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1 | INTRODUCTION

Bioresorbable scaffolds (BRS) were implemented in the treatment of

coronary artery disease to improve the long-term outcomes of

Jens Wiebe and Felix J. Hofmann contributed equally to this study and are joint first authors.

Holger M. Nef MD?

Abstract

Objectives: The aim of this study was to evaluate very long-term results after
unrestricted everolimus-eluting bioresorbable scaffolds (BRS) implantation.
Background: Previous randomized studies mainly included selected patients differing from
those seen during daily routine and long-term data from all-comers registries are sparse.
Methods: Consecutive patients undergoing BRS implantation were included in this
observational, single center study. Clinical follow-up was conducted up to 5 years.
Endpoint of interest was the composite of target lesion failure (TLF), including target-
vessel myocardial infarction and target lesion revascularization and cardiac death.
Furthermore, ARC-defined scaffold thrombosis (ScT) were assessed.

Results: A total of 176 patients with a median age of 64 (55 - 72) years were ana-
lyzed, of which 59.6% presented an acute coronary syndrome. A total of 183 mainly
complex lesions (55.8%) were treated. At 5 years, the rate for TLF was 21.6%. Defi-
nite or probable ScT rate was 4.1%. The rate of ScT within the first year was 2.8%
and afterwards 1.2%. Notably, no ScT was seen later than 2 years.

Conclusions: Although this real-world registry displays high rates of clinical events

during long-term follow-up, no ScT was seen after 2 years.

KEYWORDS
ACS/NSTEMI, acute myocardial infarction/STEMI, bioabsorbable devices/polymers,

bioabsorbable stent, coronary artery disease, drug-eluting stent

metallic stents. Remaining metallic stents are associated with chronic
inflammation resulting in late adverse events with stent thrombosis
being the worst complication.?~® Theoretically, BRS provide short- to
mid-term scaffolding of the previously stenosed vessel and then
completely dissolve. Currently, only few BRS are under investigation
since the everolimus-eluting BRS was taken from the market.
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TABLE 1 Baseline characteristics TABLE 2 Procedural characteristics
N = 176 patients N = 183 lesions
Age 64 (55-72) Target vessel
Female gender 40(22.7) Left anterior descending 80 (43.7)
Hypertension 147 (83.5) Circumflex artery 49 (26.8)
Diabetes 52(29.5) Right coronary artery 54 (29.5)
Insulin dependent 17 (32.7) De novo lesion 173 (94.5)
Hypercholesterolemia 93(52.8) In-stent-restenosis 10 (5.5)
History of smoking 86 (48.8) Thrombotic lesion 33(18.0)
Family history of coronary artery disease 42 (23.9) Chronic total occlusion 11 (6.0)
Previous percutaneous coronary intervention 67 (38.1) Bifurcation 15(8.2)
Coronary artery disease Complex lesion morphology (B2/C) 102 (55.8)
1-vessel-disease 65 (36.9) Reference vessel diameter (mm) 29+0.6
2-vessel-disease 72 (40.9) Lesion length (mm) 17.0 +£10.3
3-vessel-disease 39 (22.2) BRS per lesion 1.3+0.7
Clinical presentation BRS diameter (mm) 31+04
ST-elevation myocardial infarction 38 (21.6) BRS length per lesion (mm) 265+17.7
Non-ST-elevation myocardial infarction 40(22.7) Intravascular imaging 23(12.6)
Unstable angina 27 (15.3) Pre-dilatation 174 (95.1)
Stable angina 70 (39.8) Post-dilation 67 (36.6)
Other 1(0.6) Maximum balloon diameter post-dilatation (mm) 34+05
Maximum post-dilatation pressure (atm) 16.5+4.3

Note: Data shown as median (interquartile range) or number (percentage).

However, the most data is available for this BRS, which is made from
poly-L-lactic acid and which dissolves within 3-4 years.* Theoretically,
advantages of BRS over might become apparent after this period.
Findings from several randomized-controlled trials are available,
comparing this BRS with DES. After 1 year of follow-up, clinical
results were comparable between both devices besides a slightly
higher incidence of scaffold thrombosis.”> These scaffold thrombosis
cases were supposed to be associated with the implantation tech-
nique.®” Surprisingly, the scaffold thrombosis rate further increased
disproportionately in comparison to DES after 3 years of follow-up.®
Nevertheless, outcomes data beyond 3 years of follow-up is
sparse. Additionally, patients treated in the context of randomized
studies were highly selected and differ significantly from patients
treated in daily routine. To compensate this lack of knowledge, this
study evaluates long-term outcomes after percutaneous coronary

intervention with BRS implantation during clinical practice.

2 | METHODS

2.1 | Study design and patient selection

Consecutive patients with coronary artery disease undergoing BRS
implantation were included in this observational, single center study
at the University Hospital of Giessen, Germany. The present analysis
includes only patients which were at least available for the 5 year
follow-up. This study was approved by the ethics board of Justus-
Liebig University of Giessen, Germany (AZ:246/12). The investigation

Antiplatelet/anticoagulant therapy at discharge (patient based)

Aspirin 172 (97.7)
Clopidogrel 72 (40.9)
Ticagrelor 53(30.1)
Prasugrel 51 (29.0)
Direct oral anticoagulant 14 (8.0)
Vitamin-K-antagonist 13 (7.4)

Note: Data shown as means + SD or number (percentage).
Abbreviation: BRS, bioresorbable scaffold.

adheres to the principles outlined in the Declaration of Helsinki. Fur-
ther details of the study were published previously.”

2.2 | Study procedure and medication

The device used in this study was a poly-L-lactic acid-based BRS (Absorb
BVS, Abbott Vascular, Santa Clara, CA). Its strut thickness is approxi-
mately 157 pm and the BRS is coated with a 1:1 ratio of poly-b-L-lactic
acid and the anti-proliferative drug everolimus. To facilitate imaging two
radiopaque markers are located at both ends. Implantation was primarily
performed via radial access. Intravascular imaging including optical coher-
ence tomography and intravascular ultrasound was used to assist the
implantation according to the physician's discretion. Pre-dilation was
mandatory and the decision to perform post-dilatation was finally left to
the implanting physician. Peri-procedural intravenous aspirin and body-
weight adjusted unfractionated heparin were administered. According to

the patient's clinical presentation and current guidelines, post-procedural
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dual antiplatelet therapy of aspirin and a P2Y12 inhibitor was prescribed
for at least 12 months, after initial application of a loading dose of the
P2Y12 inhibitor. In patients with concomitant oral anticoagulation, the
combination of antiplatelet and oral anticoagulant therapy was pre-
scribed according to current recommendations. In those patients, aspirin
was usually discontinued 12 months after PCl. Testing for clopidogrel

resistance was not performed routinely.

TABLE 3 Clinical outcome at 5-years

2.3 | Follow-up and endpoints

In-hospital testing included the acquisition of the patient's medical
history and medication, physical examination, 12-lead electrocardi-
ography, echocardiography and laboratory testing. Clinical follow-
up was conducted via standardized telephone interviews or office
visits at 1, 6, and 12 months and thereafter yearly up to 5 years.
Data collection was performed by specialized personnel and
entered into a data base. All data was verified by the investigator.

Endpoints of interest were major adverse cardiac events (MACE), a

5-years composite endpoint of all-cause death, target lesion revasculariza-
Major adverse cardiac events (composite of all-cause 31.0 tion (TLR), and myocardial infarction (Ml). The composite endpoint
death, myocardial infarction, target lesion of target lesion failure (TLF) consists of cardiac death, target vessel
revascularization) L . . .
myocardial infarction (TV-MI), and TLR. Additionally, the individual
T t lesion fail ite of cardiac death, t: t- 21.6 . .
. u.re ?compc.m € ofcan |a.c e i components of the composite endpoints as well as scaffold throm-
vessel myocardial infarction, target lesion
revascularization) bosis according to Academic Research Consortium criteria were
10
Myocardial infarction 12.5 assessed.
Target-vessel myocardial infarction 7.5
Target lesion revascularization 114 ..
24 | Statistics
Scaffold thrombosis (definite or probable) 4.1
All- h 16.1 - . . .
cause deat 6 The statistical analysis was performed by SPSS Statistics (SPSS Statis-
cosle gzl £ tics 24, IBM Deutschland GmbH, Ehningen, Germany). Categorical
Note: Data shown as percentage by Kaplan Meier estimates. variables are expressed as numbers and percentages and compared by
(a) (b)
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FIGURE 1

Kaplan-Meier event curves for clinical outcomes. This figure shows the Kaplan-Meier event rates for (a) major adverse cardiac

events (MACE), including all-cause death, target lesion revascularization, and myocardial infarction; (b) target lesion failure (TLF), composite of
cardiac death target lesion revascularization and target-vessel myocardial infarction; (c) definite or probable scaffold thrombosis (ST); and (d) all-

cause death [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 Landmark analysis of clinical outcomes. This figure

shows the Kaplan-Meier event rates in landmark analysis for major
adverse cardiac events (MACE), including all-cause death, target
lesion revascularization (TLR), and myocardial infarction (MI); target
lesion failure (TLF), composite of cardiac death (CV-death), target
lesion revascularization (TLR), and target-vessel myocardial infarction
(TV-MI); definite or probable scaffold thrombosis [Color figure can be
viewed at wileyonlinelibrary.com]

the chi-square test, continuous variables are displayed as means with
standard deviation or median with interquartile range and compared
by the students-t-test. Survival and event rates were calculated by
using Kaplan-Meier-estimation and rates were compared using the
log-rank test. All tests were two-tailed and a p value <.05 was consid-
ered to indicate statistical significance. To report events in the long-
term period, a landmark analysis was performed at 2 years. A sub-
group analysis was performed to assess the optimal implantation
strategy, which was defined as any pre-dilation, sizing with a refer-
ence vessel diameter £ 0.25 mm to scaffold diameter, and post-
dilation with a balloon to scaffold ratio of >1:1 and <1,5:1 at >12 atm
(“PSP-technique”).®

3 | RESULTS

3.1 | Baseline and procedural characteristics

A total of 176 consecutive patients were available for analysis. The
median age was 64 (55-72) years, 22.7% of the patients were female
and 29.5% suffered from diabetes. At baseline 59.6% of the patients
presented with an acute coronary syndrome. Further patient charac-
teristics are provided in Table 1. In 61.9% radial access was the pre-
dominant vessel access. In the majority of cases de novo lesions were
treated (94.5%). Of all treated lesions, 8.2% were bifurcation lesions,
18.0% were thrombotic, and 6.0% were chronic total occlusions.
According to the AHA/ACC classification, 55.8% of the lesions were
considered to be complex (B2/C). The mean reference vessel diameter
was 2.9 £ 0.6 mm. The left anterior descending coronary artery was
the main target lesion in 43.7%. In 99.1% of lesions, the BRS implanta-
tion was successful with a total of 241 BRS being implanted in

183 lesions. In two lesions BRS were not implanted due to delivery

TABLE 4 Clinical outcomes for non-PSP versus PSP at 5-years

Non-PSP PSP p-value
(n = 149) (n=27) (log-rank)
Major adverse cardiac events 32.3 234 46
(composite of all-cause
death, myocardial
infarction, target lesion
revascularization)
Target lesion failure 23.8 7.6 11
(composite of cardiac
death, target-vessel
myocardial infarction,
target lesion
revascularization)
Myocardial infarction 13.3 7.4 .55
Target-vessel myocardial 8.1 3.7 .54
infarction
Target lesion 12.0 7.9 .63
revascularization
Scaffold thrombosis (definite 4.1 3.7 99
or probable)
All-cause death 16.9 11.9 .51
Cardiac death 10.2 0.0 .10

Notes: Data shown as percentage by Kaplan Meier estimates; PSP = “PSP-
technique,” including pre-dilation, sizing with a reference vessel diameter
+ 0.25 mm to scaffold diameter, and post-dilation with a balloon to
scaffold ratio of 21:1 and < 1,5:1 at >12 atm.

failure. The mean BRS length per lesion was 26.5 + 17.7 mm. Pre-
dilation was performed in 95.1% and post-dilation in 36.6%, respec-
tively. Intracoronary imaging using optical coherence tomography or
intravascular imaging was performed in 12.6%. At discharge 97.7% of
the patients received aspirin and additional clopidogrel, ticagrelor, or
prasugrel was prescribed in 40.9%, 30.1%, and 29.0%, respectively.
15.4% were on anticoagulant therapy. An overview of lesion and pro-
cedural characteristics is displayed in Table 2.

3.2 | Clinical outcomes

The median follow-up period was 1830 days (1,537 - 1,924). At
5 years, the rates for MACE and TLF were 31.0% and 21.6%. TLF was
mainly derived by TLR, which was noted in 11.4%. Probable or defi-
nite ScT occurred in 4.1%, and definite ScT rate was 3.4%. Of the
6 definite ScT, three occurred within 30 days of the BRS implantation,
two between 30 days and 1 year, one later than 1 year and no ScT
was found later than 2 years. Four patients (66.6%) had discontinued
DAPT at the time of ScT and two of these patients (both with sub-
acute ScT) due to non-compliance. All patients presented an acute Ml
at the time of ScT. Further details of patients with ScT are provided in
the Supporting Information. All-cause mortality was 16.1% and the
rate for cardiac death was 8.2% at 5 years (Table 3). Kaplan-Meier
event curves are shown in Figure 1. When comparing clinical out-
comes of non-complex (A/B1) and complex (B2/C) lesions treated
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with BRS, a higher rate of TLR (5.7% vs. 16.2%; p = .039) was
observed. A total of 161 Patients were available for landmark analysis
after 2 years. The rates for MACE and TLF were 16.1% and 11.2%.
Definite ScT rate was 0.0%, all-cause mortality was 10.8% whereas

cardiac mortality was 5.8%, respectively (Figure 2).

3.3 | PSP subgroup analysis

A total of 27 patients were treated according to the PSP technique.
Besides family history of coronary artery disease, no statistically rele-
vant differences were found between the groups regarding the base-
line characteristics (Supporting Information). The event rates were
consistently numerically higher in the group without PSP regarding
MACE (32.3% vs. 23.4%; p = .46), TLF (23.8% vs. 7.6%; p = .11) and
TLR (12.0% vs. 7.9%; p = .63), whereas definite ScT were comparable
in both groups (3.4% vs. 3.7%; p = .87). An overview of the clinical
outcomes according to the PSP strategy can be found in Table 4.

4 | DISCUSSION

The present study evaluates long-term outcomes up to 5 years in
176 patients, who underwent BRS implantation during daily clinical
practice. The main findings of this study are:

1. Rates of clinical events, especially the incidence of ScT, were high.
In this registry, ScT rate was mainly driven by events within the
first year of implantation.

2. No ScT was seen later than 2 years, possibly confirming the con-
cept of BRS.

3. Overall, the rates of post-dilatation and PSP-technique was low,
which displays the initial implantation strategy in the early phase
of BRS use.

4. According to the landmark analysis, a clustering of events was
noted within 2 years after BRS implantation, mainly driven by a
high rate of TLR.

Presently, the longest follow-up from a prospective study is from
the non-randomized ABSORB Cohort B trial. Briefly, a total of
101 patients with stable coronary artery disease and mostly simple and
short lesions were enrolled. After 5 years of clinical follow-up, the TLR
rate was 11.0% and during that period there was no evidence of ScT.
Furthermore, the angiographic surveillance at 5 years showed satisfac-
tory results with an overall late luminal loss of 0.26 + 0.42 mm.** Fur-
thermore, a large-scale study of 812 patients with predominately stable
coronary artery disease and non-complex lesions reports 3-year rates
for MACE, TLR, and ScT of 9.2%, 3.1%, and 2.2%, respectively.?
Besides, randomized-controlled trials with long-term follow-up compar-
ing BRS and DES are available. In the ABSORB Il study, 501 patients
were randomly assigned in a 2:1 ration to be treated with either BRS or
DES.*® After 4 years of follow-up, the composite endpoint of TLF
occurred in 11.5% and was higher than in the DES group (6.0%,

p = .063), whereas TLR rates were 8.3% vs. 5.3% (p = .25). However,
the scaffold thrombosis was 3.0%, which was significantly higher than
in the DES group (p = .035).%* The ABSORB Il study is the largest ran-
domized study with 5-year data.'® In this trial, a total of 2008 patients
were enrolled, which were allocated to be treated with BRS or a DES in
a 2:1 distribution. The primary endpoint of TLF occurred in 17.5% of
the BRS group and 15.2% of the DES group (p = .07). TLF was mostly
driven by TV-MI (10.4% in BRS vs. 7.5% in DES; p = .04) as well as ScT
(2.5% in BRS vs. 1.1% in DES; p = .03).2> In comparison to DES, the
observed event rates in this registry on BRS were higher. For example,
the EVOLVE study included 1,684 patients, which were treated with
2 different types of new-generation DES (biodegradable polymer DES
vs. durable polymer DES) and the 5-year rates for TLR (5.2% vs. 6.7%)
and TLF (14.2% vs. 14.3%) were comparable between both groups.t®
Interestingly, the 5-year TLR rate in non-complex lesions in the present
study (5.7%) was lower than the overall TLR rates in the previously
described studies.

Despite the fact, that randomized-controlled trials represent the
gold-standard for the evaluation of a certain treatment strategy, some
limitations of available studies comparing BRS and DES apply, most
notably that the existing studies share strict in- and exclusion criteria.
For example, patients with acute myocardial infarction, impaired ven-
tricular function or on oral anticoagulation were excluded. Further-
more, lesions including a bifurcation, chronic occlusions or long-
lesions were excluded as well.**” Patients included in these studies
differ from those treated in daily practice and thus, data from all-
comers registries with minimal or no in- and exclusion criteria repre-
sent an important supplement of knowledge. In the present study,
more than half of the patients presented an acute coronary syndrome
at admission and there was a substantial proportion of complex lesions.
Nevertheless, the event rates are comparable to those of randomized
studies mentioned earlier. Reasons are supposed to be related to the
implantation technique, lesion selection and to the device itself. While
post-dilatation was initially strictly not recommended, data become
available to support systematic post-dilatation and recommendations
for implantation changed concordantly.”*® In a recent study, 1,002
patients underwent BRS implantation according to a pre-specified
implantation protocol (including pre-dilation, optimal sizing, and post-
dilation with non-compliant balloons). After 2 years of follow-up, the
rates for TV-MI, TLR, and ScT were 5.3%, 6.6%, and 1.1%, respectively,
with only 1 ScT occurring between 1 and 2 years.!? In comparison to
other studies, these lower event rates underline the importance of a
thorough implantation procedure. Additionally, data was published dis-
playing a significant learning-curve within this registry.?° The implanta-
tion was performed predominantly in complex lesions with a high
proportion of type B2/C lesions, thrombotic lesions, bifurcations or
chronic total occlusions, which are all considered to be “off-label” and
complex. Presently, data exist showing a trend towards more non-
complex lesions, associated with a better clinical outcome.?! Worse
outcome for complex settings such as bifurcations or ostial lesions have
been described as well 222
Overall, the rate of ScT remains unexpectedly high—consistently

to other studies. However, the landmark analysis revealed a clustering
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of events in 2 years after BRS implantation, which might be associated
with the implantation procedure. It has to be appreciated as well, that
no ScT occurred beyond 2 years and thus, the rate of very late ScT in
this registry was lower than compared to other studies. Although
speculative, a reason for this finding may be, that the mean vessel
diameter treated was relatively large (2.9 + 0.6 mm) and concordantly
the mean BRS diameter was also relatively large (3.1 £ 0.4 mm). It is
well known, that smaller vessels and smaller BRS are associated with
higher rates of ScT and worse clinical outcomes.” Besides, the occur-
rence of very late ScT is currently a well-known adverse event after
BRS implantation. In a recent optical coherence tomography investiga-
tion, patients who experienced a scaffold thrombosis later than 1 year
after implantation were analyzed. Interestingly, scaffold discontinua-
tion was found to be the predominant reason of scaffold thrombosis:
it is supposed, that the structural integrity of the BRS gets lost during
the degradation process of the BRS resulting in mal-apposed struts, a
nidus for thrombus.2* Furthermore, the BRS itself has shown to be
more thrombogenic with the strut thickness playing an important
role.2> Taking the results and especially the increased rates of ScT in
current studies into account, the genesis of ScT is multi-factorial and
includes suboptimal patient and lesion selection, inappropriate implan-
tation technique, and limitations of the BRS itself. Due to this findings,
this type of BRS was removed from the market.

4.1 | Limitations

There are several limitations that need to be acknowledged: The deci-
sion to use a BRS was driven by the operator's discretion and thus a
selection might be possible. This small-sized, non-randomized registry
displays real-world data from a single center at the very early time of
experience with BRS. Thus it has to be considered, that initially, post-
dilatation was not performed systematically due to the recommenda-
tions for implantation at this time point. Furthermore, intravascular
imaging was not part of the clinical routine during this early phase.
Patients with CTO or bifurcation lesions were treated “off-label,”
which may impact the clinical outcomes. In addition, the total BRS
lengths was relatively long, a well know predictor of stent failure as
known from DES studies.?® Results from the subgroup analysis have
to be interpreted with caution due to the small number of patients
assigned to the PSP group. Routine angiographic or intravascular
imaging follow-up data are missing and thus no information on the
anti-restenotic performance of BRS, subclinical ScT and their influ-
ence on long-term clinical outcomes in this cohort exist. However,
the fact that no ScT was found after the probable resorption of BRS
further confirms the assumption that the concept of BRS should be
further properly researched in the future.

5 | CONCLUSION

In this real-world registry, long-term follow-up after BRS implantation

in daily routine showed a relatively high rate of scaffold thrombosis.

A clustering of events within the first year was noted, which might be
procedure related and thus, a dedicated implantation technique may
has an influence of the occurrence of late events, especially since no
ScT was seen after 2 years. Nevertheless, further large-scale studies
investigating long-term outcomes of patients undergoing optimal BRS
implantation in daily routine as well as imaging studies will be needed

to completely understand the concept of BRS.
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