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BACKGROUND
Bioresorbable vascular scaffolds were developed to overcome the shortcomings of drug-
eluting stents in percutaneous coronary intervention (PCI). We performed an investigator-
initiated, randomized trial to compare an everolimus-eluting bioresorbable scaffold with 
an everolimus-eluting metallic stent in the context of routine clinical practice.

METHODS
We randomly assigned 1845 patients undergoing PCI to receive either a bioresorbable 
vascular scaffold (924 patients) or a metallic stent (921 patients). The primary end point 
was target-vessel failure (a composite of cardiac death, target-vessel myocardial infarction, 
or target-vessel revascularization). The data and safety monitoring board recommended 
early reporting of the study results because of safety concerns. This report provides de-
scriptive information on end-point events.

RESULTS
The median follow-up was 707 days. Target-vessel failure occurred in 105 patients in the 
scaffold group and in 94 patients in the stent group (2-year cumulative event rates, 11.7% 
and 10.7%, respectively; hazard ratio, 1.12; 95% confidence interval [CI], 0.85 to 1.48; 
P = 0.43); event rates were based on Kaplan–Meier estimates in time-to-event analyses. 
Cardiac death occurred in 18 patients in the scaffold group and in 23 patients in the stent 
group (2-year cumulative event rates, 2.0% and 2.7%, respectively), target-vessel myocar-
dial infarction occurred in 48 patients in the scaffold group and in 30 patients in the stent 
group (2-year cumulative event rates, 5.5% and 3.2%), and target-vessel revascularization 
occurred in 76 patients in the scaffold group and in 65 patients in the stent group (2-year 
cumulative event rates, 8.7% and 7.5%). Definite or probable device thrombosis occurred 
in 31 patients in the scaffold group as compared with 8 patients in the stent group (2-year 
cumulative event rates, 3.5% vs. 0.9%; hazard ratio, 3.87; 95% CI, 1.78 to 8.42; P<0.001).

CONCLUSIONS
In this preliminary report of a trial involving patients undergoing PCI, there was no sig-
nificant difference in the rate of target-vessel failure between the patients who received a 
bioresorbable scaffold and the patients who received a metallic stent. The bioresorbable 
scaffold was associated with a higher incidence of device thrombosis than the metallic 
stent through 2 years of follow-up. (Funded by Abbott Vascular; AIDA ClinicalTrials.gov 
number, NCT01858077.)
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Drug-eluting stents are the stan-
dard of care in percutaneous coronary 
intervention (PCI).1,2 Nevertheless, their 

rigid metallic cages hamper vasomotion, and 
they are associated with the development of neo-
atherosclerosis, which results in an ongoing risk 
of stent thrombosis (rate of 0.1 to 0.2% per year) 
and repeat revascularization (rate of 2 to 3% per 
year).3-6

Bioresorbable vascular scaffolds theoretically 
leave no permanent implant and allow for resto-
ration of vessel function.7 The ABSORB III trial 
showed the noninferiority of the bioresorbable 
vascular scaffold (Absorb, Abbott Vascular) to the 
cobalt–chromium everolimus-eluting metallic stent 
(Xience, Abbott Vascular) with respect to target-
lesion failure at 1 year.8 However, subsequent 
studies have suggested that the risk of device 
thrombosis is higher with bioresorbable scaf-
folds than with metallic stents.9-15

The bioresorbable vascular scaffold was ap-
proved by the Food and Drug Administration 
(FDA) and obtained a Conformité Européenne 
mark in 2010, which indicates market approval 
throughout the European Union. Although this 
device has gained acceptance in ordinary inter-
ventional practice, data from adequately powered, 
randomized studies addressing safety and effi-
cacy are lacking in this context. The Amsterdam 
Investigator-Initiated Absorb Strategy All-Comers 
Trial (AIDA) was designed to compare the bio-
resorbable vascular scaffold with the metallic 
stent in a patient population that reflects that 
seen in routine clinical practice. This article is 
an early report of the data, which the data and 
safety monitoring board recommended to be 
released owing to safety concerns.

Me thods

Study Design and Oversight

AIDA was a single-blind, multicenter, investigator-
initiated, noninferiority, randomized, clinical trial. 
The design has been published previously.16 The 
study was financially supported by an unrestrict-
ed educational grant from Abbott Vascular. The 
funder had no role in the design of the study, 
the collection or management of the data, or the 
statistical analysis; the funder critically reviewed 
the first submitted version of the manuscript but 
was not involved in the writing or approval of the 
manuscript or the decision to submit the manu-
script for publication. All final revisions were 

made and independently approved by the authors 
and the investigators. No stents, scaffolds, or 
other equipment were donated for the trial by 
Abbott Vascular or any other party.

Investigators affiliated with the Heart Center 
at the Academic Medical Center (AMC)–Univer-
sity of Amsterdam designed the study, collected 
and managed the data, and performed the sta-
tistical analyses. The study design was approved 
by the institutional review board at the AMC for 
all the participating centers. An independent data 
and safety monitoring board reviewed cumula-
tive safety data at regular intervals to safeguard 
the well-being of the participants. The authors 
had unrestricted access to the data and vouch for 
the accuracy and completeness of the data and 
analyses and for the fidelity of the study to the 
protocol, which is available with the full text of 
this article at NEJM.org.

Study Population

We enrolled patients with coronary artery dis-
ease who were undergoing PCI and had one or 
more target lesions that were considered, on the 
basis of clinical judgment, to be suitable for 
drug-eluting stent implantation. Key exclusion 
criteria were target lesions more than 70 mm in 
length, a reference vessel diameter of less than 
2.5 mm or more than 4.0 mm (as estimated 
visually), bifurcation lesions for which the use of 
two stents or scaffolds was planned, and in-stent 
restenosis. All inclusion and exclusion criteria are 
listed in Table S1 in the Supplementary Appen-
dix, available at NEJM.org. All the patients pro-
vided written informed consent. Staged informed 
consent (oral followed by written consent) was 
allowed for urgent procedures.

Randomization and Treatment

After successful predilation of the first lesion, 
patients were randomly assigned, in a 1:1 ratio, 
to receive either an everolimus-eluting bioresorb-
able scaffold or an everolimus-eluting metallic 
stent. Randomization was performed with the 
use of a centralized Web-based system in random 
block sizes. Patients, but not operators or inves-
tigators, were unaware of study-group assign-
ments.

During the first year of enrollment, scaffolds 
were implanted according to the manufacturer’s 
instructions, which, at that time, did not include 
mandatory postdilation (i.e., dilation of the de-
vice after implantation); postdilation was per-
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formed in 63% of the lesions in the scaffold 
group during the first year of enrollment. The 
steering committee recommended routine post-
dilation of the scaffold device from October 1, 
2014, onward.

Dual antiplatelet therapy and other medica-
tions were administered before the procedure in 
accordance with the guidelines of the European 
Society of Cardiology and the device manufac-
turer’s instructions for use. Dual antiplatelet 
therapy — preferably with ticagrelor or prasugrel 
in patients with acute coronary syndromes — 
was recommended for at least 1 year after the 
procedure in both study groups.

Follow-up

Clinical follow-up of the patients was conducted 
through telephone contact and was scheduled at 
30 days, 180 days, and 1, 2, 3, 4, and 5 years 
after the procedure. Cross-sectional data were 
assessed in November and December 2016 to 
ascertain the event status of all patients who did 
not have their routine follow-up contact after 
September 1, 2016. Vital status was verified in all 
patients. Independent study monitors (Cordinamo) 
verified 15% of all data from case-report forms.

Study End Points

The primary end point of target-vessel failure 
was a composite of cardiac death, target-vessel 
myocardial infarction, or target-vessel revascular-
ization. Major secondary end points were death 
from any cause, all myocardial infarctions, all 
revascularizations (including target-vessel revas-
cularization, target-lesion revascularization, and 
non–target-vessel revascularization), and device 
thrombosis. Detailed definitions of end points 
and additional secondary end points are listed in 
Table S2 in the Supplementary Appendix. An 
independent clinical-events committee staffed 
by the contract research organization Cardialysis 
adjudicated events according to the definitions of 
the Academic Research Consortium17 and the Third 
Universal Definition of Myocardial Infarction.18

Angiographic Assessments

Calculations of the angiographic SYNTAX (Syn-
ergy between Percutaneous Coronary Interven-
tion with Taxus and Cardiac Surgery) scores were 
performed by core laboratory staff at Cardialy-
sis. The SYNTAX score reflects a comprehensive 
angiographic assessment of the coronary vascu-
lature, with 0 as the lowest score and higher 

scores (no upper limit) indicating more complex 
coronary anatomy. Quantitative coronary angiog-
raphy was performed with the use of dedicated 
software (Cardiovascular Angiography Analysis 
System [CAAS], version 5.11, Pie Medical) on the 
postprocedural angiograms obtained from the 
patients in the scaffold group; measurements 
were made in a single projection that had the 
best visibility of the scaffolded segment. When-
ever multiple projections were available, a projec-
tion that showed the highest grade of stenosis, 
as assessed visually, was selected. All interpreta-
tions of the quantitative coronary angiographic 
findings were performed by seven analysts un-
der the supervision of a cardiologist who is an 
expert in this method; the analysts were un-
aware of the clinical events in the patients.

Statistical Analysis

The primary analysis was designed to test wheth-
er the bioresorbable scaffold was noninferior to 
the metallic stent, as determined by the rates of 
target-vessel failure at 2 years. To satisfy the 
noninferiority hypothesis, the upper limit of the 
(two-sided) 95% confidence interval for the rate 
difference (equivalent to noninferiority testing at 
a one-sided alpha level of 2.5%) had to fall below 
a prespecified margin of 4.5 percentage points. 
Under the assumption of a 7.3% event rate for 
the primary end point at 2 years and a rate of 
loss-to-follow-up of 3.0%, we estimated that we 
would need to enroll 1790 patients for the study 
to have at least 95% power. The first version of 
the protocol included a noninferiority margin of 
3.3 percentage points, which required enrollment 
of 2690 patients for 90% power. After publica-
tion of the results of the ABSORB III trial,8 we 
amended the protocol, on the basis of FDA guid-
ance, to adopt the noninferiority margin of 4.5 
percentage points used in that trial.19 At the time 
that the protocol change was approved by the 
institutional review board in December 2015, a 
total of 1845 patients had been enrolled, and 
enrollment was complete.

After a safety review on November 11, 2016, 
the data and safety monitoring board recom-
mended early reporting of the results because of 
safety concerns. The data and safety monitoring 
board also recommended that the benefits and 
risks of extended dual antiplatelet therapy should 
be considered in patients treated with a biore-
sorbable scaffold, including those participating 
in AIDA. This report provides descriptive infor-

The New England Journal of Medicine 
Downloaded from nejm.org at TEXAS HEALTH RESOURCES on June 21, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 376;24 nejm.org June 15, 20172322

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

mation — without formal hypothesis testing — 
on all end-point events that occurred before 
December 16, 2016.

Analyses were performed according to the 
intention-to-treat principle. Event rates were 
based on Kaplan–Meier estimates in time-to-
event analyses. Follow-up of the patients was 
censored on December 16, 2016, or at the last 
known event-free time point, whichever came 
first. For time-to-event analysis, hazard ratios 

with 95% confidence intervals were determined, 
and Kaplan–Meier curves were compared by 
means of the log-rank test. The 95% confidence 
interval for the rate difference (the rate in the 
scaffold group minus the rate in the stent group) 
of the primary end point was calculated accord-
ing to the method of Com-Nougue et al.,20 with 
the use of Kaplan–Meier estimates and Green-
wood estimators of the standard error. We used 
the chi-square test or Fisher’s exact test to com-

Characteristic Scaffold Group (N = 924) Stent Group (N = 921)

Age — yr 64.3±10.6 64.0±10.5

Male sex — no. (%) 670 (72.5) 700 (76.0)

Risk factors — no./total no. (%)

Diabetes mellitus 171/924 (18.5) 153/921 (16.6)

Treated with oral medication 95/171 (55.6) 97/153 (63.4)

Treated with insulin 65/171 (38.0) 45/153 (29.4)

Hypertension 468/920 (50.9) 464/919 (50.5)

Hypercholesterolemia 344/915 (37.6) 350/914 (38.3)

Family history of coronary artery disease 451/886 (50.9) 469/886 (52.9)

Current smoker 248/867 (28.6) 273/861 (31.7)

History — no./total no. (%)

Chronic renal failure 70/924 (7.6) 91/921 (9.9)

Ejection fraction <30% 22/910 (2.4) 17/900 (1.9)

Previous stroke or transient ischemic attack 46/923 (5.0) 58/921 (6.3)

Peripheral vascular disease 65/924 (7.0) 56/918 (6.1)

Previous myocardial infarction 166/924 (18.0) 172/921 (18.7)

Previous percutaneous coronary intervention 202/924 (21.9) 184/921 (20.0)

Previous bypass surgery 38/924 (4.1) 26/921 (2.8)

Clinical presentation — no. (%)

ST-segment elevation myocardial infarction 240 (26.0) 225 (24.4)

Non–ST-segment elevation myocardial infarction 185 (20.0) 192 (20.8)

Unstable angina 70 (7.6) 87 (9.4)

Stable angina, documented ischemia, or both 361 (39.1) 370 (40.2)

Angiographically driven indication for PCI† 51 (5.5) 36 (3.9)

Other 17 (1.8) 11 (1.2)

SYNTAX score‡

Mean 13.2±8.6 12.6±8.4

Median (interquartile range) 11 (7–18) 11 (7–17)

*  Plus–minus values are means ±SD. Shown are data for patients who were assigned to receive an everolimus-eluting
bioresorbable vascular scaffold or an everolimus-eluting cobalt–chromium stent. There were no significant between-
group differences in the characteristics evaluated at baseline.

†  The indication for percutaneous coronary intervention (PCI) was considered to be angiographically driven if PCI was 
performed on an angiographically significant lesion — that is, a lesion that was detected on angiography in a patient
who did not have symptoms or evidence of myocardial ischemia.

‡  The SYNTAX score reflects a comprehensive angiographic assessment of the coronary vasculature, with 0 as the lowest 
score and higher scores (no upper limit) indicating more complex coronary anatomy. Information on SYNTAX score
was available for 831 patients in the scaffold group and for 830 patients in the stent group.

Table 1. Characteristics of the Patients at Baseline.*

The New England Journal of Medicine 
Downloaded from nejm.org at TEXAS HEALTH RESOURCES on June 21, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 376;24 nejm.org June 15, 2017 2323

Bioresorbable Scaffolds vs. Metallic Stents in PCI

pare categorical variables and the independent 
t-test to compare continuous variables. All statis-
tical analyses were performed with SPSS soft-
ware, version 23.0 (IBM).

R esult s

Patients and Procedures

A total of 1845 patients were enrolled between 
August 28, 2013, and December 27, 2015, at five 
high-volume PCI centers in the Netherlands. We 
randomly assigned 924 patients to receive a bio-
resorbable vascular scaffold and 921 patients to 
receive a metallic stent. During this period, 9653 

patients underwent implantation of a drug-elut-
ing stent at the five centers (Fig. S1 in the Sup-
plementary Appendix). The baseline characteris-
tics of the two study groups were well balanced 
(Table 1). Patients with acute coronary syndrome 
represented 54% of the population. A SYNTAX 
score was available for 1661 patients (90.0%) and 
ranged from 1 to 57, with a median of 11.

A total of 2446 lesions were treated. At least 
one assigned study device was implanted suc-
cessfully in 895 of the 924 patients in the scaf-
fold group (96.9%) and in 919 of the 921 pa-
tients in the stent group (99.8%) (Table 2). Only 
assigned study devices were implanted in 859 of 

Outcome Scaffold Group Stent Group P Value

Patients

Total no. 924 921

Treated lesions per patient 1.34±0.63 1.31±0.59 0.36

No. of devices per patient 1.54±0.84 1.45±0.79 0.01

Total device length per patient — mm 31.1±19.6 29.7±19.2 0.11

Minimum device diameter per patient — mm 2.73±0.27 2.88±0.35 0.05

Device implantation — no. (%)

Any assigned study device 895 (96.9) 919 (99.8) <0.001

Only assigned study devices 859 (93.0) 910 (98.8) <0.001

Any unassigned device 65 (7.0) 11 (1.2) <0.001

Only unassigned devices 29 (3.1) 2 (0.2) <0.001

After failure of assigned device 20 1

Unassigned device first choice 9 1

Procedure time — min† 49±26 44±23 <0.001

Contrast material used — ml‡ 160±74 151±72 0.02

Predilation of first treated lesion  
— no. (%)

911 (98.6) 892 (96.9) 0.01

Procedural success — no. (%)§ 833 (90.2) 887 (96.3) <0.001

Treated lesions¶

Total no. 1237 1209

Rotational atherectomy — no./total no. of target lesions (%) 24/1232 (1.9) 26/1208 (2.2) 0.78

Predilation performed — no. (%) 1199 (96.9) 1103 (91.2) <0.001

Total number of devices implanted 1425 1336

Number of devices per lesion 1.15±0.40 1.11±0.34 0.001

Postdilation performed — no. (%)‖ 915 (74.0) 594 (49.1) <0.001

*  Plus–minus values are means ±SD.
†  Data on procedure time were available for 919 patients in the scaffold group and 918 patients in the stent group.
‡  Data on contrast material used were available for 902 patients in the scaffold group and for 897 patients in the stent group.
§  Procedural success was defined as a final in-scaffold or in-stent residual stenosis of less than 20% (as estimated visually), 

with Thrombolysis in Myocardial Infarction (TIMI) grade 3 (complete) flow in the treated vessel and no clinical events 
during the hospital stay.

¶  Treated lesions included all treated lesions at the time of randomization and scheduled staged procedures.
‖  Rates of postdilation in the scaffold group increased from 63% in the first year to 83% in the last year.

Table 2. Procedural Characteristics.*
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the 924 patients in the scaffold group (93.0%), 
as compared with 910 of the 921 patients in the 
stent group (98.8%) (Table 2). Scaffold implanta-
tion was associated with, on average, a 5-minute 
longer procedure time and a 9-ml greater use of 
contrast material than stent implantation. In the 
scaffold group, the mean (±SD) residual percent 
diameter stenosis was 17.0±9.5%, with 9% of the 
patients having a residual percent diameter ste-
nosis greater than 30%. (Detailed characteristics 
of the lesions at baseline, procedural characteris-
tics, and quantitative coronary angiography data 
for the patients in the scaffold group are pre-
sented in Tables S3 through S5 in the Supple-
mentary Appendix.)

Follow-up Data

The median duration of clinical follow-up was 
707 days. At the time of the cross-sectional data 
assessment, clinical follow-up had been com-
pleted in 899 patients in the scaffold group 
(97.3%) and in 894 patients in the stent group 
(97.1%). Dual antiplatelet therapy was used through 
1 year after implantation in 789 of 882 patients 
in the scaffold group (89.5%) and in 785 of 881 
patients in the stent group (89.1%) (Table S6 in 
the Supplementary Appendix).

Clinical Outcomes

The primary end point of target-vessel failure 
occurred in 105 patients in the scaffold group 
and in 94 patients in the stent group (hazard 
ratio with bioresorbable scaffolds, 1.12; 95% 
confidence interval [CI], 0.85 to 1.48; P = 0.43) 
(Fig. 1 and Table 3). Kaplan–Meier estimates of 
target-vessel failure rates at 2 years were 11.7% 
in the scaffold group and 10.7% in the stent 
group (difference in rates, 1.0 percentage point; 
95% CI, −2.1 to 4.2). The results of per-protocol 
and as-treated analyses were similar to those of 
the main analysis (Tables S7 through S10 in the 
Supplementary Appendix).

Cardiac death by 2 years occurred in 18 pa-
tients in the scaffold group and in 23 patients in 
the stent group (2.0% and 2.7%, respectively; 
hazard ratio, 0.78; 95% CI, 0.42 to 1.44; P = 0.43). 
Rates of target-vessel myocardial infarction were 
5.5% in the scaffold group and 3.2% in the stent 
group (hazard ratio, 1.60; 95% CI, 1.01 to 2.53; 
P = 0.04). Rates of target-vessel revascularization 
were 8.7% in the scaffold group and 7.5% in the 
stent group (hazard ratio, 1.16; 95% CI, 0.84 to 
1.62; P = 0.37). Rates of target-lesion revascular-
ization were 7.0% in the scaffold group and 5.2% 
in the stent group (hazard ratio, 1.33; 95% CI, 
0.90 to 1.96; P = 0.15) (Table 3). Details of all 
cases of target-lesion revascularization are provid-
ed in Table S11 in the Supplementary Appendix.

Definite or probable device thrombosis oc-
curred in 31 patients in the scaffold group, with 
cardiac death as the worst outcome in 6 patients 
and nonfatal myocardial infarction in 25 pa-
tients. Definite or probable device thrombosis 
occurred in 8 patients in the stent group, of whom 
2 died from cardiac causes and 6 had nonfatal 
myocardial infarctions. The 2-year Kaplan–Meier 
event rates of definite or probable device throm-
bosis were 3.5% in the scaffold group and 0.9% 
in the stent group (hazard ratio, 3.87; 95% CI, 
1.78 to 8.42; P<0.001). The numbers of patients 
with definite or probable device thrombosis were 
higher in the scaffold group than in the stent 
group over all postimplantation periods (acute 
[≤24 hours] or subacute [>24 hours to 30 days], 
13 patients vs. 5 patients; late [31 days to 1 year], 
8 patients vs. 1 patient; and very late [>1 to 
3 years], 10 patients vs. 2 patients) (Table 3 and 
Fig. 2, and Fig. S2 in the Supplementary Appendix).

No interaction with respect to device throm-
bosis was seen between the study groups and 

Figure 1. Kaplan–Meier Curves for Target-Vessel Failure.

Shown is the event rate of target-vessel failure (the primary end point) 
through 30 months among the patients randomly assigned to receive bio-
resorbable vascular scaffolds or metallic stents. We defined target-vessel 
failure as a composite of cardiac death, target-vessel myocardial infarction, 
or target-vessel revascularization. The inset shows the same data on an en-
larged y axis.
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Outcome Patients with an Event 2-Year Cumulative Event Rate*
Hazard Ratio 

(95% CI) P Value†

Scaffold Group 
(N = 924)

Stent Group 
(N = 921)

Scaffold Group 
(N = 924)

Stent Group 
(N = 921)

number percent

Clinical events

Death from any cause 32 43 3.5 4.3 0.74 (0.47–1.17) 0.19

Cardiac 18 23 2.0 2.7 0.78 (0.42–1.44) 0.43

Cardiovascular 22 25 2.6 2.9 0.88 (0.49–1.55) 0.65

Noncardiovascular 10 18 0.9 1.5 0.55 (0.25–1.19) 0.13

All myocardial infarction 62 41 7.1 4.2 1.52 (1.02–2.25) 0.04

Target vessel 48 30 5.5 3.2 1.60 (1.01–2.53) 0.04

During index procedure 9 6 1.0 0.7 1.50 (0.53–4.20) 0.44

Not during index procedure 39 24 4.5 2.6 1.62 (0.98–2.70) 0.06

Nontarget vessel 15 11 1.7 1.0 1.36 (0.62–2.96) 0.44

Death or myocardial infarction 88 80 9.6 8.1 1.10 (0.82–1.49) 0.52

Any revascularization 115 103 13.2 11.6 1.11 (0.85–1.45) 0.43

Target vessel 76 65 8.7 7.5 1.16 (0.84–1.62) 0.37

Target lesion 60 45 7.0 5.2 1.33 (0.90–1.96) 0.15

Device thrombosis–related 26 5 3.0 0.6 5.19 (1.99–13.50) <0.001

Device stenosis–related 35 40 4.1 4.6 0.87 (0.55–1.36) 0.53

Nontarget lesion 21 22 2.5 2.5 0.94 (0.52–1.71) 0.84

Nontarget vessel 55 50 6.8 5.5 1.09 (0.74–1.60) 0.66

Composite end points

Target-vessel failure‡ 105 94 11.7 10.7 1.12 (0.85–1.48) 0.43

Target-lesion failure§ 91 78 10.3 8.9 1.17 (0.86–1.58) 0.31

Patient-oriented end point¶ 161 149 17.8 16.1 1.08 (0.87–1.35) 0.49

Device thrombosis

Definite 27 5 3.1 0.6 5.39 (2.08–14.00) <0.001

Probable 4 3 0.4 0.4 1.32 (0.30–5.91) 0.71

Possible 6 12 0.6 1.5 0.50 (0.19–1.33) 0.15

Definite or probable 31 8 3.5 0.9 3.87 (1.78–8.42) <0.001

Acute (≤24 hr) 3 3

Subacute (>24 hr to 30 days) 10 2

Late (31 days to 1 yr) 8 1

Very late (>1 to 2 yr) 9 2

Very late (>2 to 3 yr) 1 0

Any device thrombosis 37 20 4.1 2.5 1.85 (1.08–3.19) 0.02

*  Event rates were based on Kaplan–Meier estimates in time-to-event analyses.
†  P values were calculated with the use of the log-rank test.
‡  Target-vessel failure was a composite of cardiac death, target-vessel myocardial infarction, or target-vessel revascularization (primary end 

point).
§  Target-lesion failure was a composite of cardiac death, target-vessel myocardial infarction, or target-lesion revascularization (equivalent to 

device-oriented end point).
¶  Patient-oriented end point was a composite of death from any cause, all myocardial infarction, or all revascularization.

Table 3. Safety and Efficacy Outcomes.
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presenting symptoms, age, cardiovascular risk 
factors, lesion characteristics, or time of random-
ization. Vessel size of 2.25 mm or smaller, ade-
quate device sizing, and postdilation were not 
associated with the occurrence of scaffold throm-
bosis. Among the patients in the scaffold group 
who had definite or probable device thrombo-
sis, 19% had a residual diameter stenosis of 30% 
or greater; among the patients who did not have 
device thrombosis, 9% had a residual percent 
diameter stenosis of 30% or greater (P = 0.05) 

(Fig. S3 and Tables S5 and S12 in the Supplemen-
tary Appendix).

Discussion

In AIDA, we compared an everolimus-eluting 
bioresorbable vascular scaffold with an everoli-
mus-eluting metallic stent in routine PCI. In this 
preliminary analysis from the trial, we found 
that the rate of definite or probable device throm-
bosis in the scaffold group was approximately 
3.5 times as high as that in the stent group over 
the course of 2 years. The higher incidence of 
scaffold thrombosis was associated with a sig-
nificantly higher incidence of myocardial infarc-
tion, although this finding was not corrected for 
multiple testing. The rate of the primary com-
posite end point of target-vessel failure, as well 
as the rates of death from any cause, cardiac 
death, and revascularizations, did not differ sig-
nificantly between the two study groups.

Concern about an increased rate of scaffold 
thrombosis was first raised by investigators who 
examined data from the GHOST-EU (Gauging 
Coronary Healing with Bioresorbable Scaffolding 
Platforms in Europe) registry and reported a 
2.1% rate of scaffold thrombosis at 6 months.11 
A recent meta-analysis of 16,830 patients showed 
an overall rate of scaffold thrombosis of 1.8% at 
a median follow-up of 1 year.21 Furthermore, in 
the ABSORB Japan trial, four cases of definite 
scaffold thromboses (in 1.6% of the patients) 
occurred between the first and second year after 
implantation.13 Cases of scaffold thrombosis have 
been reported as late as 44 months after implanta-
tion.22 The ABSORB II trial showed ongoing scaf-
fold thrombosis events at 3 years.15 Our findings 
confirm and extend these concerns to the use of 
the scaffold device in routine clinical practice.

Scaffold implantation was associated with a 
longer procedure time, more use of contrast 
material, and a lower likelihood of receiving the 
assigned device than was stent implantation. 
These findings attest to delivery challenges 
 associated with scaffold implantation. An obser-
vational study showed that the 1-year rate of scaf-
fold thrombosis was lower when a scaffold-specific 
implantation strategy (consisting of predilation, 
adequate sizing, and postdilation) was used.23 In 
our trial, scaffold thrombosis occurred regard-
less of implantation technique.

Figure 2. Kaplan–Meier Curves for Definite or Probable Device Thrombosis.

Shown are the event rates of definite device thrombosis (Panel A) and defi-
nite or probable device thrombosis (Panel B) through 30 months among the 
patients randomly assigned to receive bioresorbable vascular scaffolds or 
metallic stents. In each panel, the inset shows the same data on an enlarged 
y axis.
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The causes of the higher rate of device throm-
bosis with scaffolds than with stents are only 
partly understood. Incomplete lesion coverage, 
underdeployment, and malapposition have been 
observed with the use of optical coherence tomog-
raphy in acute and subacute cases of scaffold 
thrombosis.24 Thick stent struts, such as the 
150-μm struts in the Absorb scaffold, are asso-
ciated with blood-flow alterations and thrombo-
genicity, especially when they are left malap-
posed.25,26 Late events might be related to a 
combination of nonembedded and nonabsorbed 
scaffold struts in complex lesions and late struc-
tural discontinuity or device dismantling.27-29 New-
er generations of bioresorbable scaffolds, with 
thinner struts, increased radial strength, different 
composition, and faster resorption, may overcome 
these issues. Given the lack of putative benefit in 
the ABSORB Japan and ABSORB II trials, the 
advantage of bioresorbable technology over metal-
lic stents remains to be established.

Because of the finding of an increased inci-
dence of very late scaffold thrombosis, the data 
and safety monitoring board recommended early 
reporting of the study findings (i.e., after enroll-
ment of all patients but before follow-up was 
completed). On the basis of the considerations 
noted below, the data and safety monitoring 
board also recommended that extended dual anti-
platelet therapy should be considered for recipi-
ents of the bioresorbable scaffold. The AIDA 
investigators are implementing this recommen-
dation among the patients in the scaffold group. 
As a result of this decision, the trial participants 
were informed of their treatment assignment in 
December 2016. A final analysis of the primary 
end point is planned when all the patients in the 
trial have reached 2 years of follow-up.

The recommendation for use of extended 
dual antiplatelet therapy in recipients of the bio-
resorbable scaffold to reduce the risk of device 
thrombosis was made on the basis of informa-
tion from previous studies. In the Dual Anti-
platelet Therapy (DAPT) study, prolongation of 
dual antiplatelet therapy in patients who received 
first-generation drug-eluting stents was associ-
ated with a lower rate of stent thrombosis than 
aspirin therapy alone and was not harmful.30 The 
ABSORB II investigators did not observe any case 
of very late scaffold thrombosis among 63 pa-
tients who did not interrupt dual antiplatelet 
therapy for up to 3 years.15 Further research is 

necessary to establish whether long-term dual 
antiplatelet therapy would prevent very late scaf-
fold thrombosis.

Several limitations of our study should be 
noted. First, routine intravascular imaging at the 
time of implantation and device thrombosis was 
not performed, which limited our insights into 
the mechanisms of device thrombosis. Second, 
we measured postprocedure cardiac enzymes only 
when clinically indicated. Myocardial infarctions 
were adjudicated according to the Third Univer-
sal Definition of Myocardial Infarction,18 and the 
results could have been different if we had per-
formed systematic blood sampling or had used 
another definition of myocardial infarction. 
Third, not all case-report forms were monitored. 
However, monitoring of 15% of case-report 
forms did not reveal any additional events that 
required adjudication. Finally, our study provides 
a median follow-up of 2 years. Longer follow-up 
from our trial and other clinical trials will pro-
vide information about possible ongoing risk of 
scaffold thrombosis beyond the second year.

In conclusion, in AIDA, we compared an 
everolimus-eluting bioresorbable vascular scaf-
fold with an everolimus-eluting metallic stent in 
the context of routine PCI. In this preliminary 
report, there was no significant difference be-
tween the two study groups with respect to the 
primary outcome of target-vessel failure. How-
ever, treatment with the bioresorbable scaffold 
was associated with a significantly higher inci-
dence of overall and very late device thrombosis 
than was the metallic stent through 2 years of 
follow-up.

Supported by an unrestricted educational grant from Abbott 
Vascular.

Dr. Wykrzykowska reports receiving consulting fees and lec-
ture fees from Abbott Vascular; Dr. Hofma, receiving grant sup-
port, paid to his institution, the Medical Center Leeuwarden, 
from Abbott Vascular; Dr. van der Schaaf, receiving fees for 
serving on an advisory board and travel support from Abbott 
Vascular, lecture fees, travel support, and grant support, paid to 
the Onze Lieve Vrouwe Gasthuis Cardioresearch Department, 
from Biotronik, and lecture fees and travel support from Orbus 
Neich; Dr. Piek, receiving grant support, travel support, and fees 
for serving on a medical advisory board from Abbott Vascular 
and Philips/Volcano and grant support, travel support, and con-
sulting fees from Miracor; Dr. Tijssen, receiving fees for serving 
as a member of a data and safety monitoring board from Abbott 
Vascular; Dr. Henriques, receiving grant support and travel sup-
port from Abbott Vascular and Abiomed and grant support from 
B. Braun. No other potential conflict of interest relevant to this 
article was reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

The New England Journal of Medicine 
Downloaded from nejm.org at TEXAS HEALTH RESOURCES on June 21, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 376;24 nejm.org June 15, 20172328

Bioresorbable Scaffolds vs. Metallic Stents in PCI

References
1. Palmerini T, Benedetto U, Biondi-
Zoccai G, et al. Long-term safety of drug-
eluting and bare-metal stents: evidence 
from a comprehensive network meta-
analysis. J Am Coll Cardiol 2015; 65: 2496-
507.
2. Windecker S, Kolh P, Alfonso F, et al. 
2014 ESC/EACTS guidelines on myocar-
dial revascularization: the Task Force on 
Myocardial Revascularization of the Euro-
pean Society of Cardiology (ESC) and the 
European Association for Cardio-Thoracic 
Surgery (EACTS) developed with the spe-
cial contribution of the European Associ-
ation of Percutaneous Cardiovascular In-
terventions (EAPCI). Eur Heart J 2014; 35: 
2541-619.
3. Smits PC, Vlachojannis GJ, McFadden 
EP, et al. Final 5-year follow-up of a ran-
domized controlled trial of everolimus- 
and paclitaxel-eluting stents for coronary 
revascularization in daily practice: the 
COMPARE trial (A Trial of Everolimus-
Eluting Stents and Paclitaxel Stents for 
Coronary Revascularization in Daily Prac-
tice). JACC Cardiovasc Interv 2015; 8: 1157-
65.
4. Jensen LO, Thayssen P, Christiansen 
EH, et al. Safety and efficacy of everolimus- 
versus sirolimus-eluting stents: 5-year re-
sults from SORT OUT IV. J Am Coll Car-
diol 2016; 67: 751-62.
5. Nakazawa G, Otsuka F, Nakano M,  
et al. The pathology of neoatherosclerosis 
in human coronary implants bare-metal 
and drug-eluting stents. J Am Coll Cardiol 
2011; 57: 1314-22.
6. Joner M, Finn AV, Farb A, et al. Pathol-
ogy of drug-eluting stents in humans: 
delayed healing and late thrombotic risk. 
J Am Coll Cardiol 2006; 48: 193-202.
7. Serruys PW, Garcia-Garcia HM, Onuma 
Y. From metallic cages to transient bio-
resorbable scaffolds: change in paradigm 
of coronary revascularization in the up-
coming decade? Eur Heart J 2012; 33: 16-
25b.
8. Ellis SG, Kereiakes DJ, Metzger DC,  
et al. Everolimus-eluting bioresorbable scaf-
folds for coronary artery disease. N Engl J 
Med 2015; 373: 1905-15.
9. Felix CM, Fam JM, Diletti R, et al. 
Mid- to long-term clinical outcomes of 
patients treated with the everolimus-elut-
ing bioresorbable vascular scaffold: the 
BVS Expand Registry. JACC Cardiovasc 
Interv 2016; 9: 1652-63.
10. Fam JM, Felix C, van Geuns RJ, et al. 
Initial experience with everolimus-eluting 
bioresorbable vascular scaffolds for treat-
ment of patients presenting with acute 
myocardial infarction: a propensity-
matched comparison to metallic drug 

eluting stents 18-month follow-up of the 
BVS STEMI first study. EuroIntervention 
2016; 12: 30-7.
11. Capodanno D, Gori T, Nef H, et al. 
Percutaneous coronary intervention with 
everolimus-eluting bioresorbable vascular 
scaffolds in routine clinical practice: early 
and midterm outcomes from the European 
multicentre GHOST-EU registry. EuroInter-
vention 2015; 10: 1144-53.
12. Ishibashi Y, Nakatani S, Onuma Y. 
Definite and probable bioresorbable 
scaffold thrombosis in stable and ACS 
patients. EuroIntervention 2015; 11(3): e1- 
e2.
13. Onuma Y, Sotomi Y, Shiomi H, et al. 
Two-year clinical, angiographic, and serial 
optical coherence tomographic follow-up 
after implantation of an everolimus-elut-
ing bioresorbable scaffold and an everoli-
mus-eluting metallic stent: insights from 
the randomised ABSORB Japan trial. Euro-
Intervention 2016; 12: 1090-101.
14. Chevalier B, Onuma Y, van Boven AJ, 
et al. Randomised comparison of a bio-
resorbable everolimus-eluting scaffold with 
a metallic everolimus-eluting stent for is-
chaemic 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.
15. Serruys PW, Chevalier B, Sotomi Y, et al. 
Comparison of an everolimus-eluting bio-
resorbable scaffold with an everolimus-
eluting metallic stent for the treatment 
of coronary artery stenosis (ABSORB II):  
a 3 year, randomised, controlled, single-
blind, multicentre clinical trial. Lancet 
2016; 388: 2479-91.
16. Woudstra P, Grundeken MJ, Kraak RP, 
et al. Amsterdam Investigator-initiateD 
Absorb strategy all-comers trial (AIDA 
trial): a clinical evaluation comparing the 
efficacy and performance of ABSORB 
everolimus-eluting bioresorbable vascular 
scaffold strategy vs the XIENCE family 
(XIENCE PRIME or XIENCE Xpedition) 
everolimus-eluting coronary stent strategy 
in the treatment of coronary lesions in con-
secutive all-comers: rationale and study 
design. Am Heart J 2014; 167: 133-40.
17. Cutlip DE, Windecker S, Mehran R,  
et al. Clinical end points in coronary stent 
trials: a case for standardized definitions. 
Circulation 2007; 115: 2344-51.
18. Thygesen K, Alpert JS, Jaffe AS, et al. 
Third universal definition of myocardial 
infarction. Circulation 2012; 126: 2020-35.
19. Non-inferiority clinical trials to estab-
lish effectiveness: guidance for industry. 
Silver Spring, MD:  Food and Drug Admin-
istration, November 2016 (http://www .fda 
.gov/ ucm/ groups/ fdagov-public/ @fdagov 

-drugs-gen/ documents/ document/ 
ucm202140 .pdf).
20. Com-Nougue C, Rodary C, Patte C. 
How to establish equivalence when data 
are censored: a randomized trial of treat-
ments for B non-Hodgkin lymphoma. Stat 
Med 1993; 12: 1353-64.
21. Collet C, Asano T, Sotomi Y, et al. 
Early, late and very late incidence of bio-
resorbable scaffold thrombosis: a system-
atic review and meta-analysis of random-
ized clinical trials and observational studies. 
Minerva Cardioangiol 2017; 65: 32-51.
22. Räber L, Brugaletta S, Yamaji K, et al. 
Very late scaffold thrombosis: intracoro-
nary imaging and histopathological and 
spectroscopic findings. J Am Coll Cardiol 
2015; 66: 1901-14.
23. Puricel S, Cuculi F, Weissner M, et al. 
Bioresorbable coronary scaffold thrombo-
sis: multicenter comprehensive analysis of 
clinical presentation, mechanisms, and pre-
dictors. J Am Coll Cardiol 2016; 67: 921-31.
24. Karanasos A, Van Mieghem N, van 
Ditzhuijzen N, et al. Angiographic and 
optical coherence tomography insights 
into bioresorbable scaffold thrombosis: 
single-center experience. Circ Cardio-
vasc Interv 2015; 8(5): e002369.
25. Kolandaivelu K, Swaminathan R, Gib-
son WJ, et al. Stent thrombogenicity early 
in high-risk interventional settings is driven 
by stent design and deployment and pro-
tected by polymer-drug coatings. Circula-
tion 2011; 123: 1400-9.
26. Bourantas CV, Papafaklis MI, Kotsia A, 
et al. Effect of the endothelial shear stress 
patterns on neointimal proliferation fol-
lowing drug-eluting bioresorbable vascu-
lar scaffold implantation: an optical coher-
ence tomography study. JACC Cardiovasc 
Interv 2014; 7: 315-24.
27. Ueda T, Uemura S, Watanabe M, et al. 
Thin-cap fibroatheroma and large calcifi-
cation at the proximal stent edge correlate 
with a high proportion of uncovered stent 
struts in the chronic phase. Coron Artery 
Dis 2016; 27: 376-84.
28. Nakazawa G, Nakano M, Otsuka F, et al. 
Evaluation of polymer-based comparator 
drug-eluting stents using a rabbit model 
of iliac artery atherosclerosis. Circ Cardio-
vasc Interv 2011; 4: 38-46.
29. Sotomi Y, Suwannasom P, Serruys PW, 
Onuma Y. Possible mechanical causes of 
scaffold thrombosis: insights from case 
reports with intracoronary imaging. Euro-
Intervention 2017; 12: 1747-56.
30. Mauri L, Kereiakes DJ, Yeh RW, et al. 
Twelve or 30 months of dual antiplatelet 
therapy after drug-eluting stents. N Engl J 
Med 2014; 371: 2155-66.
Copyright © 2017 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at TEXAS HEALTH RESOURCES on June 21, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 


