
Mid- and Long-Term Outcome Comparisons of Everolimus-Eluting
Bioresorbable Scaffolds Versus Everolimus-Eluting Metallic Stents
A Systematic Review and Meta-Analysis
Xin-Lin Zhang, MD*; Qing-Qing Zhu, MD*; Li-Na Kang, MD*; Xue-Ling Li, MD; and Biao Xu, MD, PhD

Background: Percutaneous coronary interventions to implant
bioresorbable vascular scaffolds (BVSs) were designed to reduce
the late thrombotic events that occur with metallic stents.

Purpose: To estimate the incidence of scaffold thrombosis after
BVS implantation and compare everolimus-eluting BVSs with
everolimus-eluting metallic stents (EESs) in terms of safety and
efficacy at mid- and long-term follow-up in adults who had a
percutaneous coronary intervention.

Data Sources: PubMed, EMBASE, the Cochrane Library, confer-
ence proceedings, and relevant Web sites from inception until
20 May 2017, without language restriction.

Study Selection: 7 randomized trials and 38 observational
studies (each with a minimum of 6 months and 100 patient-years
of follow-up) in adults with coronary artery disease who had a
BVS or an EES and reported scaffold or stent thrombosis (main
outcome) or other secondary outcomes (such as death, myocar-
dial infarction, or revascularization).

Data Extraction: 2 reviewers independently extracted study
data, rated study quality, and assessed strength of evidence.

Data Synthesis: The pooled incidence of definite or probable
scaffold thrombosis after BVS implantation was 1.8% (95% CI,
1.5% to 2.2%) at a median follow-up of 1 year (41 studies, 21 884
patients) and 0.8% (CI, 0.5% to 1.3%) beyond 1 year (14 studies,

4688 patients). Seven trials involving 5578 patients that directly
compared BVSs with EESs showed an increased risk for definite
or probable scaffold thrombosis (odds ratio [OR], 3.40 [CI, 2.01
to 5.76]) with BVSs at a median follow-up of 25 months. In-
creased risks were present at early (prominently subacute), late,
and very late stages, and odds beyond 1 year were almost dou-
ble those seen within 1 year. Bioresorbably vascular scaffolds
increased risks for myocardial infarction (OR, 1.63 [CI, 1.26 to
2.10]), target lesion revascularization (OR, 1.31 [CI, 1.03 to 1.67]),
and target lesion failure (OR, 1.37 [CI, 1.12 to 1.66]); the odds for
these 3 end points also increased over time. The incidences of
all-cause, cardiac, and noncardiac death and of target vessel and
any revascularization did not differ.

Limitation: Quality of observational studies was unclear, and
some data were unpublished.

Conclusion: Compared with EESs, BVSs increased the risks for
scaffold thrombosis and other thrombotic events at mid- and
long-term follow-up, and risks increased over time.

Primary Funding Source: National Natural Science Foundation
of China.

Ann Intern Med. doi:10.7326/M17-1101 Annals.org
For author affiliations, see end of text.
This article was published at Annals.org on 17 October 2017.
* Drs. Zhang, Zhu, and Kang contributed equally to this work.

Drug-eluting stents reduce the rate of in-stent reste-
nosis, myocardial infarction, and target lesion re-

vascularization (TLR) compared with bare-metal stents
for adults undergoing percutaneous coronary interven-
tions, but concerns remain about the risk for late and
very late stent thrombosis with drug-eluting stents (1,
2). Bioresorbable vascular scaffolds (BVSs) were de-
signed to reduce the late thrombotic events associated
with metallic stents. Early, modest-sized studies
showed similar midterm cardiovascular safety with
everolimus-eluting metallic stents (EESs) and BVSs (3–
7), but meta-analyses published in 2016 suggested a
possible increased midterm risk for scaffold or stent
thrombosis and myocardial infarction with BVSs (8, 9).

Long-term follow-up data from comparative trials
(10–18) and several large registries (19–25) were re-
cently published or presented in conference proceed-
ings. Results from some of the trials suggest that BVSs
might increase the incidence of late cardiovascular
events, as compared with EESs (10–12), but most trials
were underpowered to detect rare outcomes, such as
scaffold or stent thrombosis. Moreover, neither the
long-term safety and efficacy nor the time courses of
improvement or deterioration after BVS implantation
are clearly established. We performed a meta-analysis

of randomized controlled trials and observational stud-
ies to estimate the incidence of scaffold thrombosis af-
ter BVS implantation and to compare BVSs and EESs in
terms of safety and efficacy at mid- and long-term
follow-up. We also aimed to investigate the perfor-
mance differences of BVSs at different time courses.

METHODS
This meta-analysis updates our previous review (9)

and follows standard reporting guidelines (26).

Data Sources and Searches
We searched PubMed, EMBASE, the Cochrane Li-

brary, conference proceedings, and relevant Web sites
(namely www.escardio.org, www.tctmd.com, www.
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europcr.com, and www.acc.org). The search was an up-
date to 20 May 2017 of our previous search (9), which
was done from the inception of the databases to 20
January 2016. The following keywords were used:
bioresorbable, bioabsorbable, biodegradable, naturally
dissolving, everolimus, stent, and scaffold. One re-
viewer (X.L.Z.) hand-searched the reference lists of the
retrieved trials and relevant reviews to identify addi-
tional studies. Searches were unrestricted regarding
language and publication status.

Study Selection
Two reviewers (X.L.Z. and Q.Q.Z.) independently

evaluated the eligibility of studies. Any disagreements
were resolved by a third author (L.N.K.). Randomized
controlled trials or observational studies, published in
any language, involving adults with coronary artery dis-
ease who had a BVS implanted were included. Studies
must have reported at least 1 outcome of interest and
have a minimum of 6 months and 100 patient-years of
follow-up.

Outcome Measures
The main outcome of interest was definite or prob-

able scaffold or stent thrombosis; secondary outcomes
of interest included myocardial infarction, all-cause
death, cardiac death, noncardiac death, TLR, target
vessel revascularization (TVR), all revascularization, and
target lesion failure (TLF). Target lesion failure was de-
fined as a composite of cardiac death, target vessel
myocardial infarction, or ischemia-driven TLR. Myocar-
dial infarction was classified as Q-wave or non–Q-wave
myocardial infarction. Scaffold or stent thrombosis was
classified as definite or probable, definite, and acute
(within 24 hours after percutaneous coronary interven-
tion); subacute (1 day to 30 days); early (within 30
days); late (1 month to 1 year); or very late (beyond 1
year) according to the time of occurrence.

Data Extraction and Assessment of Study Quality
and Strength of Evidence

Two investigators (X.L.Z. and Q.Q.Z.) indepen-
dently extracted details about study characteristics,
outcomes, and funding sources. Two reviewers (X.L.Z.
and L.N.K.) independently appraised the potential risk
of bias for each trial by using the Cochrane Collabora-
tion tool (27) and used the GRADE (Grading of Recom-
mendations Assessment, Development and Evaluation)
approach to rate the quality of evidence for each out-
come as high, moderate, low, or very low (28). The
quality of observational studies was evaluated with a
modified version of the Newcastle–Ottawa Scale (29).

Data Synthesis and Statistical Analysis
Data within 1 year, beyond 1 year, and with the

longest follow-up were analyzed separately. A profile
likelihood random-effects model was used to pool inci-
dence data for each outcome after Freeman–Tukey
double arcsine transformation (30, 31). The profile like-
lihood method was chosen because it captures the un-
certainty associated with statistical heterogeneity better
than the conventional DerSimonian–Laird method (30).
Incidence analyses were stratified by study design and
summarized by using an updated version of the metaan
command in Stata (StataCorp) (Supplement 1, available
at Annals.org). Odds ratios (ORs) and 95% CIs were
used to compare and summarize safety and efficacy be-
tween BVSs and EESs. Because little statistical hetero-
geneity existed among the study-level effects, a fixed-
effect model (Mantel–Haenszel method) was used to
summarize the effectiveness of BVSs compared with
that of EESs (32). When the number of events was zero
in only 1 treatment group, the treatment group conti-
nuity correction was used for estimation, because it
outperforms the conventional constant 0.5 correction
(33). The metan command was used in comparative
analysis. Statistical heterogeneity was assessed by the
Cochran Q test and the I2 statistic (34). Substantial het-

Table 1. Pooled Rates of Clinical End Points, by Time of Occurrence and Study Design

Variable Definite or Probable Scaffold
Thrombosis

All-Cause Death Cardiac Death

Incidence
(95% CI), %

Clinical
Events,
n

Total
Patients,
n

Incidence
(95% CI), %

Clinical
Events,
n

Total
Patients,
n

Incidence
(95% CI), %

Clinical
Events,
n

Total
Patients,
n

Longest follow-up
Overall 1.8 (1.5–2.2) 389 21 884 1.7 (1.3–2.3) 274 18 000 1.1 (0.8–1.4) 193 20 750
RCT 2.5 (1.7–3.4) 78 3237 2.0 (1.2–3.0) 64 3233 1.2 (0.7–1.8) 39 3242
Observational study 1.7 (1.4–2.1) 311 18 647 1.7 (1.2–2.4) 210 14 767 1.1 (0.8–1.5) 154 17 508

Within 1 y
Overall 1.6 (1.3–1.9) 336 20 838 1.2 (0.9–1.5) 212 17 531 0.7 (0.6–0.9) 146 20 272
RCT 1.6 (0.9–2.2) 49 3063 0.8 (0.1–1.8) 36 3075 0.4 (0–1.0) 20 3075
Observational study 1.6 (1.3–2.0) 287 17 775 1.2 (1.0–1.5) 176 14 456 0.8 (0.6–0.9) 126 17 197

>1 y
Overall 0.8 (0.5–1.3) 36 4688 1.5 (0.8–2.2) 44 2764 0.9 (0.6–1.4) 33 4269
RCT 1.1 (0.6–1.9) 28 3249 1.5 (1.0–2.1) 27 1927 0.6 (0.4–1.0) 18 3249
Observational study 0.5 (0.1–1.1) 8 1439 1.4 (0.3–3.2) 17 837 1.4 (0.4–2.7) 15 1020

RCT = randomized controlled trial; TLF = target lesion failure; TLR = target lesion revascularization; TVR = target vessel revascularization.
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erogeneity was considered present when the P value
was less than 0.10 or the I2 statistic was greater than
50%. We performed several tests for publication bias
that found no positive results; however, these tests had
limited ability to adequately assess small-study effects,
because all involved a small number of trials. We per-
formed metaregression analyses to determine the po-
tential for effect modification of several important vari-
ables, including diabetes, complex (type B2/C) lesion,
and postdilatation. All P values were 2-tailed, and
those less than 0.050 were regarded as statistically
significant. Analyses were performed with Stata, version
12.0.

Role of the Funding Source
The National Natural Science Foundation of China

had no role in the study design, data collection and
analysis, writing of the report, or decision to submit the
manuscript for publication.

RESULTS
Study Selection and Characteristics

Of 3411 records, 45 studies presented in 88 cita-
tions met selection criteria (Figure 1 and Tables 1 to 4
of Supplement 2, available at Annals.org). Seven were
randomized trials (3–7, 10, 35), and 38 were observa-
tional studies (19–25, 36–66). All studies, encompass-
ing 22 850 patients who received a BVS, contributed to
the incidence analysis. The median follow-up for the
studies was 12 months (range, 6 to 36 months). Seven
trials reported in 16 citations were included in the com-
parative analysis of BVSs versus EESs (3–7, 10–18, 35,
67). Trials involved 5578 patients (3258 with a BVS and
2320 with an EES). All trials reported outcomes occur-
ring within 1 year, as well as those occurring within 2 to
3 years, of the procedures.

Studies included all-comer participants with coro-
nary artery disease (n = 29), patients with ST-segment
elevation myocardial infarction (n = 4), patients with
stable or unstable angina pectoris (n = 6), and other
populations (n = 6). Mean ages of study participants

ranged from 57 to 67 years; 74% of participants were
men. The prevalence of diabetes mellitus and past
myocardial infarction was 25% and 20%, respectively.
Roughly 62% of lesions were type B2/C according to
the American College of Cardiology and American
Heart Association criteria; 68% of patients received
postdilatation in the percutaneous coronary interven-
tion procedure with BVSs. All trials were deemed as
having low risk of bias for all outcomes (Table 5 of Sup-
plement 2, available at Annals.org). Most observational
studies were rated as good quality; however, some
studies presented as abstracts were considered to be
of unclear quality (Table 6 of Supplement 2, available at
Annals.org).

Incidence Estimates After BVS Implantation
The incidence of definite or probable scaffold

thrombosis was 1.8% (95% CI, 1.5% to 2.2%) at the lon-
gest follow-up (Table 1 and Figure 1), 1.6% (CI, 1.3% to
1.9%) within 1 year (Figure 2 of Supplement 2, avail-
able at Annals.org), and 0.8% (CI, 0.5% to 1.3%) be-
yond 1 year (Figure 3 of Supplement 2, available at
Annals.org). The incidence of definite thrombosis at the
longest follow-up was 1.5% (CI, 1.1% to 2.0%). (For ad-
ditional data on time of occurrence, see Tables 7 and 8
of Supplement 2, available at Annals.org.)

The incidences of total and cardiac mortality were
1.7% (CI, 1.3% to 2.3%) and 1.1% (CI, 0.8% to 1.4%),
respectively. The incidence of myocardial infarction
was 3.5% (CI, 2.8% to 4.2%) at longest follow-up, 2.9%
(CI, 2.4% to 3.5%) within 1 year, and 2.2% (CI, 1.5% to
2.9%) beyond 1 year (Table 1). The incidences of TLR,
TVR, and TLF were 4.6% (CI, 3.6% to 5.6%), 6.2% (CI,
4.8% to 7.9%), and 7.3% (CI, 5.9% to 8.8%), respectively
(Table 1). The incidences of these events beyond 1 year
remained largely similar to those within 1 year.

Comparative Analysis of BVSs and EESs
Estimates of absolute effects of BVSs and GRADE

assessments of confidence in estimates of effect de-

Table 1—Continued

Myocardial Infarction TLR TVR TLF

Incidence
(95% CI), %

Clinical
Events,
n

Total
Patients,
n

Incidence
(95% CI), %

Clinical
Events,
n

Total
Patients,
n

Incidence
(95% CI), %

Clinical
Events,
n

Total
Patients,
n

Incidence
(95% CI), %

Clinical
Events,
n

Total
Patients,
n

3.5 (2.8–4.2) 724 20 951 4.6 (3.6–5.6) 765 20 517 6.2 (4.8–7.9) 581 10 577 7.3 (5.9–8.8) 1210 19 998
6.6 (4.9–7.5) 213 3242 6.5 (4.6–9.4) 200 3242 8.0 (4.3–12.9) 232 3234 9.4 (6.5–12.9) 323 3242
3.0 (2.4–3.6) 511 17 709 4.1 (3.1–5.2) 565 17 275 5.5 (4.1–7.2) 349 7343 6.8 (5.4–8.5) 887 16 756

2.9 (2.4–3.5) 631 20 372 3.4 (2.7–4.2) 595 19 938 4.5 (3.6–5.6) 439 9779 5.7 (4.7–6.8) 974 19 419
4.5 (2.9–6.2) 159 3075 3.0 (1.9–4.1) 96 3075 4.8 (3.4–5.7) 147 3075 5.8 (3.9–7.4) 197 3075
2.7 (2.2–3.2) 472 17 297 3.5 (2.7–4.4) 500 16 863 4.6 (3.2–6.2) 292 6704 5.8 (4.7–7.1) 777 16 344

2.2 (1.5–2.9) 95 4688 3.5 (2.6–4.6) 146 4479 4.3 (2.5–6.6) 106 2469 4.2 (3.0–5.7) 199 4688
2.2 (1.5–3.2) 64 3249 3.6 (2.3–5.7) 98 3154 5.6 (3.2–9.4) 74 1594 3.8 (3.1–4.9) 122 3249
2.1 (0.9–3.6) 31 1439 3.4 (2.0–4.9) 48 1325 3.2 (1.0–6.3) 32 875 4.2 (1.9–7.2) 77 1439
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Figure 1. Pooled incidence of definite or probable stent thrombosis at longest follow-up in patients receiving a BVS.
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ABSORB = Everolimus-Eluting Bioresorbable Scaffolds for Coronary Artery Disease; AIDA = Amsterdam Investigator-Initiated Absorb Strategy
All-Comers Trial; AMC = Academic Medical Center; ASSURE = Postmarketing Surveillance Registry to Monitor the Everolimus-Eluting Bioresorbable
Vascular Scaffold in Patients With Coronary Artery Disease; BVS = bioresorbable vascular scaffold; BVS-EXAMINATION = Bioresorbable Vascular
Scaffold—A Clinical Evaluation of Everolimus Eluting Coronary Stents in the Treatment of Patients with ST-segment Elevation Myocardial Infarction;
BVS EXPAND = Bioresorbable Vascular Scaffolds Expand registry; BVS-RAI = Italian Absorb Registry; BVS STEMI = Use of BVS in ST-segment
Elevation Myocardial Infarction; BVS-Save = Bioresorbable Vascular Scaffolds for Small Vessel Coronary Disease; ESHC-BVS = Eastern and Suther-
land Heart Clinic BVS registry; EVERBIO II = Comparison of Everolimus- and Biolimus-Eluting Stents With Everolimus-Eluting Bioresorbable Vascular
Scaffold Stents; GABI-R = German-Austrian Register to Evaluate the Short and Long-term Safety and Therapy Outcomes of the ABSORB Everolimus-
eluting Bioresorbable Vascular Scaffold System in Patients With Coronary Artery Stenosis; GHOST-EU = Gauging Coronary Healing With Bioresorb-
able Scaffolding Platforms in Europe; ISAR-ABSORB = Intracoronary Scaffold Assessment a Randomised Evaluation of Absorb; IT-DISAPPEARS =
Italian Diffuse/Multivessel Disease Absorb Prospective Registry; MICAT = Mainz Intracoronary Database. The Coronary Slow-flow and Microvascular
Diseases Registry; REPARA = Registry of Patients With Bioresorbable Device in Daily Clinical Practice; SCAAR = Swedish Coronary Angiography and
Angioplasty Registry; TROFI II = Comparison of the Absorb Everolimus Eluting Bioresorbable Vascular Scaffold System With a Drug-Eluting Metal
Stent (Xience) in Acute ST-Elevation Myocardial Infarction.
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rived from the comparative trials are shown in Table 2.
A discussion of the results for each outcome follow.

Scaffold or Stent Thrombosis
Pooled analysis showed an increased risk for defi-

nite or probable scaffold or stent thrombosis with BVSs
(OR, 3.40 [CI, 2.01 to 5.76]; P < 0.001) (Figure 2). The

risk was greater for early (prominently subacute), late,
and very late thrombosis (Figures 4 and 5 of Supple-
ment 2, available at Annals.org). The odds of definite or
probable scaffold or stent thrombosis almost doubled
beyond 1 year (OR, 4.81 [CI, 1.82 to 12.67]; P = 0.001)
compared with those observed within 1 year (OR, 2.59

Table 2. GRADE Assessment of Confidence in Estimates of Effect

Outcome Participants, n Trials, n Risk of Bias Consistency Directness

Scaffold thrombosis 5540 7 No serious limitations No serious limitations No serious limitations
Myocardial infarction 5553 7 No serious limitations No serious limitations No serious limitations
All-cause death 5535 7 No serious limitations No serious limitations No serious limitations
Cardiac death 5553 7 No serious limitations No serious limitations No serious limitations
TLR 5553 7 No serious limitations No serious limitations No serious limitations
TLF 5553 7 No serious limitations No serious limitations No serious limitations

BVS = bioresorbable vascular scaffold; GRADE = Grading of Recommendations Assessment, Development and Evaluation; OR = odds ratio; TLF =
target lesion failure; TLR = target lesion revascularization.
* Baseline risk for each outcome in the control group derived from event rates among patients with complete data in the everolimus-eluting metallic
stent group of the ABSORB III (Everolimus-Eluting Bioresorbable Scaffolds for Coronary Artery Disease III) trial (normalized to 1 y).

Figure 2. Pooled risk for definite or probable stent thrombosis, by time of occurrence.
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[CI, 1.44 to 4.66]; P = 0.002) (Figure 2). With the ob-
served rate of thrombosis in the EES group of the larg-
est ABSORB III (Everolimus-Eluting Bioresorbable Scaf-
folds for Coronary Artery Disease III) trial used as the
baseline, BVSs were associated with 9 more thrombo-
ses (CI, 4 to 19 more events) per 1000 persons treated
per year (Table 2). Analysis refined to definite scaffold
or stent thrombosis showed similar results (Figure 6 of
Supplement 2, available at Annals.org).

Myocardial Infarction
Bioresorbable vascular scaffolds were associated

with an increased risk for myocardial infarction (OR,
1.63 [CI, 1.26 to 2.10]; P < 0.001) (Figure 3, top), which
was present within 1 year (OR, 1.40 [CI, 1.06 to 1.86];
P = 0.019) and slightly higher beyond 1 year (OR, 1.79
[CI, 1.13 to 2.83]; P = 0.013). When the observed rate
of myocardial infarction in the EES group of the
ABSORB III trial was used as the baseline value, BVSs

Table 2—Continued

Precision Publication Bias Quality OR (95% CI) Absolute Effect of BVS per 1000 Patients
Treated per Year (95% CI)*

No serious limitations Not detected High 3.40 (2.01–5.76) 9 more events (4 more to 19 more events)
No serious limitations Not detected High 1.63 (1.26–2.10) 15 more events (6 more to 25 more events)
Serious limitations Not detected Moderate 0.83 (0.58–1.19) 0 fewer events (1 fewer to 0 more events)
Serious limitations Not detected Moderate 0.92 (0.57–1.46) 0 fewer events (1 fewer to 1 more events)
No serious limitations Not detected High 1.31 (1.03–1.67) 6 more events (1 more to 14 more events)
No serious limitations Not detected High 1.37 (1.12–1.66) 14 more events (4 more to 24 more events)

Figure 3. Pooled risk for myocardial infarction (top) and cardiac death (bottom), by time of occurrence.
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were associated with 15 more myocardial infarctions
(CI, 6 to 25 more events) per 1000 persons treated per
year (Table 2). Data within 1 year suggested that
Q-wave myocardial infarction was numerically in-
creased in patients with a BVS (OR, 2.54 [CI, 0.88 to
7.35]; P = 0.085) (Figure 7 of Supplement 2, available
at Annals.org).

Total, Cardiac, and Noncardiac Mortality
The incidences of total (OR, 0.83 [CI, 0.58 to 1.19])

(Figure 8 of Supplement 2, available at Annals.org),
cardiac (OR, 0.92 [CI, 0.57 to 1.46]) (Figure 3, bottom),
and noncardiac (OR, 0.78 [CI, 0.47 to 1.29]) (Figure 9 of
Supplement 2, available at Annals.org) mortality were
not statistically significantly different between patients
receiving a BVS and those receiving an EES. Stratified
analysis showed no statistically significant differences in
these 3 end points, either within or beyond 1 year.

TLR, TVR, All Revascularization, and TLF
Bioresorbable vascular scaffolds were associated

with a higher rate of TLR (OR, 1.31 [CI, 1.03 to 1.67]; P =
0.027) compared with EESs (Figure 4, top), which was
evident beyond 1 year (OR, 1.63 [CI, 1.12 to 2.37]; P =
0.010) but not within 1 year (OR, 1.14 [CI, 0.84 to 1.55];
P = 0.409).

The incidences of TVR (OR, 1.12 [CI, 0.90 to 1.39])
(Figure 10 of Supplement 2, available at Annals.org)
and all revascularization (OR, 1.08 [CI, 0.91 to 1.28])
(Figure 11 of Supplement 2, available at Annals.org)
were not statistically significantly different between pa-
tients receiving BVSs and those receiving EESs, either
within or beyond 1 year.

The incidence of TLF was greater in patients with a
BVS than those with an EES (OR, 1.37 [CI, 1.12 to 1.66];
P = 0.002) (Figure 4, bottom). The OR also increased
over time, showing an increased risk beyond 1 year

Figure 3—Continued
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(OR, 1.51 [CI, 1.09 to 2.09]; P = 0.012) and a non–
statistically significantly increased risk within 1 year (OR,
1.23 [CI, 0.97 to 1.55]; P = 0.088).

Additional Analyses
Publication bias tests were negative for all analyses

(Table 9 of Supplement 2, available at Annals.org).
Metaregression analyses did not show a statistically sig-
nificant effect of postdilatation, diabetes, or complex
lesion on outcomes (Table 10 of Supplement 2, avail-
able at Annals.org).

DISCUSSION
Our meta-analysis had several main findings. First,

the pooled incidence of definite or probable scaffold
thrombosis after BVS implantation was 1.8% (CI, 1.5%
to 2.2%) at a median follow-up of 1 year and 0.8% be-
yond 1 year. Second, compared with EESs, BVSs were
associated with a higher incidence of scaffold thrombo-
sis at all time courses (early, late, and very late), and
relative risks seemed to increase over time. Third, BVSs
increased risks for myocardial infarction, TLR, and TLF,

with such relative risks also increasing over time.
Fourth, risks for all-cause, cardiac, and noncardiac
death; TVR; and all revascularization were not statisti-
cally significantly different between patients with a BVS
and those with an EES.

We searched PubMed (in July 2017) for other rele-
vant meta-analyses and found 4 that reported 2-year
outcome comparisons between BVSs and EESs (68–
71). Our comparative findings at long-term follow-up
were similar to those of 1 recently published meta-
analysis that included the same 7 trials (68). However,
the follow-up of 3 trials was updated in our analysis to 3
years (11, 17, 18); follow-up of these trials was 2 years
in the other analyses (13, 16, 67). We also performed
several additional analyses. First, we assessed the dif-
ference in BVS performance within versus beyond 1
year and found that the effect of BVSs on individual and
composite thrombotic events likely would be worse
over time. Second, we rated the quality of evidence for
each outcome by using the GRADE system and pro-
vided estimates of absolute effects of BVSs from the
comparative trials. Third, we provided comprehensive

Figure 4. Pooled risk for target lesion revascularization (top) and target lesion failure (bottom), by time of occurrence.
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incidence estimates of all clinical outcomes at different
time courses, involving nearly 23 000 patients receiving
BVSs in randomized trials and observational studies.
These incidence analyses comprise mid- to long-term
data of almost all registered large observational studies
and largely may represent the last evidence on first-
generation BVSs. The other 3 meta-analyses (69–71) in-
cluded only 3 trials or a few comparative observational
studies, some of which were not adjusted for important
confounding factors. Pooled analyses from randomized
trials in these 3 studies did not show or showed only
borderline statistically significant differences in clinical
outcomes, some with directional disparity (69).

Concern about increased risk for scaffold thrombo-
sis was first raised by researchers from the all-comer
GHOST-EU (Gauging Coronary Healing With Biore-
sorbable Scaffolding Platforms in Europe) registry (53),
who reported an incidence of scaffold thrombosis up to
2.1% at 6 months of follow-up (53). Similarly, another

large all-comer registry reported a 1-year rate of scaf-
fold thrombosis of 3.0% (72). These findings later were
confirmed in randomized trials. Three-year data from
the ABSORB II trial showed an increased risk for scaf-
fold thrombosis associated with BVSs (OR, 2.81), which
was maintained to very late stage (11). In AIDA (Amster-
dam Investigator-Initiated Absorb Strategy All-Comers
Trial), the 2-year rate of scaffold thrombosis in the BVS
group was 4 times greater than in the EES group (10).
In addition, our previous meta-analysis, as well as meta-
analyses of others, showed a 1-year scaffold thrombosis
rate up to 1.5% to 1.8% (9, 73), which was remarkably
higher than that reported for EESs (2). In agreement
with these observations, our present, updated analysis
confirmed the concerns of increased midterm risk for
scaffold thrombosis and other thrombotic events with
BVSs and extended these concerns to long-term follow-
up, showing consistently higher risk at all time courses.
The increased relative risk seemed to increase further

Figure 4—Continued
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over time. Indeed, the Kaplan–Meier event curves for
TLF separated shortly after BVS or EES implantation,
and this separation seemed to continue to augment in
favor of EESs at the end of 2 years in the ABSORB III
trial (12) and 3 years in the ABSORB II trial (11).

The mechanisms underlying the increased risk for
thrombotic events associated with BVSs may involve
several factors, including malapposition, incomplete
coverage of lesions, poor scaffold expansion, under-
deployment, acute disruption, late discontinuity, and
neoatherosclerosis (74). Although complete resorption
of the scaffold, which occurs within 3 to 4 years after
BVS implantation, theoretically might reduce the risk
for long-term scaffold thrombosis to some extent, opti-
mized strategies should be taken to improve mid- to
long-term BVS outcomes, given that accumulated evi-
dence has shown inferior performance for BVSs. A BVS-
specific implantation protocol called PSP (predilation,
scaffold sizing, and postdilation) (75) has been re-
ported to substantially reduce the incidence of 1-year
scaffold thrombosis from 3.3% to 1.0% (72). Meanwhile,
prolonging the duration of dual antiplatelet therapy
(DAPT) and the selection of antiplatelet treatment reg-
imens (P2Y12 receptor inhibitors) also have been reem-
phasized after BVS implantation. Interruption of DAPT
was seen in one third of patients with BVS thrombosis
(76). In the ABSORB II trial, no late or very late scaffold
thrombosis event occurred in 63 patients who contin-
ued DAPT for up to 3 years (11). On the basis of current
evidence, which is limited, DAPT is recommended for
at least 12 months (77) and prasugrel or ticagrelor is
preferred over clopidogrel after BVS implantation (77,
78). Two randomized trials, BVS LATE (Optimal
Duration of Antiplatelet Therapy After Bioresorbable
Vascular Scaffold Implantation to Reduce Late Coro-
nary Arterial Thrombotic Events [ClinicalTrials.gov:
NCT02939872]) and SMART-CHOICEII (P2Y12 Inhibitor
Monotherapy Versus Extended DAPT in Patients
Treated With Bioresorbable Scaffold [ClinicalTrials.gov:
NCT03119012]) have just been launched to investigate
the use of DAPT in patients with a BVS.

In light of the early and late safety concerns of
BVSs, the U.S. Food and Drug Administration recently
issued a safety alert for the Absorb BVS (Abbott) (79).
The first-generation BVSs are unlikely to be used widely
around the world in the future. Next-generation BVSs
with an improved design, including thinner struts,
greater radial strength, and faster resorption, might
overcome the shortcomings of first-generation BVSs
(80). An Abbott next-generation BVS with a strut thick-
ness of less than 100 μm is under investigation. Short-
to midterm clinical and imaging outcomes of several
other kinds of next-generation BVSs from single-group
pilot studies with small numbers of patients have just
been reported, with some showing encouraging early
results (81–87). A ClinicalTrials.gov search currently
identifies only 1 registered randomized trial com-
paring the cardiovascular safety and efficacy of next-
generation BVSs with those of conventional drug-
eluting stents or first-generation BVSs—namely
FUTURE-II (A Trial of Firesorb in Patients With Coronary

Artery Disease [ClinicalTrials.gov: NCT02890160]),
which started in October 2016 and likely will be com-
pleted by October 2022—however, we expect a grow-
ing body of such research in the next few years.

Our study has limitations. Several observational
studies and trials were available only as meeting pre-
sentations. Our negative tests for publication bias
based on a small number of trials could not adequately
assess small-study effects. Our analyses were based
only on studies of the Absorb BVS; therefore, our con-
clusions are not generalizable to other kinds of BVSs.
Follow-up in our comparative analysis was limited to a
median of 25 months; longer-term follow-up data from
patients in whom the scaffold completely resorbed is
still needed to determine whether BVSs have potential
late advantages.

Compared with EESs, BVSs were associated with
consistently increased risks for scaffold or stent throm-
bosis and other thrombotic events at mid- and long-
term follow-up. All these observed increased risks in-
creased further over time. Optimal scaffold-specific
techniques and better-designed scaffolds are needed
to improve the clinical outcomes of BVSs.
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S, et al. Randomised comparison of a bioresorbable everolimus-
eluting scaffold with a metallic everolimus-eluting stent for ischaemic
heart disease caused by de novo native coronary artery lesions: the
2-year clinical outcomes of the ABSORB II trial. EuroIntervention.
2016;12:1102-7. [PMID: 27564310] doi:10.4244/EIJY16M08_01
68. Sorrentino S, Giustino G, Mehran R, Kini AS, Sharma SK, Fag-
gioni M, et al. Everolimus-eluting bioresorbable scaffolds versus
everolimus-eluting metallic stents. J Am Coll Cardiol. 2017;69:3055-
66. [PMID: 28412389] doi:10.1016/j.jacc.2017.04.011
69. Toyota T, Morimoto T, Shiomi H, Yoshikawa Y, Yaku H, Ya-
mashita Y, et al. Very late scaffold thrombosis of bioresorbable vas-
cular scaffold: systematic review and a meta-analysis. JACC Cardio-
vasc Interv. 2017;10:27-37. [PMID: 28057284] doi:10.1016/j.jcin.2016
.10.027
70. Ha FJ, Nerlekar N, Cameron JD, Bennett MR, Meredith IT, West
NE, et al. Midterm safety and efficacy of ABSORB bioresorbable vas-
cular scaffold versus everolimus-eluting metallic stent: an updated
meta-analysis [Letter]. JACC Cardiovasc Interv. 2017;10:308-10.
[PMID: 28183474] doi:10.1016/j.jcin.2016.11.054
71. Nairooz R, Saad M, Sardar P, Aronow WS. Two-year outcomes of
bioresorbable vascular scaffold versus drug-eluting stents in coro-

nary artery disease: a meta-analysis. Heart. 2017;103:1096-103.
[PMID: 28115471] doi:10.1136/heartjnl-2016-310886
72. Puricel S, Cuculi F, Weissner M, Schmermund A, Jamshidi P,
Nyffenegger T, et al. Bioresorbable coronary scaffold thrombosis:
multicenter comprehensive analysis of clinical presentation, mecha-
nisms, and predictors. J Am Coll Cardiol. 2016;67:921-31. [PMID:
26916481] doi:10.1016/j.jacc.2015.12.019
73. Collet C, Asano T, Sotomi Y, Cavalcante R, Miyazaki Y, Zeng Y,
et al. Early, late and very late incidence of bioresorbable scaffold
thrombosis: a systematic review and meta-analysis of randomized
clinical trials and observational studies. Minerva Cardioangiol. 2017;
65:32-51. [PMID: 27626924] doi:10.23736/S0026-4725.16.04238-9
74. Sotomi Y, Suwannasom P, Serruys PW, Onuma Y. Possible me-
chanical causes of scaffold thrombosis: insights from case reports
with intracoronary imaging. EuroIntervention. 2017;12:1747-56.
[PMID: 27773862] doi:10.4244/EIJ-D-16-00471
75. Ortega-Paz L, Capodanno D, Gori T, Nef H, Latib A, Caramanno
G, et al. Predilation, sizing and post-dilation scoring in patients un-
dergoing everolimus-eluting bioresorbable scaffold implantation for
prediction of cardiac adverse events: development and internal val-
idation of the PSP score. EuroIntervention. 2017;12:2110-7. [PMID:
28246060] doi:10.4244/EIJ-D-16-00974
76. Indolfi C, De Rosa S, Colombo A. Bioresorbable vascular scaf-
folds—basic concepts and clinical outcome. Nat Rev Cardiol. 2016;
13:719-29. [PMID: 27681575] doi:10.1038/nrcardio.2016.151
77. Capodanno D, Angiolillo DJ. Antiplatelet therapy after implanta-
tion of bioresorbable vascular scaffolds: a review of the published
data, practical recommendations, and future directions. JACC Car-
diovasc Interv. 2017;10:425-37. [PMID: 28279311] doi:10.1016/j.jcin
.2016.12.279
78. Tamburino C, Latib A, van Geuns RJ, Sabate M, Mehilli J, Gori T,
et al. Contemporary practice and technical aspects in coronary
intervention with bioresorbable scaffolds: a European perspective.
EuroIntervention. 2015;11:45-52. [PMID: 25599676] doi:10
.4244/EIJY15M01_05
79. U.S. Food and Drug Administration. Absorb GT1 bioresorbable
vascular scaffold (BVS) by Abbott Vascular: letter to health care pro-
viders—FDA investigating increased rate of major adverse cardiac
events. 2017. Accessed at www.fda.gov/Safety/MedWatch/Safety
Information/SafetyAlertsforHumanMedicalProducts/ucm547256.htm
on 20 July 2017.
80. Sotomi Y, Onuma Y, Collet C, Tenekecioglu E, Virmani R,
Kleiman NS, et al. Bioresorbable scaffold: the emerging reality and
future directions. Circ Res. 2017;120:1341-52. [PMID: 28408454] doi:
10.1161/CIRCRESAHA.117.310275
81. Colombo A. FORTITUDE: nine-month clinical, angiographic, and
OCT results with an amorphous PLLA-based sirolimus-eluting biore-
sorbable vascular scaffold in patients with coronary artery disease.
Presented at Transcatheter Cardiovascular Therapeutics 2016,
Washington, DC, 29 October–2 November 2016. Accessed at www
.tctmd.com/slide/fortitude-nine-month-clinical-angiographic-and-oct
-results-amorphous-plla-based-sirolimus on 20 July 2017.
82. Costa Jde R Jr. FANTOM: novel design attributes and 6-month
FANTOM II results. Presented at Transcatheter Cardiovascular Ther-
apeutics 2016, Washington, DC, 29 October–2 November 2016. Ac-
cessed at www.tctmd.com/slide/fantom-novel-design-attributes-and
-6-month-fantom-ii-results on 20 July 2017.
83. Xu B. FUTURE-I: six-month clinical, angiographic, IVUS, and OCT
results with a thin-strut PLLA-based sirolimus-eluting bioresorbable
vascular scaffold in patients with coronary artery disease. Presented
at Transcatheter Cardiovascular Therapeutics 2016, Washington,
DC, 29 October–2 November 2016. Accessed at www.tctmd.com
/videos/futurei-sixmonth-clinical-angiographic-ivus-and-oct-results
-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-s
.e3584f53033d4a0998337f1b7deae699 on 20 July 2017.
84. Seth A. MeRes-1: six-month clinical, angiographic, IVUS, and
OCT results with a thin-strut PLLA-based sirolimus-eluting bioresorb-
able vascular scaffold in patients with coronary artery disease. Pre-
sented at Transcatheter Cardiovascular Therapeutics 2016, Wash-

Mid- and Long-Term Outcomes of Bioresorbable Vascular Scaffolds REVIEW

Annals.org Annals of Internal Medicine 13

Downloaded From: https://annals.org/ by a Scott Memorial Library User  on 10/16/2017

http://www.pcronline.com/eurointervention/AbstractsEuroPCR2014/europcr-abstracts-and-posters-2014/044/clinical-follow-up-after-implantationof-bioresorbable-everolimus-eluting-scaffolds-a-single-centre-registrywith-quantitative-coronary-analysis.html
http://www.pcronline.com/eurointervention/AbstractsEuroPCR2014/europcr-abstracts-and-posters-2014/044/clinical-follow-up-after-implantationof-bioresorbable-everolimus-eluting-scaffolds-a-single-centre-registrywith-quantitative-coronary-analysis.html
http://www.pcronline.com/eurointervention/AbstractsEuroPCR2014/europcr-abstracts-and-posters-2014/044/clinical-follow-up-after-implantationof-bioresorbable-everolimus-eluting-scaffolds-a-single-centre-registrywith-quantitative-coronary-analysis.html
http://www.pcronline.com/eurointervention/AbstractsEuroPCR2014/europcr-abstracts-and-posters-2014/044/clinical-follow-up-after-implantationof-bioresorbable-everolimus-eluting-scaffolds-a-single-centre-registrywith-quantitative-coronary-analysis.html
http://www.pcronline.com/eurointervention/AbstractsEuroPCR2014/europcr-abstracts-and-posters-2014/044/clinical-follow-up-after-implantationof-bioresorbable-everolimus-eluting-scaffolds-a-single-centre-registrywith-quantitative-coronary-analysis.html
http://www.fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/ucm547256.htm
http://www.fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlertsforHumanMedicalProducts/ucm547256.htm
http://www.tctmd.com/slide/fortitude-nine-month-clinical-angiographic-and-oct-results-amorphous-plla-based-sirolimus
http://www.tctmd.com/slide/fortitude-nine-month-clinical-angiographic-and-oct-results-amorphous-plla-based-sirolimus
http://www.tctmd.com/slide/fortitude-nine-month-clinical-angiographic-and-oct-results-amorphous-plla-based-sirolimus
http://www.tctmd.com/slide/fantom-novel-design-attributes-and-6-month-fantom-ii-results
http://www.tctmd.com/slide/fantom-novel-design-attributes-and-6-month-fantom-ii-results
http://www.tctmd.com/videos/futurei-sixmonth-clinical-angiographic-ivus-and-oct-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-s.e3584f53033d4a0998337f1b7deae699
http://www.tctmd.com/videos/futurei-sixmonth-clinical-angiographic-ivus-and-oct-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-s.e3584f53033d4a0998337f1b7deae699
http://www.tctmd.com/videos/futurei-sixmonth-clinical-angiographic-ivus-and-oct-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-s.e3584f53033d4a0998337f1b7deae699
http://www.tctmd.com/videos/futurei-sixmonth-clinical-angiographic-ivus-and-oct-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-s.e3584f53033d4a0998337f1b7deae699
http://www.annals.org


ington, DC, 29 October–2 November 2016. Accessed at www.tctmd
.com/videos/meres1-sixmonth-clinical-angiographic-ivus-and-oct
-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable
-vascular-sc.e45fc24e4893468298479dfe4f08f9cb on 20 July 2017.
85. van Geuns RJ. Highlights (and my interpretations) from: new
BRS—FANTOM II, MeRes-1, FORTITUDE and FUTURE-I (6-9 month
results). Presented at Transcatheter Cardiovascular Therapeutics
2016, Washington, DC, 29 October–2 November 2016. Accessed at
www.tctmd.com/slide/highlights-and-my-interpretations-new-brs
-fantom-ii-meres-1-fortitude-and-future-i-6-9-month on 20 July
2017.

86. Serruys PW. MIRAGE: design novelty and 1-year results with a
microfiber-based BRS. Presented at Transcatheter Cardiovascular
Therapeutics 2016, Washington, DC, 29 October–2 November 2016.
Accessed at www.tctmd.com/slide/mirage-design-novelty-and-1
-year-results-microfiber-based-brs on 20 July 2017.
87. Abizaid A. Desolve Nx, Cx and Amity: unique properties and
results from 150 um to 120 um. Presented at Transcatheter Cardio-
vascular Therapeutics 2016, Washington, DC, 29 October–2 Novem-
ber 2016. Accessed at www.tctmd.com/slide/desolve-nx-cx-and
-amity-unique-properties-and-results-150-um-120-um on 20 July
2017.

REVIEW Mid- and Long-Term Outcomes of Bioresorbable Vascular Scaffolds

14 Annals of Internal Medicine Annals.org

Downloaded From: https://annals.org/ by a Scott Memorial Library User  on 10/16/2017

http://www.tctmd.com/videos/meres1-sixmonth-clinical-angiographic-ivus-and-oct-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-sc.e45fc24e4893468298479dfe4f08f9cb
http://www.tctmd.com/videos/meres1-sixmonth-clinical-angiographic-ivus-and-oct-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-sc.e45fc24e4893468298479dfe4f08f9cb
http://www.tctmd.com/videos/meres1-sixmonth-clinical-angiographic-ivus-and-oct-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-sc.e45fc24e4893468298479dfe4f08f9cb
http://www.tctmd.com/videos/meres1-sixmonth-clinical-angiographic-ivus-and-oct-results-with-a-thinstrut-pllabased-sirolimuseluting-bioresorbable-vascular-sc.e45fc24e4893468298479dfe4f08f9cb
http://www.tctmd.com/slide/highlights-and-my-interpretations-new-brs-fantom-ii-meres-1-fortitude-and-future-i-6-9-month
http://www.tctmd.com/slide/highlights-and-my-interpretations-new-brs-fantom-ii-meres-1-fortitude-and-future-i-6-9-month
http://www.tctmd.com/slide/mirage-design-novelty-and-1-year-results-microfiber-based-brs
http://www.tctmd.com/slide/mirage-design-novelty-and-1-year-results-microfiber-based-brs
http://www.tctmd.com/slide/desolve-nx-cx-and-amity-unique-properties-and-results-150-um-120-um
http://www.tctmd.com/slide/desolve-nx-cx-and-amity-unique-properties-and-results-150-um-120-um
http://www.annals.org


Current Author Addresses: Drs. Zhang, Li, Kang, and Xu: De-
partment of Cardiology, Affiliated Drum Tower Hospital, Nan-
jing University School of Medicine, 321 Zhongshan Road,
210008 Nanjing, Jiangsu Province, China.
Dr. Zhu: Department of Respiratory Medicine, the First Affili-
ated Hospital of Soochow University, 188 Shizi Street, 215006
Suzhou, Jiangsu Province, China.

Author Contributions: Conception and design: X.L. Zhang,
L.N. Kang, B. Xu.
Analysis and interpretation of the data: X.L. Zhang, Q.Q. Zhu,
L.N. Kang, B. Xu.
Drafting of the article: X.L. Zhang, Q.Q. Zhu, L.N. Kang, B. Xu.
Critical revision for important intellectual content: X.L. Zhang,
Q.Q. Zhu, X.L. Li, L.N. Kang, B. Xu.
Final approval of the article: X.L. Zhang, Q.Q. Zhu, X.L. Li, L.N.
Kang, B. Xu.
Statistical expertise: X.L. Zhang, Q.Q. Zhu.
Obtaining of funding: X.L. Zhang.
Collection and assembly of data: X.L. Zhang, Q.Q. Zhu.

Annals.org Annals of Internal Medicine

Downloaded From: https://annals.org/ by a Scott Memorial Library User  on 10/16/2017

http://www.annals.org

