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Abstract
Background. Acute coronary syndromes most commonly arise from thrombosis of lipid-rich
coronary atheromas that have large plaque burden despite angiographically appearing mild.
Objectives. We sought to examine the outcomes of percutaneous coronary intervention (PCI) of
non-flow-limiting vulnerable plaques.
Methods. Three-vessel imaging was performed with a combination intravascular ultrasound
(IVUS) and near-infrared spectroscopy (NIRS) catheter after successful PCI of all flow-limiting
coronary lesions in 898 patients presenting with myocardial infarction (MI). Patients with an
angiographically non-obstructive stenosis not intended for PCI but with IVUS plaque burden
≥65% were randomized to treatment of the lesion with a bioresorbable vascular scaffold (BVS)
plus guideline-directed medical therapy (GDMT) vs. GDMT alone. The primary powered
effectiveness endpoint was the IVUS-derived minimum lumen area (MLA) at protocol-driven
25-month follow-up. The primary (non-powered) safety endpoint was randomized target lesion
failure (TLF; cardiac death, target vessel-related MI or clinically-driven target lesion
revascularization) at 24 months. The secondary (non-powered) clinical effectiveness endpoint
was randomized lesion-related major adverse cardiac events (MACE; cardiac death, MI, unstable
angina, or progressive angina) at latest follow-up.
Results. A total of 182 patients were randomized (93 BVS, 89 GDMT alone) at 15 centers. The
median angiographic diameter stenosis of the randomized lesions was 41.6%; by NIRS-IVUS
median plaque burden was 73.7%, median MLA was 2.9 mm2, and median maximum lipid
plaque content was 33.4%. Angiographic follow-up at 25 months was completed in 167 patients
(91.8%), and median clinical follow-up was 4.1 years. The follow-up MLA in BVS-treated
lesions was 6.9±2.6 mm2 compared with 3.0±1.0 mm2 in GDMT alone-treated lesions (least
square means difference 3.9 mm2, 95% CI 3.3-4.5, P<0.0001). TLF at 24 months occurred in
similar rates of BVS-treated and GDMT alone-treated patients (4.3% vs. 4.5%; P=0.96).
Randomized lesion-related MACE occurred in 4.3% BVS-treated patients vs. 10.7% GDMT
alone-treated patients (OR 0.38, 95% CI 0.11-1.28, P=0.12).
Conclusions. PCI of angiographically mild lesions with large plaque burden was safe,
substantially enlarged the follow-up MLA and was associated with favorable long-term clinical
outcomes, warranting the performance of an adequately powered randomized trial.
Key words: coronary artery disease, vulnerable plaque, prognosis, stent, bioresorbable scaffold
Registration: Clinicaltrails.gov identifier NCT0217065
Condensed abstract
We performed a pilot randomized trial to examine the outcomes of percutaneous coronary
intervention of non-flow-limiting vulnerable plaques in patients with recent myocardial
infarction and an angiographically mild non-obstructive plaque that otherwise had large plaque
burden. A total of 182 patients with an eligible lesion were randomized to treatment with a
bioresorbable vascular scaffold vs. medical treatment alone. Scaffold treatment of such lesions
was safe, substantially enlarged the follow-up lumen area and was associated with favorable
long-term clinical outcomes compared with medical therapy alone, warranting the performance
of an adequately powered randomized trial.
Abbreviations
ACS = acute coronary syndromes
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BVS = bioresorbable vascular scaffolds
GDMT = guideline-directed medical therapy
IVUS = intravascular ultrasound
MACE = major adverse cardiac events
MI = myocardial infarction
MLA = minimum lumen area
NIRS = near-infrared spectroscopy
PCI = percutaneous coronary intervention
TLF = target lesion failure

Introduction
Acute coronary syndromes (ACS) most commonly arise from thrombosis of coronary
artery lesions that angiographically appear mild but pathologically contain large plaque burden
(PB) with an organized lipid-rich necrotic core that is separated from the lumen by a thin fibrous
cap (1). These thin-cap fibroatheromas place patients at risk for future unstable angina, acute
myocardial infarction (MI) and cardiac death, and have been termed “vulnerable plaques” (2-5).
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Despite their benign angiographic appearance, the high-risk morphologic characteristics of
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vulnerable plaques may be identified by several noninvasive and invasive imaging modalities,
the presence of which portends an increased lesion-specific and patient-level risk of
unanticipated future major adverse cardiac events (MACE) despite intensive treatment with
guideline-directed medical therapy (GDMT) (4-9). However, whether prophylactic
revascularization of non-flow-limiting vulnerable plaques might improve patient prognosis is
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unknown.

Jo
u

Experimentally and in observational human studies, percutaneous treatment of
fibroatheromas with either metallic stents or bioresorbable vascular scaffolds (BVS) results in
neointimal hyperplasia, effectively thickening the fibrous cap and normalizing wall stress (1014). Percutaneous coronary intervention (PCI) might thus provide freedom from atherosclerotic
progression and clinical events arising from the vulnerable plaque site (15-19). However, stent or
scaffold treatment of such lesions may theoretically result in complications from fibrous cap
rupture (e.g. acute MI from distal embolization of the lipid-rich core) and impaired
endothelialization may increase the rate of device thrombosis, especially in the pro-thrombotic
ACS milieu (20,21). Restenosis after PCI of mild non-ischemic lesions may also result in
symptomatic angina or MI that might otherwise not have occurred. In this regard no prior

randomized study has been performed to assess the safety and effectiveness of prophylactic
stenting to passivate angiographically mild vulnerable plaques. We therefore performed the
present pilot randomized trial of PCI treatment of vulnerable plaques to inform a future largescale pivotal study.
Methods
Study design and oversight
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PROSPECT ABSORB was a multicenter, single-blinded, active-treatment-controlled
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randomized trial that was embedded into the PROSPECT II natural history study
(ClinicalTrials.gov: NCT02171065), the results of which will be reported separately. Patients
were recruited from university and community hospitals from 3 Scandinavian countries
(Denmark, Sweden and Norway). The trial was an investigator sponsored study led jointly by
two academic research organizations. The study organization and participating centers are listed
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in the Appendix. The protocol was designed by the principal investigators and steering

Jo
u

committee. The study protocol was approved by the ethics committee at each participating
country. The principal investigators had unrestricted data access, prepared the manuscript and
vouch for the accuracy and completeness of the reported data.
Patients, randomization, and masking
Patients with recent ST-segment elevation MI or troponin-positive non–ST-segment
elevation MI undergoing PCI were recruited into PROSPECT II (see Appendix Table S1 for the
complete list of inclusion and exclusion criteria). Following successful PCI of all lesions
responsible for the ACS and other angiographically severe or ischemic lesions (identified by
fractional flow reserve [FFR] or instantaneous wave-free ratio [iFR] testing), 3-vessel
intravascular imaging of the proximal 6-10 cm of each coronary artery was performed with a

combination intravascular ultrasound (IVUS) and near-infrared spectroscopy (NIRS) catheter
(TVC-MC8 model system with a 3.2Fr 40MHz catheter, Infraredx, Burlington, MA). The grayscale IVUS images were visible to the operator but the NIRS data regarding lipid distribution
and severity was electronically masked. Selected patients were then screened for potential
randomization in PROSPECT ABSORB (Appendix Table S2). Patients were eligible for
randomization if one (or more) lesions were present with visually-estimated diameter stenosis
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(DS) <70% not intended for PCI (with negative FFR or iFR required if DS was >40%), but with
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PB by IVUS of ≥65%. The 65% IVUS-derived PB threshold was selected to define a vulnerable
plaque because in the first PROSPECT study core laboratory-assessed PB ≥70% was the
strongest independent predictor of subsequent lesion-related events (5), and it was observed in
the IVUS core laboratory that sites tended to under-estimate PB measures. Eligible lesions also
had to have a visually-assessed reference vessel diameter of 2.5-4.0 mm and length ≤50 mm. If
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two or more eligible lesions were identified, it was recommended to select for randomization the
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lesion most proximal in the coronary tree and supplying the greatest amount of myocardium.
This lesion was declared prior to randomization. Patients with eligible lesions were then
randomized 1:1 to treatment with the Absorb BVS (Abbott Vascular, Santa Clara, CA) plus
GDMT or GDMT alone, in random block sizes stratified by site. BVS were chosen for this study
rather than metallic drug-eluting stents given their potential to thicken the fibrous cap and
normalize wall stress, their acceptable mechanical properties in non-obstructive lipid-rich noncalcific plaques, and their non-permanence (11-14).
Scaffold implantation
For BVS-randomized patients, the protocol recommended: 1) appropriate pre-dilatation
of the target lesion with a non-compliant balloon with diameter selected by IVUS to match the

reference vessel lumen dimension; 2) appropriate scaffold sizing after intracoronary
nitroglycerine based on imaging with standard BVS deployment technique; and 3) mandatory
post-dilatation at high pressure (>16 atm.) with a non-compliant balloon with diameter ≤0.5 mm
larger than the nominal scaffold diameter, assuring <10% final residual stenosis and complete
apposition of the scaffold by IVUS.
Medications and follow-up
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Pre- and post-procedural anti-platelet agents and GDMT were administered according to
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standard practice and guidelines. Follow-up was performed at 30 days, 6 months, and yearly
thereafter (ongoing through 15 years). Randomized patients also underwent routine 25-month
(allowed range 24.5–28 months) angiographic follow-up (remote from the 24-month [±14 days]
clinical visit), at which time 3-vessel intravascular NIRS-IVUS imaging was to be repeated. If
intravascular imaging was performed before 25 months and the randomized lesion had a DS of
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≥50%, was newly thrombotic or ulcerated or required revascularization, imaging of that lesion

Jo
u

(prior to revascularization) was accepted as the qualifying measure. For patients who did not
undergo routine 25-month follow-up imaging and did not have a progressive stenosis or event
arising from the randomized lesions, imaging follow-up beyond 12 months qualified. Finally, for
patients with multiple imaging follow-up procedures without revascularization, the latest
qualifying assessment closest to the protocol 25-month angiographic follow-up window was
used. The trial was unblinded after the last patient passed the 25-month angiographic follow-up
window.
Imaging analysis and event classification
Independent angiographic, IVUS and NIRS core laboratory analyses were performed.
Standard angiographic analyses were performed using an automated edge-detection algorithm

(QAngio XA 7.3, Medis Medical Imaging Systems, Leiden, the Netherlands). IVUS analyses
were performed using CASS IntraVascular 2.1 software (Pie Medical Imaging, Maastricht, the
Netherlands). PB was defined as vessel area–lumen area/vessel area. The core laboratory
established the borders of the randomized lesion according to the presence of 40% PB. The lipid
core burden index (LCBI) was assessed by NIRS as the fraction of pixels with probability of
lipid >0.6 divided by all analyzable pixels within the region of interest, multiplied by 1000. The
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maxLCBI4mm was defined as the maximum LCBI in any 4 mm segment across the entire lesion,

al
Pr
epr
o

presented on a scale of 0 (no lipid content) to 1000 (100% lipid content).

MACE were adjudicated by an independent clinical events committee (CEC) reviewing
original source documents. The CEC and core laboratories then met jointly to determine whether
adjudicated events could be ascribed to 1) originally treated culprit lesions (i.e. due to stent
thrombosis, restenosis or new jailed ostial sidebranch stenoses); 2) originally untreated non-
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culprit lesions that typically progressed over time (including randomized non-culprit lesions
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assigned to GDMT alone); or 3) the randomized non-culprit lesion that was treated with BVS.
These decisions were made based on review of changes from the baseline to the follow-up
(event) angiograms in the context of the clinical event details. Events that could not be
definitively ascribed to either a culprit site or a non-culprit site (usually because of the absence of
follow-up angiography at the time of the event) were deemed indeterminate in origin. A data and
safety monitoring committee reviewed outcomes data periodically and each time recommended
the study continue without modification.
Objectives and outcome measures
The principal objective of the PROSPECT ABSORB randomized trial was to determine
whether the Absorb BVS can safely enlarge luminal dimensions in high-risk, angiographically

non-obstructive lesions with site-determined IVUS PB ≥65% (roughly equivalent to core
laboratory-assessed lesions with PB ≥70%). The primary effectiveness endpoint was thus the
minimum lumen area (MLA) at follow-up IVUS tested for superiority of BVS treatment
compared with GDMT alone. This was the only endpoint powered for hypothesis-testing. For the
principal analysis the follow-up MLA was assessed at the site of the original MLA in each
lesion. As a secondary analysis the follow-up MLA was assessed across the entire randomized
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lesion segment, including 5 mm proximal and distal margins. The primary (non-powered) safety
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endpoint was target lesion failure (TLF; composite of cardiac death, target vessel-related MI or
clinically-driven target lesion revascularization) at 24 months (before routine angiographic
follow-up). Numerous non-powered clinical and imaging secondary endpoints were pre-specified
(Supplemental Table 3), chief of which for clinical effectiveness was the rate of randomized
lesion-related MACE, the composite of cardiac death, MI, unstable angina, or progressive angina

rn

either requiring revascularization or with rapid lesion progression, at latest follow-up. The
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definitions of the principal outcome measures are provided in Supplemental Table 4.
Statistical analysis

The primary effectiveness endpoint of MLA at 25-month follow-up is tested using
analysis of covariance, adjusted for baseline MLA. Assuming a standard deviation of 1.60 mm2
in each group (based on data from PROSPECT in non-culprit lesions with PB ≥70%), with 140
evaluable lesions the trial would have 80% and 99% power to detect an absolute difference
between groups of 0.75 mm2 and 1.15 mm2 respectively, tested at a 2-sided alpha of 0.05.
Categorical variables were compared by Chi-squared test or Fisher’s exact test. As
determined by the Shapiro-Wilk test, normally distributed continuous variables were compared
using Student’s t-test. Non-normally distributed continuous data were compared using the non-

parametric Wilcoxon rank-sum test. Survival curves were constructed for time-to-event variables
using Kaplan-Meier estimates. Because the proportional hazards assumption was not met for the
relationship between maxLCBI4mm and MACE, time-to-event outcomes were analyzed by
logistic regression with an adjustment for time-at-risk (logarithm of the time-at-risk was included
as an offset term). Odds ratios (OR) and 95% confidence intervals (CI) were determined. A twosided P-value <0.05 was considered significant for all superiority testing.
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All principal analyses were performed in the intention-to-treat population, consisting of
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all patients randomized, regardless of treatment received. Secondary analysis was also performed
in the per-protocol cohort, defined as randomized patients who met all inclusion criteria and
none of the exclusion criteria and were treated according to the randomized assignment with no
major protocol violations. The primary safety endpoint was analyzed in the safety analysis
population, defined as all patients excluding those randomized to BVS in whom the scaffold did
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Cary, NC).
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not exit the guide catheter. All statistical analyses were performed by SAS v9.4 (SAS Institute,

Role of the funding source

The sponsor was the Uppsala Clinical Research Center, Uppsala University Hospital,
Uppsala, Sweden. The trial was funded by research grants from Abbott Vascular, Infraredx and
The Medicines Company (Parsippany, NJ). The funding sources were uninvolved in any study
processes, including trial design, site selection and management, data collection and analysis and
manuscript preparation. The study chairs (GWS and DE) had complete access to all study data,
vouch for the trial integrity and controlled the decision to publish.
Results
Patients and lesion characteristics

Between June 10th, 2014 and December 20th, 2017, 902 patients at 16 sites were enrolled
in PROSPECT II. Among these, 182 patients at 15 sites with an angiographically nonobstructive lesion but with PB ≥65% were randomized to Absorb BVS plus GDMT (n=93) vs.
GDMT alone (n=89) (Supplemental Figure 1). The baseline clinical features and laboratory
measures of the randomized patients compared with those not randomized in PROSPECT II
were similar in most respects (Supplemental Table 5). However, by design randomized lesions
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had substantially greater PB than non-randomized lesions, and also had greater lipid content and
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a smaller MLA (Supplemental Table 6). The baseline clinical, laboratory and imaging
characteristics of the patients and lesions randomized to BVS plus GDMT versus GDMT alone
were well matched (Tables 1 and 2). By angiography the randomized lesions were mild in
severity (median DS 41.6% [Q1 33.8, Q3 49.4]). FFR or iFR was negative (FRR >0.80 or iFR
>0.89) in 93/97 (95.9%) randomized lesions. By IVUS, however, these lesions had a large PB

rn

(median 73.7% [Q1 70.1, Q3 77.4]), a small MLA (median 2.9 mm2 [Q1 2.4, Q3 3.8]) and high
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maximum lipid content (median 33.4%; i.e. maxLCBI4mm 334.2 [Q1 190.2, Q3 477.8]). Two or
more of the PROSPECT II pre-specified high-risk vulnerable plaque characteristics of PB ≥70%,
MLA ≤4.0 mm2 and maximum lipid content ≥32.5% (the upper quartile of all measured values in
untreated non-culprit lesions) were present in 74.3% of randomized lesions, while all 3 high-risk
morphologic characteristics were present in 42.9% of lesions.
Procedures and medications
BVS was implanted in 92 of the 93 patients assigned to PCI; in one patient the vessel
after pre-dilatation was felt to be too large (>4.0 mm) for BVS and a metallic drug-eluting stent
was implanted instead. Procedural details for these 93 patients are shown in Appendix Table S7,
and the immediate post-scaffold imaging results are shown in Appendix Table S8. Median

scaffold length was 18 mm, and 86% were post-dilated at a median pressure of 18 atm. BVS was
implanted in 1 of 89 patients in the GDMT alone group by error.
Adherence to GDMT was high during the study duration (Supplemental Table 9) and did
not significantly vary between the groups at any time. Dual antiplatelet therapy (most commonly
aspirin and ticagrelor) was administered in a similarly high proportion of patients in both groups

High-dose statins were taken by most patients.
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Primary and secondary outcomes
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through 6-12 months, after which a single antiplatelet agent (typically aspirin) was used in most.

As shown in Supplemental Figure 1, 24-month clinical follow-up was available in all but
1 patient (99.5%). Follow-up angiography was completed in 167 (91.8%) patients at median 25.0
(Q1 24.8, Q3 25.3) months, and qualifying IVUS images analyzable in the core laboratory were
available in 156 (85.7%) patients. Median (Q1, Q3) clinical follow-up was 4.1 (3.4, 4.5) years.
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Follow-up imaging outcomes are shown in Table 3. The primary endpoint, the MLA at
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follow-up measured at the original MLA location on the baseline study, was 6.9 ± 2.6 mm2 in
BVS-treated lesions compared with 3.0 ± 1.0 mm2 in GDMT alone-treated lesions (least square
means difference 3.9 mm2, 95% CI 3.3-4.5, P<0.0001). The follow-up MLA measured anywhere
in the lesion (including the 5 mm proximal and distal margins) was 5.2 ± 1.8 mm2 in BVStreated lesions compared with 2.9 ± 0.9 mm2 in GDMT alone-treated lesions (least square means
difference 2.3 mm2, 95% CI 1.9-2.6, P<0.0001). Cumulative frequency distribution curves for
the MLA at baseline, post-BVS and follow-up appear in Supplemental Figure 2. These findings
were consistent in the per-protocol population (Supplemental Table 10). The median (Q1, Q3)
thickness of neointimal hyperplasia in BVS-treated lesions was 0.21 (0.18, 0.24) mm. One BVStreated patient (1.2%) had late acquired malapposition of scaffold struts with associated scaffold

dismantling noted at routine 25-month follow-up (Supplemental Figure 3). This patient remained
asymptomatic and MACE-free throughout the study. No other patient had either malapposition
or scaffold discontinuities during follow-up noted by the core laboratory. By NIRS the maximum
lipid content at the randomized lesion site at follow-up was substantially less after BVS
treatment compared with GDMT alone (median 6.2% vs. 26.9%, P<0.0001). By quantitative
coronary angiography the minimal luminal diameter was substantially greater, and the percent
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DS was substantially less in the BVS group compared with the GDMT alone group at follow-up
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(Table 3, Supplemental Figure 2). Binary restenosis (follow-up DS ≥50%) at 25 months was
present in 4/86 (4.7%) BVS-treated lesions whereas the follow-up DS was ≥50% in 12/80
(15.0%) GDMT-alone treated lesions (P=0.02).

Clinical outcomes are shown in Table 4. The primary safety endpoint of TLF at 24
months occurred in similar rates of BVS-treated and GDMT alone-treated patients (4.3% vs.

rn

4.5%; OR 0.96, 95% CI 0.23-3.97, P=0.96) (Figure 1A). The secondary major clinical
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effectiveness endpoint of randomized lesion-related MACE at latest follow-up occurred in 4.3%
BVS-treated patients compared with 10.7% GDMT alone-treated patients (OR 0.38, 95% CI
0.11-1.28, P=0.12) (Figure 1B). This reduction was driven by fewer episodes of new onset
severe angina with rapid lesion progression requiring revascularization. An illustrative case
demonstrating disparate outcomes in a treated and non-treated non-culprit lesion from the same
patient is shown in Figure 2. The absolute difference in the rate of randomized lesion-related
MACE between the groups was greater in patients with multiple baseline high-risk vulnerable
plaque characteristics (Supplemental Table 11). Only 1 patient (1.1%) developed BVS-associated
thrombosis during 4-year follow-up; a sidebranch arising from the scaffold occluded 50 days postprocedure without involvement of the scaffold itself (Supplemental Figure 4).

Discussion
Currently there is no accepted indication to revascularize vulnerable plaques as most are
angiographically mild and sufficiently non-stenotic to fall below the ischemic threshold (22).
Nonetheless, progressive atherosclerosis and thrombosis of these lesions may result in an
increasing frequency of progressive and unstable angina, MI and cardiac death over time. As
demonstrated in the original PROSPECT study and other investigations, angiographically mild
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vulnerable plaques that are likely to produce future unanticipated MACE may be identified by

al
Pr
epr
o

intravascular imaging as those with large PB, a well-formed necrotic core with high lipid
content, a thin fibrous cap, and/or a small MLA (5-9). When multiple such characteristics are
present in the same lesion, the lesion-specific risk they impose may be as high as 20% within
several years. This is a particular concern in patients with ACS in whom most patients have one
or more untreated atheromas with high-risk plaque characteristics (5,23,24). In this regard,
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untreated non-ischemic lesions have higher rates of MACE during follow-up in patients with
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ACS than in chronic coronary syndromes (25). Treatment of non-culprit lesions that are
angiographically severe or ischemic has been shown to reduce reinfarction rates in STEMI (26).
However, whether prophylactic revascularization of angiographically non-severe high-risk
lesions that are not flow-limiting may be safely performed and improve patient outcomes is
unknown.
The present study is the first randomized trial to examine whether PCI of plaques with
high-risk “vulnerable” characteristics is safe and effective in enlarging luminal dimensions while
generating a “neocap” of intimal hyperplasia over the original lesion, potentially leaving the
atheroma more resistant to rupture and thrombosis (Central Illustration) (10-14). The criterion set
for high-risk plaques in the present study was solely based on a large PB which was

demonstrated in PROSPECT and other studies to predict a lesion-specific MACE rate of 10% or
greater over 3-4 years (even higher when multiple high-risk plaque characteristics are present)
(27). The plaques selected for randomization were angiographically mild (median DS 41.6%)
and non-ischemic (DS <40% or hemodynamically non-flow-limiting by FFR or iFR), but had
large PB (median 73.7%) and high lipid content (median 33.4%). Treatment of such plaques with
BVS markedly increased luminal dimensions at 25 months, and although IVUS does not have
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sufficient axial resolution to identify which lesions at baseline had a thin fibrous cap (<65 µm),
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the median 210 µm of neointimal hyperplasia that developed over the scaffold effectively
thickened and thus potentially stabilized the barrier between the fibroatheroma and the lumen.
BVS use was safe and did not increase TLF at 2 years. Only one device-related
thrombosis occurred, that in a sidebranch likely due to plaque shift and not of the scaffold itself,
and only a single case with any late strut malapposition or scaffold discontinuities was observed.
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Binary restenosis at 25 months occurred in only 4.7% of cases (lower than the rate of lesions
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with DS ≥50% that developed during this timeframe in the GDMT only arm). Each of these
outcomes is better than has been previously reported with BVS (28-30). Possible reasons are
that: 1) BVS was implanted in relatively large, focal, angiographically non-severe lesions which
had high lipid content and little calcium (i.e. were soft and easy to expand); 2) optimal
implantation techniques, including proper lesion preparation, vessel and device sizing, and highpressure post-dilatation were used more often than in most prior studies; and 3) BVS was
implanted with IVUS guidance, ensuring maximal expansion and wall apposition, factors that
likely lower the risk of early and late thrombosis and restenosis (31-35).
The present trial was not powered for clinical outcomes. However, adjudicated MACE
during 4-year follow-up that was attributed to the randomized lesion (which included

periprocedural events) occurred in only 4.3% of BVS-treated patients compared with 10.7% of
GDMT alone-treated patients (OR 0.38, 95% CI 0.11 to 1.28). Nonetheless, most of the events
were new onset severe angina requiring revascularization. There were few cases of randomized
lesion-related MIs and no cardiac deaths in either group during follow-up, a testament to the
excellent adherence to GDMT. However, events without follow-up angiography (all cardiac
deaths and some MIs) were classified as indeterminate in origin. The demonstrated vascular
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response to PCI from this study of enhancing cap thickness and reducing lipid content at the
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vulnerable lesion site might potentially reduce plaque rupture and prevent ACS. These findings
notwithstanding, a large-scale appropriately powered randomized trial is required to determine
whether treatment of non-flow-limiting vulnerable plaques in patients with ACS (or other
populations) improves clinical outcomes; until such a study, PCI of non-ischemic lesions, even
those with high-risk morphologic features, cannot be routinely recommended. One such ongoing
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investigation is the Preventive Coronary Intervention on Stenosis With Functionally Insignificant

Jo
u

Vulnerable Plaque (PREVENT) trial in which 1600 patients with vulnerable plaques containing
multiple high-risk features are being randomized to PCI plus GDMT versus GDMT alone
(ClinicalTrials.gov identifier NCT02316886).
Strengths and limitations
The present study has several strengths including masking the operators to the NIRS data,
high rates of clinical and angiographic follow-up and independent core laboratory analysis and
central event adjudication. Its principal limitation is lack of power to provide definitive clinical
guidance. IVUS lacks sufficient resolution to detect all cases of malapposition and scaffold
discontinuities but severe cases would likely be identified. The mechanisms underlying the
reduction in randomized lesion lipid content from baseline to 25-month follow-up after BVS-

treatment are uncertain. While an anti-atherosclerotic effect cannot be excluded (36), it is more
likely this is due to lipid embolization during the procedure, geometric remodeling of the lesion,
or physical distancing of the lipid from the transducer. Median follow-up was only 4.1 years, but
even in more complex lesions BVS treatment results in few TLF and thrombosis events after 3
years (30). Finally, the present PCI results apply to the first generation everolimus-eluting
Absorb BVS; whether the results would be superior with a thinner-strut BVS or a contemporary
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Conclusions
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metallic DES is unknown.

In the present randomized trial BVS implantation in angiographically mild non–flowlimiting lesions with large PB, small lumen areas and high lipid content was safe and
substantially enlarged luminal dimensions during follow-up. The favorable randomized lesionrelated MACE rates observed after BVS treatment compared with GDMT alone warrants the

rn

performance of an adequately powered randomized trial to determine whether PCI treatment of
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focal vulnerable plaques improves patient outcomes.

PERSPECTIVES
Competency in Patient Care and Procedural Skills: PCI of vulnerable plaques can safely enlarge
the arterial lumen and modify lesion structure, potentially reducing the risk of progression and
atherothrombotic events.
Translational Outlook: Adequately powered randomized trials are needed to determine whether
identification and prophylactic interventional treatment of prophylactic vulnerable plaques

al
Pr
epr
o

Jo
u

rn

atherosclerosis.
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identified by various imaging techniques improves the prognosis of patients with coronary
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Figure Legends
Figure 1. Kaplan-Meier hazard curves for the primary safety outcome and principal
clinical effectiveness outcome. A: Target lesion failure, the primary safety outcome measure,
though 24-month follow-up. B: Randomized lesion-related major adverse cardiac events
(MACE) though 4-year follow-up. Note: No randomized lesion-related MACE events occurred
after 4 years through the end of the study. The dotted vertical line marks the 24-month time point
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prior to routine angiographic follow-up at 25 months. Note that at the 25-month follow-up 3
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valid events were adjudicated in the GDMT alone group and 1 valid event was adjudicated in the
BVS group. All four patients had recent onset of progressive angina and were waiting for the
scheduled angiogram for diagnosis and treatment.

Figure 2. An illustrative case from PROSPECT ABSORB. A 57-year-old man was admitted
with a non-STEMI due to a high-grade stenosis of the left anterior descending artery (LAD).
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After successful metallic stent implantation in the LAD, 3-vessel imaging was performed. The
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operator considered two possible lesions for randomization on the basis of grayscale IVUS
demonstrating PB ≥65%. Both lesions were angiographically moderately severe (panels A and
D) but both were negative by FFR testing (FFR=0.90 in both lesions). The lesion in the obtuse
marginal branch of the left circumflex artery (panel A) had a PB of 83%, an MLA of 1.5mm2,
and a maxLCBI4mm (the maximum lipid core burden index over each 4 mm segment) of 944,
consistent with 94% lipid at its most severe location (panel B). (Note: The lipid data shown in
this figure were electronically masked and not available to the operator at the time of clinical
decision-making). The mid right coronary artery (RCA) lesion (panel D) had a PB of 81%, an
MLA of 1.8mm2, and a maxLCBI4mm of 459, consistent with 46% lipid at its most severe
location (panel G). The operator chose to randomize the RCA lesion which was allocated to BVS

plus GDMT. After pre-dilatation with a 3.5 mm balloon, a 3.5x23mm BVS was implanted at 16
atm. and post-dilated with a 4.0mm non-compliant balloon at 18 atm. The final result is shown in
panel E. Post-scaffold implant the lumen had been enlarged to 5.2mm2 (the same as the scaffold
area) and no lipid was present (meaning it had embolized or was displaced beyond detection by
the transducer) (panel H). Periprocedural MI was not detected. The patient was initially
asymptomatic but presented 9 months later with severe progressive angina. Repeat angiography
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demonstrated a patent RCA (not shown) and a thrombotically occluded OM branch of the LCX
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adjacent to the site of the original high-risk lesion (despite ongoing high-dose statin therapy and
other GDMT) (panel C). The operator chose to treat the LCX conservatively. The patient
remained stable but with mild angina. At 25 months protocol-driven routine follow-up
angiography and imaging was performed. The LCX OM remained occluded (not shown) and the
RCA was widely patent (panel F) with a scaffold area of 6.6mm2 and a minimal luminal area of

rn

4.8mm2 (panel I), the difference representing neointimal hyperplasia, functionally a thickened
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“neocap” covering the prior fibroatheroma.
Central illustration. Conceptual framework for the in vivo detection and focal passivation
of vulnerable plaques. Upper left panel shows a cross-section of a vulnerable plaque,
pathologically termed a thin-cap fibroatheroma. A well-formed necrotic core consisting of
cholesterol, cholesterol esters, inflammatory cells and cellular debris (yellow) is separated by the
coronary artery lumen (black circle) by a fibrous cap <65 µm in thickness (green). Upper right
panel shows an angiogram from a patient with mild narrowing (arrow; DS <20%) in the
proximal left anterior descending coronary artery. The fractional flow reserve (FFR) is ≥0.80,
indicating that the lesion is not hemodynamically flow-limiting. The NIRS chemogram from the
lesion (below right) demonstrates substantial lipid (yellow streaks). The most severe NIRS-IVUS

cross-section shows three essential features of a vulnerable plaque: a large PB (≥70%), a small
minimal lumen area (MLA; ≤4.0mm2), and high lipid content (maxLCBI4mm ≥325 – the
maximum lipid core burden index over any 4 mm segment ≥32.5% lipid). Note that with an axial
resolution of ~150 µm, IVUS lacks the ability to discriminate the presence of a thin fibrous cap.
The lower right shows one potential outcome with conservative treatment (guideline-directed
medical therapy, GDMT); vulnerable plaques with multiple high-risk characteristics have a 10-
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20% chance of rupturing within several years, releasing tissue factor and other pro-thrombotic
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contents from the core, causing thrombosis. If the underlying lumen was small this frequently
results in sub-total or total coronary occlusion with an acute coronary syndrome (accelerating
angina, myocardial infarction or cardiac death), whereas if the lumen was less obstructive this
may result in asymptomatic plaque progression. The lower left shows the theoretical outcome
after PCI with either a drug-eluting metallic stent or a bioresorbable scaffold. The gray struts
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enlarge the lumen and the amount of detectable lipid is frequently reduced either due to
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embolization or plaque translation. Controlled arterial injury induces formation of a “neocap” – a
new fibrous cap ~100-200µm in thickness which serves as a barrier between the necrotic core
and lumen, passivating or stabilizing the plaque. Note that this figure describes the theoretical
framework underlying the potential rationale for focal treatment of vulnerable plaque.
Appropriately powered randomized trials are required to demonstrate the safety and
effectiveness of this approach.

Table 1. Baseline clinical and laboratory characteristics of the randomized population

Age (years)

BVS plus GDMT
(N=93)
63.0 (56.0, 69.0)

GDMT alone
(N=89)
65.0 (58.0, 72.0)

Sex (male)

86.0% (80/93)

78.7% (70/89)

- Denmark

72.0% (67/93)

73.0% (65/89)

- Sweden

17.2% (16/93)

18.0% (16/89)

- Norway

10.8% (10/93)

9.0% (8/89)

27.2 (25.0, 29.6)

26.4 (24.6, 29.8)

Patient measures
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Country
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Body mass index (kg/m2)
Hypertension, medically treated

38.7% (36/93)

40.4% (36/89)

Dyslipidemia, medically treated

24.7% (23/93)

18.0% (16/89)

Diabetes mellitus

11.8% (11/93)

10.1% (9/89)

3.2% (3/93)

5.6% (5/89)

Recent tobacco use (within 1 month)

38.0% (35/92)

34.1% (30/88)

Prior percutaneous coronary intervention

12.9% (12/93)

10.1% (9/89)

0.0% (0/93)

0.0% (0/89)

7.5% (7/93)

9.0% (8/89)

33.3% (31/93)

25.8% (23/89)

66.7% (62/93)

74.2% (66/89)

208.8 (166.3, 228.2)

197.2 (170.1, 235.9)

- High-density lipoprotein (mg/dL)

42.5 (36.7, 54.1)

42.5 (36.3, 54.1)

- Low-density lipoprotein (mg/dL)

133.4 (104.4, 154.7)

127.6 (104.4, 162.4)

- Triglycerides (mg/dL)

124.0 (86.8, 177.1)

115.1 (79.7, 177.1)

0.84 (0.75, 0.96)

0.89 (0.75, 1.05)

3.6 (1.4, 8.1)

3.1 (1.7, 5.0)

14.5 (13.8, 15.1)

14.3 (13.2, 15.1)

7.5% (7/93)

15.7% (14/89)

- Insulin-treated

Prior bypass graft surgery
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Clinical presentation

rn

Prior myocardial infarction

- ST-segment elevation myocardial infarction
- Non-ST-segment elevation myocardial
infarction

Laboratory measures
- Total cholesterol (mg/dL)

- Serum creatinine (mg/dL)
- High-sensitivity C-reactive protein (µg/mL)
- Hemoglobin (g/dL)
- Anemia*

- White blood cell count (x109/L)

9.0 (7.4, 12.0)

8.2 (6.9, 11.1)

9

- Platelet count (x10 /L)

216 (194, 266)

233 (196, 277)

- Left ventricular ejection fraction <50%

38.2% (34/89)

22.6% (19/84)
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Continuous data are presented as median (Q1, Q3). There were no significant differences between groups.
*Hemoglobin <13 g/dL for males, <12 g/dL for females.

Table 2. Baseline core laboratory-assessed imaging features of the randomized lesions

29.0% (27/93)
34.4% (32/93)
36.6% (34/93)

39.3% (35/89)
34.8% (31/89)
25.8% (23/89)

25.8% (24/93)
44.1% (41/93)
16.1% (15/93)
14.0% (13/93)

31.5% (28/89)
36.0% (32/89)
13.5% (12/89)
19.1% (17/89)

0.0% (0/91)
2.2% (2/91)
97.8% (89/91)
2.85 (2.61, 3.24)
1.64 (1.43, 2.04)
41.0 (32.8, 49.4)
13.4 (9.5, 17.4)

0.0% (0/84)
2.4% (2/84)
97.6% (82/84)
2.81 (2.45, 3.11)
1.60 (1.40, 1.84)
42.1 (36.1, 48.6)
12.1 (8.7, 18.4)

3.0 (2.4, 3.9)
32.8 (17.1, 53.9)
270 (180, 360)
0.89 (0.78, 1.00)
11.6 (8.8, 14.7)
73.8 (70.0, 77.6)

2.9 (2.5, 3.6)
29.2 (16.8, 40.3)
240 (180, 360)
0.85 (0.72, 0.99)
11.0 (8.4, 13.3)
73.7 (70.2, 76.8)

23.0 (15.5, 35.0)

23.0 (15.0, 34.5)

326.6 (207.2, 491.4)

337.2 (179.9, 469.6)

76.1% (70/92)
51.7% (46/89)
78.3% (72/92)
93.3% (83/89)

78.4% (69/88)
53.5% (46/86)
88.6% (78/88)
97.7% (84/86)

71.9% (64/89)

76.7% (66/86)
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GDMT alone
(N=89)
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Angiographic findings
Coronary artery lesion location
- Left anterior descending
- Left circumflex
- Right
Lesion Location
- Proximal
- Mid
- Distal
- Sidebranch
TIMI flow
- 0/1
-2
-3
Reference vessel diameter (mm)
Minimum luminal diameter (mm)
Diameter stenosis (%)
Lesion length (mm)
Intravascular ultrasound findings
Measures at the minimal luminal area site
- Minimal luminal area (mm2)
- Distance from ostium (mm)
- Disease arc (°)
- Remodeling index
- Vessel area (mm2)
Maximum plaque burden (%)
Lesion length (mm)
Near-infrared spectroscopy findings
MaxLCBI4mm
High-risk plaque morphology
Lesions with plaque burden ≥70%
Lesions with maxLCBI4mm ≥324.7*
Lesions with minimal luminal area ≤4.0 mm2
Lesions with ≥1 of 3 high-risk plaque
characteristics†
Lesions with ≥2 of 3 high-risk plaque

BVS plus GDMT
(N=93)

characteristics†
Lesions with 3 of 3 high-risk plaque
characteristics†

40.4% (36/89)

45.3% (39/86)
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Continuous data are presented as median (Q1, Q3). There were no significant differences between groups.
*MaxLCBI4mm (maximum lipid core burden index) denotes the highest lipid content over any 4 mm segment in the
lesion, scored on a scale of 0 to 1000 which signifies 0% to 100% lipid content. 324.7 represents the upper quartile
cutoff of all untreated imaged non-culprit lesions in the PROSPECT II study, the pre-specified definition of a highrisk plaque by near-infrared spectroscopy criteria. †Pre-specified high-risk plaque characteristics include
maxLCBI4mm ≥324.7, maximum plaque burden ≥70%, and MLA≤ 4.0 mm2. TIMI denotes Thrombolysis in
Myocardial Infarction.

l
a

2.15 ± 0.44
0.27 ± 0.36
23.8 ± 14.3
4.7% (4/86)
N=84

r
P

-

2.29 ± 0.46
0.37 ± 0.40
20.6 ±13.1
3.5% (3/86)

2.9 ± 0.9
3.1 ± 0.9
-0.2 ± 0.5
N=72
268.8 (157.2, 396.7)

5.2 ± 1.8
3.2 ± 1.0
2.0 ± 1.5
N=84
62.0 (0.0, 213.8)

-

0.21
0.21
0.048

<0.0001
<0.0001
<0.0001

-

<0.0001
<0.0001
<0.0001
2.3 (1.9, 2.6)*
2.3 (1.9, 2.6)*

3.9 (3.3, 4.5)*
3.9 (3.3, 4.5)*
-

0.50 (0.37, 0.63)
<0.0001
0.27 (0.14, 0.39)
<0.0001
-14.4 (-18.7, -10.2)* <0.0001
-10.3 (-19.4, -1.3)
0.02

-

-

Difference (95% CI) P-value

Continuous data are mean ± standard deviation or median (Q1, Q3). *Least squares mean difference tested between groups in an ANCOVA model
adjusted for baseline MLA.

3.0 ± 1.0
3.1 ± 0.9
-0.1 ± 0.5
10.2 (7.8, 12.4)

6.9 ± 2.6
3.2 ± 1.0
3.7 ± 2.5
15.9 (12.5, 20.1)

1.66 ±0.40
0.00 ±0.45
38.6 ± 13.8
15.0% (12/80)
N=72
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0.0% (0/78)
1.3% (1/78)
98.7% (77/78)
2.73 ± 0.51

0.0% (0/83)
6.0% (5/83)
94.0% (78/83)
2.84 ± 0.40
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N=80

GDMT alone

N=86
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Angiographic findings
TIMI flow
- 0/1
-2
-3
Reference vessel diameter (mm)
In-scaffold measures
- Minimum luminal diameter (mm)
- Late loss (mm)
- Diameter stenosis (%)
- Diameter stenosis ≥50%
In-lesion measures (includes 5 mm margins)
- Minimum luminal diameter (mm)
- Late loss (mm)
- Diameter stenosis (%)
- Diameter stenosis ≥50%
Intravascular ultrasound findings
At the original MLA site
- Follow-up MLA (mm2) – primary endpoint
- Baseline MLA (mm2), paired
- Change from baseline to follow-up (mm2)
- Follow-up vessel area
Across the entire lesion and 5 mm margins
- Follow-up MLA (mm2) – secondary endpoint
- Baseline MLA (mm2), paired
- Change from baseline to follow-up (mm2)
Near-infrared spectroscopy findings
MaxLCBI4mm

BVS + GDMT

Table 3. Qualifying 25-month follow-up core laboratory-assessed imaging measures of the randomized lesions
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4.3% (4)
0% (0)
2.2% (2)
0% (0)
2.2% (2)
1.1% (1)
1.1% (1)
1.1% (1)
0% (0)
4.3% (4)
4.3% (4)
0% (0)

10.7% (9)
0% (0)
1.7% (1)
0% (0)
1.7% (1)
0% (0)
9.0% (8)
6.8% (6)
2.2% (2)
8.5% (7)
8.5% (7)
0% (0)

e

f
o

o
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p

N=89
4.5% (4)
0% (0)
1.1% (1)
3.4% (3)
N=89

GDMT
alone

0.38 (0.11, 1.28)
-

0.96 (0.23, 3.97)
-

Odds ratio
(95% CI)

0.12
-

0.96
-

Pvalue

Event rates are Kaplan-Meier estimates, percent (n events). ACL denotes angiographic core laboratory. MACE denotes major adverse
cardiac events. TLR denotes target lesion revascularization. PCI denotes percutaneous coronary intervention. CABG denotes coronary
artery bypass graft surgery.
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N=92
4.3% (4)
0% (0)
3.3% (3)
3.3% (3)
N=93

n
r
u

Safety analysis population
Target lesion failure, 24 months
- Cardiac death
- Target-vessel myocardial infarction
- Clinically-driven TLR
Intention-to-treat population
Randomized lesion-related events, entire study
- MACE
- Cardiac death
- Myocardial infarction
- Procedural
- Non-procedural
- Unstable angina
- Progressive angina
- Requiring revascularization
- With ACL-confirmed rapid lesion progression
- Clinically-driven revascularization, entire study
- PCI
- CABG

BVS +
GDMT

Table 4. Clinical outcomes in the randomized groups throughout the study
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Maehara, (CRF), Stefan James, Uppsala Clinical Research Center (UCR), Uppsala, Sweden

Co-chairmen: David Erlinge, Gregg W. Stone
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Sponsor: Uppsala Clinical Research Center, Uppsala University Hospital, Uppsala,
Sweden; Lars Wallentin (sponsor representative), Jonas Oldgren (Executive Director)
Coordinating Academic Research Organizations: Cardiovascular Research Foundation,
New York, NY, USA (Ori Ben-Yehuda, Executive Director) and Uppsala Clinical Research
Center, Uppsala University Hospital, Uppsala, Sweden (Jonas Oldgren, Executive Director)
Funding support: Abbott Vascular, Santa Clara, CA, USA; Infraredx Inc, Bedford, MA,
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Clinical Events Committee and Coordinators: Uppsala Clinical Research Center,
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Project and Data Management, Biostatistics, and Monitoring: Uppsala Clinical Research
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Data Safety Monitoring Board (DSMB): Patrick W. Serruys (Chair), Imperial College,
London, Jan Tijssen, University of Amsterdam, the Netherlands, Wolfgang Koenig, German
Heart Center, Munich, Joanna Wykrzykowska, University of Amsterdam, the Netherlands.
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Havndrup, Michael Ottesen, Steen Carstensen; Rigshospitalet, Copenhagen: PI - Thomas
Engstrøm, Co-investigators - Göran Olivecrona, Lene Holmvang, Steffen Helqvist, Kari I
Saunamäki, Frans Pedersen, Hans-Henrik Tilsted, Ole De Backer, Jens Flensted Lassen, Erik
Jørgensen, Francis Joshi, Allan Iversen, Rikke Sørensen, Jacob Lønborg; Odense University
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Hospital, Odense: PI - Lisette Okkels Jensen, Co-investigators - Kristoffer Bendix, Karsten
Veien, Julia Ellert, Christian Fallesen, Anne Thuesen, Ole Ahlehoff.
Sweden (32 randomized): Skåne University Hospital, Lund: PI - David Erlinge, Coinvestigators - Matthias Götberg, Jan Harnek, Tim Tödt, Sasha Koul, Göran Olivecrona, Fredrik
Scherstén; Örebro University Hospital, Örebro: PI - Ole Fröbert, Co-investigators - Fredrik
Calais, Usama Dhaha, Thomas Kellerth, László Márton, Leszek Zagozdzon; Danderyd
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Hospital, Stockholm: PI - Jonas Persson, Co-investigators - Rikard Linder, Habib Mir-Akbari,
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Nikolas Östlund-Papadogeorgos; Uppsala University Hospital, Uppsala: PI - Stefan James, Coinvestigators - Bo Lagerqvist, Bertil Larsson, Giovanna Sarno, Christoph Varenhorst, Azad
Amin; Södersjukhuset, Stockholm: Ulf Jensen(PI); Falu Lasarett, Falun: PI - Iwar Sjögren, Coinvestigators - Kristina Hambraeus, Crister Zedigh, Lars Hagström; Kalmar County Hospital,
Kalmar: PI - Jörg Carlsson, Co-investigator - Michael Lindstaedt.

Norway (18 randomized): St. Olavs Hospital, Trondheim University Hospital, Trondheim: PI -
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Rune Wiseth, Co-investigators - Knut Hegbom, Olav Leiren, Matthias Heigert, Bjørn Inge Våga;
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Stavanger University Hospital, Stavanger; PI - Alf Inge Larsen, Co-investigators - Nigussie
Bogale, Mohsen Gaballa, Ståle Barvik, Christer Ogne, Vernon Bonarjee; Haukeland University
Hospital, Bergen; PI - Öyvind Bleie, Co-investigators - Jon Herstad, Svein Rotevatn, Erik
Packer, Erlend Eriksen, Torfi Fjalar Jonasson, Kjetil Halvorsen Løland; University Hospital of
North Norway, Tromsö; PI - Thor Trovik, Co-investigator - Amjid Iqbal.
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University Hospital, Stavanger; Alf Inge Larsen (PI); Haukeland University Hospital, Bergen;
Öyvind Bleie (PI); University Hospital of North Norway, Tromsö; Thor Trovik (PI).

4

Table S1. Patient inclusion and exclusion criteria for the PROSPECT II study
Clinical inclusion criteria (all must be present)
1. Troponin positive ACS (STEMI >12 hours or NSTEMI) occurring within the prior 4 weeks of
enrollment, with symptoms consistent with acute ischemia lasting >10 minutes, intended for
angiography and PCI, if appropriate.
Clinical exclusion criteria (none must be present)
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1. Known estimated creatinine clearance <30 mL/min.
2. Cardiogenic shock, decompensated hypotension or heart failure requiring intubation, inotropes,
intravenous diuretics, or a hemodynamic support device.
3. Patient has a known hypersensitivity, allergy, or contraindication to any of the following: Aspirin,
both heparin and bivalirudin, all 3 of clopidogrel, prasugrel and ticagrelor, or to contrast that cannot
be adequately pre-medicated.
4. Refractory ventricular arrhythmias (e.g. ventricular tachycardia or fibrillation) requiring either
intravenous pharmacologic treatment or defibrillation during the index PCI procedure.
5. Persistent acute conduction system disease requiring temporary pacemaker insertion during the
index PCI procedure.
6. Prior CABG at any time or planned CABG.
7. Any medical illness (e.g. cancer or severe congestive heart failure) or recent history of substance
abuse that may cause non-compliance with the protocol (including follow-up angiography if enrolled
in PROSPECT ABSORB), confound the data interpretation, or is associated with a life expectancy
less than 3 years.
8. Patient is currently enrolled in another investigational use device or drug study that has not reached
its primary endpoint. If the patient is enrolled in another study that is not investigational, required
visits for that trial must not interfere with the conduct of this study.
9. Prior participation in this study.
Angiographic inclusion criteria (all must be present)
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1. Patient must have 1-vessel, 2-vessel, or 3-vessel disease in native coronary arteries requiring PCI.
Note: Culprit lesions (those responsible for the ACS or which otherwise require PCI) may be either
de novo, restenotic, or due to stent thrombosis.
2. Successful PCI without major complications must be performed in all treated culprit lesions,
including the lesion(s) responsible for the ACS, and any other angiographically evident flow-limiting
lesions that by standard of care require treatment. This may be accomplished either during a single
procedure or after a staged procedure, but in the case of staging the patient may not be enrolled
until after all stages are successfully completed without major complications and this must occur
within 4 weeks of initial ACS presentation.
Angiographic exclusion criteria (none must be present)
1. PCI is required of the left main coronary artery or a left main stenosis is present with a visually
estimated angiographic DS of >30%.
2. Angiographic evidence of severe calcification and/or marked tortuosity of the target (culprit) or a
non-culprit vessel is present that would preclude the feasibility of safe imaging of at least the
proximal 6 cm of all vessels.

3. The presence of a chronic total occlusion of a major epicardial coronary vessel that is not
successfully recanalized during the PCI procedure, and thus would preclude intravascular imaging.
Note: A side branch of a major vessel (e.g. a diagonal branch) may be occluded as long as the
major epicardial vessel (e.g. the left anterior descending artery) is patent and can be imaged.
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Table S2. Patient inclusion and exclusion criteria for the PROSPECT ABSORB trial
After PCI of all intended target culprit lesions and following successful and uncomplicated imaging of at
least one, but preferably all 3 coronary vessels (culprit and non-culprit) in the PROSPECT II natural
history phase of the study, the patient is eligible for randomization in the PROSPECT ABSORB study if
one or more eligible lesions are identified that meet all of the following angiographic criteria:
Angiographic inclusion criteria (all must be present)
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1. The lesion is a de novo lesion (may be located in either the target or non-target vessel)
2. The lesion has an angiographic diameter stenosis <70% and is not intended for revascularization
based on angiographic criteria and FFR/iFR. Note: FFR/iFR should be performed on all non-critical
lesions of >40% visually estimated angiographic stenosis that are candidates for the PROSPECT
ABSORB substudy.
3. The lesion has a site-determined IVUS plaque burden in at least one frame ≥65%. Note: Such a
lesion may or may not be angiographically evident, ie, the visually estimated angiographic diameter
stenosis may range from 0% to <70%.
4. The reference vessel diameter of an eligible lesion is ≥2.5 mm to ≤4.0 mm (visually estimated)
capable of being treated with a 2.5 mm, 3.0 mm, or 3.5 mm diameter BVS.
5. The lesion length of an eligible lesion is ≤50 mm (visually estimated), capable of being treated by
no more than two BVS (maximum length of each BVS 28 mm), allowing for 2 mm BVS overlap and
2 mm of “normal” reference segment treatment at each edge.
6. The lesion must be at least 10 mm from a previously implanted stent/scaffold and an intervening 10
mm segment must not have plaque burden (PB) >50%.
7. A bifurcation lesion may be enrolled only if the side branch (a) has a reference vessel diameter
≤2.5 mm, and (b) has either no lesion requiring treatment or atherosclerotic disease limited to
within 5 mm of its origin from the parent vessel such that the operator believes that the side branch
can be successfully treated with balloon angioplasty only (ie, without a stent). If a stent
subsequently becomes necessary, only a metallic drug-eluting stent (DES; Xience [Abbott
Vascular, Santa Clara, CA] strongly recommended) may be used to treat the side branch with a Tstent technique.
8. Randomization must occur immediately after the 3-vessel imaging run in the PROSPECT II
protocol. If the patient randomizes to BVS, BVS placement must be performed immediately after
randomization. Note: If 2 or more lesions meeting eligibility criteria are present, only one may be
randomized. Priority should be given to an eligible lesion not in a culprit vessel. In general, the
lesion most proximal in the coronary tree and supplying the greatest amount of myocardium should
be randomized. The CASS segment of this lesion will be identified prior to randomization allocation.
Angiographic exclusion criteria (none must be present)
1. The eligible lesion cannot be within 10 mm of a lesion previously treated by PCI.
2. The randomized lesion may not be in the left main coronary artery.
3. The randomized lesion may not be an ostial LAD or ostial LCX lesion (defined as within 3 mm of
the left main coronary artery).
4. The randomized lesion may not be an ostial RCA lesion (defined as within 3 mm of the aortoostium).
5.

Angiographic evidence of severe calcification and/or marked tortuosity of the target vessel and/or
lesion intended for randomization is present that would make it unlikely that the BVS could be
advanced to or across the lesion or be adequately expanded.
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Table S3. Primary and secondary outcome measures for the PROSPECT ABSORB trial
The IVUS-derived MLA at the randomized non-culprit lesion site in
patients treated with Absorb BVS + GDMT compared with GDMT
alone on a qualifying follow-up IVUS examination.
Note: For the primary analysis the MLA at follow-up was
measured at the site of the original baseline MLA. As a
secondary analysis the follow-up MLA was measured
anywhere within the original lesion or scaffold, including its
proximal and distal 5 mm margins.

Primary safety endpoint

Target lesion failure (TLF) at 24 months, defined as the composite
of cardiac death, target vessel-related MI or clinically-driven target
lesion revascularization) at 24 months.

Secondary imaging endpoints

Measures at 25 months in randomized lesions (and their change
from baseline to 25-month follow-up) as well as in other nonrandomized non-culprit lesions.
Angiographic: Diameter stenosis and other measures.
IVUS: Plaque burden, regression and remodeling, external
elastic membrane (EEM) area, thrombus, plaque
ulceration/rupture and other measures.
Specifically, in BVS-treated lesions: BVS strut discontinuities,
malapposition, and intraluminal scaffold dismantling.
NIRS: maxLCBI4mm, LCBI, NIRS plaque composition, and
other measures.
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Randomized lesion-related MACE, defined as the composite of 1)
cardiac death; 2) myocardial infarction (MI); 3) unstable angina, or
4) progressive angina or anginal equivalent symptoms either 4a)
requiring revascularization by CABG or PCI, and/or 4b) with
angiographic core laboratory-confirmed rapid lesion progression.
Other endpoints include total MACE, culprit lesion-related MACE,
NCL-MACE, indeterminate MACE and their components at the
patient level, vessel level, and lesion level measured at 1 month, 6
months, 12 months, 24 months, and yearly through 15 years.
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Primary effectiveness endpoint

Secondary safety endpoints

TLF measured at 1 month, 6 months, 12 months, 24 months, and
yearly through 15 years.
Scaffold thrombosis (definite or probable per ARC definition as
per CEC and core laboratory adjudication measured at 1 month, 6
months, 12 months, 24 months, and yearly through 15 years.
Temporal classification: All, acute (0 to 24 hours after stent
implantation), subacute (>24 hours to 30 days after stent
implantation), late (>30 days to 1 year after stent implantation),
very late (>1 year after stent implantation).
Complications of NIRS-IVUS imaging during PCI.
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Table S4. Definitions for the PROSPECT II Study and PROSPECT ABSORB trial
All deaths reported post-randomization will be recorded and adjudicated.
Deaths will be sub-classified by CV and non-CV primary cause. CV death
includes sudden cardiac death, death due to acute MI, death due to heart
failure, death due to a cerebrovascular event, death due to other CV causes
(e.g., pulmonary embolism, aortic disease, CV intervention), and deaths for
which there was no clearly documented non-CV cause (presumed CV death).

Cardiovascular
death

Cardiovascular death includes sudden cardiac death, death due to acute
myocardial infarction, death due to heart failure, death due to a
cerebrovascular event, and death due to other cardiovascular causes, as
follows:
1. Sudden Cardiac Death: refers to death that occurs unexpectedly and
includes any of the following deaths:
a. Death witnessed and instantaneous without new or worsening symptoms
b. Death witnessed within 60 minutes of the onset of new or worsening cardiac
symptoms
c. Death witnessed and attributed to an identified arrhythmia (e.g., captured on
an electrocardiographic (ECG) recording or witnessed on a monitor by either a
medic or paramedic)
d. Death after unsuccessful resuscitation from cardiac arrest or successfully
resuscitated from cardiac arrest but who die within 24 hours without
identification of a non-cardiac etiology
e. Death > 24hrs after a patient has been successfully resuscitated from
cardiac arrest and without identification of a non-cardiovascular etiology
f. Unwitnessed death or other causes of death (information regarding the
patient’s clinical status within the week preceding death should be provided if
available)
2. Death due to Acute Myocardial Infarction (MI): refers to a death within 30
days after a myocardial infarction (MI) related to consequences seen
immediately after the myocardial infarction, such as progressive congestive
heart failure (CHF), inadequate cardiac output, or refractory arrhythmia. If
these events occur after a “break” (e.g., a CHF and arrhythmia free period),
they should be designated by the immediate cause. The acute MI should be
verified by the diagnostic criteria outlined for acute MI (including autopsy
findings showing recent MI or recent coronary thrombus) and there should be
no conclusive evidence of another cause of death. Sudden, unexpected
cardiac death, involving cardiac arrest, often with symptoms suggestive of
myocardial ischemia, and accompanied by presumably new ST elevation, or
new LBBB and/or evidence of fresh thrombus by coronary angiography and/or
at autopsy, but death occurring before blood samples could be obtained, or at
a time before the appearance of cardiac biomarkers in the blood should be
considered death due to acute myocardial infarction. Death resulting from a
procedure to treat myocardial ischemia or to treat a complication resulting from
myocardial infarction should also be considered death due to acute MI. If
death occurs before biochemical confirmation of myocardial necrosis can be
obtained, adjudication should be based on clinical presentation and ECG
evidence. Death due to a myocardial infarction that occurs as a direct
consequence of a cardiovascular investigation/procedure/operation will be
classified as death due to other cardiovascular cause.
3. Death due to Heart Failure or Cardiogenic Shock: refers to death occurring
in the context of clinically worsening symptoms and/or signs of heart failure not
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in the context of an acute MI and without evidence of another cause of death.
New or worsening signs and/or symptoms of congestive heart failure (CHF)
include any of the following:
a. New or increasing symptoms and/or signs of heart failure requiring the
initiation of, or an increase in, treatment directed at heart failure or occurring in
a patient already receiving maximal therapy for heart failure.
b. Heart failure symptoms or signs requiring continuous intravenous drug
therapy or oxygen administration
c. Confinement to bed predominantly due to heart failure symptoms
d. Pulmonary edema sufficient to cause tachypnea and distress not occurring
in the context of an acute myocardial infarction or as the consequence of an
arrhythmia occurring in the absence of worsening heart failure
e. Cardiogenic shock not occurring in the context of an acute MI or as the
consequence of an arrhythmia occurring in the absence of worsening heart
failure. Cardiogenic shock is defined as systolic blood pressure (SBP) < 90
mm Hg for greater than 1 hour, not responsive to fluid resuscitation and/or
heart rate correction, and felt to be secondary to cardiac dysfunction and
associated with at least one of the following signs of hypoperfusion:
• Cool, clammy skin or
• Oliguria (urine output < 30 mL/hour) or
• Altered sensorium or
• Cardiac index < 2.2 L/min/m2
Cardiogenic shock can also be defined as SBP ≥ 90 mm Hg as a result of
positive inotropic or vasopressor agents alone and/or with mechanical support
in less than 1 hour. This category will include sudden death occurring during
an admission for worsening heart failure.
4. Death due to Cerebrovascular Event (intracranial hemorrhage or nonhemorrhagic stroke). Refers to cerebrovascular event and/or the sequelae of
which lead to death, generally within 30 days. The cerebrovascular event
should be verified by the diagnostic criteria outlined for cerebrovascular events
(including autopsy findings) and there should be no conclusive evidence of
another cause of death.
5. Death due to Other Cardiovascular Causes: death must be due to a fully
documented cardiovascular cause not included in the above categories (e.g.
pulmonary embolism, aortic disease (dissection or rupture), pericardial
tamponade, or cardiovascular intervention).
6. Presumed cardiovascular death: All deaths not attributed to the categories
of cardiovascular death and not attributed to a non-cardiovascular cause, are
presumed cardiovascular deaths and as such are part of the cardiovascular
mortality endpoint.
Of note, Coronary Heart Disease death will include the following categories;
Sudden Cardiac Death, Death due to Acute MI, and the subset of Death due to
other Cardiovascular Causes that are secondary to a coronary
revascularization procedure.

Cardiac death

The composite of sudden cardiac death, death due to acute myocardial
infarction, death due to heart failure, death due to arrhythmia, or death not due
to known vascular or non-CV causes.

Non-Cardiovascular
death

Non-cardiovascular death is defined as any death not covered by
cardiovascular death and falling into one of the following categories:
Pulmonary failure
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Renal failure
Gastrointestinal causes
Hepatobiliary
Pancreatic
Infection (includes sepsis)
Non-infectious (e.g. SIRS)
Hemorrhage that is neither CV bleeding or stroke
Non-CV procedure or surgery
Trauma
Suicide
Non-prescription drug reaction or overdose
Prescription drug reaction or overdose
Neurological (non-cardiovascular)
Malignancy
Other (specify).

The Third Universal MI definition (Thygesen et al. Eur Heart J 2012;33:255167) will be used as the study specific MI criteria during adjudication of
spontaneous and demand ischemia MI and MI resulting in death when
biomarkers are not available (Type I, II, III). For PCI related MI (Type 4a) and
CABG related MI (type 5) the SCAI criteria will be used for primary endpoint
adjudication with the Third Universal MI definition used as a secondary
analysis.

Unstable angina

The diagnosis of unstable angina will require ischemic chest pain (or
equivalent) at rest considered to be myocardial ischemia upon final diagnosis
and without elevation in cardiac biomarkers of necrosis, and the presence of
objective evidence of ischemia as defined by at least 1 of the following criteria:
1. New or worsening ST or T wave changes in ≥2 anatomically contiguous
leads on a resting ECG (in the absence of LVH and LBBB): a) transient (<20
minutes) ST elevation at the J point ≥0.2 mV in men (>0.25 mV in men <40
years old) or ≥0.15 mV in women in leads V2-V3 and/or ≥0.1 mV in other
leads, or b) horizontal or down-sloping ST depression ≥0.10 mV, or c) T-wave
inversion ≥0.2 mV.
2. Definite evidence of myocardial ischemia on myocardial scintigraphy (clear
reversible perfusion defect), stress echocardiography (reversible wall motion
abnormality), or MRI (myocardial perfusion deficit under pharmacologic
stress), or during physiologic lesion testing during cardiac catheterization (e.g.
positive FFR or iFR) that is believed to be responsible for the myocardial
ischemic symptoms/signs.
3. Angiographic evidence of ≥70% lesion and/or thrombus in an epicardial
coronary artery that is believed to be responsible for the myocardial ischemic
symptoms/signs.
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Myocardial
infarction

Progressive angina

The diagnosis of progressive angina will require increase in angina class or
CEC-adjudicated angina equivalent symptoms (e.g. dyspnea on exertion)
compared with the most recent stable period considered to be due to
myocardial ischemia based on ECG changes, non-invasive testing, FFR/iFR,
prompting unplanned angiography, not meeting criteria for myocardial
infarction or unstable angina, with one of both of the following.
a. Requiring PCI or CABG, or
b. With angiographic rapid lesion progression (as defined below)
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An increase in the QCA-measured diameter stenosis (DS) ≥10% with an
absolute DS ≥50% on the follow-up angiogram compared with the baseline
angiogram OR new thrombosis or ulceration or aneurysm or intimal flap on the
follow-up angiogram (regardless of DS progression or absolute value) .

Stent thrombosis

Stent thrombosis will be classified as per the definite or probable Academic
Research Consortium Definitions (Cutlip DE et al. Circulation 2007;115:23442351). The CEC adjudication result will be compared with the outcome of the
ACL angiographic evaluation. Any disagreements will be reconciled between
the two parties by regular meetings.
Definite Stent Thrombosis – is considered to have occurred by either
angiographic or pathological confirmation.
The presence of thrombus that originates in the stent or in the segment 5
mm proximal or distal to the stent and presence of at least 1 of the following
criteria within a 48-hour window (the incidental angiographic documentation of
stent occlusion in the absence of clinical signs or symptoms is not considered
a confirmed stent thrombosis {silent occlusion}):
o Acute onset of ischemic symptoms at rest
o New ischemic ECG changes that suggest acute ischemia
o Typical rise and fall in cardiac biomarkers that represent a spontaneous
MI
o Non-occlusive Thrombus: Intracoronary thrombus defined as a (spheric,
ovoid, or irregular) noncalcified filling defect or lucency surrounded by
contrast material (on 3 sides or within a coronary stenosis) seen in multiple
projections, or persistence of contrast material within the lumen, or visible
embolization of intraluminal material downstream.
o Occlusive Thrombus: TIMI 0 or TIMI 1 intrastent or proximal to a stent up
to the most adjacent proximal side branch or main branch (if originates from
the side branch)
Evidence of recent thrombus within the stent determined at autopsy or via
examination of tissue retrieved following thrombectomy.
Probable Stent Thrombosis – Clinical definition of probable stent thrombosis is
considered to have occurred after intracoronary stenting in the following cases:
Any unexplained death within the first 30 days
Irrespective of the time after the index procedure, any MI that is related to
documented acute ischemia in the territory of the implanted stent without
angiographic confirmation of stent thrombosis and in the absence of any other
obvious cause
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Angiographic rapid
lesion progression
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Table S5. Baseline clinical and laboratory features of the lesions enrolled in PROSPECT II
who were and were not randomized in PROSPECT ABSORB

Age (years)

Randomized
(n=182)
63.2 ± 9.0

Not randomized
(n=716)
62.5 ± 10.4

Sex (male)

82.4% (150/182)

83.1% (595/716)

Country

P-value
0.49
0.83
0.0001

72.5% (132/182)

55.3% (396/716)

- Sweden

17.6% (32/182)

31.6% (226/716)

9.9% (18/182)

13.1% (94/716)

Body mass index (kg/m )

26.8 (24.9, 29.8)

27.1 (24.7, 30.5)

Hypertension, medically treated

39.6% (72/182)

Dyslipidemia, medically treated

21.4% (39/182)

- Norway

Diabetes mellitus
- Insulin-treated
Recent tobacco use (within 1 month)

Prior percutaneous coronary intervention
Prior bypass graft surgery
Prior myocardial infarction
Clinical presentation
- ST-segment elevation MI

36.6% (262/716)
26.1% (187/716)
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- Denmark

0.65
0.46
0.19

11.0% (20/182)

12.4% (89/716)

0.59

4.4% (8/182)

4.2% (30/716)

0.90

36.1% (65/180)

30.7% (217/706)

0.17

11.5% (21/182)

12.0% (86/716)

0.86

0.0% (0/182)

0.0% (0/716)

N/A

8.2% (15/182)

10.4% (74/714)

0.39
0.006

29.7% (54/182)

20.3% (145/716)

70.3% (128/182)

79.7% (571/716)

205.0 (170.1, 228.2)

197.2 (166.3, 228.2)

0.31

- High-density lipoprotein (mg/dL)

42.5 (36.5, 54.1)

42.5 (37.5, 54.1)

0.98

- Low-density lipoprotein (mg/dL)

127.6 (104.4, 158.5)

127.6 (96.7, 154.7)

0.30

- Triglycerides (mg/dL)

117.8 (81.1, 177.1)

124.0 (86.8, 190.4)

0.29

0.88 (0.75, 1.02)

0.89 (0.79, 1.02)

0.10

3.5 (1.5, 6.0)

3.4 (1.5, 6.2)

0.98

14.4 (13.6, 15.1)

14.6 (13.6, 15.3)

0.13

11.5% (21/182)

7.6% (54/715)

0.08

8.7 (7.2, 11.2)

8.5 (7.1, 10.6)

0.24

228.0 (194.0, 269.0)

235.0 (201.0, 272.0)

0.27

30.6% (53/173)

26.1% (169/648)

0.23

Laboratory measures

Jo
u

- Total cholesterol (mg/dL)

rn

- Non-ST-segment elevation MI

- Serum creatinine clearance mg/dL)
- High-sensitivity C-reactive protein (µg/mL)
- Hemoglobin (g/dL)
- Anemia*
9

- White blood cell count (x10 /L)
9

- Platelet count (x10 /L)
- Left ventricular ejection fraction <50%

Continuous data are presented as median (Q1, Q3). *Hemoglobin <13 g/dL for males, <12 g/dL for females.
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Table S6. Baseline core laboratory-determined imaging findings of non-culprit lesions in
PROSPECT II that were and were not randomized in PROSPECT ABSORB
Randomized
(n=182 lesions)

Not randomized
(n=3452 lesions)

P-value

- Minimal luminal area (mm )

2.9 (2.4, 3.8)

4.9 (3.3, 7.1)

<0.0001

- Distance from ostium (mm)

30.3 (16.9, 47.5)

30.4 (13.0, 54.1)

0.62

250.0 (180.0, 360.0)

160.0 (90.0, 270.0)

<0.0001

Intravascular ultrasound findings

2

- Disease arc (°)
- Remodeling index

0.87 (0.75, 1.00)

2

- Vessel area (mm )

0.90 (0.78, 0.98)

0.77

12.6 (8.9, 17.0)

<0.0001

73.7 (70.1, 77.4)

60.8 (53.4, 68.2)

<0.0001

23.0 (15.0, 35.0)

12.0 (6.0, 24.0)

<0.0001

334.2 (190.2, 477.8)

163.0 (15.9, 315.9)

<0.0001

77.2% (139/180)

20.3% (718/3542)

<0.0001

52.6% (92/175)

23.6% (806/3415)

<0.0001

83.3% (150/180)

36.6% (1297/3542)

<0.0001

Lesion length (mm)
Near-infrared spectroscopy findings
MaxLCBI4mm
High-risk plaque morphology
Lesions with plaque burden ≥70%

rn

Lesions with maxLCBI4mm ≥324.7*
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11.3 (8.7, 13.9)

Maximum plaque burden (%)

of

Measures at the minimal luminal area site

2

Jo
u

Lesions with minimal luminal area ≤4mm

Continuous data are presented as median (Q1, Q3). P-values are obtained from mixed effects models
accounting for lesion correlations within each patient. *The upper quartile cutoff of all untreated imaged nonculprit lesions in the PROSPECT II study, the pre-specified definition of a high-risk plaque by near-infrared
spectroscopy criteria. MaxLCBI4mm denotes the highest lipid content over any 4 mm segment in the lesion,
graded on a scale of 0 to 1000 which signifies 0% to 100% lipid content.
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Table S7. Procedural details in 93 patients randomized to BVS implantation
Lesions randomized to BVS treatment
Lesion pre-dilated

N=93
94.6% (88/93)

- Balloon diameter (mm)

3.5 (3.0, 3.5)

- Maximum balloon pressure (atm)
Scaffold(s) implanted, any

14 (12, 16)
98.9% (92/93)

Number of scaffolds implanted

1.0 (1.0, 1.0)
1.1% (1/93)

- One

86.0% (80/93)

- Two

12.9% (12/93)
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Reason(s) more than 1 scaffold implanted

of

- Zero

- First scaffold too short to cover whole lesion

50.0% (6/12)

- Edge dissection after first scaffold

25.0% (3/12)

- Dissection associated with pre-dilatation

8.3% (1/12)

- Plaque shift

8.3% (1/12)

- Different diameter scaffolds needed (tapering lesion)
Overlapping scaffolds

8.3% (1/12)
9.8% (9/92)

Maximum scaffold length (mm)
Total scaffold length (mm)

18 (18, 23)
18 (18, 27)

rn

Maximum scaffold diameter (mm)

Maximum scaffold balloon pressure (atm)

Jo
u

Scaffold post-dilated using any balloon

3.5 (3.0, 3.5)
16 (12, 16)

86.0% (80/93)

- Maximum post-dilatation balloon diameter (mm)

3.5 (3.5, 4.0)

- Maximum post-dilatation balloon pressure (atm)

18 (16, 20)

Scaffold post-dilated with a non-compliant balloon
- With diameter ≤0.5 mm larger than scaffold diameter
- Pressure (atm)
- >16 atm

79.6% (74/93)
100.0% (73/73)
18 (16, 20)
62.5% (45/72)

Per-protocol scaffold post-dilatation*

49.5% (45/91)

Any metallic drug-eluting stent implanted

2.2% (2/93)**

*Scaffold was post-dilated with a non-compliant balloon with diameter ≤0.5 mm larger than the
scaffold diameter at >16 atm. **A metallic DES was placed in one patient in whom after predilatation the vessel diameter of the randomized lesion was felt to be too large (>4.0 mm) for a
BVS. In a second patient the randomized lesion was in the same vessel as the original culprit
lesion causing the MI, that had been treated with a metallic DES. After successful BVS implantation
a small gap was present between the BVS and metallic DES which the operator elected to cover
with an additional short metallic DES.
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Table S8. Final core laboratory imaging outcomes after BVS implantation
Post-BVS
Angiographic findings

n=91

TIMI flow
- 0/1

0% (0/87)

-2

1.1% (1/87)

-3

98.9% (86/87)

of

Minimum lumen diameter (mm)
2.40 (2.14, 2.69)
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- In-segment
- In-scaffold

2.64 (2.39, 2.92)

Diameter stenosis (%)
- In-segment

15.9 (12.2, 21.2)

- In-scaffold

11.2 (7.7, 15.2)

Acute gain (mm)
- In-segment

0.79 (0.40, 1.02)
0.97 (0.71, 1.23)

rn

- In-scaffold
Intravascular ultrasound findings

5.4 (4.4, 6.6)

Jo
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Minimal luminal area (mm2)

n=86

51.4 (41.0, 58.5)

Major edge dissection (≥60º and ≥3 mm in length)

3.5% (3/86)

Major tissue protrusion (≥10% of scaffold area)

1.2% (1/86)

Malapposition

3.5% (3/86)

2

Minimum scaffold area (mm )

Maximum plaque burden at the BVS edge (%)

Near-infrared spectroscopy findings
MaxLCBI4mm*
MaxLCBI4mm ≥324.7*

5.9 (4.7, 7.0)

n=84
86.9 (2.2, 232.9)
19.0% (16/84)

Continuous data are presented as median (Q1, Q3). *MaxLCBI4mm (maximum lipid core
burden index) denotes the highest lipid content over any 4 mm segment in the lesion,
scored on a scale of 0 to 1000 which signifies 0% to 100% lipid content. 324.7
represents the upper quartile cutoff of all untreated imaged non-culprit lesions in the
PROSPECT II study, the pre-specified definition of a high-risk plaque by near-infrared
spectroscopy criteria.
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Table S9. Medication use in the randomized groups
P value

23.7% (22/93)
21.5% (20/93)
5.4% (5/92)
3.3% (3/92)
3.2% (3/93)
25.8% (24/93)
19.4% (18/93)
24.7% (23/93)
11.8% (11/93)
0.0% (0/93)
0.0% (0/93)

16.9% (15/89)
16.9% (15/89)
4.5% (4/89)
4.5% (4/89)
1.1% (1/89)
28.1% (25/89)
13.5% (12/89)
16.9% (15/89)
5.6% (5/89)
0.0% (0/89)
1.1% (1/89)

0.25
0.43
1.00
0.72
0.62
0.73
0.29
0.19
0.14
0.49

100.0% (93/93)
98.9% (92/93)
97.8% (91/93)
9.7% (9/93)
88.2% (82/93)
0.0% (0/93)
88.2% (82/93)
89.2% (83/93)
0.0% (0/93)
2.2% (2/93)
6.5% (6/93)
3.2% (3/93)
3.2% (3/93)
0.0% (0/93)

100.0% (89/89)
98.9% (88/89)
97.8% (87/89)
5.6% (5/89)
91.0% (81/89)
1.1% (1/89)
89.9% (80/89)
93.3% (83/89)
1.1% (1/89)
3.4% (3/89)
2.2% (2/89)
0.0% (0/89)
1.1% (1/89)
1.1% (1/89)

1.00
1.00
0.30
0.53
0.49
0.71
0.34
0.49
0.68
0.28
0.25
0.62
0.49

100.0% (93/93)
7.5% (7/93)
15.1% (14/93)
47.3% (44/93)

95.5% (85/89)
4.5% (4/89)
14.6% (13/89)
56.2% (50/89)

0.06
0.39
0.93
0.23

100.0% (93/93)
98.9% (92/93)
100.0% (93/93)
7.5% (7/93)
92.5% (86/93)
1.1% (1/93)
91.4% (85/93)
98.9% (92/93)
5.4% (5/93)
53.8% (50/93)
80.6% (75/93)
98.9% (92/93)
95.7% (89/93)
2.2% (2/93)
0.0% (0/93)

100.0% (89/89)
96.6% (86/89)
98.9% (88/89)
9.0% (8/89)
89.9% (80/89)
1.1% (1/89)
88.8% (79/89)
95.5% (85/89)
4.5% (4/89)
51.7% (46/89)
75.3% (67/89)
98.9% (88/89)
88.8% (79/89)
1.1% (1/89)
1.1% (1/89)

0.36
0.49
0.72
0.54
1.00
0.55
0.20
1.00
0.78
0.38
1.00
0.08
1.00
0.49

100.0% (93/93)

100.0% (88/88)

-

of

GDMT alone
(n=89)
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Home medications (pre-admission)
Aspirin or a P2Y12 inhibitor
- Aspirin
- P2Y12 inhibitor
Dual antiplatelet therapy (aspirin and a P2Y12 inhibitor)
Oral anticoagulant (vitamin K antagonist or DOAC)
ACEi, ARB or ARNI
Beta-blocker
Statin
- High-dose statin*
PCSK9 inhibitor
Other lipid-lowering agents
Within 24 hours before or anytime in the cath lab
Aspirin or a P2Y12 inhibitor
- Aspirin
- P2Y12 inhibitor
- Clopidogrel
- Prasugrel or ticagrelor
- Prasugrel
- Ticagrelor
Dual antiplatelet therapy (aspirin and a P2Y12 inhibitor)
Dipyridamole
Cangrelor
Glycoprotein IIb/IIIa inhibitor
- Abciximab
- Eptifibatide
- Tirofiban
Antithrombin (anticoagulant)
- Unfractionated heparin
- Low-molecular weight heparin
- Bivalirudin
- Fondaparinux
Medications at discharge
Aspirin or a P2Y12 inhibitor
- Aspirin
- P2Y12 inhibitor
- Clopidogrel
- Prasugrel or ticagrelor
- Prasugrel
- Ticagrelor
Dual antiplatelet therapy (aspirin and a P2Y12 inhibitor)
Oral anticoagulant (vitamin K antagonist or DOAC)
ACEi, ARB or ARNI
Beta-blocker
Statin
- High-dose statin*
Ezetimibe
PCSK9 inhibitor
Medications at 6 months
Aspirin or a P2Y12 inhibitor

BVS + GDMT
(n=93)
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- Aspirin
94.6% (88/93)
94.3% (83/88)
1.00
- P2Y12 inhibitor
97.8% (91/93)
100.0% (88/88)
0.50
- Clopidogrel
11.8% (11/93)
18.2% (16/88)
0.23
- Prasugrel or ticagrelor
87.1% (81/93)
81.8% (72/88)
0.33
- Prasugrel
2.2% (2/93)
2.3% (2/88)
1.00
- Ticagrelor
84.9% (79/93)
79.5% (70/88)
0.34
Dual antiplatelet therapy (aspirin and a P2Y12 inhibitor)
92.5% (86/93)
94.3% (83/88)
0.62
Oral anticoagulant (vitamin K antagonist or DOAC)
4.3% (4/93)
4.5% (4/88)
1.00
ACEi, ARB or ARNI
55.9% (52/93)
62.5% (55/88)
0.37
Beta-blocker
79.6% (74/93)
76.1% (67/88)
0.58
Statin
97.8% (91/93)
95.5% (84/88)
0.43
- High-dose statin*
87.1% (81/93)
85.2% (75/88)
0.72
Ezetimibe
4.3% (4/92)
4.5% (4/88)
1.00
PCSK9 inhibitor
0.0% (0/93)
1.1% (1/88)
0.49
Medications at 12 months
Antiplatelet agents
97.8% (91/93)
96.6% (84/87)
0.67
- Aspirin
93.5% (87/93)
92.0% (80/87)
0.68
- P2Y12 inhibitor
32.3% (30/93)
34.5% (30/87)
0.75
- Clopidogrel or ticlopidine
7.5% (7/93)
9.2% (8/87)
0.69
- Clopidogrel
6.5% (6/93)
9.2% (8/87)
0.49
- Ticlopidine
1.1% (1/93)
0.0% (0/87)
1.00
- Prasugrel or ticagrelor
24.7% (23/93)
25.3% (22/87)
0.93
- Prasugrel
2.2% (2/93)
1.1% (1/87)
1.00
- Ticagrelor
22.6% (21/93)
24.1% (21/87)
0.81
Dual antiplatelet therapy (aspirin and a P2Y12 inhibitor)
28.0% (26/93)
29.9% (26/87)
0.78
Oral anticoagulant (vitamin K antagonist or DOAC)
4.3% (4/93)
8.0% (7/87)
0.29
ACEi, ARB or ARNI
55.9% (52/93)
62.1% (54/87)
0.40
Beta-blocker
74.2% (69/93)
73.6% (64/87)
0.92
Statin
95.7% (89/93)
94.3% (82/87)
0.74
- High-dose statin*
87.1% (81/93)
82.8% (72/87)
0.42
Ezetimibe
9.7% (9/93)
6.9% (6/87)
0.49
PCSK9 inhibitor
0.0% (0/93)
1.1% (1/87)
0.48
Medications at 24 months
Antiplatelet agents
95.7% (89/93)
94.3% (83/88)
0.74 *
- Aspirin
92.5% (86/93)
88.6% (78/88)
0.38
- P2Y12 inhibitor
10.8% (10/93)
10.2% (9/88)
0.91
- Clopidogrel
7.5% (7/93)
4.5% (4/88)
0.40
- Prasugrel or ticagrelor
3.2% (3/93)
5.7% (5/88)
0.49
- Prasugrel
0.0% (0/93)
0.0% (0/88)
- Ticagrelor
3.2% (3/93)
5.7% (5/88)
0.49
Dual antiplatelet therapy (aspirin and a P2Y12 inhibitor)
7.5% (7/93)
4.5% (4/88)
0.40
Oral anticoagulant (vitamin K antagonist or DOAC)
6.5% (6/93)
9.1% (8/88)
0.51
ACEi, ARB or ARNI
55.9% (52/93)
62.5% (55/88)
0.37
Beta-blocker
71.0% (66/93)
76.1% (67/88)
0.43
Statin
94.6% (88/93)
92.0% (81/88)
0.49
- High-dose statin*
86.0% (80/93)
81.8% (72/88)
0.44
Ezetimibe
9.7% (9/93)
6.8% (6/88)
0.47
PCSK9 inhibitor
0.0% (0/93)
1.1% (1/88)
0.49
*Atorvastatin ≥40 mg/day or rosuvastatin ≥20 mg/day. ACEi = angiotensin converting inhibitors; ARB = angiotensin
receptor blockers; ARNI = angiotensin receptor neprilysin inhibitor; DOAC = direct-acting oral anticoagulant.

18

Table S10. Primary effectiveness outcome in the per protocol population
Difference
(95% CI)

P-value

3.0 ± 1.0

4.0 (3.3, 4.6)*

<0.0001

3.2 ± 1.1

3.1 ± 0.9

-

-

3.8 ± 2.6

-0.1 ± 0.5

4.0 (3.3, 4.6)*

<0.0001

- Follow-up MLA (mm ) – secondary endpoint

5.2 ± 1.7

2.9 ± 0.9

2.2 (1.9, 2.6)*

<0.0001

2

3.2 ± 1.1

3.1 ± 0.9

-

-

2.2 (1.9, 2.6)*

<0.0001

Intravascular ultrasound findings

BVS + GDMT

GDMT alone

N=65

N=68

7.1 ± 2.7

At the original MLA site
2

- Follow-up MLA (mm ) – primary endpoint
2

- Baseline MLA (mm ), paired
2

- Change from baseline to follow-up (mm )

2
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- Baseline MLA (mm ), paired

of

Across the entire lesion and 5 mm margins

2

- Change from baseline to follow-up (mm )

2.0 ± 1.4

-0.2 ± 0.5

Continuous data are mean ± standard deviation or median (Q1, Q3). *Least squares mean difference tested between
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groups in an ANCOVA model adjusted for baseline MLA.
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Table S11. Randomized lesion-related MACE at last follow-up according to the number
and type of baseline pre-specified high-risk vulnerable plaque characteristics
Absorb BVS + GDMT (n=93)

GDMT Alone (n=89)

Odds Ratio
Interaction
Variable
KM% (Events)
KM% (Events)
(95% CI)
P-value
Number of high-risk features, any
0.99
0
6
0.0% (0)
2
0.0% (0)
1
19
0.0% (0)
18
5.6% (1)
2
28
7.1% (2)
27
11.1% (3)
0.56 (0.09, 3.69)
3
36
5.6% (2)
39
13.8% (5)
0.37 (0.07, 2.06)
Number of high-risk features, any
0.95
0/1
25
0.0% (0)
20
5.0% (1)
2
28
7.1% (2)
27
11.1% (3)
0.56 (0.09, 3.69)
3
36
5.6% (2)
39
13.8% (5)
0.37 (0.07, 2.06)
Number of high-risk features, any
0.98
0/1
25
0.0% (0)
20
5.0% (1)
2/3
64
6.3% (4)
66
12.9% (8)
0.45 (0.13, 1.57)
Lesion with MaxLCBI4mm ≥324.7
0.56
No
43
4.7% (2)
40
7.5% (3)
0.59 (0.09, 3.72)
Yes
46
4.3% (2)
46
13.8% (6)
0.28 (0.05, 1.48)
Lesion with plaque burden ≥70%
0.98
No
22
0.0% (0)
19
5.3% (1)
Yes
70
5.7% (4)
69
12.4% (8)
0.42 (0.12, 1.49)
2
Lesion with MLA ≤4.0 mm
0.98
No
20
0.0% (0)
10
10.0% (1)
Yes
72
5.6% (4)
78
11.0% (8)
0.48 (0.14, 1.67)
Lesion with maxLCBI4mm ≥324.7 and
0.89
plaque burden ≥70%
No
49
4.1% (2)
45
8.9% (4)
0.42 (0.07, 2.43)
Yes
40
5.0% (2)
41
13.1% (5)
0.35 (0.06, 1.95)
Lesion with maxLCBI4mm ≥324.7 and
0.82
2
MLA ≤4.0 mm
No
48
4.2% (2)
46
8.7% (4)
0.44 (0.08, 2.57)
Yes
41
4.9% (2)
40
13.5% (5)
0.33 (0.06, 1.83)
Lesion with plaque burden ≥70% and
0.98
MLA ≤4.0 mm2
No
35
0.0% (0)
23
4.3% (1)
Yes
57
7.0% (4)
65
13.2% (8)
0.49 (0.14, 1.74)
Pre-specified high-risk features = 1) maxLCBI4mm ≥ the upper quartile of all measured untreated non-culprit lesions in PROSPECT II
(=324.7); 2) plaque burden ≥70%; and 3) MLA ≤4.0 mm2.
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Figure S1. CONSORT diagram for patients enrolled in the PROSPECT II natural history
study and randomized in the embedded PROSPECT ABSORB trial
*Patients were disenrolled (discontinued) from the study after the imaging catheter was passed
into a coronary artery if no non-culprit segment imaging data were obtained. In patients in whom
IVUS follow-up was performed, the reasons that IVUS of the specific randomized lesion was not
performed in 1 BVS case and 5 GDMT alone cases are not known with certainty but may
represent operator uncertainty in recalling the randomized lesion. BVS = bioresorbable vascular
scaffolds; DES = drug-eluting stents; GDMT = guideline-directed medical therapy; IVUS =
intravascular ultrasound.
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Figure S2. Cumulative frequency distribution curves for core laboratory-assessed
intravascular imaging and angiographic measures in the randomized lesions
Distributions are presented at baseline (both groups), post-PCI (BVS group only) and at 25month follow-up (both groups). A) IVUS minimal lumen area, measured at all time points at the
baseline MLA site (primary endpoint); B) IVUS minimal lumen area, measured at all time points
at the smallest MLA site (secondary analysis methodology); C) Angiographic percent diameter
stenosis; D) Angiographic minimum lumen diameter. Both angiographic measures are assessed
at each time point at the worst location (greatest diameter stenosis, smallest minimum lumen
diameter) across the lesion or stented segment, including 5 mm proximal and distal margins.
BVS = bioresorbable vascular scaffolds; GDMT = guideline-directed medical therapy; IVUS =
intravascular ultrasound; PCI = percutaneous coronary intervention.
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Figure S2A.
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Figure S2B.
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Figure S2C.
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Figure S2D.
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Figure S3. Case of late acquired malapposition and intraluminal scaffold dismantling. A 3.5 mm BVS was implanted in the midRCA of a 71-year old woman (upper left angiogram). All scaffold struts were apposed to the vessel wall; the vessel area was 17.3 mm2
and the MLA was 8.9 mm2 (A). The patient remained asymptomatic during follow-up and underwent protocol-directed routine follow-up
imaging at 25 months. Angiography demonstrated borderline aneurysmal dilatation of the mid RCA (lower left angiogram). IVUS
demonstrated minimal neointimal hyperplasia; the vessel area had increased to 26.2 mm2 (positive remodeling) and the MLA had
increased to 13.8 mm2 (B). Several struts in the mid body of the BVS were malapposed (late acquired malapposition). The total
malapposition length was 1.4 mm and the malapposition area was 1.3 mm2. Several struts were also noted to be overlapping each other
and displaced in the lumen (white arrows), representing a relatively mild case of intraluminal scaffold dismantling. PCI was not performed.
The patient remained asymptomatic during follow-up of 3.6 years, presumably past the point of complete scaffold bioresorption.
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Figure S4. Case of BVS-associated thrombosis during follow-up. A 69 year old man presented
with a non-STEMI due to occlusion of the distal RCA. After successful treatment of the RCA 3-vessel
intravascular imaging was performed. A mild to moderate stenosis of the mid-LAD was present (A)
and was randomized to receive BVS. The MLA measured 2.8 mm2 and plaque burden was 66.2%
(A′). A 3.5 mm × 28 mm scaffold distally and a second 3.5 mm × 12 mm scaffold proximally were
implanted followed by non-compliant high pressure (18 atm) post-dilatation (B). Final IVUS showed
that the MLA was 5.7 mm2 (B′) . Note that the scaffold crossed the ostium of diagonal branch which
angiographically was narrowed but not treated. At 50 days, the patient presented with an acute
myocardial infarction. Emergent coronary angiography showed a thrombus at the origin of the jailed
diagonal branch (white arrow in C) without involvement of the LAD scaffolds. The patient underwent
successful balloon dilatation of the diagonal branch (D).
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