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Abstract
Aims: We aimed to investigate the impact of lesion calcification on angiographic outcomes after Absorb 
everolimus-eluting bioresorbable vascular scaffold (BVS) implantation in comparison with those after 
cobalt-chromium everolimus-eluting stent (CoCr-EES) implantation.

Methods and results: The present post hoc analysis of the ABSORB Japan randomised trial compared 
post-procedure and 13-month angiographic outcomes between patients implanted with BVS and CoCr-
EES based on the presence or absence of calcification, excluding extremely heavily calcified lesions or 
lesions requiring rotational atherectomy. The study population comprised 384 patients with 384 lesions 
(including 114 lesions [29.7%] with moderate or severe calcification), classified into two subgroups: calci-
fication, 114 (BVS: n=72 and CoCr-EES: n=42) and non-calcification, 270 (BVS: n=181 and CoCr-EES: 
n=89). Follow-up angiography was performed in 94.8% of patients. Both post-procedure and follow-up in-
device minimal lumen diameters were comparable in both the BVS arm (calcification vs. non-calcification: 
2.43±0.32 mm vs. 2.43±0.39 mm, p=0.91 and 2.17±0.49 mm vs. 2.27±0.47 mm, p=0.17) and in the CoCr-
EES arm (2.68±0.34 mm vs. 2.65±0.42 mm, p=0.62 and 2.57±0.52 mm vs. 2.47±0.53 mm, p=0.36).

Conclusions: Moderate or severe lesion calcification (excluding patients with extremely heavily calci-
fied lesions or lesions requiring rotational atherectomy) does not negatively affect angiographic outcomes 
at both post-procedure and 13-month follow-up after BVS implantation. ClinicalTrials.gov Identifier: 
NCT01844284
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Abbreviations
BVS bioresorbable vascular scaffold
CoCr-EES cobalt-chromium everolimus-eluting stent
DES drug-eluting stent
MLD minimal lumen diameter
OCT optical coherence tomography

Introduction
Drug-eluting stents (DES) have reduced the rates of restenosis 
and subsequent target lesion revascularisation compared with bare 
metal stents1; however, long-term safety concerns, such as stent 
thrombosis and late restenosis, remain due to the permanent pres-
ence of polymer and metallic prostheses within the vessel2, for 
which reason the bioresorbable vascular scaffold (BVS), a drug-
eluting fully bioresorbable semicrystalline poly-L-lactide scaf-
fold, has been developed. However, BVS deployment in complex 
lesions is challenging due to the intrinsic character of the poly-
L-lactide backbone, and lesion calcification can cause inadequate 
expansion and recoil of BVS3, which are prone to scaffold throm-
bosis and restenosis4. Therefore, we investigated the impact of 
lesion calcification on angiographic and clinical outcomes after 
BVS implantation in comparison with DES implantation based on 
the data from the ABSORB Japan trial.

Editorial, see page 1684

Methods
STUDY POPULATION AND PROTOCOL
The ABSORB Japan trial was a prospective, multicentre, 
randomised, single-blind, active-controlled clinical trial of 

400 patients undergoing percutaneous coronary intervention. 
The patients received either the Absorb™ everolimus-eluting 
BVS (Abbott Vascular, Santa Clara, CA, USA) or a cobalt-chro-
mium everolimus-eluting stent (CoCr-EES) (XIENCE PRIME®/ 
Xpedition®; Abbott Vascular) on a 2:1 basis. Details of the organi-
sational structure, the 38 participating centres, the study design, 
and the clinical and angiographic outcomes at one year have 
been described previously5. Our study is a post hoc analysis of 
the ABSORB Japan trial to investigate the impact of lesion calci-
fication on post-procedure and 13-month angiographic outcomes 
following BVS versus CoCr-EES implantation. Patients were clas-
sified into two subgroups according to the presence or absence of 
calcification: moderate or severe calcification (calcification group) 
and no or mild calcification (non-calcification group). The study 
protocol excluded patients with extremely heavy lesion calcifi-
cation found by on-site investigators. In our study, patients with 
multiple target lesions were excluded in order to avoid the mix-
ture of calcified and non-calcified lesions in one patient, although 
the study protocol allowed treatment of up to two target lesions. 
In addition, one patient who had received inadequate assessment 
of lesion calcification was excluded. Finally, our study population 
consisted of 384 patients with 384 lesions (BVS, n=253 and CoCr-
EES, n=131) (Figure 1).

The study was carried out in accordance with the provisions of 
the Declaration of Helsinki and the guidelines for epidemiologi-
cal studies issued by the Ministry of Health, Labor, and Welfare 
of Japan. The clinical trial protocol was approved by each institu-
tional review board. All patients provided written informed con-
sent before enrolment.

ABSORB Japan
N=400 L=412

Apr. 27, 2013 - Dec. 27, 2013

BVS: ITT population
N=266 L=275

CoCr-EES: ITT population
N=134 L=137

BVS not implanted
N=3 L=3

BVS: FAS population
N=263 L=272

CoCr-EES: FAS population
N=134 L=137

2-lesion subjects
N=9 L=18

2-lesion subjects
N=3 L=6

BVS: Single lesion
N=254 L=254

CoCr-EES: Single lesion
N=131 L=131

Unassessable calcification
N=l L=1

BVS: Analysed population
N=253 L=253

CoCr-EES: Analysed population
N=131 L=131

Calcification subgroup
N=72 L=72

Non-calcification subgroup
N=181 L=181

Calcification subgroup 
N=42 L=42

Non-calcification subgroup
N=89 L=89

BVS arm CoCr-EES arm

Figure 1. Study flow chart. BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium everolimus-eluting stent; FAS: full-analysis 
set; ITT: intention-to-treat; L: number of lesions; N: number of patients
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ENDPOINTS
The primary outcome measures were angiographic in-device mini-
mal lumen diameter (MLD) at post-procedure and 13-month fol-
low-up. An independent angiographic analysis of all baseline and 
follow-up angiograms was performed using QAngio® XA 7.3 
(Medis medical imaging systems bv, Leiden, The Netherlands) at an 
angiographic core laboratory (Beth Israel Deaconess Medical Center 
Angiographic Core Laboratory, Boston, MA, USA). Calcification 
was defined as apparent density noted within the vascular wall at the 
stenotic site. The severity of calcification was classified as none or 
mild, moderate (density seen only with cardiac motion before con-
trast medium injection on one side of the arterial wall), and severe 
(radiopacity seen without cardiac motion before contrast medium 
injection generally on both sides of the arterial wall)6. The final 
adjudication of the severity of calcification was made at the angio-
graphic core laboratory. An independent analysis of post-procedural 
optical coherence tomography (OCT) findings was performed at an 
OCT core laboratory (Cardialysis BV, Rotterdam, The Netherlands), 
except for the measurement of the embedment of stent/scaffold 
struts, which was performed by an academic team in Rotterdam 
with QCU-CMS software version 4.69 (Leiden University Medical 
Center, Leiden, The Netherlands)7.

We also investigated the clinical outcomes at 12 months as an 
exploratory analysis. Target lesion failure was defined as a com-
posite of cardiac death, myocardial infarction attributable to the 
target vessel, and ischaemia-driven target lesion revascularisa-
tion at 12 months. Target vessel failure was defined as a compos-
ite of cardiac death, myocardial infarction, and ischaemia-driven 
target vessel revascularisation. Periprocedural myocardial infarc-
tion was defined as elevation of the creatinine kinase-MB level 
greater than five times the upper limit of normal, and spontaneous 
myocardial infarction as that greater than the upper limit of nor-
mal. Definite stent or scaffold thrombosis was defined according 
to the Academic Research Consortium definitions8. Target lesion 
revascularisation was defined as any repeat percutaneous coronary 
intervention or coronary artery bypass surgery.

STATISTICAL ANALYSIS
For binary variables, counts and percentages were calculated, and 
the p-value from Pearson’s chi-square test was used when Cochran’s 
rule was met. Otherwise, Fisher’s exact test was used. For continu-
ous variables, means, standard deviations, and t-tests were per-
formed when appropriate. P-values less than 0.05 were considered 
statistically significant. All statistical analyses were performed using 
SAS 9.2 and 9.3 (SAS Institute Inc., Cary, NC, USA).

Results
STUDY POPULATION
Moderate or severe calcification was present in 28.5% (72/253 
lesions) of the BVS arm and 32.1% (42/131 lesions) of the CoCr-
EES arm. Accordingly, the calcification subgroup comprised 
114 lesions (BVS, n=72 and CoCr-EES, n=42, including mod-
erate calcification, n=82 and severe calcification, n=32), and the 

non-calcification subgroup comprised 270 lesions (BVS, n=181 
and CoCr-EES, n=89) (Figure 1).

BVS VERSUS CoCr-EES IN THE CALCIFICATION AND NON-
CALCIFICATION SUBGROUPS
Baseline clinical and lesion characteristics were comparable 
between BVS and CoCr-EES in both subgroups, except for 
a significantly higher prevalence of unstable angina in CoCr-EES 
of the non-calcification subgroup (Table 1). Procedural character-
istics were comparable between BVS and CoCr-EES in both sub-
groups, with high device and procedure success rates (Table 2).

At baseline, quantitative angiographic parameters were compar-
able between BVS and CoCr-EES in both subgroups, except for 
a significant difference in MLD in the calcification subgroup 
(Table 3). At post procedure, in-device MLD was significantly 
smaller in BVS in both subgroups, while in-segment MLD was 
not significantly different (Table 3, Figure 2). Post-procedural 
incomplete stent/scaffold apposition measured on OCT imaging 
trended to be less prevalent in the BVS arm than in the CoCr-EES 
arm, regardless of the presence of calcification. The embedment 
depth of the struts was greater in the CoCr-EES arm than in the 
BVS arm (Table 4).

Thirteen-month follow-up coronary angiography was performed 
in 94.8% of patients (364/384). In-device MLD was significantly 
smaller in BVS in both subgroups, while in-segment MLD was 
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Figure 2. Cumulative distribution function curves for in-device 
MLD: BVS vs. CoCr-EES. A) Calcification subgroup. B) Non-
calcification subgroup. BVS: bioresorbable vascular scaffold; 
CoCr-EES: cobalt-chromium everolimus-eluting stent; 
MLD: minimal lumen diameter
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Table 1. Baseline patient and lesion characteristics: BVS vs. CoCr-EES in calcification and non-calcification subgroups and calcification 
vs. non-calcification in BVS and CoCr-EES arms.

Calcification subgroup Non-calcification subgroup BVS arm CoCr-EES arm

BVS CoCr-EES p-value BVS CoCr-EES p-value
Calc vs. 
non-calc

Calc vs. 
non-calc

p-value p-value

Number of patients 72 42 181 89

Patient characteristics
Age, years 69.6±8.8 68.6±8.9 0.56 65.9±9.4 66.5±9.9 0.66 0.004 0.23

Male 51 (71) 31 (74) 0.73 147 (81) 67 (75) 0.26 0.07 0.86

BMI, kg/m2 24.0±3.3 24.3±3.4 0.68 24.1±3.0 24.3±2.8 0.50 0.86 0.92

Hypertension 60 (83) 33 (79) 0.53 139 (77) 71 (80) 0.60 0.25 0.87

Dyslipidaemia 59 (82) 32 (76) 0.46 148 (82) 77 (87) 0.33 0.97 0.14

Diabetes mellitus 27 (38) 18 (43) 0.57 64 (35) 29 (33) 0.65 0.92 0.25

Insulin-treated 9 (13) 3 (7) 0.53 14 (8) 8 (9) 0.72 0.23 1.00

Current smoking 9 (13) 5 (12) 0.93 43 (24) 24 (27) 0.57 0.046 0.053

Prior PCI 26 (36) 17 (41) 0.64 65 (36) 32 (36) 0.99 0.98 0.62

Prior CABG 1 (1) 0 (0) 1.00 3 (2) 2 (2) 0.67 1.00 1.00

Prior myocardial infarction 10 (14) 10 (24) 0.18 31 (18) 22 (25) 0.17 0.48 0.91

Family history of premature CAD 7 (11) 3 (8) 0.74 9 (5) 7 (9) 0.33 0.16 1.00

CKD (eGFR <60) 26 (36) 13 (31) 0.58 56 (31) 23 (26) 0.39 0.43 0.54

Clinical presentation

Stable CAD 61 (85) 38 (90) 0.38 167 (92) 71 (80) 0.003 0.07 0.13

Unstable angina 11 (15) 4 (10) 0.38 14 (8) 18 (20) 0.003 0.07 0.13

Target lesion characteristics
Target lesion

Right coronary artery 20 (28) 14 (33) 0.53 59 (33) 26 (29) 0.57 0.46 0.63

Left anterior descending artery 44 (61) 22 (52) 0.36 74 (41) 34 (38) 0.67 0.004 0.13

Left circumflex artery 8 (11) 6 (14) 0.62 48 (27) 29 (33) 0.30 0.008 0.03

Calcification

Moderate 53 (74) 29 (69) 0.60 0 (0) 0 (0) NA <0.001 <0.001

Severe 19 (26) 13 (31) 0.60 0 (0) 0 (0) NA <0.001 <0.001

Tortuosity (moderate/severe) 5 (7) 2 (5) 1.00 16 (9) 9 (10) 0.73 0.62 0.50

Eccentric lesion 62 (86) 33 (79) 0.30 145 (81) 75 (84) 0.46 0.30 0.42

ACC/AHA lesion classification

Type A 0 (0) 0 (0) 1.00 11 (6) 5 (6) 0.88 0.04 0.18

Type B1 2 (3) 2 (5) 0.62 46 (25) 24 (27) 0.78 <0.001 0.003

Type B2 48 (67) 24 (57) 0.31 95 (53) 41 (46) 0.32 0.04 0.24

Type C 22 (31) 16 (38) 0.41 29 (16) 19 (21) 0.28 0.009 0.04

Data are expressed as number (%) or mean±standard deviation. BVS: bioresorbable vascular scaffold; CABG: coronary artery bypass graft; CAD: coronary 
artery disease; CKD: chronic kidney disease; CoCr-EES: cobalt-chromium everolimus-eluting stent; eGFR: estimated glomerular filtration rate; NA: not 
applicable; PCI: percutaneous coronary intervention 

not significantly different. Both in-device and in-segment late 
lumen loss was comparable between BVS and CoCr-EES in both 
subgroups (Table 3, Figure 2).

Clinical outcomes were comparable between BVS and CoCr-
EES in both subgroups (Table 5). The rate of ischaemia-driven tar-
get lesion revascularisation at 12 months was similar between BVS 
and CoCr-EES in both calcification (2.8% vs. 2.4%) and non-calci-
fication (2.8% vs. 2.3%) subgroups.

CALCIFICATION VERSUS NON-CALCIFICATION IN THE BVS 
AND CoCr-EES ARMS
Baseline patient and lesion characteristics (Table 1) showed that 
patients with calcified lesions were older, smoked less, and had 
more left anterior descending target lesions regardless of the treat-
ment assignment. The procedural results were comparable between 
patients with and without calcified lesions, except for the significantly 
higher predilatation balloon pressure and rate of post-dilatation 
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in patients with calcified lesions in the BVS arm, whereas no 
significant difference existed in the CoCr-EES arm (Table 2).

Quantitative angiographic results were similar between patients 
with and without calcified lesions in both treatment arms. In-device 
and in-segment MLD at post-procedure and 13-month follow-up 
was also comparable in both treatment arms (Table 3). Cumulative 
distribution curves of in-device MLD are shown in Figure 3. The 
degree of post-procedural incomplete stent/scaffold apposition and 
the embedment depth of struts measured on OCT imaging were 
not significantly different between the calcification and non-calci-
fication subgroups irrespective of the device type (Table 4).

Clinical outcomes were comparable between patients with and 
without calcified lesions in both treatment arms (Table 5). A very 
low 12-month rate of ischaemia-driven target lesion revascularisa-
tion was observed in both BVS (calcification vs. non-calcification: 
2.8% vs. 2.8%) and CoCr-EES (2.4% vs. 2.3%) arms.

Discussion
Our primary findings were as follows: 1) the device and proce-
dure success rates of BVS implantation were comparable to those 

of CoCr-EES implantation regardless of the presence or absence 
of calcification; 2) in both calcified and non-calcified lesions, in-
device MLD at post-procedure and 13-month follow-up was signi-
ficantly smaller in the BVS arm than in the CoCr-EES arm, while 
in-segment MLD was not significantly different; and 3) both in-
device and in-segment MLD at post-procedure and 13-month fol-
low-up was comparable regardless of the presence or absence of 
calcification in both treatment arms.

In the ABSORB Japan trial, nearly 30% of the patients had 
lesions with moderate or severe calcification, suggesting that mod-
erately calcified lesions can be detected in daily practice. The long-
term outcomes after DES implantation were reported to be worse 
in patients with calcified lesions than in those without calcified 
lesions9-11. Our comparable angiographic outcomes following BVS 
implantation confirm the use of BVS in calcified lesions. However, 
meticulous attention should be paid to the technical issues to achieve 
optimal scaffold expansion in calcified lesions because the predila-
tation balloon pressure and rate of post-dilatation in the BVS arm 
of our study were higher in calcified lesions. On the other hand, the 
use rate of scoring or cutting balloons for predilatation was nearly 

Table 2. Procedural results: BVS vs. CoCr-EES in calcification and non-calcification subgroups and calcification vs. non-calcification in 
BVS and CoCr-EES arms.

Calcification subgroup Non-calcification subgroup BVS arm CoCr-EES arm

BVS CoCr-EES p-value BVS CoCr-EES p-value
Calc vs. 
non-calc

Calc vs. 
non-calc

p-value p-value

Number of lesions 72 42 181 89
Procedural information

Assigned device implanted 72 (100) 42 (100) 1.00 181 (100) 89 (100) 1.00 1.00 1.00

Bail-out device used 2 (2.8) 0 (0) 0.53 3 (1.7) 1 (1.1) 1.00 0.62 1.00

Device diameter, mm 3.11±0.34 3.21±0.33 0.13 3.07±0.39 3.10±0.41 0.51 0.33 0.10

Total device length, mm 21.6±5.6 20.2±5.8 0.23 20.0±5.9 19.2±6.0 0.28 0.051 0.34

Predilatation

Predilatation performed 72 (100) 42 (100) 1.00 181 (100) 89 (100) 1.00 1.00 1.00

Semi-compliant balloon 41 (57) 19 (45) 0.23 88 (49) 44 (49) 0.90 0.23 0.65

Non-compliant balloon 23 (32) 18 (43) 0.24 67 (37) 33 (37) 0.99 0.45 0.53

Scoring or cutting balloon 16 (22) 8 (19) 0.69 33 (18) 16 (18) 0.96 0.49 0.88

Nominal balloon diameter, mm 2.76±0.37 2.94±0.34 0.01 2.81±0.36 2.83±0.38 0.78 0.32 0.10

Predilatation balloon pressure, atm 12.8±3.7 12.5±4.1 0.71 11.2±3.9 11.8±3.5 0.21 0.002 0.28

Device deployment

Nominal device diameter, mm 3.13±0.34 3.22±0.32 0.15 3.08±0.38 3.10±0.41 0.68 0.34 0.08

Deployment pressure, atm 10.8±3.1 11.1±2.7 0.61 10.1±2.9 11.4±2.8 <0.001 0.08 0.58

Post-dilatation

Post-dilatation performed 65 (90) 36 (86) 0.55 144 (80) 68 (76) 0.64 0.04 0.26

Nominal balloon diameter, mm 3.23±0.44 3.38±0.42 0.12 3.17±0.43 3.27±0.55 0.20 0.35 0.29

Balloon pressure, atm 15.8±4.4 16.5±3.7 0.39   15.5±4.2 15.9±4.0 0.53 0.61 0.41

Acute success

Device success 72 (100) 42 (100) 1.00 180 (99.4) 88 (98.9) 0.55 1.00 1.00

Procedural success 72 (100) 41 (97.6) 0.37 177 (97.8) 88 (98.9) 1.00 0.58 0.54

Data are expressed as number (%) or mean±standard deviation. BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium everolimus-eluting 
stent
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Figure 3. Cumulative distribution function curves for in-device MLD: calcification vs. non-calcification. A) BVS arm. B) CoCr-EES arm. 
BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium everolimus-eluting stent; MLD: minimal lumen diameter

Table 3. Quantitative coronary angiographic results: BVS vs. CoCr-EES in calcification and non-calcification subgroups and calcification 
vs. non-calcification in BVS and CoCr-EES arms.

Calcification subgroup Non-calcification subgroup BVS arm CoCr-EES arm

BVS CoCr-EES p-value BVS CoCr-EES p-value
Calc vs. 
non-calc

Calc vs. 
non-calc

p-value p-value

Baseline QCA
Number of lesions 72 42 181 89

Lesion length, mm 14.5±5.5 14.7±5.9 0.90 13.3±5.2 12.8±5.3 0.43 0.11 0.08

Reference vessel diameter, mm 2.74±0.45 2.87±0.42 0.11 2.71±0.44 2.78±0.46 0.20 0.59 0.26

Minimal lumen diameter, mm 0.93±0.35 1.07±0.37 0.04 0.98±0.32 0.96±0.35 0.75 0.29 0.11

% diameter stenosis 66.0±11.5 62.9±11.3 0.16 63.7±10.7 65.3±10.7 0.24 0.14 0.24

Post-procedural QCA
Reference vessel diameter, mm 2.79±0.41 2.91±0.42 0.16 2.75±0.42 2.85±0.44 0.06 0.40 0.47

In-segment MLD, mm 2.21±0.38 2.27±0.45 0.48 2.21±0.39 2.27±0.43 0.24 0.95 0.98

In-device MLD, mm 2.43±0.32 2.68±0.34 <0.001 2.43±0.39 2.65±0.42 <0.001 0.91 0.62

In-segment % diameter stenosis 20.7±6.9 22.0±9.5 0.47 19.5±6.7 20.2±8.4 0.46 0.19 0.32

In-device % diameter stenosis 12.8±6.8 7.3±8.4 <0.001 11.3±7.6 6.9±8.1 <0.001 0.13 0.82

In-segment acute gain, mm 1.29±0.45 1.20±0.44 0.31 1.23±0.39 1.31±0.46 0.17 0.38 0.18

In-device acute gain, mm 1.50±0.40 1.61±0.35 0.13 1.45±0.40 1.68±0.43 <0.001 0.42 0.28

Follow-up QCA at 13 months
Number of lesions 69 38 172 85

Reference vessel diameter, mm 2.73±0.41 2.93±0.38 0.01 2.70±0.43 2.77±0.46 0.22 0.59 0.053

In-segment MLD, mm 2.03±0.48 2.17±0.53 0.19 2.09±0.44 2.15±0.49 0.34 0.33 0.89

In-device MLD, mm 2.17±0.49 2.57±0.52 <0.001 2.27±0.47 2.47±0.53 0.003 0.17 0.36

In-segment % diameter stenosis 26.0±12.8 26.5±13.8 0.86 22.5±10.9 22.5±11.7 0.97 0.047 0.13

In-device % diameter stenosis 20.4±13.7 12.5±14.0 0.006 15.8±12.7 11.0±11.7 0.003 0.02 0.57

In-segment binary restenosis 2 (2.9) 1 (2.6) 1.00 3 (1.7) 4 (4.7) 0.22 0.63 1.00

In-device binary restenosis 1 (1.4) 1 (2.6) 1.00 3 (1.7) 1 (1.2) 1.00 1.00 0.53

In-segment late lumen loss, mm 0.18±0.30 0.14±0.33 0.56 0.13±0.31 0.11±0.33 0.79 0.22 0.67

In-device late lumen loss, mm 0.25±0.35 0.14±0.34 0.12 0.17±0.30 0.17±0.34 0.94 0.12 0.65

Data are expressed as number (%) or mean±standard deviation. BVS: bioresorbable vascular scaffold; CoCr-EES: cobalt-chromium everolimus-eluting 
stent; MLD: minimal lumen diameter; QCA: quantitative coronary angiography

the same irrespective of the presence or absence of calcification. 
However, it did not have a detrimental effect on the 13-month angio-
graphic or 12-month clinical outcomes12. The ABSORB Japan trial 

included focal lesions which were typical for the pivotal trials of 
DES implantation. Therefore, our findings should not be extended 
to long or diffuse lesions with moderate or severe calcification.
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Table 4. Post-procedural OCT findings: BVS vs. CoCr-EES in calcification and non-calcification subgroups and calcification vs. non-
calcification in BVS and CoCr-EES arms.

Calcification subgroup Non-calcification subgroup BVS arm CoCr-EES arm

BVS CoCr-EES p-value BVS CoCr-EES p-value
Calc vs. 
non-calc

Calc vs. 
non-calc

p-value p-value

OCT analysis subset
Number of lesions 16 13 56 28

% lesions with ISA 14 (88) 13 (100) 0.49 46 (82) 25 (89) 0.53 1.00 0.54

% struts with ISA 6.77±9.08 10.23±6.93 0.25 4.13±5.44 8.80±10.4 0.03 0.28 0.61

ISA volume (mm3) 2.27±3.78 2.15±2.78 0.92 1.40±2.66 1.95±3.16 0.44 0.40 0.84

Mean ISA area (mm2) 0.11±0.14 0.14±0.19 0.63 0.08±0.18 0.12±0.19 0.41 0.50 0.71

Embedment depth of struts (µm)* 54±27 78±18 0.02 52±17 84±24 <0.001 0.74 0.44

Stent/scaffold volume (mm3) 167.5±45.0 169.3±61.6 0.93 159.6±60.5 157.3±67.1 0.92 0.57 0.58

Mean stent/scaffold area (mm2) 8.05±1.80 8.01±2.39 0.96 7.74±2.18 8.14±2.65 0.50 0.57 0.88

Luminal volume (mm3) 161.1±44.9 153.6±53.8 0.69 150.7±57.4 144.2±65.9 0.66 0.45 0.63

Mean lumen area (mm2) 7.75±1.70 7.34±2.27 0.60 7.35±2.05 7.49±2.60 0.80 0.44 0.85

Minimal lumen area (mm2) 6.65±1.72 5.99±2.09 0.37 6.01±1.76 6.13±2.39 0.82 0.21 0.85

Mean strut area (mm2) 0.28±0.03 0.08±0.01 <0.001 0.26±0.04 0.08±0.01 <0.001 0.048 0.16

Data are expressed as number (%) or mean±standard deviation. *Calculated in 14 BVS implanted lesions and 12 CoCr-EES implanted lesions in the 
calcification subgroup, and 51 BVS implanted lesions and 24 CoCr-EES implanted lesions in the non-calcification subgroup. BVS: bioresorbable 
vascular scaffold; CoCr-EES: cobalt-chromium everolimus-eluting stent; ISA: incomplete stent/scaffold apposition; NA: not applicable; OCT: optical 
coherence tomography 

Table 5. Clinical outcomes at 12 months: BVS vs. CoCr-EES in calcification and non-calcification subgroups and calcification vs. 
non-calcification in BVS and CoCr-EES arms.

Calcification subgroup Non-calcification subgroup BVS arm CoCr-EES arm

BVS CoCr-EES p-value BVS CoCr-EES p-value
Calc vs. 
non-calc

Calc vs. 
non-calc

p-value p-value

Number of patients 72 42 181 89

Clinical endpoints at 12 months
TLF 3 (4.2) 3 (7.1) 0.67 8 (4.4) 2 (2.3) 0.51 1.00 0.33

TVF 5 (6.9) 4 (9.5) 0.72 11 (6.1) 3 (3.4) 0.56 0.78 0.21

Death, MI, or revascularisation 9 (12.5) 5 (11.9) 0.93 16 (8.9) 6 (6.8) 0.56 0.39 0.33

Individual endpoints at 12 months
All-cause death 1 (1.4) 0 (0.0) 1.00 1 (0.6) 0 (0.0) 1.00 0.49 1.00

Cardiac death 0 (0.0) 0 (0.0) 1.00 0 (0.0) 0 (0.0) 1.00 1.00 1.00

MI 1 (1.4) 2 (4.8) 0.55 8 (4.4) 1 (1.1) 0.28 0.45 0.24

All revascularisation 8 (11.1) 3 (7.1) 0.74 12 (6.7) 6 (6.8) 0.96 0.12 1.00

All TVR 5 (6.9) 2 (4.8) 1.00 8 (4.4) 4 (4.5) 1.00 0.53 1.00

ID TVR 5 (6.9) 2 (4.8) 1.00 8 (4.4) 3 (3.4) 1.00 0.53 0.66

All TLR 2 (2.8) 2 (4.8) 0.62 5 (2.8) 3 (3.4) 0.72 1.00 0.66

ID TLR 2 (2.8) 1 (2.4) 1.00 5 (2.8) 2 (2.3) 1.00 1.00 1.00

Scaffold/stent 
thrombosis

Definite 0 (0.0) 0 (0.0) 1.00 4 (2.2) 1 (1.1) 1.00 0.58 1.00

Probable 0 (0.0) 1 (2.4) 0.37 0 (0.0) 0 (0.0) 1.00 1.00 0.32

Data are expressed as number of patients with an event, and cumulative incidence at 12 months (%). BVS: bioresorbable vascular scaffold; CoCr-
EES: cobalt-chromium everolimus-eluting stent; ID: ischaemia-driven; MI: myocardial infarction; TLF: target lesion failure; TLR: target lesion 
revascularisation; TVF: target vessel failure; TVR: target vessel revascularisation 

The presence of lesion calcification often hinders smooth scaf-
fold delivery. Even if scaffold deployment is achieved, acute strut 
malapposition or suboptimal scaffold expansion can happen more 

often in calcified lesions13,14. A systematic review reported that 
lesion calcification was associated with the risk of stent throm-
bosis after DES implantation15. Malapposed struts and suboptimal 
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scaffold expansion are prone to acute or subacute scaffold throm-
bosis16-18. Furthermore, acute strut malapposition of BVS can 
cause subsequent strut discontinuity during the advanced resorp-
tion period, which predisposes to very late scaffold thrombosis19. 
Adequate lesion preparation and high-pressure post-dilatation with 
an appropriately sized balloon are important to avoid acute strut 
malapposition and to achieve optimal scaffold expansion, although 
the expansion limit of the current BVS might hinder full strut 
apposition20.

Study limitations
This is a post hoc analysis of the ABSORB Japan trial without 
any adequate power to compare the clinical outcomes as well 
as angiographic outcomes between the calcified and non-calci-
fied lesions. The clinical outcomes from a relatively small study 
population need careful interpretation. Moreover, we excluded 
patients with multiple target lesions because a patient could 
have both calcified and non-calcified lesions, which confuses 
the assessment of patient characteristics according to the pres-
ence or absence of calcification; however, the number of patients 
excluded was very small. Our BVS procedural characteristics, 
such as the use of relatively small-sized balloons for predilata-
tion and the low use rate of non-compliant, scoring or cutting 
balloons for calcified lesions, were technically distinct from the 
current expert recommendations in Europe21. Our procedural 
characteristics might have influenced the findings in this study. 
The angiographic evaluation of lesion calcification might have 
limited sensitivity to detect small amounts of calcification6,22. In 
addition, the OCT follow-up data were not included because they 
only became available two years after the procedure. Finally, 
patients with extremely heavily calcified lesions or lesions 
requiring rotational atherectomy were excluded. Consequently, 
our results cannot be applied to the extremely heavily calcified 
lesions excluded by the protocol.

Conclusions
Moderate or severe lesion calcification, excluding patients with 
extremely heavily calcified lesions or lesions requiring rota-
tional atherectomy, does not negatively affect angiographic out-
comes at both post-procedure and 13-month follow-up after BVS 
implantation.

Impact on daily practice
The present post hoc analysis of the ABSORB Japan trial sug-
gests that moderate or severe lesion calcification, excluding 
patients with extremely heavily calcified lesions or lesions 
requiring rotational atherectomy, does not negatively affect 
angiographic outcomes at both post-procedure and 13-month 
follow-up after BVS implantation. When treating calcified 
lesions with BVS, however, meticulous attention should 
be paid to the technical issues to achieve optimal scaffold 
expansion.
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