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Abstract
Aims: The present multicentre prospective study, IT-DISAPPEARS, was designed with the aim of evaluating 
early and long-term clinical outcomes of the Absorb BVS in patients with long coronary lesions and/or mul-
tivessel coronary artery disease. The aim of this article is to present the one-year clinical results of this study.

Methods and results: Between November 2014 and January 2016, we enrolled 1,002 patients undergo-
ing BVS implantation (long lesion [≥ 24 mm] of a single vessel in 80.4%, at least two BVS in two or three 
coronary vessels in 8.6% and both criteria in 11%). Clinical presentation was an acute coronary syndrome 
in 59.8% of patients, including ST-elevation myocardial infarction in 21.8%. The primary endpoint was 
the device-oriented composite endpoint (DOCE) of cardiac death, target vessel MI, and ischaemia-driven 
TLR at one year. We implanted 2,040 BVS according to a pre-specified technique. One-year follow-up was 
available in 956 patients (95.4%). The rate of DOCE was 9.9% (95 patients). Cardiac death occurred in five 
patients (0.5%), while target vessel MI and TLR each occurred in 45 (4.7%) patients. The one-year rates of 
all-cause death, non-fatal MI, and any revascularisation were 1.2%, 5.4%, and 10.9%, respectively. The rate 
of definite/probable scaffold thrombosis was 0.9%.

Conclusions: This is the first study specifically investigating the Absorb technology in patients with a high 
atherosclerotic burden and multivessel disease. The mandatory adherence to a pre-specified implantation 
technique led to minimising the risk of device failure reported by other studies, in particular with respect to 
the rate of DOCE and scaffold thrombosis. (ClinicalTrials.gov: NCT02004730)
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Abbreviations
ARC Academic Research Consortium
BVS bioresorbable vascular scaffold(s)
CABG coronary artery bypass grafting
CAD coronary artery disease
DAPT dual antiplatelet therapy
DES drug-eluting stent
DOCE device-oriented composite endpoint
IVUS intravascular ultrasound
OCT optical coherence tomography
PCI percutaneous coronary intervention
POCE patient-oriented composite endpoint
QCA quantitative coronary angiography
SICI-GISE Italian Society of Interventional Cardiology
SPECT single photon emission computed tomography
ST scaffold thrombosis
TLR target lesion revascularisation

Introduction
Bioresorbable scaffolds (BRS) are a breakthrough technology that 
may improve the outcomes of patients undergoing percutaneous 
coronary intervention (PCI) by avoiding the well-known draw-
backs of metallic stents. The Absorb everolimus-eluting bioresorb-
able vascular scaffold (BVS) (Abbott Vascular, Santa Clara, CA, 
USA) showed favourable clinical outcomes in initial randomised 
trials1,2 and registries3,4. However, an issue emerged regarding 
higher than expected scaffold thrombosis (ST) rates4,5. Of note, the 
potential advantages of BVS, namely the absence of very late ST 
and permanent vessel caging together with facilitation of future 
revascularisations, should be maximised in patients with diffuse 
coronary artery disease (CAD), where drug-eluting stents (DES) 
have their weaknesses6.

We designed the present study to evaluate the outcomes of the 
Absorb BVS in patients with long coronary lesions and/or multi-
vessel CAD (Figure 1). We pre-specified the implantation tech-
nique to be applied throughout the study7.

Methods
The design of the IT-DISAPPEARS registry has been described 
previously8. In summary, IT-DISAPPEARS was a multicen-
tre, prospective registry promoted by the Italian Society of 
Interventional Cardiology (SICI-GISE) (ClinicalTrials.gov num-
ber, NCT02004730). The institutional review board of each par-
ticipating centre approved the study protocol.

All data were entered in a web-based electronic case report 
form (CRF) according to good clinical practice standards.

Almost all of the CRFs (98%) have been monitored by the 
Clinical Research Organisation (CRO) (Airtel SRL) that also built 
the e-CRF. Independent study monitors together with the inves-
tigators performed the data entry and verified the CRFs on-site. 
Among 38 centres actively enrolling, six centres enrolled less than 
six patients (totalling 21 cases [2%] out of 1,002). The CRFs of 
these cases were monitored only “remotely” by the CRO.

A clinical events committee adjudicated all adverse events with 
the specific focus of distinguishing the events related to the BVS 
from those not related to the BVS. A data and safety monitoring 
committee reviewed outcome data periodically. The study com-
plies with the Declaration of Helsinki.

STUDY PATIENTS
Patients 18 years of age or older with: 1) evidence of myocar-
dial ischaemia at stress echocardiography/myocardial single pho-
ton emission computed tomography (SPECT)/exercise test, or 
2) unstable angina/non-STEMI, or 3) STEMI with de novo culprit 
lesion undergoing PCI for diffuse disease of one coronary vessel 
(lesion length ≥24 mm) and/or disease of at least two different 
coronary vessels were eligible for enrolment8. All patients pro-
vided written informed consent.

PROCEDURAL TECHNIQUE
All patients not on chronic aspirin treatment received a loading 
dose of ≥250 mg of aspirin within 24 hours before the procedure. 
A loading dose of a P2Y12 receptor antagonist was administered 
before the procedure or within one hour after the procedure. Other 
medications were administered according to current guidelines9-11. 
The use of quantitative coronary angiography (QCA), optical 
coherence tomography (OCT) or intravascular ultrasound (IVUS) 
to assess reference vessel diameter and lesion length, as well as to 
guide optimal scaffold implantation was recommended. This was 
part of a pre-specified technique for scaffold implantation that 
was published upfront and mandated7. After implantation, high-
pressure post-dilatation with non-compliant (NC) balloons was 
recommended to achieve a residual stenosis ≤10%. The scaffold 
used in the study was the Absorb; starting from July 2015, the 
Absorb GT1 was also used according to local availability of the 
device. Available diameters and lengths were 2.5, 3.0 and 3.5 mm, 
and 8, 12, 18, 23 and 28 mm, respectively. Because of economic 
restraints and lack of specific scaffold sizes, the use of metallic 
stents was not forbidden. However, implantation of metallic stents 
and BVS in the same lesion and vessel was strongly discouraged. 
Among metallic DES, use of everolimus-eluting stents was recom-
mended. Dual antiplatelet therapy was recommended for one year, 
aspirin lifelong.

Patients are followed up with ambulatory visits or telephone 
contact at 30 days, six months, one year and then yearly.

STUDY ENDPOINTS
The primary endpoint was the device-oriented composite endpoint 
(DOCE) of cardiac death, target vessel-related myocardial infarc-
tion (MI), and ischaemia-driven target lesion revascularisation 
(TLR) at one year. The secondary endpoints were: 1) the patient-
oriented composite endpoint (POCE) of all-cause mortality, all 
MI and all revascularisations at one year; 2) the single compo-
nents of the POCE, and 3) scaffold thrombosis (ST) at one year. 
Endpoint definitions follow the criteria of the Academic Research 
Consortium (ARC)12, and the third universal definition of MI13.
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STATISTICAL ANALYSIS
Categorical variables are described as counts and percent-
ages and compared using Pearson’s chi-square test or Fisher’s 
exact test. Continuous variables are described as mean±SD or 
as median and interquartile range (IQR) and compared using the 
t-test or Mann-Whitney test, as appropriate. Given that this is an 
observational registry, we relied on confidence interval profil-
ing for sample size justification, without proceeding with formal 
power analysis. Accordingly, we computed that a target sample 
of 1,000 patients would enable the computation of reasonably 
precise 95% confidence intervals. Specifically, assuming a 4.2% 
MACE rate at one year (in keeping with ABSORB EXTEND 
data), confidence intervals computed with the adjusted Wald 
method would be 3.1% to 5.6% for a 1,000-patient sample (point 
estimate 42/1,000 [4.2%]). Events at one year will be presented 
as cumulative incidences.

A two-sided p-value of less than 0.05 was considered to indicate 
statistical significance. All statistical analyses were performed with 
the use of NCSS 11 software (NCSS LLC, Kaysville, UT, USA).

Results
PATIENT POPULATION
Between November 2014 and January 2016, we enrolled 
1,002 patients, i.e., 5.2% of the overall PCI volume in the enrolling 

centres (N: 18,951 patients during the enrolment period). Clinical 
presentation was an ACS in 59.8% of patients, including STEMI 
in 21.8% (Table 1). One-, two-, three-vessel disease was present 
in 43.1%, 37.1%, and 19.8% of patients, respectively (Table 2).

PROCEDURAL FEATURES
The average number of lesions was 3.2±1.3 among patients under-
going multivessel BVS implantation. The average number of BVS 
implanted per patient was 2.0±1.0 (range 1-8), for a total BVS 
length of 47±22 mm. The percentage of patients receiving more 
than one BVS was 53.6%, and 48.2% of them required implanta-
tion of BVS in overlap/juxtaposition. At least one metallic stent 
was used in 41.9% of patients, mainly in shorter and distal lesions 
and not together with a BVS in the same lesion. The main reasons 
for DES implantation were budget constraints and availability of 
BVS sizes (both for small vessels [<2.5 mm] and for large ves-
sels [>3.75 mm]). Multivessel BVS implantation was performed 
in 19.6% of patients. All patients were discharged on dual anti-
platelet therapy (DAPT) (Table 2).

In total, 1,415 coronary lesions were treated with BVS with 
a total of 2,040 BVS implanted (Table 3). Predilatation and 
post-dilatation were performed in 98.0% and 96.5% of cases, 
respectively, using at least one NC balloon in 89.4%, with 
a balloon:scaffold ratio of 1.06±0.09.

Figure 1. Typical example of coronary angiography of a patient enrolled in the registry. Baseline left coronary angiography of a patient 
showing diffuse disease of the left anterior descending artery (A) and severe stenosis of the circumflex artery (B). Final angiography after 
deployment of three scaffolds (arrowheads) in the left anterior descending artery (C) and of one scaffold in the circumflex (D).
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Table 2. Angiographic and procedural characteristics.

Diseased vessels 1 430 (42.9%)

2 373 (37.2%)

3 199 (19.9%)

LAD disease 801 (80.0%)

LCX disease 456 (45.5%)

RCA disease 516 (51.5%)

Reference vessel diameter, mm 3.0±0.4

Number of lesions 2.3±1.3

Total lesion length per patient, mm 40±19

Treated vessels 1 597 (59.6%)

2 340 (33.9%)

3 65 (6.5%)

Vessels treated with 
BVS

1 806 (80.4%)

2 176 (17.6%)

3 20 (2.0%)

Lesions treated with 
BVS

1 676 (67.5%)

2 252 (25.1%)

3 63 (6.3%)

4 11 (1.1%)

Mean number of lesions treated with BVS 1.4±0.7

Use of overlapping BVS 483 (48.2%)

Mean number of BVS 2.0±1.0

Total BVS length, mm 47±22

Technical BVS success 984 (98.2%)

Radial access 876 (87.4%)

Procedural drugs Clopidogrel 144 (14.4%)

Prasugrel 73 (7.3%)

Ticagrelor 107 (10.7%)

GPI 109 (10.9%)

Bivalirudin 16 (1.6%)

BVS: bioresorbable scaffold; GPI: glycoprotein inhibitor; LAD: left 
anterior descending; LCX: left circumflex; RCA: right coronary artery

Table 1. Baseline demographics and clinical characteristics.

Variable N=1,002

Age, years 60.0±10.4

Male gender 853 (85.1%)

Study 
inclusion 
criteria

Long lesion 806 (80.4%)

Multivessel disease 86 (8.6%)

Both 110 (11.0%)

Hypertension 636 (63.5%)

Diabetes 261 (26.1%)

Dyslipidaemia 593 (59.2%)

Smoking history 465 (46.4%)

Prior myocardial infarction 208 (20.8%)

Prior CABG 15 (1.5%)

Prior PCI 243 (24.3%)

Chronic renal failure (eGFR <60 ml/min) 90 (9.3%)

Echocardiographic EF <40% 49 (5.4%)

Clinical 
presentation

Stable CAD 403 (40.2%)

Silent ischaemia 136 (13.6%)

Stable angina 267 (26.7%)

ACS 599 (59.8%)

Unstable angina 126 (12.6%)

NSTEMI 255 (25.5%)

STEMI 218 (21.8%)

Angina in the previous 3 months 618 (61.7%)

GRACE risk score (ACS only) 108 (92-129)

ACS: acute coronary syndrome; CABG: coronary artery bypass graft; 
CAD: coronary artery disease; EF: ejection fraction; eGFR: estimated 
glomerular filtration rate; NSTEMI: non-ST-elevation myocardial 
infarction; PCI: percutaneous coronary intervention; STEMI: ST-elevation 
myocardial infarction

PRIMARY AND SECONDARY ENDPOINTS
In-hospital and one-year adverse events are summarised in Figure 2. 
In-hospital MI occurred in 3.4% of patients, consisting of 2.8% 
periprocedural type 4a MI and 0.6% due to definite ST. The timing 
of ST was intraprocedural in two patients, and after eight hours, 
three days, 10 days, and 14 days in the remaining four patients. All 
patients underwent emergent coronary angiography and ischaemia-
driven TLR; one additional ischaemia-driven TLR was performed 
before discharge in a patient with unstable angina and angiographic 
evidence of subocclusion of a side branch (Table 4). .

One-year follow-up was available in 956 patients (95.4%). 
The rate of DOCE was 9.9% (95 patients). Cardiac death 
occurred in five patients (0.5%), while target vessel MI and TLR 
each occurred in 45 (4.7%) patients. The one-year rates of all-
cause death, non-fatal MI, and any revascularisation were 1.2%, 
5.4%, and 10.9%, respectively (Figure 2). The rate of TVR was 
4.7%, as all the TVR were actually TLR. Indeed, the rate of tar-
get vessel failure (the composite of cardiac death, target vessel 
myocardial infarction, and ischaemia-driven target vessel revas-
cularisation) was 9.9%, identical to the DOCE. The rate of non-
TLR/TVR was 6.2%, and thus the rate of any revascularisation 

was 10.9%. The rate of definite/probable scaffold thrombosis 
was 0.9%, with only one case of “probable” ST (0.1%) (Table 4).

Discussion
The present study is the first large prospective registry to evaluate 
the clinical outcomes of Absorb BVS in patients with long coro-
nary lesions and/or multivessel CAD.

Results can be summarised as follows: 1) the one-year rate of DOCE 
was 9.9%; 2) the one-year rate of target vessel MI and TLR was 4.7% 
in both; 3) the one-year rate of definite/probable ST was 0.9%.

The favourable initial reports on the clinical outcomes of the 
Absorb1,2,14,15 spurred on its use in more complex clinical and 
coronary anatomy conditions16,17. Indeed, the first “real-world” 
prospective registries of Absorb showed acceptable outcomes, 
but reported a disturbing signal regarding an unpredicted high ST 
rate3,4,18, possibly related to an inadequate implantation technique19.

Our study has two major distinctive features compared to all 
other contemporary large multicentre registries: 1) all patients 
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Table 4. Adverse events.

In-hospital events (1,002 patients)
Death 0 (0%)

MI-type 34 (3.4%)

Fatal MI 0 (0%)

Type 4a MI 28 (82.4%)

Type 4b MI (stent thrombosis) 6 (17.6%)

MI

Target vessel-related 31 (3.1%)

Non-target vessel-related (angiography-documented) 3 (0.3%)

Ischaemia-driven TLR 7 (0.7%)

Non-TLR 2 (0.2%)

Post-procedural stroke 0

Post-procedural bleeding 13 (1.3%)

BARC major bleeding 3 (23.1%)

BARC minor bleeding 10 (76.9%)

Post-procedural BVS thrombosis 6 (0.6%)

Definite 6 (0.6%)

Probable 0 (0.0%)

30-day follow-up (990 patients)
MI 38 (3.8%)

Target vessel-related 34 (3.4%)

Non-target vessel-related (angiography-documented) 4 (0.4%)

TLR 10 (1.0%)

Non-TLR 7 (0.7%)

Stroke 1 (0.1%)

Bleeding 22 (2.2%)

BARC major bleeding 6 (0.6%)

BARC minor bleeding 16 (1.6%)

BVS thrombosis 7 (0.7%)

Definite 7 (0.7%)

All-cause death 1 (0.1%)

Cardiac death 0

DOCE 36 (3.6%)

POCE 47 (4.8%)

1-year follow-up (956 patients, 4.6% of patients lost at FU)
MI 52 (5.4%)

Target vessel-related 45 (4.7%)

Non-target vessel-related (angiography-documented) 7 (0.7%)

TLR 45 (4.7%)

Non-TLR 60 (6.2%)

Stroke 2 (0.2%)

Bleeding 21 (2.1%)

BARC major bleeding 9 (0.9%)

BARC minor bleeding 12 (1.2%)

BVS thrombosis 9 (0.9%)

Definite 8 (0.8%)

Probable 1 (0.1%)

All-cause death 12 (1.2%)

Cardiac death 5 (0.5%)

DOCE 95 (9.9%)

POCE 169 (17.6%)
Numbers and figures include periprocedural MI as 14 MI occurred after hospitalisation (11 
BRS-related and 3 unrelated to BRS). BARC: Bleeding Academic Research Consortium; BVS: Absorb 
bioresorbable vascular scaffold; DOCE: device-oriented composite endpoint; MI: myocardial infarction; 
POCE: patient-oriented composite endpoint; TLR: target lesion revascularisation

Table 3. BVS-treated lesion data (n=1,415) according to the 
on-line QCA evaluation performed during implantation.

Lesion classification 
(ACC/AHA)

B1 41 (2.9%)

B2 113 (8.0%)

C 1,261 (89.1%)

Total occlusion 81 (5.7%)

Bifurcation 306 (21.6%)

Moderate calcifications 145 (10.3%)

Severe calcifications 31 (2.2%)

TIMI thrombus grade >1 156 (11.0%)

Reference vessel diameter, mm 3.0±0.4

Lesion length (per single lesion), mm 28.5±13.1

Number BVS (per single lesion) 1.4±0.6

Total BVS length (per single lesion), mm 33.5±14.9

BVS+DES 60 (4.2%)

BVS average diameter, mm 3.0±0.4

BVS average length, mm 23.2±5.9

BVS overlap 1,138 (55.8%)

Predilatation 1,999 (98.0%)

Predilatation with NC balloon 790 (38.7%)

Predilatation average pressure, atm 14.5±3.8

Predilatation balloon:scaffold ratio 0.93±0.11

Post-dilatation 1,968 (96.5%)

Post-dilatation with NC balloon 1,769 (86.7%)

Post-dilatation average pressure, atm 17.5±4.3

Post-dilatation balloon:scaffold ratio 1.06±0.09

AHA/ACC: American Heart Association/American College of Cardiology; 
BMS: bare metal stent; BVS: bioresorbable vascular scaffold;  
DES: drug-eluting stent; NC: non-compliant; TIMI: Thrombolysis In 
Myocardial Infarction
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Figure 2. In-hospital and 1-year cumulative rates of major adverse 
events. Histogram showing the rates of adverse events occurring 
during the index hospitalisation and at one-year follow-up; red bars 
indicate scaffold-related events, grey bars indicate overall events. 
DOCE: device-oriented composite endpoint; MI: myocardial 
infarction (including periprocedural); PCI: percutaneous coronary 
intervention; POCE: patient-oriented composite endpoint; ST: stent 
thrombosis
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had diffuse CAD by inclusion criteria, with almost 100% ACC/
AHA type B2/C lesions, as compared to 40% to 51% in previ-
ous all-comers BVS registries4,19,20; 2) a carefully predefined and 
previously published implantation technique was mandated in all 
patients. This led to a post-dilatation rate of 96.5%, as compared 
to a rate ranging between 40% and 72% in other BVS registries4,20.

Our patients were younger (average 60±10 years), with fewer 
comorbidities than the average PCI population, with a higher rate 
of multivessel CAD (57.1%) as compared to most BVS registries. 
In the present registry, the average lesion length was 28.5±13.1 mm, 
about 10 mm longer than that reported by other BVS registries4,20. 
Accordingly, the overall BVS length of 47±22 mm and the 48.2% 
of overlapping BVS are by far the highest ever-reported length and 
rate in registries. The encouraging early clinical outcomes of our 
complex patient population corroborate the preliminary findings of 
the long lesion subgroup analysis of the GHOST-EU registry20 and 
of a small propensity-matched comparison between BVS and DES 
in long lesions, showing similar DOCE rates at one year21.

Although a recent meta-analysis failed to identify an associa-
tion between the percentage of predilation or post-dilation and the 
risk of 30-day ST in the initial BVS trials and registries22, a causal 
role of inadequate implantation technique, with subsequent scaffold 
underexpansion and malapposition, has been postulated as a poss-
ible risk of scaffold failure, along with inadequate antiplatelet ther-
apy23. Indeed, the recently published PSP score, although having 
poor discrimination and calibration, at one-year follow-up indepen-
dently predicted DOCE24. This is quite reassuring, considering that, 
compared to the GHOST-EU registry from which the PSP score was 
created and validated, our data were generated prospectively, an 
independent clinical events committee adjudicated the events, and 
data about balloon sizes and pressures were fully available.

Recently, the two-year results of the ABSORB III trial were pre-
sented (at the 2017 American College of Cardiology Congress), 
reporting significantly higher TLF rates with Absorb vs. XIENCE 
(Abbott Vascular) (11.0% vs. 7.9%, p=0.03). In ABSORB III, ves-
sels with a reference diameter <2.25 mm accounted for 19% of the 
entire population, while in IT-DISAPPEARS we excluded lesions in 
vessels with a reference diameter <2.5 mm. In addition, the post-dil-
atation rate was 66% in ABSORB III vs. 97% in IT-DISAPPEARS. 
The recently published AIDA trial25 added further evidence on the 
higher risk of ST with the Absorb (3.1% of definite/probable ST ver-
sus 0.6% with DES) but also on the equivalence of the Absorb with 
an everolimus-eluting stent in terms of the composite endpoints.

In conclusion, IT-DISAPPEARS can be regarded as a prospec-
tive demonstration that, when a careful technique is used, Absorb 
implantation can be associated with an excellent safety and effi-
cacy profile, even in patients with high lesion complexity.

Limitations
Consecutiveness of enrolment was not monitored, thus we cannot 
rule out a certain degree of selection bias, possibly affecting the 
subsequent rate of procedural success. Second, although we recom-
mended limiting the use of metallic DES, these were implanted in 

some patients. The main reasons for implanting a DES were: budget 
constraints and availability of BVS sizes. However, to overcome 
this issue, all events were carefully adjudicated to estimate the true 
BVS-related events. Metallic DES were used with BVS in the same 
lesion in only 4% of all BVS-treated lesions. Data concerning the 
features of treated lesions are reported according to an on-line QCA 
evaluation made by every single operator during implantation. Our 
primary endpoint was at one year: more efficacy/safety informa-
tion will come from the analysis of later follow-ups, i.e., when the 
resorption process will be at a more advanced stage.

Conclusions
This is the first study specifically designed to investigate the 
Absorb technology in patients with a high atherosclerotic burden 
and multivessel disease. The adherence to a mandatory pre-speci-
fied implantation technique seemed able to minimise the risk of 
the device-oriented composite endpoint and scaffold thrombosis. 
A longer follow-up will further clarify the impact of the implanta-
tion technique on outcomes.

Impact on daily practice
The primary outcome of the IT-DISAPPEARS registry sup-
ports the routine application of a careful implantation tech-
nique that includes lesion assessment, preparation, and scaffold 
post-dilation.
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