landmark analysis (upper right panel) of time-to-event curves 
of MACE (A) and its components (B: cardiac death; C: target vessel MI; D: ID-TLR) and of definite/probable ST (E) according to study group. 
Log-rank test at three years was not performed due to violation of proportional hazards assumption (Supplementary Table 2). ID-TLR: ischaemia-
driven target lesion revascularisation; MACE: major adverse cardiac events; MI: myocardial infarction; ST: scaffold thrombosis

Table 2. Predictors of MACE between 1 and 3 years after 
implantation of the Absorb scaffold(s) in a multivariate model.

Multivariate logistic 
regression

OR (95% CI) p-value

Male 1.84 (0.89, 3.83) 0.101

Smallest (Dmax* - nominal device 
diameter), mm 1.50 (0.52, 4.29) 0.454

Type B2/C lesion 0.47 (0.26, 0.86) 0.014

Implanting Absorb scaffold(s) in 
a vessel with both proximal and 
distal Dmax smaller than nominal 
size of the device

0.48 (0.24, 0.95) 0.036

*Either proximal or distal. CI: confidence interval; OR: odds ratio

At a later phase, struts would be covered by neointima, smooth-
ening the lumen-strut surface, and the impact of those factors 
may become less.

POSSIBLE CAUSES OF LATE SCAFFOLD FAILURE
Possible consequences after implanting a relatively small scaffold 
in a relatively large vessel are 1) malapposition and 2) acute dis-
ruption due to overexpansion if post-dilatation with a large bal-
loon is performed.

Although malapposition was frequently observed in scaf-
fold thrombosis cases20, an OCT substudy of ABSORB Japan 
showed that the %malapposed strut and incomplete strut apposi-
tion area observed post-procedure in BRS decreased in two years, 
from 4.8% to 0.1% (p=0.001) and from 0.10 mm2 to 0.01 mm2 
(p<0.001), respectively21, suggesting little impact of the malappo-
sition observed post-procedure on late outcome. Acute disruption 
was not a frequent cause of early or late scaffold thrombosis20; 
however, this entity may be overlooked and later diagnosed as late 
discontinuity, especially when acute disruption was too discrete to 
be diagnosed even on high-speed OCT.
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Figure 3. MACE and ST distribution as a function of difference between Dmax and nominal scaffold diameter. A) Distribution of proximal and 
distal Dmax measurements minus nominal scaffold size in patients with or without major adverse cardiac events (MACE) is shown. The red 
and blue filled circles represent the patients who experienced MACE at one year and during one to three years, respectively. The graphical 
presentation clearly shows that those patients with MACE clustering in the oversized group in the lower left quadrant (pink square) at one 
year had moved in the upper right direction between one and three years. B) Distribution of proximal and distal Dmax measurements minus 
nominal scaffold size in patients with or without definite/probable scaffold thrombosis (ST) is shown. The red and blue filled circles represent 
the patients who experienced definite/probable ST at one year and during one to three years, respectively. The graphical presentation clearly 
shows that those patients with ST clustering in the oversized group in the lower left quadrant (pink square) at one year had moved in the upper 
right direction between one and three years.
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Translocation of scaffold struts into the lumen during the biore-
sorption process between one and three years (intraluminal scaf-
fold discontinuity [ILSD]) has emerged as a unique cause of very 
late device thrombosis that has not been seen with metallic DES. 
Even if the struts are completely apposed at baseline, expansive 
remodelling, more frequently observed in BRS22, could promote 
late acquired malapposition. In the presence of relevant areas of 
malapposed or uncovered scaffold struts, late scaffold discontinu-
ity related to the resorption process may cause dislocation of strut 
remnants into the lumen with subsequent activation of the coagu-
lation cascade, triggering very late scaffold thrombosis23. Indeed, 
if we apply a time-dependent Cox model to our study population 
(Figure 4), the hazard ratio of MACE (oversizing vs. [any] under-
sizing) went below one at one year, exactly the time when the 
scaffold completely loses mechanical support24. Recently, a report 
of the INVEST registry demonstrated that discontinuity, malap-
posed struts, and uncovered struts are significantly more frequent 
in the thrombosed than in the non-thrombosed scaffold regions8. 
However, the mechanism leading to scaffold thrombosis is still 
unclear. In the population of the INVEST registry, strut disconti-
nuity was preceded by malapposition at the time of device implan-
tation in one case, while two patients with serial OCT exhibited 
scaffold discontinuity preceded by a state of full apposition and 
strut coverage. Struts with discontinuity embedded in neointima 
have been reported frequently (i.e., 22% of lesions at two years 
and 42% at three years) and were not associated with clinical 

sequelae in the ABSORB Cohort B25. Discontinuity alone may 
be benign but would trigger late events if it occurs together with 
malapposition or uncoverage.

Other factors which may contribute to late events are inflam-
mation and neoatherosclerosis. In a porcine study by Otsuka et 
al26, inflammation surrounding struts was greater in BRS at six to 
36 months than in metallic DES. Inflammation in neointima could 
accelerate neoatherosclerotic change through impaired endothe-
lial function27. An OCT-NIRF study in a porcine coronary artery 
showed that BRS disruption was strongly associated with arte-
rial inflammation, leading to excessive neointimal proliferation 
and restenosis, suggesting an interaction among late discontinuity, 
inflammation, and adverse outcome.

The reason why B2/C lesions were protective for later events 
in the present study is unclear. However, a possible explanation is 
that B2/C lesions prompted the operator to perform more aggres-
sive lesion preparation such as rotational atherectomy or use of 
a cutting balloon. While these techniques could sometimes be 
related to periprocedural complications, they could modify the 
impact of lesion characteristics at a later phase.

PROPOSED SOLUTION TO IMPROVE OUTCOME IN LESIONS 
TREATED WITH BRS
The impact of operator technique was investigated in a report aggre-
gating data from ABSORB trials (n=2,973)28. Vessel sizing, defined 
as selection of lesions with a reference vessel diameter ≥2.25 mm 

Figure 4. Impact of scaffold sizing over time and possible causes of early and late scaffold failure. The upper right panel shows time-
dependent hazard ratio comparing oversizing vs. any undersizing on MACE. The regression line was based on Cox regression analysis 
including time after index procedure as an interaction term. The dotted lines indicate 95% confidence interval of hazard ratio. MACE: major 
adverse cardiac events



e1064

EuroIntervention 2
0
1
8

;14
:e

10
5

7-e
10

6
6

and ≤3.75 mm, was shown to be a significant predictor of target 
lesion failure up to one year, but not between one and three years. 
This result suggests the importance of lesion selection especially 
for the early phase (up to one year); however, it should be noted 
that the relative relationship between vessel size and scaffold dia-
meter was not taken into account in the report28. Even with meticu-
lous analysis of relative scaffold sizing using Dmax, we could not 
come to an appropriate recommendation of sizing as there is no 
clear area of (mis)matching without MACE (Figure 3A). For future 
studies, vessel sizing by OCT after predilatation is recommended 
to reflect the true luminal dimension before scaffold implantation. 
Optimal post-dilatation (with a non-compliant balloon at ≥18 atm, 
larger than the nominal scaffold diameter, but not by more than 
0.5 mm) seems reasonable since it reduced the TLF rate between 
one and three years. In contrast, the significance of an aggressive 
predilatation is unclear since it increased the TLF rate up to one 
year, although it was an independent predictor of freedom from 
scaffold thrombosis between one and three years28.

Limitations
The information on predilatation and post-dilatation was not avail-
able in all cases and could not be incorporated in the multivariate 
analysis. The omission of events occurring earlier than the land-
mark is among the recognised limitations of a landmark analysis29. 
Nevertheless, the time-dependent Cox regression model indicated 
a reverse of the hazard ratio for MACE at one year between an 
oversized scaffold and a scaffold with any undersizing. It remains 
to be determined whether modifications in scaffold design can 
mitigate the risk of device failure.

Conclusions
Implantation of an undersized Absorb scaffold in a relatively large 
vessel was associated with a higher risk of MACE between one 
and three years, while an oversized Absorb scaffold in a relatively 
small vessel was associated with a higher risk of MACE at one 
year. Various cascades leading to an early or late adverse event 
were considered, but mechanistic aetiologies should be elucidated 
further in imaging studies.

Impact on daily practice
The present study demonstrated that implantation of an under-
sized Absorb scaffold is associated with a higher risk of MACE 
between one and three years, while an oversized Absorb scaf-
fold is associated with a higher risk of MACE at one year. 
Various cascades leading to an early or late adverse event were 
considered, but mechanistic aetiologies should be elucidated 
further in imaging studies.
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Supplementary data 
 
Supplementary Table 1. Clinical, and preprocedural and post-procedural angiographic 
characteristics.  

Oversized 
scaffold 
group 

(n=649) 

Non-
oversized 
scaffold 
group 

(n=583) 

p-
value 

Age, yrs 61.6±10.7 60.8±10.1 0.20 
Male 73.8 (479) 75.1 (438) 0.60 
Current smoker 1.7 (141) 24 (140) 0.34 
Hypertension requiring treatment 67.6 (439) 67.9 (396) 0.95 
Dyslipidaemia requiring treatment 69.8 (453) 69 (402) 0.76 
Any diabetes mellitus 24 (156) 26.2 (153) 0.39 
Unstable angina 24.8 (161) 22.9 (133) 0.46 
Prior history of myocardial infarction 28.1 (182) 27.8 (162) 0.95 
Lesion location 

   

Right coronary artery 21.9 (142) 33.6 (196) <0.01 
Left anterior descending artery 49.8 (323) 41.9 (244) 0.01 
Left circumflex artery or ramus 9.9 (64) 9.6 (56) 0.92 
Left main coronary artery 0 (0) 0.2 (1) 0.47 

ACC/AHA lesion complexity 
   

A 1.9 (12) 2.1 (12) 0.84 
B1 53.9 (349) 52.8 (307) 0.73 
B2 41.2 (267) 43.5 (25) 0.45 
C 3.1 (20) 1.7 (10) 0.14 

TIMI flow grade 0 or 1 0.6 (4) 0.2 (1) 0.38 
Calcification (moderate or severe) 13.4 (87) 14.4 (84) 0.62 
Angulation ≥45° 2.6 (17) 2.2 (13) 0.71 
Bifurcation 4.0 (26) 4.8 (28) 0.58 
Thrombus 1.5 (10) 1.9 (11) 0.67 
Preprocedural 

   

Reference vessel diameter, mm 2.50±0.33 2.79±0.39 <0.01 
Proximal Dmax, mm 2.66±0.30 3.11±0.34 <0.01 
Distal Dmax, mm 2.58±0.31 2.94±0.38 <0.01 
Minimal lumen diameter, mm 1.05±0.30 1.15±0.33 <0.01 
Diameter stenosis, % 57.9±10.9 58.6±10.2 0.22 
Obstruction lesion length, mm 12.2±5.9 13.0±5.7 0.03 

Device-related 
   

2.5 mm scaffold 8.6 (56) 13.9 (81) <0.01 
3.0 mm scaffold 82.4 (535) 77.4 (451) 0.03 
3.5 mm scaffold 8.9 (58) 8.8 (51) 0.92 
Average nominal diameter 2.97±0.24 3.00±0.21 0.03 



 

 
Post-procedural 

   

Reference vessel diameter, mm 2.58±0.30 2.82±0.34 <0.01 
Minimal lumen diameter, mm 2.19±0.28 2.37±0.31 <0.01 
Diameter stenosis, % 15.3±6.5 15.9±10.2 0.09 
Acute decrease, % diameter stenosis 42.5±12.5 42.5±12.4 0.98 
Acute gain, mm 1.13±0.34 1.21±0.38 <0.01 
Acute gain/preprocedural RVD, mm 0.46±0.14 0.44±0.14 0.02 
Bail-out treatment with metallic 

stent 
1.9 (12) 0.7 (4) 0.08 

 
Values are mean±SD, or % (n). Clinical, preprocedural and post-procedural angiographic 
characteristics are according to the distribution of Dmax measurements minus the nominal 
scaffold size in the oversized scaffold group versus the non-oversized scaffold group. 
ACC/AHA: American College of Cardiology/American Heart Association; Dmax: maximal 
lumen diameter; RVD: reference vessel diameter; TIMI: Thrombolysis In Myocardial 
Infarction 
 
  



 

Supplementary Table 2. Schoenfeld residuals test to evaluate proportional hazards 
assumption. 

 rho chi-square p-value 
0 to 1 year    

MACE 0.13 1.10 0.293 
Cardiac death 0.71 2.50 0.114 
Target vessel MI 0.23 2.35 0.125 
Ischaemia-driven TLR -0.04 0.04 0.843 
Definite/probable ST 0.18 0.35 0.553 

1 to 3 years    
MACE -0.07 0.28 0.595 
Cardiac death -0.32 1.40 0.237 
Target vessel MI -0.03 0.02 0.902 
Ischaemia-driven TLR -0.01 0.00 0.967 
Definite/probable ST -0.19 0.54 0.463 

0 to 3 years    
MACE -0.28 9.21 0.002 
Cardiac death -0.47 4.18 0.041 
Target vessel MI -0.25 3.95 0.047 
Ischaemia-driven TLR -0.25 4.21 0.040 
Definite/probable ST -0.59 9.17 0.002 

 
MACE: major adverse cardiac events; MI: myocardial infarction; ST: scaffold thrombosis; 
TLR: target lesion revascularisation 



 

Supplementary Table 3. Univariate analysis of MACE between 1 and 3 years after 
implantation of the Absorb scaffold(s). 

  Univariate logistic regression 
  OR (95% CI) p-value 
Age, yrs 1.00 (0.97, 1.02) 0.765 
Male 1.80 (0.87, 3.71) 0.114 
Current smoker 1.00 (0.91, 1.10) 0.999 
Hypertension requiring treatment 1.01 (0.93, 1.08) 0.874 
Dyslipidaemia requiring treatment 0.76 (0.43, 1.34) 0.344 
Any diabetes mellitus 1.48 (0.83, 2.64) 0.183 
Unstable angina 0.70 (0.35, 1.40) 0.313 
Prior myocardial infarction 1.01 (0.99, 1.04) 0.192 
Preprocedural MLD, mm 1.63 (0.70, 3.81) 0.257 
Preprocedural RVD, mm 1.45 (0.73, 2.87) 0.288 
Preprocedural RVD <2.5 mm 0.73 (0.40, 1.32) 0.300 
Preprocedural diameter stenosis, % 0.99 (0.97, 1.02) 0.530 
Obstruction length, mm 1.01 (0.97, 1.06) 0.579 
Smallest (Dmax* - nominal device diameter), mm 2.79 (1.19, 6.52) 0.018 
Angulation ≥45° 0.75 (0.10, 5.58) 0.776 
Moderate/severe calcification 0.48 (0.17, 1.36) 0.167 
Preprocedural visible thrombus 0.00 (0.00, NA) 0.998 
Bifurcation lesion 1.77 (0.61, 5.08) 0.290 
Type B2/C lesion 0.49 (0.27, 0.89) 0.020 
Left anterior descending artery 1.05 (0.61, 1.81) 0.849 
Nominal scaffold size/post-procedural MLD 0.51 (0.09, 2.83) 0.441 
Treatment with overlapping devices 1.09 (0.51, 2.32) 0.829 
2.5 mm device implanted 0.98 (0.41, 2.33) 0.959 
Implanting Absorb scaffold(s) in a vessel with both 
proximal and distal Dmax smaller than nominal size 
of the device 

0.42 (0.24, 0.75) 0.003 

 
* Either proximal or distal.  
CI: confidence interval; MLD: minimal lumen diameter; NA: not applicable; OR: odds ratio; 
RVD: reference vessel diameter 
 
 




