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Abstract
Aims: The aim of the study was to evaluate the impact of bioresorbable vascular scaffold (BRS) implan-
tation technique on post-procedural quantitative coronary angiography (QCA) parameters in ST-elevation 
myocardial infarction (STEMI).

Methods and results: We assessed 442 STEMI patients who underwent BRS implantation in the BVS 
STEMI STRATEGY-IT study. Optimal BRS implantation was assessed using the PSP score, developed and 
validated in the GHOST-EU registry. We analysed post-implantation QCA parameters, including minimum 
lumen diameter (MLD) and maximum footprint, in patients with and without optimal BRS implantation, 
coded as maximum PSP score. Patients with optimal BRS implantation had higher post-procedural MLD 
and lower maximum footprint than those without. Multivariate analysis demonstrated that optimal BRS 
implantation was an independent predictor of high post-procedural MLD, defined as ≥2.4 mm for 2.5 or 
3.0 mm BRS and ≥2.8 mm for 3.5 mm BRS. Thrombectomy before optimal BRS implantation showed 
a trend towards higher post-procedural MLD and lower maximum footprint. There was no relationship 
between optimal BRS implantation and device-oriented composite events at one year.

Conclusions: Optimal BRS implantation, as assessed by PSP score, was associated with better post-
procedural QCA parameters in STEMI. Thrombectomy before optimal BRS implantation might improve 
angiographic results in STEMI. Long-term follow-up is needed to analyse the relationship between QCA 
parameters and clinical outcomes after BRS implantation in STEMI patients.
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Abbreviations
BRS bioresorbable vascular scaffold
MLD minimum lumen diameter
PCI percutaneous coronary intervention
QCA quantitative coronary angiography
STEMI ST-elevation myocardial infarction

Introduction
Bioresorbable vascular scaffolds (BRS) were developed to over-
come the limitations of metallic stents, including delayed arterial 
healing and chronic inflammation1-3. Nevertheless, as compared 
to metallic stents, the Absorb™ BRS (Abbott Vascular, Santa 
Clara, CA, USA) has shown an increased risk of thrombosis4 with 
higher acute recoil and lower post-procedural minimum lumen 
diameter (MLD) due to low radial strength5. Post-procedural 
MLD, scaled residual stenosis, and scaffold maximum foot-
print were shown to be surrogate markers for predicting scaffold 
thrombosis (ScT)6. Optimised BRS implantation may reduce the 
incidence of ScT6.

The predilation, scaffold sizing, and post-dilation score (PSP 
score) has been proposed to evaluate the quality of BRS implan-
tation in an all-comer population and to predict device-oriented 
events7. No data are available on its value in STEMI patients with 
a high thrombotic burden8, and specifically on whether optimal 
BRS implantation may affect post-procedural quantitative coro-
nary angiography (QCA) parameters.

Therefore, we sought to analyse the impact of BRS implantation 
technique, as evaluated by the PSP score, on post-procedural QCA 
parameters in STEMI patients.

Editorial, see page 28

Methods
STUDY POPULATION
This retrospective analysis used data obtained from the BVS 
STEMI STRATEGY-IT study (ClinicalTrials.gov Identifier: 
NCT02601781). The inclusion and exclusion criteria, the rationale 
and results of this study have been reported previously9. Briefly, 
this is an investigator-initiated, prospective, non-randomised, sin-
gle-arm multicentre study on consecutive STEMI patients who 
underwent primary PCI with BRS implantation at 22 hospitals in 
Italy. The study protocol was developed in accordance with the 
Declaration of Helsinki and was approved by the ethics commit-
tee of each participating hospital. All patients provided written 
informed consent prior to study participation.

PROCEDURAL DETAILS AND DEFINITION OF PSP SCORE
BRS implantation procedures were performed based on a pre-speci-
fied BRS implantation strategy (Supplementary Figure 1) and 
scored using the PSP scoring system (Supplementary Table 1)7,9. 
The PSP score is a simple score model, developed and validated 
in the GHOST-EU registry, whose objective is to assess the rela-
tionship between the quality of BRS implantation technique and 
adverse clinical events.

ASSESSMENT OF QUANTITATIVE CORONARY ANGIOGRAPHY
QCA analysis was performed offline at the independent core lab-
oratory of the Hospital Clinic of Barcelona, using the QAngio 
XA analysis system (Medis medical imaging systems bv, Leiden, 
the Netherlands). For each lesion, the scaffolded segment and 
the peri-scaffold segments (defined by a length of 5 mm proxi-
mal and distal to the scaffold edge) were analysed, as previously 
reported10. The following QCA parameters were measured: post-
procedural MLD, acute gain, acute absolute recoil and maximum 
footprint10. The primary objective of this study was to evaluate the 
relationship between optimal BRS implantation and these QCA 
parameters.

CLINICAL OUTCOMES
The following clinical outcomes were assessed: device-oriented 
composite endpoint (DoCE) and scaffold thrombosis (ScT) at 
one year. DoCE was a composite of cardiac death, target ves-
sel myocardial infarction, and clinically driven target lesion 
revascularisation.

STATISTICAL ANALYSIS
Continuous variables were assessed for normal distribution 
using the Shapiro-Wilk test and are presented as mean±standard 
deviation or median and interquartile range (IQR), as appropri-
ate. Dichotomous variables are described as numbers and per-
centages. All patients were stratified into two groups according 
to optimal BRS implantation, coded as maximum or highest 
PSP score value. Differences between the two groups were 
compared using the chi-square test for categorical variables 
and Student’s t-tests or Wilcoxon rank-sum tests for continu-
ous variables.

High post-procedural MLD was defined as follows: 1) post-
MLD ≥2.4 mm for 2.5 or 3.0 mm BRS, and 2) post-MLD 
≥2.8 mm for 3.5 mm BRS, based on the definition in a recent 
study6. Based on the same study, low maximum footprint was 
defined as <36%6.

Multivariate logistic regression analysis was performed to iden-
tify independent predictors of high post-procedural MLD and 
low maximum footprint. Variables that showed a p-value <0.1 
in univariate analysis were entered into the multivariate model. 
Finally, we assessed the impact of optimal BRS implantation on 
post-procedural QCA parameters by adjusting for male sex, dia-
betes mellitus, bifurcation, right coronary artery (RCA) lesion, 
preprocedural reference vessel diameter, direct implantation, and 
thrombectomy. To assess the weight of each BRS implantation 
technique step on QCA parameters, we compared post-procedural 
QCA parameters between each implantation step, categorised as 
a binary variable (accomplished/not accomplished), using the 
Wilcoxon rank-sum test.

Statistical analysis was performed using the Statistical Package 
for Social Sciences, Version 21 (IBM Corp., Armonk, NY, USA) 
software. A two-tailed p-value <0.05 was considered as statisti-
cally significant.
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Results
BASELINE CLINICAL AND PROCEDURAL CHARACTERISTICS
Out of 505 patients included in the BVS STEMI STRATEGY-IT 
study, 63 patients (12.5%), in whom a low-quality angio-
gram did not allow QCA analysis, were excluded. The remain-
ing 442 patients (87.5%) were included in this study. There were 
no differences in baseline characteristics between included and 
excluded patients (Supplementary Table 2).

Overall, patients with optimal BRS implantation were 12.9% 
(n=57) in category PSP-1, 13.8% (n=61) in category PSP-2, and 
8.4% (n=37) in category PSP-3. Patients’ clinical and procedural 
characteristics are shown in Table 1 and Table 2. Patients with 
optimal BRS implantation had a significantly higher rate of RCA 
culprit lesions and of 3.0 mm scaffolds implanted than those with-
out; this difference was consistent within the PSP-1, PSP-2, and 
PSP-3 groups (Supplementary Table 3-Supplementary Table 5).

RELATIONSHIP BETWEEN POST-PROCEDURAL QCA 
PARAMETERS AND OPTIMAL PSP TECHNIQUE
Post-procedural QCA parameters are shown in Figure 1. Patients 
with optimal BRS implantation had significantly higher post-pro-
cedural MLD than those without (PSP-1: 2.75 mm [IQR: 2.41-
2.91] vs. 2.52 mm [IQR: 2.25-2.79], p=0.002; PSP-2: 2.75 mm 
[IQR: 2.44-2.91] vs. 2.52 mm [IQR: 2.24-2.78], p<0.001; PSP-3: 
2.73 mm [IQR: 2.34-2.91] vs. 2.54 mm [IQR: 2.27-2.80], p=0.084) 
(Figure 1A, Figure 1B). The optimal PSP technique was signi-
ficantly associated with lower maximum footprint compared to 
non-optimal PSP technique (PSP-1: 19.9% [IQR: 12.8-32.8] vs. 
31.9% [IQR: 20.6-44.2], p<0.001; PSP-2: 19.8% [IQR: 12.8-32.6] 

vs. 32.0% [IQR: 21.4-44.4], p<0.001; PSP-3: 21.8% [IQR: 13.4-
36.1] vs. 30.8% [IQR: 19.9-43.3], p=0.006) (Figure 1C). There were 
no differences in acute gain (Figure 1D) and acute absolute recoil 
(Figure 1E) between optimal and non-optimal BRS implantation.

The multivariate analysis demonstrated that predictors of 
high post-procedural MLD were optimal BRS implantation, 
thrombectomy, RCA lesion, and preprocedural reference vessel 
diameter (Table 3). On the other hand, optimal BRS implanta-
tion was not an independent predictor of low maximum footprint 
(Supplementary Table 6). Because thrombectomy had an impact 
on post-procedural QCA parameters in multivariate analysis, we 
assessed whether the combination of thrombectomy with optimal 
BRS implantation may affect post-procedural QCA parameters 
or not. Thrombectomy plus optimal BRS implantation was per-
formed in 6.3% of patients (n=28) in the PSP-1 group, 7.0% of 
patients (n=31) in the PSP-2 group, and 4.3% of patients (n=19) in 
the PSP-3 group. The combination of thrombectomy with optimal 
BRS implantation exhibited a trend towards higher post-MLD and 
lower maximum footprint in the STEMI population (Figure 2).

IMPLANTATION TECHNIQUE STEPS AND POST-
PROCEDURAL QCA PARAMETERS
Predilation was not associated with better post-procedural QCA 
values. Correct scaffold size was significantly associated with 
higher post-procedural MLD and lower maximum footprint. 
Post-dilation using a non-compliant balloon larger than the BRS 
diameter up to a maximum of 0.5 mm (definition of PSP-1 and 
PSP-3) was associated with lower maximum footprint, but not 
with post-procedural MLD (Supplementary Table 7).

Table 1. Overall patient characteristics.

Variables
Overall
(n=442)

Age (years) 56 [50-63]

Male 361 (81.7%)

Hypertension 208 (47.1%)

Dyslipidaemia 212 (47.9%)

Diabetes mellitus 56 (12.7%)

Smoking 240 (54.3%)

Family history of coronary artery disease 140 (31.7%)

Previous percutaneous coronary intervention 19 (4.3%)

Killip class Class 1 364 (82.4%)

Class 2 70 (15.8%)

Class 3 7 (1.6%)

Class 4 1 (0.2%)

Lesion 
location

Left anterior descending artery 201 (45.5%)

Left circumflex artery 83 (18.8%)

Right coronary artery 158 (35.7%)

Multivessel disease 124 (28.1%)

TIMI 3 flow at first angiogram 65 (14.7%)

Data are presented as median [interquartile range], or n (percentage).

Table 2. Procedural characteristics.

Variables
Overall  
(n=442)

Preprocedural quantitative coronary 
angiography analysis

Minimum lumen diameter, mm 0.00 [0.00-0.78]

Reference vessel diameter, mm 2.71 [2.41-3.00]

Diameter stenosis, % 100 [70.4-100]

Index procedure

Thrombectomy 195 (44.1%)

Predilation 401 (90.7%)

Scaffold diameter, mm 3.5 [3.0-3.5]

Total length, mm 28 [18-35]

Correct scaffold sizing 95 (21.5%)

Post-dilation using NC balloon 412 (93.2%)

Post-dilation using NC balloon >1:1* 251 (56.8%)

Post-dilation using NC balloon >1:1* with 
pressure ≥16 atm 172 (38.9%)

Procedure success 425 (96.2%)

Data are presented as median [interquartile range], or n (percentage).
*performed using a non-compliant balloon with diameter larger than the 
scaffold diameter up to a maximum 0.5 mm. atm: atmospheres; NC: 
non-compliant
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Figure 1. Optimal BRS implantation and post-procedural quantitative coronary angiography parameters. A) Optimal BRS implantation was 
significantly associated with higher post-procedural MLD than non-optimal BRS implantation (PSP-1: 2.75 mm vs. 2.52 mm, p=0.002; 
PSP-2: 2.75 mm vs. 2.52 mm, p<0.001; PSP-3: 2.73 mm vs. 2.54 mm, p=0.084). B) Optimal BRS implantation was associated with lower 
scaled residual stenosis compared to non-optimal BRS implantation (PSP-1: 15.3% vs. 21.4%, p<0.001), (PSP-2: 15.0% vs. 21.6%, 
p<0.001), (PSP-3: 16.3% vs. 20.9%, p=0.001). C) Optimal BRS implantation was also significantly associated with lower maximum footprint 
compared to non-optimal BRS implantation (PSP-1: 19.9% vs. 31.9%, p<0.001), (PSP-2: 19.8% vs. 32.0%, p<0.001), (PSP-3: 21.8% vs. 
30.8%, p=0.006). D) & E) Acute gain and acute absolute recoil were not associated with PSP scores. MLD: minimum lumen diameter

Table 3. Multivariate analysis for predictors of high post-procedural minimum lumen diameter.

Variables
Unadjusted OR 

(95% CI)
p-value

Adjusted  
(model PSP-1)  
OR (95% CI)

p-value 
Adjusted  

(model PSP-2)  
OR (95% CI)

p-value 
Adjusted  

(model PSP-3) 
OR (95% CI)

p-value

Male 1.17 (0.71-1.92) 0.529 1.03 (0.59-1.80) 0.914 1.04 (0.60-1.81) 0.899 1.05 (0.61-1.83) 0.852

Diabetes 
mellitus 0.66 (0.36-1.19) 0.166 0.66 (0.34-1.29) 0.225 0.67 (0.35-1.30) 0.236 0.73 (0.38-1.39) 0.336

Bifurcation 0.59 (0.35-0.98) 0.040 0.79 (0.44-1.41) 0.429 0.79 (0.45-1.41) 0.430 0.76 (0.44-1.38) 0.386

Lesion length 0.99 (0.97-1.01) 0.154 0.99 (0.97-1.01) 0.304 0.99 (0.97-1.01) 0.317 0.99 (0.97-1.01) 0.325

RCA lesion 1.89 (1.27-2.81) 0.002 1.62 (1.03-2.54) 0.037 1.62 (1.03-2.54) 0.037 1.64 (1.05-2.54) 0.033

Pre-RVD 7.60 (4.35-13.28) <0.001 4.65 (2.59-8.35) <0.001 4.59 (2.55-8.29) <0.001 5.47 (3.07-9.73) <0.001

Direct 
implantation 1.39 (0.73-2.65) 0.314 1.37 (0.67-2.80) 0.388 1.27 (0.62-2.62) 0.514 1.26 (0.62-2.59) 0.523

Thrombectomy 2.04 (1.38-3.00) <0.001 1.91 (1.24-2.93) 0.003 1.90 (1.24-2.90) 0.003 1.88 (1.22-2.88) 0.004

Maximum 
PSP-1 5.08 (2.67-9.65) <0.001 2.96 (1.45-6.04) 0.003 – – – –

Highest  
PSP-2 5.18 (2.78-9.65) <0.001 – – 2.80 (1.40-5.59) 0.004 – –

Maximum 
PSP-3 3.95 (1.85-8.45) <0.001 – – – – 2.32 (1.01-5.34) 0.048

CI: confidence interval; OR: odds ratio; Pre-RVD: preprocedural reference vessel diameter; RCA: right coronary artery
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IMPLANTATION TECHNIQUE AND 1-YEAR CLINICAL EVENTS
During the one-year follow-up period, seven cases of DoCE and 
two cases of ScT were observed. There was no significant differ-
ence in terms of DoCE between optimal and non-optimal BRS 
implantation according to PSP-1 (1.8% vs. 1.6%, p=1.000), PSP-2 
(1.4% vs. 1.6%, p=1.000), and PSP-3 (0% vs. 1.7%, p=1.000). 
The incidence of ScT was also comparable between optimal and 
non-optimal BRS implantation at one year (0% vs. 0.5%, p=1.000 
for PSP-1, PSP-2, and PSP-3).

Discussion
The main findings of this study on STEMI patients undergoing 
primary PCI are the following. 1) Optimal BRS implantation is 
significantly associated with better post-procedural QCA para-
meters, in particular with higher post-procedural MLD and lower 
maximum scaffold footprint. 2) Manual thrombectomy is an inde-
pendent predictor of better post-procedural QCA measurements. 
A combination of thrombectomy with optimal BRS implantation 
exhibits a trend towards higher MLD and lower maximum foot-
print as compared to conventional optimal or non-optimal BRS 
implantation. 3) Correct scaffold sizing and post-dilation using an 
adequate non-compliant balloon size were key steps to achieving 

good post-procedural QCA parameters after BRS implantation in 
STEMI patients.

Recent analyses have shown a higher rate of adverse clinical 
events with BRS as compared with metallic drug-eluting stent 
implantation11,12. Optimisation of BRS implantation has been 
advocated as a possible solution to reduce adverse events7,13. Post-
procedural QCA parameters have also been related to adverse clini-
cal events6. For these reasons, our analysis focused on the impact 
of BRS implantation technique on QCA parameters, which can be 
considered as surrogate endpoints for adverse clinical events.

We showed that optimal BRS implantation, coded as maximum 
PSP score, is indeed related to better post-procedural MLD and 
maximum footprint. The BVS STEMI STRATEGY-IT study was 
designed with the aim of providing an “easy” chart (no manda-
tory on-line QCA or intracoronary imaging guide) to drive optimal 
BRS implantation in STEMI patients. However, among patients, 
only 8 to 14% underwent optimised BRS implantation accord-
ing to PSP parameters. This rate is consistent with the previous 
study7. The low compliance to PSP technique in this study may 
stem from the fact that correct scaffold sizing by visual estima-
tion and appropriate post-dilation were accomplished in a lim-
ited proportion of patients (21.5% and 56.8%, respectively). This 
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Figure 2. Combination of thrombectomy with optimal BRS implantation and post-procedural quantitative coronary angiography parameters. 
A combination of thrombectomy and optimal BRS implantation was associated with higher post-procedural minimum lumen diameter (upper 
row) and lower maximum footprint (lower row), irrespective of PSP model. Non-optimal: non-optimal BRS implantation; Optimal: optimal 
BRS implantation



113

EuroIntervention 2
0
1
9

;1
5

:10
8

-115

PSP score and QCA in STEMI

could be a consequence of the fact that the PSP technique has been 
developed in an all-comers population, but it may not be totally 
applied in a STEMI population, who may need a different opti-
mised BRS implantation technique. A conventional PSP strategy 
may indeed be difficult to achieve in the STEMI setting because 
predilation and/or post-dilatation (using a non-compliant balloon 
larger than the nominal diameter of the BRS) are not routinely 
recommended to avoid distal embolisation due to thrombus or soft 
plaque14. Moreover, coronary vasoconstriction, despite the admin-
istration of nitrates, may interfere with adequate vessel and scaf-
fold visual sizing15.

An interesting finding of our analysis is the role of thrombec-
tomy in BRS implantation for STEMI. Despite the lack of a 
mortality impact, thrombectomy has been reported to allow 
implantation of larger stents in primary PCI16. By reducing the 
amount of thrombus, thrombectomy may help to achieve a more 
accurate sizing and may also reduce the risk of distal emboli-
sation during balloon dilation17. In our analysis, we found, for 
example, that patients with thrombectomy received a larger 
scaffold (3.5 mm vs. 3.0 mm, p=0.041) than patients without 
thrombectomy. The combination of thrombectomy and optimal 
BRS implantation exhibits a trend towards a higher MLD and a 
lower maximum footprint. A future study should be carried out 
to clarify the efficacy of a thrombectomy-PSP strategy in STEMI 
patients.

Our analysis has also demonstrated that correct scaffold sizing 
and post-dilation were key steps in BRS implantation in order 
to achieve better post-procedural QCA parameters in STEMI 
patients. Because BRS have an upper limit of expansion, correct 
scaffold sizing is essential in order to avoid disruption, under-
expansion or malapposition18. Whereas BRS undersizing causes 
malapposition, BRS oversizing may be associated with dissection 
and adverse events19. Post-dilation using a non-compliant bal-
loon larger than the BRS diameter up to a maximum of 0.5 mm 
was also associated with better post-procedural QCA parameters. 
Although post-dilation was not statistically associated with post-
procedural MLD as a continuous variable, it was instead signi-
ficantly associated with high post-procedural MLD categorised 
as a binary variable (high/low), using the definitions of Puricel 
et al6 (47.0% vs. 36.1%, p=0.022). A recent study demonstrated 
that routine post-dilation was not associated with larger MLD 
after BRS implantation in a STEMI population20. However, in 
that study, approximately 80% of the patients underwent post-
dilation using a balloon smaller than the BRS diameter or larger 
than 0.5 mm above the nominal BRS diameter. This may explain 
the difference between our results and those findings. Even with 
achievement of angiographic success, aggressive post-dilation 
using an adequate balloon size was associated with good BRS 
expansion with a low incidence of malapposition and edge dis-
section, confirmed by OCT analysis21. Therefore, mandatory 
post-dilation using an adequate non-compliant balloon size (>1:1 
balloon-to-artery ratio) may be necessary for BRS implantation 
in STEMI patients.

Optimal BRS implantation was not associated with higher 
acute gain in multivariate analysis (Supplementary Table 8). 
Among patients without optimal BRS implantation, more than 
80% received an oversized BRS; this may explain the lack of 
difference in acute gain between optimal vs. non-optimal BRS 
implantation.

Finally, although our study demonstrated a relationship 
between optimal BRS implantation and post-procedural QCA 
analysis parameters in STEMI, no relationship between optimal 
BRS implantation and clinical events was observed in the one-
year follow-up data of BVS STEMI STRATEGY-IT. Because 
only seven cases of DoCE and two cases of ST occurred at 
one-year follow-up, it might be difficult to assess correctly the 
impact of QCA parameters and optimal BRS implantation on 
adverse events. Therefore, this requires to be investigated in 
the future with a follow-up longer than one year. Although the 
Absorb everolimus-eluting BRS is not available anymore due to 
its withdrawal from sale, a specific BRS implantation technique 
may be used for any kind of bioresorbable device intended to be 
implanted in STEMI patients.

Limitations
This study has several limitations. First, this is a retrospective 
analysis of a prospective multicentre registry. Second, about 10% 
of patients were excluded because of an inadequate angiogram for 
QCA analysis. However, the clinical and procedural characteristics 
were not different between included and excluded patients. Third, 
though the pre-specified BRS implantation strategy might be asso-
ciated with lesion characteristics, data on lesion characteristics, 
particularly the presence of severe calcification, were lacking in 
our analysis. However, the proportion of severe calcification in 
STEMI patients was reported to be relatively low22, and therefore 
our results might not have changed. Fourth, because the incidence 
of adverse events was low during the initial one-year follow-up 
(seven cases of DoCE and two incidences of definitive or prob-
able ScT), the relationship between clinical endpoints and opti-
mal BRS implantation cannot be assessed. Longer follow-up and 
a larger number of patients are required to verify the relationship 
between the post-procedural QCA data and clinical events after 
Absorb BRS implantation in patients with STEMI.

Conclusions
In STEMI patients, optimal BRS implantation, assessed by the 
PSP score, was associated with higher post-procedural MLD and 
lower maximum footprint. Manual thrombectomy was an inde-
pendent predictor of better post-procedural QCA parameters. At 
one-year follow-up, no relationship was observed between opti-
mal BRS implantation and incidence of adverse events. Long-
term follow-up is warranted to investigate further the relationship 
between these post-procedural QCA parameters and clinical out-
comes after BRS implantation in STEMI patients. The use of a 
modified PSP technique, including thrombectomy, also deserves 
further investigation.
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Impact on daily practice
Optimal BRS implantation, assessed by the maximum PSP 
scores, was significantly associated with higher post-proce-
dural MLD and lower maximum scaffold footprint in STEMI 
patients. In particular, correct scaffold size and post-dilation 
were key steps to obtaining better post-procedural QCA para-
meters. Manual thrombectomy prior to BRS implantation may 
play an important role in achieving better post-procedural QCA 
parameters in STEMI patients.
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Supplementary data 

Supplementary Figure 1. Pre-specified BRS implantation flow chart. 

BVS: bioresorbable vascular scaffold; NC: non-compliant; QCA: quantitative coronary 

angiography; TIMI: Thrombolysis In Myocardial Infarction 

 



Supplementary Table 1. PSP score model. 

 PSP-1 PSP-2 PSP-3 

Predilation Not performed = 

0 

Not performed or 

performed with RS 

≥30% = 0 

Not performed = 0 

Performed = 0.63 Performed with RS 

<30% = 1.56 

Performed = 0.63 

Scaffold sizing Incorrect = 0 

Correct = 1.96 

   Reference vessel diameter ≥2.50 mm and <2.75 mm; implantation of 

2.5 mm diameter scaffold 

   Reference vessel diameter ≥2.75 mm and <3.25 mm; implantation of 

3.0 mm diameter scaffold 

   Reference vessel diameter ≥3.25 mm and ≤3.75 mm; implantation of 

2.5 mm diameter scaffold 

Post-dilation Not performed or overexpanded* or  

Performed with 1:1 NC balloon† = 0 

Not performed or over-

expanded* or Performed with 

1:1 NC balloon pressure <16 

atm = 0 

Performed with NC balloon >1:1# = 1.93 Performed with NC balloon 

pressure ≥16 atm = 1.06 

Maximum 
score 

4.52 5.45 3.65 

 

* Performed with a balloon with a diameter >0.5 mm of the scaffold diameter.  
† Performed with an NC balloon of diameter up to maximum of the scaffold size.  
# Performed with an NC balloon with diameter larger than the scaffold size up to maximum of 
0.5 mm.  
NC: non-compliant; RS: residual stenosis



Supplementary Table 2. Differences in patient characteristics between included and 

excluded patients. 

Variables   Included Excluded p-value 

    (n=442)  (n=63) 

Procedural success  421 (95.2%) 62 (98.4%) 0.250 

Age, years   56 [50-63] 58 [50-65] 0.270 

Male    361 (81.7%) 49 (77.8%) 0.459 

Hypertension   208 (47.2%) 33 (52.4%) 0.438 

Dyslipidaemia   211 (47.8%) 27 (42.9%) 0.458 

Diabetes mellitus   56 (12.7%) 13 (20.6%) 0.085 

Smoking   239 (54.2%) 35 (55.6%) 0.839 

Family history of CAD  140 (31.7%) 16 (25.4%) 0.308 

Previous PCI   19 (4.2%) 3 (4.8%) 0.869 

Killip class 

Class 1    364 (82.4%) 53 (84.1%) 0.762 

Class 2    70 (15.8%) 10 (15.9%)  

Class 3    7 (1.6%) 0 (0.0%)  

Class 4    1 (0.2%) 0 (0.0%)  

Lesion location 

LAD    158 (35.7%) 11 (17.4%) 0.004 

LCx    81 (18.3%) 16 (25.4%) 0.189 

RCA    201 (45.5%) 36 (57.1%) 0.088 

CAD: coronary artery disease; LAD: left anterior descending artery; LCx: left circumflex 

artery; PCI: percutaneous coronary intervention; RCA: right coronary artery 



Supplementary Table 3. Patient characteristics according to the maximum PSP-1. 

Variables   Maximum PSP-1 Non-maximum PSP-1 p-value 

    (n=57)  (n=385) 

Age, years   59 [51-65] 56 [50-63]  0.328 

Male    50 (87.7%) 300 (77.9%)  0.206 

Hypertension   24 (42.1%) 184 (47.8%)  0.489 

Dyslipidaemia   28 (49.1%) 184 (47.8%)  0.757 

Diabetes mellitus   9 (15.8%) 47 (12.2%)  0.448 

Smoking   32 (56.1%) 208 (54.0%)  0.662 

Family history of CAD  16 (28.1%) 124 (32.2%)  0.585 

Previous PCI   2 (3.5%) 17 (4.4%)  1.000 

Killip class 

Class 1    48 (84.2%) 316 (82.1%)  0.693 

Class 2    9 (15.8%) 61 (15.8%)  0.992 

Class 3    0 (0%)  7 (1.8%)  0.305 

Class 4    0 (0%)  1 (0.3%)  1.000 

Lesion location 

LAD    23 (40.4%) 178 (46.2%)  0.405 

LCx    7 (12.3%) 76 (19.7%)  0.178 

RCA    27 (47.3%) 131 (34.1%)  0.050 

Bifurcation   9 (15.8%) 74 (19.2%)  0.536 

TIMI 3 at first angiogram  13 (22.8%) 52 (13.5%)  0.064 

Thrombectomy   28 (49.1%) 167 (43.4%)  0.415 

Predilation   57 (100%) 344 (89.4%)  0.010 

Predilation for DS <30%  1 (1.8%) 12 (3.1%)  0.483 



Scaffold diameter, mm  3.0 [3.0-3.5] 3.5 [3.0-3.5]  0.175 

Total scaffold length, mm  28 [23-35] 28 [18-35]  0.277 

Correct BRS sizing  57 (100%) 38 (9.9%)  <0.001 

Oversizing   0 (0%)  196 (50.9%)  <0.001 

Any post-dilation   57 (100%) 355 (92.2%)  0.022 

Post-dilation (balloon >1:1*) 57 (100%) 194 (50.4%)  <0.001 

Post-dilation (≥16 atm**)  37 (64.9%) 135 (35.1%)  <0.001 

Procedural success  55 (96.5%) 366 (95.1%)  1.000 

Pre-MLD, mm   0.50 [0.00-0.82] 0.00 [0.00-0.78]  0.280 

Pre-RVD, mm   3.05 [2.85-3.35] 2.66 [2.38-2.92]  <0.001 

Pre-DS, mm   85.0 [73.3-100] 100 [69.9-100]  0.998 

Lesion length, mm  18 [12-25] 16 [12-23]  0.293 

Data are presented as median [interquartile range], or n (percentage). 

* performed using a non-compliant balloon with diameter larger than the scaffold diameter up 

to a maximum 0.5 mm. 

** performed using a non-compliant balloon with diameter larger than the scaffold diameter 

up to a maximum 0.5 mm and balloon pressure ≥16 atm. 

atm: atmospheres; BRS: bioresorbable vascular scaffold; CAD: coronary artery disease; DS: 

diameter stenosis; LAD: left anterior descending artery; LCx: left circumflex artery; MLD: 

minimum lumen diameter; PCI: percutaneous coronary intervention; RCA: right coronary 

artery; RVD: reference vessel diameter  



Supplementary Table 4. Patient characteristics according to the highest PSP-2. 

Variables   Highest PSP-2 Non-highest PSP-2 p-value 

    (n=61)  (n=381) 

Age, years   59 [51-65] 56 [50-63]  0.483 

Male    53 (86.9%) 308 (80.0%)  0.257 

Hypertension   26 (42.6%) 182 (47.8%)  0.552 

Dyslipidaemia   28 (45.9%) 184 (48.3%)  0.815 

Diabetes mellitus   9 (14.8%) 47 (12.3%)  0.598 

Smoking   34 (55.7%) 206 (54.1%)  0.707 

Family history of CAD  18 (29.5%) 122 (32.0%)  0.755 

Previous PCI   2 (3.3%) 17 (4.5%)  1.000 

Killip class 

Class 1    51 (83.6%) 313 (82.2%)  0.782 

Class 2    10 (16.4%) 60 (16.0%)  0.898 

Class 3    0 (0%)  7 (1.8%)  0.600 

Class 4    0 (0%)  1 (0.3%)  1.000 

Lesion location 

LAD    26 (42.6%) 175 (45.9%)  0.630 

LCx    7 (11.5%) 76 (19.9%)  0.116 

RCA    28 (45.9%) 130 (34.1%)  0.075 

Bifurcation   9 (14.8%) 74 (19.4%)  0.386 

TIMI 3 at first angiogram  14 (23.0%) 51 (13.4%)  0.050 

Thrombectomy   31 (50.8%) 164 (43.0%)  0.256 

Predilation   57 (93.4%) 344 (90.3%)  0.430 

Predilation for DS <30%  1 (1.6%) 12 (3.1%)  0.444 



Scaffold diameter, mm  3.0 [3.0-3.5] 3.5 [3.0-3.5]  0.303 

Total scaffold length, mm  28 [18-35] 28 [19-36]  0.768 

Correct BRS sizing  61 (100%) 34 (8.9%)  <0.001 

Oversizing   0 (0%)  196 (51.4%)  <0.001 

Any post-dilation  61 (100%) 351 (92.1%)  0.023 

Post-dilation (balloon >1:1*) 61 (100%) 190 (49.9%)  <0.001 

Post-dilation (≥16 atm**)  39 (63.9%) 133 (34.9%)  <0.001 

Procedure success  59 (96.7%) 362 (95.0%)  0.753 

Preprocedural MLD, mm  0.51 [0.00-0.82] 0.00 [0.00-0.78]  0.177 

Preprocedural RVD, mm  3.07 [2.87-3.36] 2.62 [2.38-2.90]  <0.001 

Preprocedural DS, mm  82.9 [73.3-100] 100 [69.9-100]  0.880 

Lesion length, mm  17 [12-24] 16 [12-23]  0.568 

Data are presented as median [interquartile range], or n (percentage). 

* performed using a non-compliant balloon with diameter larger than the scaffold diameter up 

to a maximum 0.5 mm. 

** performed using a non-compliant balloon with diameter larger than the scaffold diameter 

up to a maximum 0.5 mm and balloon pressure ≥16 atmospheres. 

atm: atmospheres; BRS: bioresorbable vascular scaffold; CAD: coronary artery disease; DS: 

diameter stenosis; LAD: left anterior descending artery; LCx: left circumflex artery; MLD: 

minimum lumen diameter; PCI: percutaneous coronary intervention; RCA: right coronary 

artery; RVD: reference vessel diameter  



Supplementary Table 5. Patient characteristics according to the maximum PSP-3. 

 

Variables   Maximum PSP-3 Non-maximum PSP-3 p-value 

    (n=37)  (n=405) 

Age, years    59 [51-67] 56 [50-63]  0.371 

Male    32 (86.4%) 329 (81.2%)  0.429 

Hypertension   15 (40.5%) 193 (47.7%)  0.399 

Dyslipidaemia   16 (43.2%) 196 (48.4%)  0.539 

Diabetes mellitus   4 (10.8%) 52 (12.8%)  1.000 

Smoking   21 (56.8%) 219 (54.1%)  0.766 

Family history of CAD  9 (24.3%) 131 (32.3%)  0.311 

Previous PCI   1 (2.7%) 18 (4.4%)  1.000 

Killip class 

Class 1    30 (81.1%) 334 (82.5%)  0.832 

Class 2    7 (18.9%) 63 (15.6%)  0.592 

Class 3    0 (0%)  7 (1.7%)  1.000 

Class 4    0 (0%)  1 (0.2%)  1.000 

Lesion location 

LAD    16 (43.2%) 185 (45.7%)  0.776 

LCx    5 (13.6%) 78 (19.3%)  0.392 

RCA    16 (43.2%) 142 (35.0%)  0.320 

Bifurcation   8 (21.6%) 75 (18.5%)  0.644 

TIMI 3 at first angiogram  10 (27.0%) 55 (13.6%)  0.027 

Thrombectomy   19 (51.3%) 176 (43.5%)  0.355 

Predilation   37 (100%) 364 (89.9%)  0.037 

Predilation for DS <30%  1 (2.7%) 12 (3.0%)  0.702 



Scaffold diameter, mm  3.0 [3.0-3.5] 3.5 [3.0-3.5]  0.104 

Total scaffold length, mm  28 [21-35] 28 [18-36]  0.734 

Correct BRS sizing  37 (100%) 58 (14.3%)  <0.001 

Oversizing   0 (0%)  196 (48.4%)  <0.001 

Any post-dilation  37 (100%) 375 (92.6%)  0.160 

Post-dilation (balloon >1:1*) 37 (100%) 214 (52.8%)  <0.001 

Post-dilation (≥16 atm**)  37 (100%) 135 (33.3%)  <0.001 

Procedure success  36 (97.3%) 385 (95.1%)  1.000 

Preprocedural MLD (mm) 0.55 [0.00-0982] 0.00 [0.00-0.78]  0.120 

Preprocedural RVD (mm)  3.01 [2.81-3.36] 2.66 [2.40-2.96]  <0.001 

Preprocedural DS (mm)  82.9 [71.5-100] 100 [70.1-100]  0.504 

Lesion length (mm)  19 [12-24] 16 [12-23]  0.605 

Data are presented as median [interquartile range], or n (percentage). 

* performed using a non-compliant balloon with diameter larger than the scaffold diameter up 

to a maximum 0.5 mm. 

** performed using a non-compliant balloon with diameter larger than the scaffold diameter 

up to a maximum 0.5 mm and balloon pressure ≥16 atm. 

atm: atmospheres; BRS: bioresorbable vascular scaffold; CAD: coronary artery disease; DS: 

diameter stenosis; LAD: left anterior descending artery; LCx: left circumflex artery; MLD: 

minimum lumen diameter; PCI: percutaneous coronary intervention; RCA: right coronary 

artery; RVD: reference vessel diameter  



Supplementary Table 6. Multivariate analysis for predictors of low maximum scaffold footprint. 

 

Variables  Unadjusted  Adjusted (model PSP-1) Adjusted (model PSP-2) Adjusted (model PSP-3) 

   OR (95% CI) p-value OR (95% CI)  p-value OR (95% CI) p-value OR (95% CI) p-value 

Male   1.07 (0.65–1.74) 0.800 0.94 (0.53–1.64) 0.814 0.93 (0.53–1.64) 0.812 0.94 (0.54–1.65) 0.838 

Diabetes mellitus  0.66 (0.38–1.17) 0.155 0.69 (0.37–1.30) 0.250 0.69 (0.37–1.30) 0.249 0.70 (0.37–1.31) 0.262 

Bifurcation  0.54 (0.33–0.87) 0.012 0.76 (0.44–1.31) 0.325 0.76 (0.44–1.31) 0.325 0.77 (0.44–1.32) 0.332 

Lesion length  0.98 (0.97–1.00) 0.094 0.99 (0.97–1.01) 0.256 0.99 (0.97–1.01) 0.256 0.99 (0.97–1.01) 0.259 

RCA lesion  2.55 (1.66–3.90) <0.001 2.30 (1.42–3.72) 0.001 2.29 (1.42–3.71) 0.001 2.32 (1.43–3.74) 0.001 

Pre-RVD  11.9 (6.29–22.4) <0.001 8.98 (4.52–17.8) <0.001 8.85 (4.45–17.6) <0.001 9.73 (4.99–19.0) <0.001 

Direct implantation 1.81 (0.88–3.73) 0.107 1.74 (0.77–3.92) 0.182 1.73 (0.77–3.90) 0.185 1.70 (0.75–3.83) 0.204 

Thrombectomy  1.87 (1.26–2.77) 0.001 1.67 (1.07–2.59) 0.024 1.67 (1.07–2.59) 0.024 1.67 (1.07–2.59) 0.024 

Maximum PSP-1  3.09 (1.55–6.16) 0.001 1.21 (0.55–2.66) 0.635 

Highest PSP-2  2.31 (1.31–4.08) 0.004    1.25 (0.57–2.74) 0.571 

Maximum PSP-3  2.15 (0.99–4.68) 0.053       0.90 (0.37–2.17) 0.813 

CI: confidence interval; OR: odds ratio; Pre-RVD: preprocedural reference vessel diameter; RCA: right coronary artery 



Supplementary Table 7. Implantation technique and post-procedural QCA data. 

    Accomplished Not accomplished p-value 

Predilation 

    (n=403)  (n=39) 

Minimum lumen diameter, mm 2.53 [2.27-2.80] 2.74 [2.46-3.01]  0.007 

Maximum footprint, %  30.5 [19.8-43.0] 22.5 [12.8-37.7]  0.046 

Acute gain, mm   2.16 [1.65-2.60] 2.38 [2.01-2.81]  0.034 

Acute absolute recoil, mm 0.15 [0.05-0.29] 0.16 [0.05-0.27]  0.942 

Correct BRS sizing 

    (n=95)  (n=347) 

Minimum lumen diameter, mm 2.70 [2.35-2.90] 2.51 [2.24-2.78]  0.002 

Maximum footprint, %  22.7 [13.5-35.9] 32.1 [21.8-44.6]  <0.001 

Acute gain, mm   2.13 [1.65-2.69] 2.20 [1.67-2.61]  0.860 

Acute absolute recoil, mm 0.15 [0.04-0.29] 0.15 [0.05-0.29]  0.680 

Post-dilation (PSP-1 and PSP-2*) 

    (n=251)  (n=191)  

Minimum lumen diameter, mm 2.58 [2.29-2.84] 2.53 [2.23-2.77]  0.119 

Maximum footprint, %  26.5 [17.3-39.6] 33.6 [22.1-44.8]  0.002 

Acute gain, mm   2.24 [1.73-2.63] 2.12 [1.63-2.60]  0.112 

Acute absolute recoil, mm 0.15 [0.05-0.29] 0.15 [0.04-0.29]  0.811 

Post-dilation (PSP-3**) 

    (n=172)  (n=270) 

Minimum lumen diameter, mm 2.54 [2.29-2.82] 2.55 [2.28-2.82]  0.868 

Maximum footprint, %  27.9 [19.5-40.7] 30.9 [19.5-43.5]  0.353 

Acute gain, mm   2.24 [1.70-2.63] 2.15 [1.66-2.61]  0.369 

Acute absolute recoil, mm 0.18 [0.07-0.31] 0.14 [0.04-0.27]  0.066 

 
Data are presented as median [interquartile range]. 
* using non-compliant balloon with diameter larger than the scaffold diameter up to a 
maximum 0.5 mm. 
** using non-compliant balloon with diameter larger than the scaffold diameter up to a 
maximum 0.5 mm and balloon pressure ≥16 atmospheres. 
 
BRS: bioresorbable vascular scaffold



Supplementary Table 8. Multivariate analysis for predictors of acute absolute gain. 

 

Variables  Adjusted (model PSP-1)        Adjusted (model PSP-2)        Adjusted (model PSP-3)        

   Beta (95% CI)   p-value Beta (95% CI)  p-value Beta (95% CI)  p-value 

Male   -0.02 (-0.15 – 0.11) 0.755 -0.02 (-0.15 – 0.11) 0.763 -0.02 (-0.15 – 0.11) 0.762 

Diabetes mellitus  -0.38 (-0.19 – 0.12) 0.634 -0.04 (-0.19 – 0.12) 0.646 -0.04 (-0.20 – 0.11) 0.608 

Bifurcation  -0.16 (-0.30 – -0.03) 0.019 -0.16 (-0.30 – -0.03) 0.019 -0.16 (-0.30 – -0.02) 0.022 

Lesion length  -0.01 (-0.01 – 0.01) 0.094 -0.01 (-0.01 – 0.01) 0.092 -0.01 (-0.01 – 0.01) 0.096 

RCA lesion  0.11 (0.01 – 0.22) 0.046 0.11 (0.01 – 0.22) 0.044 0.11 (0.01 – 0.22) 0.045 

Pre-RVD  0.23 (0.10 – 0.37) 0.001 0.24 (0.11 – 0.38) 0.001 0.25 (0.12 – 0.38) 0.001 

Direct implantation 0.12 (-0.07 – 0.30) 0.207 0.12 (-0.06 – 0.30) 0.193 0.11 (-0.07 – 0.29) 0.235 

Thrombectomy  0.49 (0.39 – 0.60) <0.001 0.49 (0.39 – 0.60) <0.001 0.50 (0.39 – 0.60) <0.001 

Maximum PSP-1  -0.05 (-0.21 – 0.12) 0.563 

Highest PSP-2      -0.08 (-0.24 – 0.08) 0.333 

Maximum PSP-3          -0.15 (-0.35 – 0.04) 0.118 

CI: confidence interval; Pre-RVD: preprocedural reference vessel diameter; RCA: right coronary artery  


