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Abstract

Background: The number of percutaneous coronary interventions (PCI) with bioresorbable vascular scaffolds (BVS) is in-
creasing because these procedures offer additional benefits compared to PCI with classical drug eluting stents (DES) made of
permanent metallic prostheses.

Aim: To present the current experience of using BVS in a real life scenario in patients with stable coronary artery disease (CAD),
with a special focus on the assessment of safety and effectiveness of the hybrid strategy (single stage BVS and DES implantation).

Methods: We performed a one-arm prospective registry, which enrolled patients with stable CAD in five interventional cardiology
centres in Poland. All patients who met inclusion and exclusion criteria and had received at least one BVS stent during index
PCl were included. The primary endpoint was the cumulative rate of major adverse cardiovascular events (MACE), consist-
ing of cardiac death, myocardial infarction (MI), and clinically-driven target lesion revascularisation (TLR) at 12 months. The
analysis was performed in the whole population as well as in the subgroup with the hybrid treatment (BVS + DES).

Results: Between August 2013 and April 2014 139 patients were enrolled. The mean age was 59.5 = 5.5 years, and 34.5%
of the population were women. The target vessel was located in the left anterior descending artery in most cases (65.5%). The
device success rate was 100%. At 12 months, in the whole population the cumulative MACE incidence was 7.2% (n = 10),
while the clinically-driven TLR rate was 5.0% (n = 7). In further analysis, in the hybrid subgroup there was no death, MI, or
stent thrombosis, and only one case of clinically-driven TLR (4.5%).

Conclusions: The obtained data enable us to say that in particular clinical scenarios the simultaneous use of BVS and DES
might be safe and effective.
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INTRODUCTION

Drug-eluting stents (DES) have greatly improved outcomes of
percutaneous coronary intervention (PCl) by managing the is-
sue of excessive neointimal growth. However, the permanent
presence of the metallic platform and the durable polymer
might impair the natural healing process of the coronary vessel
wall and lead to a prolonged inflammatory response as well
as untoward clinical outcomes [1, 2].

Recently, PCI with bioresorbable vascular scaffolds (BVS)
has emerged as an interesting alternative because the presence
of the prosthesis (the scaffold as well as the polymer with the
drug) in the coronary artery is temporary. Moreover, this novel
technology enables restoration of the normal vessel reactiv-
ity and facilitates positive remodelling. As a consequence, it
reduces the trigger for persistent inflammation and enables
further interventions by percutaneous or surgical means [3].

Also, the hybrid use of BVS and classical DES is a novel
approach. This strategy can be applied to reduce the costs of
PCI for very long lesions but also to avoid certain limitations
of currently available Absorb BVS® stents. The customisation
(sizes and lengths) of BVS at the time of the study was rather
limited. The sole use of BVS in long lesions with significantly
calcified segments may not be reasonable, especially if lesion
preparation was not optimal and might result in significant
residual stenosis even after balloon postdilatation. Also, the
bifurcation lesion treatment seems to be an interesting indica-
tion for using this hybrid approach [4].

The aim of the study was to share our current experience
in using single BVS in a real life scenario, with special focus
on the assessment of safety and effectiveness of the hybrid
approach, i.e. the simultaneous use of overlapping stents:
BVS and classical DES.

METHODS
Study population and study design

It was a prospective, single-arm, open-label clinical study
performed in five invasive cardiology centres in Poland
(Warsaw, Elk, Szczecinek, llawa, Tomaszow Mazowiecki).
It enrolled patients with one Absorb BVS® stent implanted
between August 2013 and April 2014. To the hybrid group
patients treated with BVS and classical DES (only when stents
overlapped stents) were included. The blinded data were
entered into the electronic case report form by collaborating
physicians in these centres. The Institutional Review Board
approved the study protocol.

The inclusion criteria were: stable coronary artery dis-
ease, age > 18 years and < 65 years, and de novo coronary
lesions (excluding left main stem and arterial or saphenous
vein grafts). The main exclusion criteria were: acute coronary
syndrome, the inability to take the dual antiplatelet therapy
for 12 months, left ventricular ejection fraction < 30%, and
lack of consent for personal data processing and telephone
follow-up.
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Study device

The balloon-expandable Absorb BVS® (Abbott Vascular, Ab-
bott Park, IL) consists of a poly-L-lactide (PLLA) backbone,
the antiproliferative drug everolimus at the concentration of
100 ug/cm? (Novartis Pharmaceuticals Corporation, Basel,
Switzerland), and poly-D, L-lactide polymer in a 1:1 ratio
(PDLLA). Both PLLA and PDLLA are fully bioresorbable.
PDLLA is thought to be totally resorbed in nine months and
PLLA in approximately 36 months. A lactic acid is the final
product of both PLLA and PDLLA degradation. At the time
of the inclusion stent scaffolds were available in diameters of
2.5, 3.0, and 3.5 mm, and lengths of 18, 23, and 28 mm. If
an additional DES was required, it was a Xience Pro® stent
(Abbott Vascular) [5, 6].

Procedure

Procedures were performed according to local standards
via radial or femoral access using 6 Fr or 7 Fr guiding cath-
eters. The pharmacological treatment was according to the
most recent guidelines. All patients received acetylsalicylic
acid (75 mg/24 h) and clopidogrel (75 mg/24 h) at least 72 h
before PCI. This dual antiplatelet therapy was planned for one
year. Troponin | (Tnl), creatine kinase (CK), and CK-myocardial
band (CK-MB) were measured pre-procedural and after 6 h and
24 h post-procedure in all patients. Periprocedural myocardial
infarction (MI; type 4a) was defined according to the third
universal definition [7].

Calcification was defined as readily apparent radiopaci-
ties within the vascular wall at the site of the stenosis and
was graded as follows 1) none: calcifications not visible on
angiograms, 2) mild calcifications: single spots; 3) moderate
calcifications: plurality of single spots; or 4) severe calcifica-
tions: confluent number of calcifications. In order to reduce
subjectivity of evaluation we combined ‘none’ with ‘mild’,
and ‘moderate’ with ‘severe’.

Moderate/severe tortuosity was defined as a finding
of > 3 bends (defined as > 45° change in vessel direction) along
the main trunk of at least one artery in systole and in diastole.

Follow-up
The assessment of the anginal status, data collection of adverse
events, details of any subsequent coronary interventions, and
the use and changes in concomitant medications were col-
lected at 30 £ 7 days and 12 = 0.5 months.

Endpoints
The primary endpoint was the cumulative rate of major
adverse cardiovascular events (MACE) consisting of cardiac
death, MI, and clinically-driven target lesion revascularisation
(TLR). Secondary endpoints included cardiac death, all-cause
death, MI, TLR, target vessel revascularisation (TVR), stent
thrombosis, and device success rate. Cardiac death included
death resulting from an acute MI, sudden cardiac death, death
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due to heart failure, and death due to cardiac procedures. All
deaths were deemed cardiac unless proven otherwise. Ml
was defined according to the third universal definition [7].
Clinically-driven TLR was defined as the reintervention of
the target lesion due to the presence of a symptomatic > 50%
diameter stenosis during follow-up. TVR was defined as re-
vascularisation of any segment of the index coronary artery.
The device success was defined as successful deployment of
the intended stent in the target site without a system failure.

Statistical analysis

Continuous variables were presented as mean = standard
deviation. Categorical data were presented as numbers (%).
Continuous variables were compared using an unpaired
student two-sided t test, and categorical data using the
x? test or Fisher exact test, as appropriate. If distribution was
not normal (verified with the Shapiro-Wilk test), Wilcoxon
signed-rank tests and Mann-Whitney U-tests were used. P val-
ues < 0.05 were considered statistically significant. Statistical
analyses were performed using R 3.0.2 for OS (R Foundation,
Vienna, Austria).

RESULTS

Baseline clinical and angiographic characteristics.
Between August 2013 and April 2014 a total of 139 patients
were enrolled to the registry. The mean age was 59.5 = 5.5 years,
and 34.5% (n = 48) of the population were women. The de-
tailed clinical characteristics are presented in Table 1. In the
studied group 80.6% of patients had arterial hypertension,
74.8% — hypercholesterolaemia, and 34.5% — a history of
smoking (Table 1).

In the majority of cases there were patients with single
vessel disease (61.9%) and lesions of moderate complexity
(type A: 35.3%, type B1: 37.4%). Most lesions (65.5%) were

Table 1. Baseline characteristics of the study group (n = 1300)

59.5 5.5
48 (34.5%)
112 (80.6%)
104 (74.8%)

Age [years]
Women [%]
Hypertension

Hypercholesterolaemia

Diabetes type 2 41 (29.5%)
Prior Ml 30 (21.6%)
Prior PCI 45 (32.4%)

Coronary artery bypass graft 0 (0%)
Peripheral artery disease 5 (3.6%)
Chronic kidney disease 11 (7.9%)

History of smoking 48 (34.5%)

Data are presented as number of patients and percentage (in brackets)
or mean = standard deviation. Ml — myocardial infarction; PCl —
percutaneous coronary intervention
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located in the left anterior descending artery (LAD). In 31.2%
of cases lesions within coronary bifurcation were treated. More
details are presented in Table 2.

Procedural characteristics

The main procedural variables are presented in Table 3. The
device success rate was 100%. Mean nominal Absorb BVS®
stent parameters were 3.02 £0.41T mmand 21.13 £6.39 mm
(diameter and length, respectively), while the mean maxi-
mal implantation pressure was 15.9 + 4.3 atm. On average
1.21 Absorb BVS® were implanted per artery. The predilata-
tion rate was 87.1%, while the postdilatation rate was 52.3%.
All procedures were performed via a 6 Fr guiding catheter,
and radial access was preferred in 93.5%.

Table 2. Baseline angiographic characteristics of the study
group (n = 1390)

86 (61.9%)
37 (26.6%)
16 (11.5%)

One-vessel disease
Two-vessel disease
Three-vessel disease

Lesion type:*

A 49 (35.3%)

B1 52 (37.4%)

B2 32 (23%)

C 6 (4.3%)
Lesion location:

LAD 91 (65.5%)

LCx 29 (20.9%)

RCA 19 (13.7%)
Bifurcation lesion:

Side branch < 2 mm 24 (17.3%)
18 (12.9%)

97 (69.8%)

Side branch > 2 mm
None
Vessel tortuosity:
99 (71.2%)
40 (28.8%)

None — mild
Moderate — severe
Calcification:
106 (76.3%)
33(23.7%)

None — mild
Moderate — severe

Vessel sizing method:

Visual 113 (81.3%)
QCA 17 (12.2%)
IVUS 4(2.9%)
ocT 5 (3.6%)

*According to ACC/AHA lesion classification. Data are presented as
number and percentage (in brackets). LAD — left anterior descending;
LCx — left circumflex; RCA — right coronary artery; QCA — quantita-
tive coronary angiography; IVUS — intravascular ultrasound; OCT —
optical coherent tomography
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Table 3. Procedural characteristics

Additional DES implantation

Postdilatation

22 (15.8%)
73 (52.3%)

Data are presented as number of patients and percentage (in brackets)
or mean = standard deviation. BVS — bioresorbable vascular scaffold;

DES — drug-eluting stent

Figure 1. Clinical outcomes at 12 months. The major adverse
cardiovascular events (MACE) and clinically-driven target lesion
revascularisation (TLR) rates at 12 months in the whole study
group, in the subgroup treated only with bioresorbable vascu-
lar scaffold (BVS), and in the hybrid strategy subgroup

Table 4. Clinical outcomes

Hybrid BVS-DES strategy
In 22 (15.8%) cases it was necessary to implant classical DES, i.e.

SuccleSSfu.l implantation 139 (100%) Xience Pro®. The nominal Xience Pro® stent parameters were
Predilatation 121 (87.1%) 2.85 + 0.51 mm x 16.93 £ 5.42 mm (diameter and length,
Nominal stent diameter [mm] 3.02£041 respectively). The main reasons for using the hybrid strategy
Nominal stent length [mm] 21134639 were the lack of the proper Absorb BVS® size (n = 6; 4.3%)
Pressure implantation [atm] 15.9+43 and the difficulties in delivering the BVS stent (due to the vessel
No of BVS per vessel 1.21 anatomy: n = 6 [4.3%] and due to location distally to first BVS:

n = 3[2.2%]). Among others there were highly calcified lesions
(n = 2; 1.4%) and lesions within true bifurcations (n = 5; 3.6%).

Edge dissection 5 (3.6%) L.
Side branch ocdlus 2(1.4%) Clinical outcomes
ide branch occlusion .
° There was one (1%) periprocedural MI due to distal dissection
i 0, 0,
Vascular access femoral/radial 6.5%/93.5% and debris embolisation. Additionally, in-hospital increased
Guiding catheter 6 Fr/7 Fr 100%/0%

Tnl levels (max 1.4 ng/mL; N: < 0.3 ng/mL) were observed
in 10 (7.2%) patients. These were all asymptomatic, without
electrocardiogram changes, and did not require repeat coro-
nary angiography (i.e. they did not meet the criteria of Ml
type 4a). After six days one (0.7%) case of subacute Absorb
BVS® thrombosis was observed. It led to Ml and cardiac death.

The clinical follow-up at 12 months was available in all alive
patients (Fig. 1 Table 4]. The cumulative incidence of MACE
was 7.2% (n = 10). In the observation period between one
and 12 months there was no death, but one case of MI (0.7%)
caused by late stent thrombosis at three months was registered.
The clinically-driven TLR rate was 5.0% (n = 7). In these cases
the restenosis pattern was rather diffuse. All cases were treated
by PCI (POBA: three cases, classical DES: four cases).

In further analysis, in the hybrid BVS-DES subgroup there
was no death, MI, or stent thrombosis, and only one case of
clinically-driven TLR (4.5%).

DISCUSSION
Our registry has shown that Absorb BVS® implantation is a safe
and effective procedure in a wide range of cases, with an

Parameter 30 days 12 months 12 months
(n = 139) (n = 139) Only BVS Hybrid therapy
(n=117)

MACE 2 (1.4%) 10 (7.2%) 9 (7.7%) 1 (4.5%)
Death 1(0.7%) 1(0.7%) 1 (0.9%) 0 (0%)
Cardiac death 1(0.7%) 1(0.7%) 1(0.9%) 0 (0%)
Myocardial infarction 1(0.7%) 2 (1.4%) 2 (1.8%) 0 (0%)
Stroke 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Definite stent thrombosis 1(0.7%) 2 (1.4%) 2 (1.8%) 0 (0%)
Clinically-driven TLR 1(0.7%) 7 (5.0%) 6 (5.1%) 1 (4.5%)
TVR 0 (0%) 9 (6.5%) 8 (6.8%) 1 (4.5%)
PCl in another vessel 0 (0%) 4 (2.9%) 4 (3.4%) 0 (0%)

Data are presented as number of patients and percentage (in brackets). MACE — major adverse cardiovascular event; TLR — target lesion revascu-
larisation; TVR — target vessel revascularisation; PCl — percutaneous coronary intervention
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MACE rate of 7.2% and a TLR rate of 5.1% at 12 months. Ad-
ditionally, it suggests that the hybrid strategy with BVS and DES
in certain cases might be a supplementary approach, which
enables us to obtain a high device success rate, and a low
rate of complications. To our knowledge this is the first study
focusing on the safety and feasibility of hybrid treatment in
clinical practice.

BVS release has provided an interesting strategy to treat
coronary atherosclerotic lesions with temporary scaffolds
that enable coronary anatomy and vessel reactivity restora-
tion, as well as facilitate future procedures [8]. As mentioned
earlier, this strategy might be used to reduce the cost of the
procedure and to reduce the length of the metallic scaffold,
and it might be a helpful option in challenging anatomy with
a lot of tortuosity and heavy calcification. It is crucial since
suboptimal BVS deployment and expansion may result in
scaffold collapse, scaffold recoil, or scaffold thrombosis [9].

In our population, in 24 (17.3%) cases a second Absorb
BVS® stent was deployed, and in 22 (15.8%) cases a classi-
cal DES was used as the additional stent. The implantation
of the second Absorb BVS® was associated with one case of
distal dissection, and in the remaining cases the reason was
the length of the lesions. In the hybrid subgroup classical DES
was chosen by the operator on the basis of the angiographic
view and the experience with prior BVS implantation and
balloon catheter passages during lesion preparation. As men-
tioned earlier, the main reasons for using the hybrid strategy
were the lack of the proper Absorb BVS® size (n = 6; 4.3%)
and difficulties in delivering the BVS stent (due to the vessel
anatomy: n = 6 [4.3%] and due to location distally to first
BVS: n = 3 [2.2%]). Among others there were highly calci-
fied lesions (n = 2, 1.4%) and lesions within true bifurcations
(n =15, 3.6%).

In our population the low rate of complications might
have been related to various factors, but the lesion selection
and the procedural technique are among the most important
ones. The small number of patients with moderate-severe
vessel tortuosity as well as moderate-heavy calcifications at
the culprit lesion and adequate lesion preparation enabled
us to obtain a 100% device success rate. In our study most
frequently patients with lesions of type A or B1 (72.7%) were
treated, while more complex lesions (B2/C) were only found
in 27.3% of cases. Also, proper lesion preparation (predilata-
tions with high pressure inflations and postdilatations with
non-complaint balloons) might play a crucial role in the
Absorb BVS® performance [10]. It is worth emphasising that
when the programme with BVS started postdilatations with
a non-complaint balloon were not clearly recommended, so
the percentage of that step in our study was relatively low
(52.3%). Despite this, the obtained results are comparable
with other studies regarding short-term clinical [11] as well
as long-term outcomes [5, 12].

In everyday clinical practice operators deploy stents with
a variable length of the overlapping part. Some authors suggest
that treatment with proximal BVS with distal DES should be
called the hybrid BVS-DES overlapping technique, and that
proximal DES with distal BVS should conversely be named
the hybrid DES-BVS approach. This differentiation might be
crucial since there are some variations in the sequence of BVS
and DES deployment [13].

In the hybrid DES-BVS technique, BVS lies on top of the
metallic scaffold at the overlapped segment. If the BVS was
positioned first proximally and then overlapped distally with
a DES, the thinner metallic struts lay on top of the thicker
BVS scaffold at the overlapped segment. Once the BVS scaf-
fold under the metallic strut resorbs, it leaves an overhanging
metallic strut segment that is not apposed to the vessel wall.
The longer the overlapped segment, the longer the potentially
malapposed stent segment is. Also, the expansive remodelling
property of the BVS may contribute to the malapposition at the
DES-BVS overlap junction. Therefore, overlapping DES-BVS
during PCI must be done adequately to minimise the potential
risk of in-stent thrombosis [9]. Standard overlapping technique
is also prone to potential complications, such as geographical
miss or an overlapped segment. Therefore, hybrid DES-BVS
or BVS-DES PCI can pose a potential risk for stent/scaffold
thrombosis if it is not performed reasonably and meticulously.
However, this was not proven in our registry. In our study two
cases of definite stent thrombosis were registered (after six
days and after three months). The former case was probably
the consequence of poor lesion preparation and Absorb BVS®
underexpansion in the distal LAD, and the latter one was
caused by the poor compliance of the patient regarding dual
antiplatelet therapy. Nevertheless, no case of stent thrombosis
appeared in the hybrid subgroup.

As the concept of coronary artery reparative therapy
with Absorb BVS® appears to be very appealing, the use of
this device is expected to increase in the foreseeable future.
However, due to its limitations (strut thickness, difficulties
in the optimal stent apposition in the vessel with “hard
plaques”, and the limited range of sizes) there is still a need
to support BVS treatment with classical everolimus-eluting
stents. This suggests that in particular clinical scenarios BVS
and DES are complementary devices. However, better BVS
customisation, proper patient selection, and lesion prepara-
tion might reduce the percentage of hybrid strategies with
BVS and DES.

Limitations of the study
This registry has several limitations that should be acknowl-
edged. First of all, the sample size was relatively small. Another
limitation of this study is its non-randomised manner and all
of the known drawbacks of registry studies. Also, no follow-up
angiographic analysis was performed.
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CONCLUSIONS

The obtained data enable us to say that in particular clinical
scenarios the simultaneous use of BVS and DES is safe and
effective.

Conflict of interest: none declared
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Streszczenie

Wstep: Zabiegi angioplastyk wieficowych (PCI) z wykorzystaniem stentéw bioresorbowalnych (BVS) staja sie coraz bardziej
popularne, gdyz poza pierwszym okresem pozbawione sa wad zwiazanych z metalowa platforma, jak ma to miejsce w przy-
padku klasycznych stentow uwalniajgcych lek (DES).

Cel: Celem niniejszej pracy bylo przedstawienie zebranego doswiadczenia w stosowaniu BVS w codziennej praktyce kli-
nicznej, ze szczegblnym uwzglednieniem oceny bezpieczeristwa i skutecznosci podejscia hybrydowego, tzn. jednoczesnego
stosowania BVS i DES.

Metody: Do prospektywnego rejestru wiaczano pacjentéw ze stabilng choroba wieficowa w 5 osrodkach kardiologii interwen-
cyjnej w Polsce. Wszyscy chorzy spetniajacy kryteria wiaczenia i wytaczenia, u ktérych implantowano co najmniej jeden BVS
w trakcie PCl, byli wiaczani do badania. Pierwszorzedowym punktem koficowym byt odsetek powaznych zdarzer sercowo-
-naczyniowych (MACE) definiowany jako faczny odsetek zgonu sercowego, zawatu serca (Ml) i ponownej rewaskularyzacji
leczonej zmiany warunkowanej objawami klinicznymi (TLR).

Wyniki: Pomiedzy sierpniem 2013 r. a kwietniem 2014 r. do badania wiaczono 139 chorych. Srednia wieku wynosita
59,5 = 5,5 roku, a kobiety stanowity 34,5%. W 2/3 przypadkéw zabieg angioplastyki wykonywano w tetnicy przedniej zste-
pujacej. Odsetek skutecznosci urzadzenia wyniést 100%. Po 12 miesiacach odsetek MACE wynosit 7,2% (n = 10), podczas
gdy wartos¢ klinicznego TLR byta rowna 5,1% (n = 7). Warto podkresli¢, ze w podgrupie chorych leczonych hybrydowo nie
stwierdzono zadnego zgonu, M, zakrzepicy w stencie, jak rowniez zarejestrowano tylko 1 przypadek TLR uwarunkowany
objawami klinicznymi (4,5%).

Whioski: Uzyskane wyniki pozwalaja stwierdzi¢, ze w pewnych sytuacjach klinicznych BVS i klasyczne DES sa uzupetniajacymi
sie wyrobami. Jednak lepsze dostosowanie BVS, wiasciwy dobér chorych i poprawne przygotowanie leczonych zmian moze
zmniejszy¢ odsetek przypadkéw leczenia hybrydowego (BVS + DES).
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