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ABSTRACT

Bioresorbable Vascular Scaffolds (BVS) have the potential for adaptive vessel remodeling, restoration of
vasomotion, and late luminal enlargement, thus allowing them to circumvent target lesion failures associated
with bare metal stents (BMS) and drug-eluting stents (DES). However, recent data has shown a concerning in-
crease in BVS-associated scaffold thrombosis (ScT) compared to DES. Upfront administration of GP IIb/Illa inhib-
itors (GPIs) has shown to reduce early stent thrombosis (ST) compared to standard of care in BMS and DES. Since
the use of GPIs was limited in BVS studies, the effect of GPIs on the rate of BVS-associated ScT is largely unknown.
This is the first study investigating whether a planned use of GPIs during implantation of the Absorb BVS repre-
sents a safe and effective strategy in reducing ScT. In a retrospective chart review of 22 patients undergoing PCI
with BVS implantation and planned GPI administration, no acute ScT, in-hospital MACE, or in-hospital major/
minor bleeding events were observed. Bleeding reduction strategies such as shorter GPI infusion and radial access
were implemented. This study provides valuable preliminary evidence on the benefit and safety in using planned

GPI administration to reduce the incidence of ScT after implantation of BVS.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

The introduction of the Bioresorbable Vascular Scaffold (BVS) is one
of the most revolutionary and anticipated innovations in the field of
percutaneous coronary intervention (PCI). The transient nature of the
scaffolding allows for adaptive vessel remodeling [1], restoration of
vasomotion [2], and late luminal enlargement [3], thereby potentially
circumventing target lesion failures such as stent thrombosis (ST), re-
stenosis, and neoatherosclerosis associated with bare metal (BMS) and
drug-eluting (DES) stents [4-9]. However, recent trials [10,11], real-
world data [12], and meta-analyses [13,14] have shown a concerning in-
crease in scaffold thrombosis (ScT) rates associated with BVS. A poten-
tial explanation for the increase in ScT lies in the large strut thickness.
The Absorb GT1 (Abbott Vascular, Santa Clara, CA), the first BVS avail-
able for clinical use, has a strut thickness of 157 um compared to the
first-generation Cypher (140 um; Cordis, Fremont, CA), Taxus Express
(132 um; Boston Scientific, Natick, MA), and current-generation Xience
V DES (81 um; Abbott Vascular, Santa Clara, CA). This results in a larger
luminal protrusion and can therefore make the loss of laminar flow
more frequent with BVS than with DES, thereby resulting in areas of os-
cillatory shear stress that could promote platelet activation [15,16],
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especially when implanted in smaller reference vessel diameters (RVD
< 2.25 mm) [17]. The majority of patients in BVS clinical trials received
aspirin and an oral P2Y12 inhibitor but no glycoprotein IIb/Illa inhibitors
(GPIs). Real-world studies and registries suggest that GPIs are only used
in 6.5-29% of BVS implantations [12,18-20] and therefore the effect of
GPIs on the rate of ScT is largely unknown. Case reports describing the
occurrence of ScT showed successful restoration of flow with GPI ad-
ministration [21,22], therefore the use of GPIs during and post-
implantation could potentially help reduce ScT. This study investigates
whether a judicious and planned use of GPIs during implantation of Ab-
sorb GT1 BVS represents a safe and effective strategy in reducing the in-
cidence of ScT after BVS implantation.

2. Methods

This is a retrospective, single-arm, single-center chart review study
approved by the Institutional Review Board of CarolinaEast Medical
Center. The need for written informed consent for this retrospective
analysis of clinically acquired data was waived. Patients were enrolled
from December 2016 to February 2017 at the CarolinaEast Medical Cen-
ter. Eligible subjects were men and women >18 years of age presenting
with stable ischemic heart disease (SIHD), non-ST elevation acute coro-
nary syndrome (NSTE-ACS), or ST elevation myocardial infarction
(STEMI) who underwent PCI by the principal investigators and received
the Absorb GT1 BVS and a GPI. GPIs were started at the beginning of
each case. Tirofiban was administered as a high dose bolus of 25 pg/kg
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followed by an infusion of 0.15 pg/kg/min. For patients with renal insuf-
ficiency (creatinine clearance <60 mL/min), the infusion was adjusted to
0.075 pg/kg/min. Abciximab was administered as a bolus of 0.25 mg/kg
followed by an infusion of 0.125 pg/kg/min. Infusion length was left to
the discretion of the operator. Balloon predilatation and postdilatation
was performed in all patients. A loading dose of clopidogrel (600 mg)
or ticagrelor (180 mg) was administered immediately after BVS implan-
tation for patients not already on a P2Y12 inhibitor.

The site coordinator conducted a retrospective chart review of
existing electronic medical record to collect demographic, procedural,
and BVS-related data, as well as in-hospital clinical outcomes. Chronic
renal insufficiency was defined as serum creatinine >2.5 mg/dL or on
hemodialysis. In-hospital major/minor bleeding was defined as a hemo-
globin drop of >3 g/dL. The definitions of definite or probable acute ST
was outlined by the Academic Research Consortium criteria and used
for ScT. MACE was defined as in-hospital cardiac death/all myocardial
infarction/target vessel revascularization. In-hospital vascular access
site complication (VASC) was defined as any of the following: access
site hematoma, arteriovenous fistula, peripheral ischemia, peripheral
nerve injury, pseudoaneurysm, or retroperitoneal hemorrhage (defini-
tion outlined by the Standardized Definitions for Cardiovascular and
Stroke End Point Events in Clinical Trials [23]).

3. Results

A total of 27 Absorb GT1 BVS were implanted in 22 patients who
underwent PCI between December 2016 and February 2017 by the prin-
cipal investigators and received upfront GPI. Tirofiban was administered
in all but one patient, who received abciximab.

Patient characteristics and risk factors at baseline are shown in
Table 1. All patients were under 85 years of age, with the average patient
age being 60, and males comprising 68% of patients. The prevalence of
chronic renal insufficiency and diabetes was 23% and 14%, respectively.
45% of patients presented with SIHD, 36% with unstable angina or non-
ST elevation myocardial infarction, and 18% with STEMI. Left ventricular
ejection fraction was measured in 18 (82%) patients; only 1 patient had
ejection fraction <30%.

Procedural characteristics and outcomes are shown in Table 2. 73%
of patients underwent radial artery access, while the remainder
underwent femoral artery access. One patient had initial access through
the radial artery for diagnostics and subsequently underwent femoral
artery access for PCI. All but one (95%) patient received bivalirudin;
the other patient received unfractionated heparin according to standard

Table 1
Patient characteristics.

Overall population (n = 22)

Patient characteristics

Age, years
<85 22 (100%)
>85 0
Gender
Male 15 (68%)
Female 7 (32%)
Chronic renal insufficiency 5(23%)
Diabetes 3 (14%)
LV ejection fraction
>30% 17 (77%)
<30% 1(5%)
Not-assessed 4 (18%)
Clinical presentation
SIHD 10 (45%)
UA/NSTEMI 8 (36%)
STEMI 4 (18%)

Values are n (%).
LV, left ventricular; NSTEMI, non-ST elevation myocardial infarction; SIHD, stable ischemic
heart disease; STEMI, ST-elevation myocardial infarction; UA, unstable angina.

Table 2
Procedural characteristics and outcomes.

Overall population (n = 22)

Procedural characteristics

Access site
Radial 16 (73%)
Femoral 7 (32%)
Anticoagulant
Heparin 1(5%)
Bivalirudin 21 (95%)
Antiplatelet
Aspirin 21 (95%)
Clopidogrel or ticagrelor 21 (95%)
Outcomes
Major/minor bleeding 0
Vascular access site complication 1(5%)
MACE 0
Acute scaffold thrombosis 0

Values are n (%).
MACE, major adverse cardiac event.

treatment. The average bivalirudin dose was 68 mg, and 9 patients were
given a heparin dose ranging from 1500 to 5000 U.

Clopidogrel or ticagrelor were administered in 95% of patients, and
aspirin was administered in 95% of patients. There were no occurrences
of in-hospital major/minor bleeding, acute ScT, or in-hospital MACE.
VASC occurred in 1 patient in the form of a hematoma which resolved
prior to discharge.

Scaffold characteristics are shown in Table 3. A total of 27 Absorb
GT1 BVS were placed. Three different BVS diameters were used: size
2.5 mm (15%), size 3.0 mm (48%), and 3.5 mm (37%). All target lesions
were predilated and postdilated with non-compliant balloons, with the
majority of lesions predilated to 16 atm (ranged 8-18 atm) and
postdilated to 18 atm (ranged 12-20 atm). None of the BVS were placed
in either bifurcations or ostial sites. IVUS was used in 1 case and ather-
ectomy was used in 2 cases. In one of these two cases both IVUS and ath-
erectomy were used.

4. Discussion

This is the first study investigating the impact of routine, upfront use
of GPIs during implantation of the Absorb GT1 BVS. Overall, no in-
hospital thrombotic/ischemic events or major/minor bleeding events
were observed except for one case of hematoma, suggesting that the

Table 3
Scaffold characteristics.

Scaffold characteristics Overall population (n = 27)

Scaffold diameter, mm

25 4(15%)
3.0 13 (48%)
35 10 (37%)

Predilatation
Predilatation balloon inflation pressure, atm

27 (100%)

8 2 (7%)
10 2 (7%)
12 6 (22%)
16 16 (59%)
18 1(4%)
Postdilatation 27 (100%)
Postdilatation balloon inflation pressure, atm
12 1 (4%)
16 9 (33%)
18 13 (48%)
20 4 (15%)
Bifurcation stent placement 0
Ostial stent placement 0
Use of atherectomy during procedure 2 (7%)
Use of IVUS during procedure 1 (4%)

Values are n (%).
IVUS, intravascular ultrasound.
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use of GPIs during BVS implantation may be an effective and safe strat-
egy in reducing BVS-associated ScT.

Data from the ABSORBI1[11,24] and ABSORB III [17] trials revealed a
definite/probable scaffold thrombosis (ScT) rate of 0.9-3.0% in the BVS
group compared to 0-0.7% in the DES group, and such increases in ScT
risk continue to be reflected in meta-analyses [13,14,25] and registry
studies [12]. More specifically, acute (0-1 day) ScT rates of 0.2-0.3%,
subacute (2-30 days) ScT rates of 0.3-0.9%, and very late (>365 days)
ScT rates of 2% are observed in the BVS group. Acute and subacute (0-
30 days) ScT rates were 3.3% vs. 1.5% in lesions with reference vessel di-
ameter (RVD) <2.25 mm compared to those with RVD >2.25 mm [17].
Although our study was not powered to detect such low-frequency
events, it does show that in a small sample size of patients treated
with GPI during BVS implantation, there were no occurrences of acute
ScT or MACE. The small molecule GP], tirofiban, was used in all but
one patient. Upfront administration of tirofiban before PCI has been
shown to significantly reduce early (0-30 days) and acute thrombosis
compared to heparin with dual antiplatelet therapy (aspirin and
600 mg clopidogrel) in BMS and DES [26]. Therefore, upfront adminis-
tration of a GPI during BVS implantation may help prevent early ScT
as supported by our study. This has been previously proposed by
Fernandez-Rodriguez et al., who successfully treated a BVS-associated
acute ScT using abciximab and thrombectomy in a STEMI patient who
was given clopidogrel before and prasugrel after the procedure [21].
Oral P2Y12 inhibitors, including ticagrelor and prasugrel, have been
shown to exhibit a delayed onset of action of platelet aggregation inhi-
bition in ACS patients [27-29], particularly in the STEMI population that
has reduced gut absorption [30,31]. GPIs, on the other hand, rapidly
reach optimal levels of platelet aggregation inhibition [32,33] and
have the additional ability to dissolve existing thrombus [22,34,35].
Therefore, GPIs could be useful in reducing periprocedural thrombotic
complications such as acute ScT in high-risk patients who are inade-
quately pre-treated, which has a class I recommendation from the
2014 AHA/ACC NSTE-ACS guidelines but has yet to gain universal accep-
tance. It is of interest to note that in a multicenter study of 1305 BVS pa-
tients examining predictors of BVS-associated ScT, the univariate hazard
ratio for the use of GPIs was 0.68 (95% CI: 0.24-1.94; p = 0.471), sug-
gesting a trend towards lower ScT rates with GPI use [20].

Bleeding remains a concern with the use of GPIs [36]. In this study,
no major or minor bleedings were observed. One patient experienced
a VASC in the form of a hematoma which resolved prior to discharge.
Radial artery access and short (<8 h) GPI infusions were implemented
in the majority of patients to minimize bleeding risk. Therefore, the ju-
dicious use of GPIs in combination with bleeding reduction strategies
represents a contemporary way to maintain the ischemic benefit
while reducing the bleeding risk of GPIs [37,38].

The main factor underlying BVS-associated ScT has been attributed
to implantation in coronary artery lesions with a RVD <2.5 mm as well
as a lack of proper implantation technique, such as intravascular imag-
ing, systematic aggressive lesion preparation with predilatation, and
mandatory high-pressure postdilatation [20,39]. High-pressure
postdilatation, with the goal to achieve 1:1 BVS:vessel ratio and to min-
imize scaffold malapposition, was implemented rarely in the Absorb II
trial [11] and occasionally in the ABSORB III trial [17], and has been
shown to reduce BVS-associated ScT rates [12,20]. Therefore, pre- and
postdilatation steps were carried out in all patients of this study, and
could contribute to the absence of ScT events observed. Other limita-
tions of this study include its retrospective nature, sample size, lack of
control arm, and lack of long-term follow-up. A larger prospective
study with an appropriate comparator arm, randomization, and 30-
day follow-up is warranted to assess the true impact of GPI use during
BVS implantation. A further attempt to maintain an optimal and consis-
tent implantation technique by using intravascular imaging in all pa-
tients would further reduce cofounding factor.

Currently, the European use of the Absorb BVS has been restricted to
centers participating in formal registries in light of the increased ScT

rates. In the United States, operators remain free to use the Absorb
BVS as long as proper implantation techniques are in place and implan-
tation in small-diameter vessels is avoided. The risk of ScT, however,
may remain despite strict adherence to proper implantation techniques
(reported by the AIDA trial investigators at EuroPCR 2017) and there-
fore this publication provides valuable preliminary evidence on the ben-
efit and safety of using planned GPI administration to mitigate BVS-
associated ScT.
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