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Abstract
Aims: The aim of the study was to develop a scoring model to evaluate the quality of bioresorbable vascu-
lar scaffold (BVS) implantation and determine the model’s usefulness in predicting adverse cardiac events.

Methods and results: The implantation technique and clinical outcomes of 1,736 lesions treated with 
BVS were analysed using the GHOST-EU registry. Predilation, scaffold sizing, and post-dilation (PSP) 
were scored according to the hazard model derived from the weight of these variables. The primary end-
point was a one-year device-oriented composite endpoint (DoCE) composed of cardiac death, target ves-
sel myocardial infarction, and clinically driven target lesion revascularisation. Definite/probable scaffold 
thrombosis was also evaluated as defined by the Academic Research Consortium. The PSP model per-
formance was evaluated by internal validation. Predilation, correct scaffold sizing, and post-dilation with 
a non-compliant balloon were performed in 95.7%, 50.2%, and 26.2% of the cases and scored 0.63, 1.96 
and 1.93 points, respectively, in the PSP-1 model. PSP-1 was an independent predictor of one-year DoCE 
(HR 0.75, 95% CI: 0.61-0.93; p=0.007), but with poor calibration and discrimination (AUC 0.611, 95% CI: 
0.545-0.677). No patient with a maximum PSP-1 score had scaffold thrombosis, compared to those with 
a non-maximum PSP-1 score (0% vs. 2.3%; p=0.095).

Conclusions: At one-year follow-up, the PSP-1 score was an independent predictor of DoCE. External 
validation and prospective studies are needed to determine the clinical usefulness of this score.
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Abbreviations
BVS bioresorbable vascular scaffolds
CD-TLR clinically driven target lesion revascularisation
DES drug-eluting stent
DoCE device-oriented composite endpoint
MI myocardial infarction
MLD minimum lumen diameter
PCI percutaneous coronary intervention
QCA quantitative coronary angiography
RVD reference vessel diameter
TV-MI target vessel myocardial infarction

Introduction
Bioresorbable vascular scaffolds (BVS) have been proposed as the 
fourth revolution in interventional cardiology, designed to overcome 
the limitations of drug-eluting stents (DES)1. Despite apparent safety 
reported from initial clinical studies1,2, clinical registries and a recent 
meta-analysis have shown a high incidence of cardiac events3,4. 
A patient-level meta-analysis of the four main ABSORB randomised 
clinical trials showed a higher incidence of target vessel myocardial 
infarction (TV-MI) and thrombosis in the BVS than in the DES group, 
also reported in the three-year findings of the ABSORB II trial3,5.

Based on recent data suggesting that a suboptimal implanta-
tion technique may be associated with this increased event risk6, 
a European expert consensus has proposed a BVS-specific implan-
tation protocol, emphasising the importance of proper lesion prep-
aration, accurate vessel sizing and mandatory post-dilation7. The 
value of this BVS-specific implantation protocol, however, has not 
been supported by clinical data.

The objectives of the present study were to develop a scoring 
model to evaluate the quality of BVS implantation and determine 
the model’s usefulness in estimating adverse cardiac events.

Editorial, see page 2047

Methods
STUDY DESIGN AND PATIENT POPULATION
The GHOST-EU (Gauging coronary Healing with biOresorbable 
Scaffolding plaTforms in EUrope) registry is an investigator-ini-
tiated, retrospective, multicentre registry involving 11 European 
centres. Details of the design, methods of data collection and defi-
nitions used have been reported elsewhere4. The registry included 
consecutive patients between November 2011 and January 2014 
who underwent single or multivessel percutaneous cardiac inter-
vention (PCI) with at least one of the current generation of 
everolimus-eluting BVS devices (Absorb BVS; Abbott Vascular, 
Santa Clara, CA, USA). All patients with coronary artery lesions 
suitable for stenting were eligible for recruitment to the registry.

PROCEDURES AND FOLLOW-UP
All interventions were performed according to current PCI guide-
lines. Balloon predilation was not mandatory but highly recom-
mended. Scaffold implantation at a pressure not exceeding the burst 
pressure rate was mandatory. Use of post-dilation, intracoronary 

imaging guidance and choice of antithrombotic therapy were left to 
operator discretion. If post-dilation was performed, a non-compliant 
(NC) balloon was used. Each centre was free to guide BVS siz-
ing by online quantitative coronary angiography (QCA), visual esti-
mation or intravascular imaging, as preferred. Post hoc QCA data 
analysis was performed offline to qualify the adequacy of BVS siz-
ing as correct or incorrect, based on the manufacturer’s instructions. 
The following QCA parameters were computed using commer-
cially available software, as reported elsewhere8: minimum lumen 
diameter (MLD), reference vessel diameter (RVD) obtained by an 
interpolated method, and percent diameter stenosis9.

Clinical follow-up was obtained by clinical visit and/or tele-
phone contact according to a schedule specific to each centre. 
Referring cardiologists and general practitioners were contacted 
whenever necessary for further information. There was no inde-
pendent or external monitoring of data entry, core lab analysis or 
event adjudication. Source verification, quality control, and que-
ries to the participating sites were mainly generated from the co-
ordinating centre to account partly for the unavoidable bias of 
site-reported data collection and adjudication4.

MODEL SPECIFICATION
Overall, three steps of scaffold implantation were evaluated in the 
PSP model:
– Predilation (lesion preparation)
– Scaffold sizing
– Post-dilation
MODEL 1 (PSP-1):

– Predilation:
• Not performed
• Performed

– Scaffold sizing:
• Correct sizing, defined as the following:

 - implantation of a 2.5 mm diameter scaffold in a vessel 
with a proximal/distal RVD ≥2.5 mm and <2.75 mm;

 - implantation of a 3.0 mm diameter scaffold in a vessel 
with a proximal/distal RVD ≥2.75 mm and <3.25 mm; or

 - implantation of a 3.5 mm diameter scaffold in a vessel 
with a proximal/distal RVD ≥3.25 mm and ≤3.75 mm;

 - if proximal and distal RVD differed, mean value was used.
• Incorrect sizing.

– Post-dilation:
• Either not performed or performed with a balloon with dia-

meter 0.5 mm greater than the scaffold diameter or per-
formed with a NC balloon with a diameter less than or equal 
to the scaffold diameter.

• Performed with an NC balloon of larger diameter than the 
scaffold, up to a maximum of 0.5 mm.

MODEL 2 (PSP-2): model 1 + residual stenosis after predilation 
by QCA, as follows:

– Predilation:
• Either not performed or performed with a QCA residual ste-

nosis ≥30%.
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• Performed with a QCA residual stenosis <30%.
MODEL 3 (PSP-3): model 1 + maximum pressure of post-dila-
tion, as follows:

– Post-dilation:
• Either not performed or performed with a balloon with dia-

meter 0.5 mm greater than the scaffold diameter or per-
formed with a NC balloon with a diameter less than or equal 
to the scaffold diameter at a pressure <16 atmospheres.

• Performed with a NC balloon of larger diameter than the 
scaffold, up to a maximum of 0.5 mm and at a pressure ≥16 
atmospheres.

OUTCOMES AND DEFINITIONS
The endpoints considered in this analysis are those reported in 
the GHOST-EU registry4,10. The primary endpoint was the device-
oriented composite endpoint (DoCE) of cardiac death, TV-MI, 
and clinically driven target lesion revascularisation (CD-TLR). 
Secondary outcomes were the individual components of the pri-
mary endpoint and scaffold thrombosis, defined according to 
Academic Research Consortium (ARC) criteria10. Myocardial 
infarction (MI) was defined according to the third universal defi-
nition11. Deaths that could not be attributed to another cause were 
regarded as cardiac deaths. Endpoints were analysed at one-year 
follow-up4. Optimal BVS implantation was coded as the maxi-
mum PSP-model score.

STATISTICAL ANALYSIS
Continuous variables are presented as mean±standard deviation or 
median and interquartile range (IQR), as appropriate. Categorical 
variables are reported as absolute numbers and percentages. 
Differences in proportions were tested with chi-square or Fisher’s 
exact tests and differences in continuous variables were tested 
with the Student’s t-test.

The weights of all the variables entered in the PSP-score mod-
els were derived by hazard ratios (HR) from a logistic regression 
model, with DoCE as dependent variable and the three implan-
tation steps, properly coded, as independent variables. The three 
PSP models were evaluated in terms of overall performance, cali-
bration and discrimination, as previously shown12. Overall perfor-
mance of the models was defined as the variation explained by 
the model, assessed by Nagelkerke’s R2 with a maximum value 
of 1 and minimum of 012. Calibration, defined as the degree of 
correspondence between the estimated probabilities produced by 
a model and the actual observation, was measured by the Hosmer-
Lemeshow test: the lower the statistic and higher the p-values, the 
more calibrated is the score12. Discrimination is the probability 
that the score will assign higher risk values to patients who even-
tually experience events compared to those who do not, and was 
measured with the area under the receiver-operating characteristic 
curves (AUCs). The AUC values range from 0.50 (no discrimina-
tion) to 1.0 (perfect discrimination)12.

Score derivation and validation were performed in line with 
the published TRIPOD statement for transparent reporting of 

a multivariable prediction model for individual prognosis or diag-
nosis13. Internal validation (TRIPOD type 1b) was performed using 
the “bootstrapping” resampling technique (1,000 replications)13.

To assess potential bias due to differences in baseline charac-
teristics within each PSP model, a propensity score was built from 
a logistic regression model (with DoCE as outcome) and used for 
adjustment. Results were reported as HR with associated 95% 
confidence interval (95% CI) and p-value. Eventually, PSP models 
were applied to the same development population (step 7 of model 
development)14. A Kaplan-Meier method was used to derive the 
event rates at follow-up and to plot time-to-event curves, divid-
ing the population according to the maximum score of the PSP 
models, coded as the maximum score vs. non-maximum score. 
Kaplan-Meier curves were corrected for the propensity score and 
compared by log-rank test.

A two-tailed probability value <0.05 was considered significant. 
All data were processed using the Statistical Package for Social 
Sciences, Version 22 (IBM Corp., Armonk, NY, USA).

Results
POPULATION
A total of 1,477 patients were included in the GHOST-EU registry. 
Baseline clinical and procedural characteristics have been previ-
ously reported8.

Due to missing data, a total of 1,227 lesions (1,020 patients) 
were included in the PSP-1 model, 831 lesions (714 patients) in 
the PSP-2 model, and 1,227 lesions (1,020 patients) in the PSP-3 
model (Table 1). There were no significant differences at baseline 
or in DoCE between the patients included in vs. those excluded 
from the PSP models (Online Table 1, Online Table 2).

MODEL DEVELOPMENT AND VALIDATION
Each implantation step was scored by applying hazard models to 
the DoCE. Three different models of PSP score were developed. 
The weights of HRs for each step of each model are shown in 
Figure 1A.

The performance of all the models in terms of overall discrimi-
nation and calibration is shown in Figure 1B. The best overall per-
formance according to Nagelkerke’s R2 value was displayed by 
the PSP-1 and PSP-2 scores (0.04). The PSP-1 model had the best 
calibration (X2=4.19, p=0.758 by Hosmer-Lemeshow statistic) and 
discrimination (AUCs 0.611 [95% CI: 0.545-0.677]). The discrim-
ination of the PSP-2 was similar to the PSP-1, whereas the PSP-3 
had lower discrimination (Figure 1B).

In the internal validation, the PSP models were independent 
predictors of DoCE: PSP-1: HR -0.307, 95% CI bias-corrected 
(-0.516 to -0.111; p=0.007), PSP-2: HR -0.250, 95% CI bias-cor-
rected (-0.434 to -0.091; p=0.008), and PSP-3: HR -0.274, 95% CI 
bias-corrected (-0.496 to -0.059; p=0.020).

PSP-SCORE MODELS FOR PROGNOSTIC STRATIFICATION
The one-year DoCE rate was higher in patients with non-maximum 
PSP scores, compared to those with maximum PSP score, mainly 
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driven by a higher incidence of MI (Table 2). Figure 2A-Figure 2C 
show the Kaplan-Meier curves for DoCE in the three PSP models. 
Within the PSP-1 model, significantly fewer patients with maxi-
mum PSP score had DoCE (1.5% vs. 7.4%, p=0.037), and this 
patient group also had fewer cases of definite/probable scaffold 
thrombosis (0% vs. 2.3%, p=0.095) compared to those with non-
maximum PSP scores (Table 2, Figure 2A-Figure 2C).

In the multivariate analysis, all the PSP models independently 
predicted DoCE (PSP-1: HR 0.75, 95% CI: 0.61-0.93; p=0.007, 
PSP-2: HR 0.83, 95% CI: 0.66-0.99; p=0.050, and PSP-3: HR 

0.78, 95% CI: 0.61-0.99; p=0.044), even after adjustment for 
propensity score (PSP-1: HR 0.78, 95% CI: 0.62-0.97; p=0.029, 
PSP 2: HR 0.80, 95% CI: 0.65-0.96; p=0.017, and PSP-3: HR 
0.76, 95% CI: 0.60-0.96; p=0.020) (Online Table 3).

Discussion
The main findings of our study are: 1) optimisation of BVS 
implantation can be simply quantified in a score model; 2) in 
both model estimation and internal validation, these score models 
independently predicted DoCE, but had poor discrimination and 

Figure 1. PSP-score models estimation and performance. A) *Implantation of a 2.5 mm diameter scaffold in a vessel with a proximal and 
distal RVD ≥2.5 mm and <2.75 mm; implantation of a 3.0 mm diameter scaffold in a vessel with a proximal and distal RVD ≥2.75 mm and 
<3.25 mm; and implantation of a 3.5 mm diameter scaffold in a vessel with a proximal and distal RVD ≥3.25 mm and ≤3.75 mm. RVD and 
residual stenosis after predilation were assessed by offline QCA9. +Performed with a balloon with a diameter >0.5 mm of the scaffold diameter. 
‡Performed with a NC balloon of diameter up to a maximum of the same scaffold size. §Performed with a NC balloon with diameter bigger 
than the scaffold size up to a maximum of 0.5 mm. atm: atmospheres; NC: non-compliant; QCA: quantitative coronary angiography; RVD: 
reference vessel diameter B) PSP-1: R2: 0.04, HL: X2=4.19 (0.758), and AUCs: 0.611 (0.545-0.677). PSP-2: R2: 0.04, HL: X2=12.50 (0.130), 
and AUCs: 0.599 (0.536-0.663). PSP-3: R2: 0.03, HL: X2=4.23 (0.836), and AUCs: 0.579 (0.509-0.650). R2: Nagelkerke’s R2; HL: Hosmer-
Lemeshow (p-value); and AUCs: area under the receiver-operating characteristic curve (95% confidence interval).
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calibration at one-year follow-up; 3) patients with maximum PSP 
score exhibited a lower rate of events, mainly driven by a lower 
rate of MI, compared to patients with a non-maximum PSP score.

When BVS were first introduced, it seemed clear that these 
devices should be implanted following specific guidelines. In 
contrast to metallic stents, they aimed to scaffold rather than 
stretch plaque (i.e., by barotrauma); adequate lesion preparation 
was therefore required. Correct vessel sizing was also crucial 
because of limited expansion. Last but not least, as for first-gen-
eration thick-strut DES, post-dilation was a way to optimise the 

Table 1. Distribution of PSP models.

PSP-1 
(n=1,227)

PSP-2 
(n=831)

PSP-3 
(n=1,227)

Median (IQR) 2.56 
(0.63-2.59)

1.96 
(1.56-3.52)

1.96 
(0.63-2.59)

1:1 Predilation, n (%)

No 53 (4.3) 53 (6.4) 53 (4.3)

Yes 1,174 (95.7) – 1,174 (95.7)

Residual stenosis 
≥30% – 288 (34.6) –

Residual stenosis 
<30% – 490 (59.0) –

Scaffold sizing, n (%)

Incorrect 611 (49.8) 357 (43.0) 611 (49.8)

Correct* 616 (50.2) 474 (57.0) 616 (50.2)

Post-dilation, n (%)

No 438 (35.7) 299 (36.0) 438 (35.7)

Overexpanded¶ 17 (1.4) 17 (2.0) 17 (1.4)

1:1 NC balloon‡ 468 (38.1) 289 (34.8) –

NC balloon >1:1§ 321 (26.2) 243 (29.2) –

NC balloon pressure 
<16 atm – – 258 (21.0)

NC balloon pressure 
≥16 atm – – 531 (43.3)

QCA analysis

RVD proximal (mm) 2.97±0.55 3.02±0.53 2.97±0.55

RVD distal (mm) 2.79±0.55 2.79±0.53 2.79±0.55

Mean RVD (mm) 2.91±0.51 2.91±0.51 2.91±0.51

Lesion length (mm) 19.33±13.60 19.32±13.27 19.33±13.60

Stenosis (%) 82.10±14.0 84.36±12.3 82.10±14.0

Pre-MLD (mm) 0.57±0.75 0.34±0.68 0.57±0.75

Residual stenosis after 
predilation (%) 29.9±16.6 29.9±16.5 29.9±16.6

Lesion-level analysis. *Implantation of a 2.5 mm diameter scaffold in 
a vessel with a proximal and distal RVD ≥2.5 mm and <2.75 mm; 
implantation of a 3.0 mm diameter scaffold in a vessel with a proximal 
and distal RVD ≥2.75 mm and <3.25 mm; and implantation of 
a 3.5 mm diameter scaffold in a vessel with a proximal and distal RVD 
≥3.25 mm and ≤3.75 mm. RVD and residual stenosis after predilation 
were assessed by offline QCA9. ¶Performed with a balloon with a diameter 
>0.5 mm of the scaffold diameter. ‡Performed with a NC balloon of 
diameter up to a maximum of the same scaffold size. §Performed with 
a NC balloon with diameter bigger than the scaffold size up to 
a maximum of 0.5 mm. atm: atmospheres; IQR: interquartile range; 
MLD: minimum luminal diameter; NC: non-compliant; QCA: quantitative 
coronary angiography; RVD: reference vessel diameter

*Log-rank p=0.037
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Figure 2. Presentation of PSP-score models: Kaplan-Meier curves. 
Patient-level analysis. *Adjusted for multivariable propensity score 
model. Device-oriented composite endpoint (DoCE) includes cardiac 
death, target vessel MI (TV-MI), and clinically driven target lesion 
revascularisation (CD-TLR).

implantation further7. Despite these recommendations, quantifying 
the quality of BVS implantation remains an unmet clinical need.

The present study explored the possibility of quantifying each 
of these three steps. Predilation was analysed as a binary variable 
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(either performed or not performed) or by taking into account the 
QCA residual stenosis as an index of adequate lesion preparation. 
Notably, >95% of the GHOST cohort received predilation; there-
fore, use of a simplified (SP) score did not affect predictive value 
(Online Table 4, Online Figure 1).

The weight of post-dilation was also explored using two dif-
ferent approaches, maximum pressure and the sizing of the post-
dilation balloon. Pressure >16 atmospheres did not add value as 
compared to post-dilation with a balloon with a larger diameter 
than the implanted BVS, up to a maximum of 0.5 mm.

Correct scaffold sizing is of utmost importance. The 
ABSORB III trial showed a higher incidence of thrombosis in 
vessels with a QCA RVD <2.25 mm compared to larger ves-
sels2,15. Based on this result, the manufacturer has changed its 
vessel size recommendation, with BVS implantation in ves-
sels ≤2.5 mm. Our analysis took this new recommendation into 
account, finding that almost 50% of the BVS implantations did 
not consider vessel sizing by QCA. This discrepancy between 
QCA and scaffold sizing confirmed the results of previous stud-
ies16. This observation, together with the weight given to sizing 
by hazard models in our analysis, further reinforces the idea that 
sizing is very important at the moment of BVS implantation; at 
the least, use of online QCA should be stressed by any inter-
ventional cardiologist6,7. The impact of correct scaffold sizing 
on the need for post-dilation was not assessed in our study and 

should be analysed in future studies. Based on manufacturers’ 
instructions, high-pressure post-dilation with a NC balloon –
not exceeding scaffold thresholds – is strongly recommended to 
improve strut apposition and blood flow7.

Our analysis showed that the PSP score independently predicts 
DoCE; in particular, optimal BVS implantation, coded as the max-
imum score, was associated with a low rate of events. A previous 
report has shown that the one-year incidence of scaffold thrombo-
sis could be reduced by use of an optimised implantation strategy6. 
Our analysis extends this observation from scaffold thrombosis to 
a device-oriented endpoint, quantifying each implantation step in 
a scoring model. Diabetes, acute coronary syndromes and ostial 
lesion location were other independent predictors of events in the 
model, as expected and as previously shown for metallic and for 
bioresorbable devices8.

Overall, each PSP-score model exhibited greater discrimination 
(AUC) than each individual step of the implantation technique 
(data not shown). Our score may have important clinical applica-
tions in daily practice, if its predictive ability can be confirmed in 
future studies.

The present study considered one-year follow-up data; longer-
term follow-up is needed to validate the PSP-score models, 
especially considering the higher than expected very late events 
rate observed in the ABSORB II trial at three-year follow-up5. 
Validation in specific clinical scenarios in which the implantation 

Table 2. Presentation of PSP-score models: clinical outcomes at 1-year follow-up, stratified according to maximum score.

PSP-1 model

Maximum score (n=136) Non-maximum score (n=884) HR (95% CI) p-value

DoCE* 2 (1.5) 65 (7.4) 4.50 (1.10-11.44) 0.037

Cardiac death 0 10 (1.1) – 0.431

TV-MI 0 22 (2.5) – 0.246

CD-TLR 2 (1.5) 50 (5.7) – 0.036

ARC definite/probable ST 0 20 (2.3) – 0.095

PSP-2 model

Maximum score (n=79) Non-maximum score (n=635) HR (95% CI) p-value

DoCE* 1 (1.3) 42 (6.6) 5.86 (0.80-42.90) 0.082

Cardiac death 1 (1.3) 13 (2.0) – 0.608

TV-MI 0 17 (2.8) – 0.242

CD-TLR 1 (1.3) 30 (4.7) – 0.239

ARC definite/probable ST 0 15 (2.4) – 0.394

PSP-3 model

Maximum score (n=219) Non-maximum score (n=801) HR (95% CI) p-value

DoCE* 11 (5.0) 56 (7.0) 1.44 (0.73-2.83) 0.296

Cardiac death 2 (0.9) 8 (1.0) – 0.909

TV-MI 2 (0.9) 20 (2.5) – 0.194

CD-TLR 9 (4.1) 43 (5.4) – 0.603

ARC definite/probable ST 2 (0.9) 18 (2.3) – 0.278

Patient-level analysis. *Adjusted for multivariable propensity score model. Device-oriented composite endpoint (DoCE) includes cardiac death, target 
vessel myocardial infarction (TV-MI), and clinically driven target lesion revascularisation (CD-TLR). ARC: Academic Research Consortium; CI: confidence 
interval; HR: hazard ratio; ST: scaffold thrombosis



2116

E
uroIntervention 2

0
17;1

2
:2110

-2117

technique may differ, such as ST-segment elevation myocardial 
infarction or chronic total occlusion, is also needed.

Limitations
This study has several limitations. First, the GHOST-EU is a ret-
rospective registry; therefore, the data regarding clinical and pro-
cedural characteristics were not prospectively collected. Second, 
this registry lacked a central independent angiographic core lab 
and independent clinical events committee. Third, no post-proce-
dural final QCA data were available. Fourth, data regarding the 
balloon size used for predilation were missing; however, as all 
the GHOST-EU centres are high-volume centres for ABSORB 
implantation, NC balloons with 1:1 size are always used. As the 
PSP score was developed in a derivation cohort and was internally 
validated, it will eventually require validation in an external popu-
lation in order to determine its clinical value not only in BVS but 
also in metallic stent implantation.

Conclusions
The PSP score is a simple model for critical assessment of the 
quality of BVS implantation technique, being an independent pre-
dictor of one-year DoCE with poor discrimination and calibra-
tion. External validation and prospective studies are mandatory to 
determine the clinical utility of this score.

Impact on daily practice
The PSP score is a simple scoring model designed to be used 
in daily clinical practice with the objective of assessing scaffold 
implantation technique and identifying patients at high risk of 
adverse cardiac events; all the PSP models tested were inde-
pendent predictors of DoCE at one-year follow-up. Regarding 
the quality of BVS implantation, patients with a maximum 
PSP-1 value had a significantly lower rate of DoCE, compared 
to those with a non-maximum value. Prospective studies are 
needed to confirm these results, further validate the predictive 
capacity of the PSP-score models, improve their quality, and 
determine their clinical value.
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Supplementary data

Online Table 1. Clinical outcomes at 1-year follow-up in patients 
included in vs. those excluded from the PSP-1 and 3 analysis.

PSP group* 
(n=1,020)

Non-PSP group 
(n=460)

p-value

DoCE 66 (6.5) 31 (6.1) 0.654

CV death 10 (1.0)   7 (1.4) 0.416

TV-MI 22 (2.2) 18 (3.5) 0.100

CD-TLR 51 (5.0) 24 (4.7) 0.898

Definite/probable 
scaffold thrombosis 20 (2.0) 16 (3.1) 0.100

*Represents PSP-1 and PSP-3. Patient-level analysis.

Online Table 2. Clinical outcomes at 1-year follow-up in patients 
included in vs. those excluded from the PSP-2 analysis.

PSP group* 
(n=714)

Non-PSP group 
(n=766)

p-value

DoCE 40 (5.6) 57 (7.4) 0.199

CV death 8 (1.1) 9 (1.2) 0.888

TV-MI 17 (2.4) 23 (3.0) 0.566

CD-TLR 28 (3.9) 47 (6.1) 0.099

Definite/probable 
scaffold thrombosis 15 (2.1) 21 (2.7) 0.527

*Represents PSP-2. Patient-level analysis.
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Online Table 3. PSP-score models estimation of device-oriented composite endpoint.

PSP-1 PSP-2 PSP-3

Univariate Multivariate Univariate Multivariate Univariate Multivariate

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

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

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

(95% CI)

Patient-level analysis
Age (years) 0.951 1.00 (0.98-1.02) 0.668 1.01 (0.98-1.04) 0.951 1.00 (0.98-1.02)

Male 0.365 0.77 (0.43-1.36) 0.594 0.83 (0.41-1.67) 0.365 0.77 (0.43-1.36)

Current smoker 0.880 1.04 (0.62-1.76) 0.502 1.24 (0.67-2.30) 0.880 1.04 (0.62-1.76)

Diabetes mellitus 0.001 2.24 (1.39-3.62) 0.001 2.51 
(1.50-4.24)

0.008 1.38 (1.2-4.12) 0.008 2.54 
(1.28-5.02)

0.001 2.24 (1.39-3.62) 0.001 2.50 
(1.48-4.22)

Hyperlipidaemia 0.175 0.72 (0.44-1.16) 0.953 0.98 (0.54-1.80) 0.175 0.72 (0.44-1.16)

Hypertension 0.015 2.31 (1.18-4.53) 0.094 1.81 (0.88-4.96) 0.015 2.31 (1.18-4.53)

Family history of CAD 0.225 0.73 (0.43-1.25) 0.280 0.70 (0.36-1.35) 0.225 0.73 (0.43-1.25)

History of PCI 0.564 1.16 (0.71-1.90) 0.139 1.58 (0.86-2.88) 0.564 1.16 (0.71-1.90)

History of CABG 0.472 1.40 (0.56-3.48) 0.639 1.33 (0.41-4.29) 0.472 1.40 (0.56-3.48)

History of cerebrovascular 
accidents

0.641 1.32 (0.41-4.20) 0.509 0.51 (0.07-3.73) 0.641 1.32 (0.41-4.20)

History of renal disease 0.470 1.31 (0.63-2.70) 0.397 1.46 (0.61-3.51) 0.470 1.31 (0.63-2.70)

GFR ≤60 mL/min 0.306 1.47 (0.70-3.10) 0.207 0.56 (0.23-1.37) 0.306 1.47 (0.70-3.10)

Clinical presentation

ACS 0.059 1.60 (0.98-2.60 0.030 0.227 1.45 (0.80-2.66) 0.059 1.60 (0.98-2.60 0.074 1.70 
(0.95-3.03)

STEMI 0.439 0.73 (0.34-1.61) 0.487 0.72 (0.28-1.83) 0.439 0.73 (0.34-1.61)

LVEF <30% 0.832 0.81 (0.11-5.85) 0.611 1.67 (0.23-12.35) 0.832 0.81 (0.11-5.85)

Multivessel disease 0.487 0.84 (0.51-1.38) 0.378 0.76 (0.41-1.41) 0.487 0.84 (0.51-1.38)

DAPT discontinuation 0.936 0.94 (0.48-2.41) 0.539 1.34 (0.52-3.46) 0.936 0.94 (0.48-2.41)

Use of prasugrel or ticagrelor 0.280 1.35 (0.78-2.32) 0.323 0.70 (0.60-1.50) 0.280 1.35 (0.78-2.32)

Lesion-level analysis
Target vessel* 0.206 1.38 (0.84-2.27) 0.232 1.46 (0.79-2.70) 0.206 1.38 (0.84-2.27)

Lesion type B2/C 0.978 1.01 (0.61-1.69) 0.664 0.87 (0.45-1.67) 0.978 1.01 (0.61-1.69)

De novo lesions 0.416 1.52 (0.55-4.18) 0.871 1.12 (0.27-4.65) 0.416 1.52 (0.55-4.18)

In-stent restenosis 0.147 1.97 (0.79-4.91) 0.382 1.69 (0.52-5.51) 0.147 1.97 (0.79-4.91) 0.074 2.35 
(0.92-6.00)

Chronic total occlusion 0.313 0.55 (0.17-1.76) 0.166 0.25 (0.04-1.79) 0.313 0.55 (0.17-1.76)

Ostial lesion 0.001 3.01 (1.57-5.75) 0.003 2.76 
(1.41-5.40)

0.002 3.92 (1.65-9.33) 0.022 3.07 
(1.18-7.98)

0.001 3.01 (1.57-5.75) 0.003 2.75 
(1.40-5.38)

Bifurcated lesion 0.232 1.36 (0.82-2.26) 0.032 2.09 (1.03-2.37) 0.057 1.95 
(0.98-3.88)

0.232 1.36 (0.82-2.26)

Thrombus present 0.152 1.59 (0.84-2.98) 0.691 1.24 (0.44-3.51) 0.152 1.59 (0.84-2.98)

No. of scaffolds 0.007 1.30 (1.08-1.57) 0.002 1.43 (1.14-1.79) 0.007 1.30 (1.08-1.57)

Scaffold overlapping 0.736 0.64 (0.60-1.87) 0.426 1.31 (0.67-2.56) 0.736 0.64 (0.60-1.87)

Total scaffold length (mm) 0.027 1.01 (1.01-1.02) 0.027 1.01 (1.01-1.02) 0.027 1.01 (1.01-1.02)

Intracoronary imaging guidance 0.524 1.18 (0.72-2.01) 0.815 0.92 (0.47-1.80) 0.524 1.18 (0.72-2.01)

Lesion length >34 mm 0.841 0.93 (0.46-1.90) 0.178 1.82 (0.76-4.34) 0.841 0.93 (0.46-1.90)

PSP score 0.001 0.72 (0.59-0.88) 0.007 0.75 
(0.61-0.93)

0.017 0.80 (0.65-0.96) 0.050 0.83 
(0.66-0.99)

0.020 0.77 (0.61-0.96) 0.044 0.78 
(0.61-0.99)

PSP score (adjusted for 
multivariate propensity score 
model)

0.029 0.78 (0.62-0.97) 0.024 0.80 (0.65-0.97) 0.020 0.76 (0.60-0.96)

Patient-level analysis. *Analysed as left anterior descending artery vs. non-left anterior descending artery. ACS: acute coronary syndromes; CABG: coronary artery bypass grafting; CAD: coronary 
artery disease; CI: confidence interval; DAPT: dual antiplatelet therapy; GFR: glomerular filtration rate; HR: hazard ratio; LVEF: left ventricular ejection fraction; MI: myocardial infarction; 
PCI: percutaneous coronary intervention
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Online Table 4. SP score models estimation of device-oriented composite endpoint.

SP-1 SP-3

Univariate Multivariate Univariate Multivariate

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

Patient-level analysis

Diabetes mellitus 0.001 2.24 (1.39-3.62) 0.001 2.48 (1.48-4.17) 0.001 2.24 (1.39-3.62) 0.001 2.43 (1.45-4.09)

Hypertension 0.015 2.31 (1.18-4.53) 0.015 2.31 (1.18-4.53)

ACS 0.059 1.60 (0.98-2.60) 0.012 1.97 (1.16-3.36) 0.059 1.60 (0.98-2.60) 0.030 1.80 (1.06-3.05)

Lesion-level analysis

Ostial lesion 0.001 3.01 (1.57-5.75) 0.003 2.80 (1.43-5.46) 0.001 3.01 (1.57-5.75) 0.002 2.82 (1.44-5.49)

No. of scaffolds 0.007 1.30 (1.08-1.57) 0.007 1.30 (1.08-1.57)

Total scaffold length (mm) 0.027 1.01 (1.01-1.02) 0.027 1.01 (1.01-1.02)

PSP score 0.002 0.72 (0.59-0.88) 0.006 0.75 (0.61-0.92) 0.025 0.78 (0.62-0.97) 0.047 0.79 (0.62-0.99)

PSP score (adjusted for multivariate 
propensity score model) 0.009 0.76 (0.61-0.93) 0.026 0.77 (0.61-0.97)

Patient-level analysis. ACS: acute coronary syndromes; CI confidence interval; HR: hazard ratio

Online Figure 1. PSP and SP score models estimation and 
performance. AUC: area under the receiver-operating characteristic 
curve (95% confidence interval); HL: Hosmer-Lemeshow (p-value); 
R2: Nagelkerke’s R2


