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Abstract

Aims: The aim of this study was to compare the hyperaemic flow and vasomotor response to endothelium-
dependent stimuli between bioresorbable vascular scaffolds (BVS) and metallic everolimus-eluting stents
(EES) at 13 months.

Methods and results: Seventy non-diabetic patients aiming to achieve complete revascularisation were
randomised 1:1 to BVS or EES implantation. At 13 months, invasive coronary angiography was performed
using intracoronary pressure and Doppler ultrasound measurements at rest and maximal hyperaemia.
A vasomotor test to endothelium-dependent (acetylcholine) and independent (nitroglycerine) stimuli and
optical coherence tomography (OCT) were also performed. Fifty-nine patients (30 BVS and 29 EES) under-
went 13-month examination. Doppler ultrasound average peak velocity (49.0£17.5 vs 49.3£18.3 cm/sec;
p=0.95), coronary blood flow (97.4+53.5 vs 88.3+46.7 ml/min; p=0.51), coronary flow reserve (2.6+0.9
vs 2.7+0.8; p=0.84) and fractional flow reserve (0.92+0.06 vs 0.94+0.04; p=0.17) were similar between
the groups. The vasomotor test showed vasoconstriction response to acetylcholine in 75.6% proximal and
72.2% distal peri-scaffold segments without differences between study devices. BVS had larger in-scaffold
vasoconstriction than EES (60.0% vs 27.6%; p=0.01) despite similar neointima response as assessed by
OCT.

Conclusions: BVS and EES had similar microcirculatory response to hyperaemia and predominant vaso-
constrictive response in the peri-scaffold segments to endothelium-dependent stimuli. However, BVS exhib-
ited larger vasoconstriction to endothelium-dependent stimuli in the scaffold segment.
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Abbreviations
APV average peak velocity

BVS bioresorbable vascular scaffolds
CAD coronary artery disease

CFR coronary flow reserve

EES everolimus-eluting stents

FFR fractional flow reserve

omT optimal medical treatment

QCA quantitative coronary angiography

Introduction
In healthy coronary vessels, the adenosine-mediated vasodilatation
of the intramyocardial microcirculation is the main regulator of
the coronary flow'. However, epicardial coronary arteries also play
a role in the regulation of the coronary flow. When flow changes,
epicardial arteries react to maintain a given level of blood pressure
at the origin of the microcirculation. This mechanism is mainly
mediated by the endothelial synthesis of nitric oxide in response
to local shear stress forces?. The goal of these complex processes
between the different coronary segments is to match the coronary
flow with the oxygen requirements of the myocardium!2,
Obstructive coronary artery disease (CAD) is the main cause of
angina®. Epicardial and intramyocardial coronary circulation pre-
sent adaptive mechanisms to overcome the limited coronary flow
in patients with obstructive CAD. These mechanisms, such as the
emergence of collateral flow and a certain degree of compensatory
microcirculatory vasodilation, are capable of adapting the coronary
flow to hyperaemia, even in cases with severe coronary obstruc-
tion'2. However, the relevance of these adaptive mechanisms and the
patient’s tolerance to pain may have different clinical presentations.
Current revascularisation guidelines recommend surgical or percuta-
neous revascularisation in patients with stable CAD when there is per-
sistence of symptoms despite optimal medical treatment (OMT) and/
or there is evidence of prognosis improvement by coronary revascu-
larisation®. Several studies have shown greater relief of angina symp-
toms and better quality of life with myocardial revascularisation than
with OMT alone*’. However, in around 20-30% of patients with
obstructive CAD achieving complete revascularisation, angina symp-
toms persist despite OMT>". Vasomotor dysfunction of the intramyo-
cardial microcirculation and native or reactive (to stent implantation)
endothelial dysfunction of the epicardial coronary arteries have been
hypothesised to cause most of the cases with persistent angina’.
Bioresorbable vascular scaffolds (BVS) theoretically allow the
restoration of the vasomotor response to local shear stress forces.
When the scaffold loses its radial force, coronary segments treated
with BVS present with geometric changes, react to pulsatile flow
and present with vasomotor response to endothelium-dependent
factors®!'. However, it is uncertain if the restoration of these epi-
cardial coronary conditions is associated with better coronary flow
in patients treated with BVS compared to patients treated with
everolimus-eluting metallic stents (EES) at maximal hyperaemia.
The primary objective of the study was to compare the coronary
blood flow (CBF; as assessed by Doppler ultrasound average peak

velocity measurement) between everolimus-eluting BVS and EES
at maximal hyperaemia. The secondary objective was to compare
the vasomotor change of the scaffold segment to endothelium-
dependent vasomotor stimuli.

Editorial, see page 106

Methods
STUDY DESIGN
The BVS-FLOW study was a prospective, randomised, controlled,
multicentre clinical trial (NCT02738658). A total of 35 patients per
group were requested to assess a difference in Doppler ultrasound
average peak velocity (APV) larger than 12.0 cm/sec at maximal
hyperaemia with 80% power and a two-tailed p-value of 0.05.
In order to minimise non-device-related factors of angina,
microcirculatory dysfunction and endothelial dysfunction, the pre-
sent study included only selected patients with obstructive CAD in
whom complete angiographic revascularisation was achieved. All
coronary lesions had >60% visually estimated stenosis suitable to be
treated with a single stent of 12 to 28 mm length and 2.5 to 3.5 mm
diameter. The following characteristics were exclusion criteria of
the present study: incomplete revascularisation, diabetes mellitus,
acute coronary syndromes with >5 times increase of ultra-sensitive
cardiac troponin, patients with chronic total occlusions, prior myo-
cardial infarction of the culprit artery, previous revascularisation
of the culprit vessel and ejection fraction <50%. This study was
approved by the local ethics committee of all participating insti-
tutions and was carried out in accordance with the Declaration of

Helsinki. Written informed consent was obtained from all patients.

BASELINE PROCEDURE

Coronary angiography was performed according to standard proce-
dures in each institution. Predilatation with a compliant or non-com-
pliant balloon to achieve a balloon/artery ratio >0.75 was mandatory
prior to randomisation. After successful predilatation, patients were
randomised to one of the study devices via an interactive web response
system. All stents were implanted according to standard procedures
and scaffold/stent size was visually estimated. Post-dilatation and
use of post-procedural intravascular imaging were left to the oper-
ator’s discretion. Post-dilatation was recommended in cases with
residual diameter stenosis >20%. Patients were treated with at least
one year of dual antiplatelet therapy. Angina status was obtained
<72 hours after stent implantation, at six months and at 13 months by
dedicated personnel using the Seattle Angina Questionnaire (SAQ).

13-MONTH INVASIVE CORONARY PROCEDURE

A detailed explanation of the 13-month coronary angiography,
endothelial function test, microcirculatory examination and OCT
imaging can be found in Supplementary Appendix 1.

ANGIOGRAPHIC AND OCT ANALYSES
Quantitative coronary angiography (QCA) and OCT analyses
were performed by a dedicated core laboratory (BARCICORE-

lab, Barcelona, Spain) according to our previous publication'.



Endothelium-dependent and independent QCA vasomotor
response of the in-scaffold and the 5 mm proximal and distal peri-
scaffold segments was measured taking into account the core labo-
ratory variability. Significant vasomotor changes (vasodilation or
vasoconstriction) were defined in case of >4% change of the mean
lumen diameter with respect to the 13-month baseline coronary
angiography'®!2,

STATISTICAL ANALYSIS

Categorical variables are presented as counts and percentages, and
continuous variables as meantstandard deviation. Comparisons
of categorical variables were estimated with the chi-square test.
Comparisons of continuous variables between groups were esti-
mated with the t-test for independent samples or with the non-
parametric Mann-Whitney U test as appropriate. Comparisons of
paired continuous data (such as mean lumen diameter changes)
were estimated with generalised linear models for repeated meas-
ures. OCT strut-level analysis was performed considering the
clustering nature of the OCT data with generalised estimating
equations according to our previous publication'®. A two-sided
p-value <0.05 was considered statistically significant. Analysis
of the five components of the SAQ was performed by means of
an analysis of covariance (ANCOVA) test using the Bonferroni
correction for multiple testing of the five components. Statistical
analysis was performed with the SPSS software, Version 20.0
(IBM Corp., Armonk, NY, USA).

Results

POPULATION

A total of 70 patients (35 BVS and 35 EES) were included.
There were no statistically significant differences regarding the
main clinical and procedural characteristics. Baseline charac-
teristics are shown in Tahle 1. One patient in the BVS group
presented with coronary perforation after BVS implantation
and required additional stent implantation of two intracoronary
covered devices. One patient in the BVS group, treated with
aspirin and clopidogrel, died from intracranial bleeding and
nine patients refused the 13-month invasive procedure. Finally,
59 patients underwent invasive control (30 BVS and 29 EES).
Three patients in the BVS group and one in the EES group pre-
sented with target vessel restenosis and did not undergo func-
tional and imaging examination. There was no BVS or EES
thrombosis at 13 months. A flow chart of the study is shown
in Figure 1.

ANGIOGRAPHIC ANALYSIS
Table 2 shows the baseline and 13-month QCA results. At base-
line, pre-intervention study lesions were similar between BVS
and EES. However, in-scaffold diameter stenosis post interven-
tion was significantly larger with BVS (9.6+6.1%) than with EES
(3.5+7.1%); p=0.001.

At 13 months, BVS had smaller in-scaffold minimal lumen dia-
meter (2.30£0.57 mm vs 2.57+0.39 mm; p=0.046), larger lumen

The BVS-FLOW study

Table 1. Baseline clinical and procedural characteristics.

BVS EES
(=35 | (n=3 | VA

Age, years 61.9+10.6 | 59.2+8.8 0.248
Males 28(80.0) | 33(94.3) 0.074
Body mass index, kg/m? 28.3+5.3 28.6+4.3 0.815
Current tobacco use 13(37.1) 16 (45.7) 0.467
Familial history of CAD 8(22.9) 7(20.0) 0.771
Hypertension 23(65.7) | 23(65.7) 1.000
Hypercholesterolaemia 25(71.4) 28 (80.0) 0.403
Previous myocardial infarction 12 (34.3) 12 (34.3) 1.000
Previous myocardial revascularisation 16 (45.7) 16 (45.7) 1.000
Left ventricle ejection fraction, % 60.1+7.2 60.4+6.9 0.900
Clinical Silent ischaemia or
presentation | staged revascularisation 11(31.4) 12 (34.3)

of multivessel Ml 0.407

Stable angina 10(28.6) | 14 (40.0)

Unstable angina 14 (40.0) 9(25.7)
Number of One 31(88.6) | 32(91.4)
vessel disease Two 4(1L4) 386) 0.690
Target vessel | Left anterior descending 17 (48.6) 18 (51.4)

Left circumflex 9(25.7) 7(20.0) 0.847

Right coronary artery 9(25.7) 10 (28.6)
Number of study devices 1.0+0.0 1.1£0.2 0.156
Total stent length, mm 19.9+4.8 19.2+6.2 0.636
Stent diameter, mm 3.2+0.4 3.1+0.3 0.672
Stent inflation pressure, atmospheres 16.1+2.8 16.0+3.6 0.912
Post-dilatation 8(22.9) 7(20.0) 0.771
Procedural success 34 (97.1) 35 (100) 0.314
Data are presented as mean=standard deviation or n (%). CAD: coronary artery disease;
MI: myocardial infarction

70 patients included in the study }—l

35BVS 1:1 randomisation after predilatation 35 EES

el

n=1* procedure failure n=0
n=1 non-cardiac death n=0

n=4 refused n=5

77
A

m

y
13-month angiographic follow-up 30 EES

IEBVS

i

n=3 target vessel failure n=1

7
i

A

26 BVS

A

Functional and imaging examination 29 EES

Figure 1. Study flow chart. * One patient presented with coronary

:

perforation after scaffold implantation and required implantation of
two covered stents.
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Table 2. Quantitative coronary angiographic analysis of the target study vessel.

Pre-intervention Post-intervention

13-month baseline 13-month nitroglycerine

BVS EES BVS N s || B EES
(n=29) | (n=30) m=29) | (n=30) % m=29) | (=30) " (n= )

In-scaffold

Length 116454 | 121450 | 0710 | 179456 | 167+59 | 0422 | 185455 | 168458 | 0243 | 185+53 | 164+56 | 0.151
ngﬁ{z{‘ecre vessel | 975,073 | 2874048 | 0448 | 286+048 | 279+041 | 0519 | 258+049 | 2.67+043 | 0475 | 279+045 | 275£043 | 0751
Minimal lumen

e 1104046 | 1.07+039 | 0804 | 2.59+047 | 2.69+040 | 0384 | 2224062 | 2.58+0.44 | 0012 | 2.30£0.57 | 2.57+0.39 | 0.046
ﬁcs‘fe gain/lumen |\, NA NA | 149049 | 1.61£034 | 0257 | 0374042 | 0.10£0.17 | 0002 | 0.30+0.43 | 011016 | 0.026
E{:{%i}g‘ 60.0+125 | 63.0+122 | 0379 | 96+6.1 | 35+¢7.1 | 0001 | 143164 | 34+62 | 0001 | 169+155 | 6.1+61 | 0.001
("j"izmti'r'”me” NA NA NA | 331+048 | 3.32+040 | 0943 | 3.14+054 | 3224042 | 0545 | 3.23+0.48 | 3.24+041 | 0.907
Mean lumen

e 1.92+0.58 | 1.95+0.38 | 0.840 | 2.92+043 | 2.99+038 | 0511 | 2.68+0.51 | 2.87+0.40 | 0.116 | 2.77+048 | 2.90+0.38 | 0.251

Length NA NA NA | 274+56 | 262+61 | 0466 | 281453 | 264+61 | 0243 | 28.1+51 | 26.1+58 | 0.163
ggﬁ:st”ecre vessel NA NA NA | 2762050 | 269045 | 0576 | 251+0.50 | 2.51+0.44 | 0996 | 2.72+047 | 257044 | 0220
dMi':I;";fe'r'”me” NA NA NA | 2.16+051 | 2.17+049 | 0993 | 183+0.54 | 2.04+040 | 0.084 | 2.08+049 | 2.08+045 | 0.977
ﬁ)‘;“ste gainflumen |y NA NA NA NA NA | 030£048 | 0124030 | 0043 | 0.112049 | 0.09x031 | 0.842
Diameter

oo NA NA NA | 2154124 | 197+100 | 0542 | 27.4+169 | 186+85 | 0013 | 14127 | 124+23 | 0.154
("j"izﬁ@ti'r'”me” NA NA NA | 343:049 | 343£046 | 0982 | 3.17+055 | 329+044 | 0339 | 3.30:050 | 335:046 | 0.681
mgf:e't‘gr“e" NA NA NA | 2.87+043 | 2.88+038 | 0900 | 261050 | 2.75+0.38 | 0237 | 2.75+045 | 2.79+038 | 0.707

Data are presented as mean=standard deviation. All values are millimetres except diameter stenosis (percentage).

loss (0.30+0.43 mm vs 0.11+0.16 mm; p=0.026) and larger dia-
meter stenosis (16.9+15.5% vs 6.1£6.1%; p=0.001).

EPICARDIAL VASOMOTOR RESULTS

Epicardial vasomotor responses to endothelium-dependent and
independent stimuli are shown in Table 3 and Figure 2. One
patient did not undergo the vasomotor test because of severe
spasm of the coronary artery during catheterisation. Moreover,
nine proximal peri-scaffold segments were not analysed due to
anatomical reasons.

Proximal and distal peri-scaffold segments presented with vaso-
constriction response to acetylcholine in 75.6% and 72.2% of
patients, respectively. Nitroglycerine caused vasodilation in 80.0%
and 87.0% of proximal and distal segments, respectively. BVS
presented with larger vasoconstriction to acetylcholine in the scaf-
fold segment than EES (60.0% vs 27.6%; p=0.010). The relative
difference was —4.9+5.7% with BVS and -1.943.5% with EES
(p=0.017). However, vasodilation with nitroglycerine was simi-
lar in both groups (8.3+£6.4% vs 5.8+4.6%, respectively; p=0.184).
Figure 3 shows the patient with the largest in-scaffold vasomotor
change to acetylcholine and nitroglycerine.

DOPPLER AND PRESSURE RESULTS

Functional examination of the coronary flow is shown in
Table 4. There were no statistically significant differences regard-
ing 13-month baseline pressure and Doppler ultrasound meas-
urements. At maximal hyperaemic doses of adenosine, fractional
flow reserve (FFR) was similar with BVS (0.92+0.06) and EES
(0.94+0.04); p=0.169. A total of 4 patients (7.2%; 3 BVS and 1 EES)
presented with ischaemic values of FFR (<0.80) at 13 months. The
APV (49.0£17.5 vs 49.3+18.3 cm/sec; p=0.947), CBF (97.4+53.5
vs 88.3+46.7 ml/min; p=0.505) and coronary flow reserve (CFR)
(2.6+0.9 vs 2.7+0.8; p=0.838) were also similar in both groups.

ANGINA STATUS

Figure 4 shows the SAQ results at different time points in the study.
There were no statistically significant differences between the two
study devices regarding the five main aspects of the test: 1) physi-
cal limitations due to angina; 2) recent changes in the severity of
angina; 3) angina frequency; 4) satisfaction with the anti-angina
treatment; and finally 5) patient’s quality of life. At 13 months, the
rate of patients with self-reported persistent angina was numeri-
cally lower with BVS (20.7%) than with EES (33.3%); p=0.275.



Table 3. Vasomotor changes.

5 mm proximal segment *

BVS EES BVS EES
(n=25)* (n=29) (n=25)* (n=29)

Acetylcholine

The BVS-FLOW study

Nitroglycerine

Relative change, mean %=SD —-15.9+17.8 -10.4+13.1 0.413 33.6+41.0 20.6+26.5 0.209
Categorical change, n (%) Vasodilatation 3(14.3) 3(12.5) 17 (81.0) 19(79.2)
Unchanged 3(14.3) 2(8.3) 0.790 4(19.0) 5(20.8) 0.413
Vasoconstriction 15(71.4) 19(79.2) 0 0

Scaffold segment

Relative change, mean %+SD —4.9+5.7 -1.9+£35 0.017 8.3+6.4 5.8+4.6 0.184
Categorical change, n (%) Vasodilatation 3(12.0) 1(3.4) 20 (80.0) 17 (58.6)
Unchanged 7(28.0) 20 (69.0) 0.010 5(20.0) 12 (41.4) 0.092
Vasoconstriction 15(60.0) 8(27.6) 0 0

5 mm distal segment

Relative change, mean %+SD -145+18.7 -9.4+12.0 0.263 38.7+54.7 17.0£15.3 0.062
Categorical change, n (%) Vasodilatation 6 (24.0) 4(13.8) 20 (80.0) 27 (93.1)
Unchanged 1(4.0) 4(13.8) 0.342 3(12.0) 2(6.9) 0.227
Vasoconstriction 18 (72.0) 21 (72.4) 2(8.0) 0

Categorical changes have been classified according to the method’s variability (4%). Nitroglycerine changes have been estimated with respect to the maximal vasoconstriction observed with
acetylcholine (10-° M and 10-* M). * One patient did not undergo vasomotor study due to severe vasospasm of the study vessel during the coronary catheterisation. * Proximal segment was
only available in 45 vessels. SD: standard deviation

OCT RESULTS

There were two patients (one BVS and one EES) with no OCT
imaging due to technical issues. OCT results are shown in Table 5.
At 13 months, reference lumen area was numerically larger with
BVS than with EES (8.34+3.05 mm? vs 7.48+2.40 mm?; p=0.238),

5 mm proximal mean lumen

diameter (mm)

and minimal lumen area was numerically smaller with BVS than
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Figure 2. Endothelial and non-endothelial mediated vasomotor response at 13 months.

with EES (5.06£2.36 mm? vs 5.37£1.70 mm?, p=0.568). This
caused larger lumen area stenosis with BVS than with EES
(34.9+£37.0% vs 27.2£10.7%; p=0.021). Neointima tissue charac-
teristics were similar between groups regarding the predominant

-
=
=
2
=
E
D
o
<
D
-
=
o
=
)
o
N
=
o
o
()
a
G
o
2
o
@




m
=
S
=)
=
=
@
2
<
@
S
=
5
=
n
o
N
=
=
o
o
o
@
o
24
[+2]
w

Post implantation

Index procedure

Y

MeanLD = 2,96 mm

Baseline : Acetyicholine : Nitroglycerine

@
—
=
=
@
o
o
—
o
=
=]
=
o
=
(3}
~—

s :
MeanLD=2.40 mm MeanlLD=1.95 mm (~18.8%) MeanlLD=2.48 mm (+27.2%)

Figure 3. Patient with largest in-scaffold changes to vasomotor test. A 50-year-old male underwent catheterisation due to silent ischaemia.
The angiography showed single-vessel disease in the right coronary artery that was treated with a 3.5x18 mm BVS (1-3). At 13 months,
quantitative coronary angiography (4-6) showed vasoconstriction to acetylcholine and vasodilation to nitroglycerine. Optical coherence
tomography (A-D) showed moderate neointima proliferation (arrow). Coronary flow at rest and at maximal hyperaemia was 62 ml/min and
88 ml/min, respectively. Fractional flow reserve and coronary flow reserve were (.94 and 1.42, respectively. MeanLD: mean lumen diameter;
SB: side branch

Table 4. Microcirculatory function.
Baseline Adenosine 80 mcg/kg/min Adenosine 140 mcg/kg/min

Heart rate, beats/min 66.0+10.1 63.2+11.9 0.329 66.4+9.6 63.1£12.9 0.298 74.2+11.7 71.1x14.6 0.393
Aortic pressure (Pa), mmHg 95.3+12.5 98.0+16.2 0.471 93.9+13.1 96.9+17.5 0.476 88.6+12.6 92.1+15.2 0.356
Distal pressure (Pd), mmHg 93.3+12.6 94.3+14.5 0.778 90.2+11.7 92.5+17.8 0.586 81.7+12.6 86.4+15.1 0.228
Pd/Pa* 0.97+0.04 0.96:0.06 0.699 0.96+0.05 0.96+0.06 0.649 0.92+0.06 0.94+0.04 0.169
Average peak velocity, cm/sec 19.5+6.3 18.8+6.3 0.700 28.2+12.3 24.3+13.0 0.262 49.0£17.5 49.3+18.3 0.947
Coronary flow (ml/min) 38.0+18.1 33.6+15.8 0.344 56.7+36.7 455+35.9 0.261 97.4+53.5 88.3+46.7 0.505
Coronary flow reserve NA NA NA 1.5+0.7 1.3+0.6 0.177 2.6+0.9 2.7x0.8 0.838
Data are presented as mean=standard deviation. * Pd/Pa values represent the fractional flow reserve of the lesion at maximal hyperaemia (140 mcg/kg/min).




100 p=0.479 p=0.970

Seattle Angina Questionnaire (%)

Baseline 6-month  13-month Baseline 6-month  13-month Baseline
Physical limitation Anginal stability

p=0.540

Anginal frequency

The BVS-FLOW study

p=0.193

p=0.666 — gvs
— EES

6-month  13-month Baseline 6-month  13-month Baseline 6-month  13-month
Treatment satisfaction Quality of life

Figure 4. Seattle Angina Questionnaire results. P-value indicates the difference between the study devices. Scores range from 0 to 100 with

higher scores indicating better health status.

Table 5. OCT results.

BVS EES

(=28) | (n=29) |PVale

Lesion-level OCT data

Stent/scaffold length, mm 19.6+4.6 19.3+6.7 0.862

Volumes (mm®) Lumen 134.71+53.77|125.72+54.57| 0.537
Stent/scaffold 153.13+53.58(139.02+58.43| 0.351
Neointima 18.91+11.65| 13.6+9.04 | 0.061
Malapposition 0.56+1.37 | 0.39+1.17 | 0.633
Neointima volume obstruction, % 13.44+9.13 | 10.67+7.06 | 0.207
Neointima pattern, | Indiscernible 5(17.9) 7(24.1)
i) Homogeneous 0014 | 21024
Heterogeneous 2(1.1) 0 0.505
Layered 1(3.6) 1(3.4)
Patients with coronary evaginations, n (%) 5(17.9) 14 (48.3) 0.007
Major coronary evaginations, n (%) 2(7.1) 4(13.8) 0.413
Patients with neoatherosclerotic plaques, n (%)|  1(3.6) 1(3.4) 0.980
Lipid-rich plaques, n (%) 1(3.6) 1(3.4) 0.980
Patients with intraluminal masses, n (%) 4(14.3) 1(3.4) 0.148
Patients with scaffold/stent dismantling, n (%)| 5 (17.9) 0 0.017
Single strut discontinuity, n (%) 2(7.1) 0 NA
Multiple strut discontinuity, n (%) 3(10.7) 0 NA

Cross-section level OCT data

Reference lumen area, mm? 8.34+3.05 | 7.48+2.40 | 0.238
In-stent/scaffold Minimal 5.06+£2.36 | 5.37+1.70 | 0.568
lumen area, mm* fyeqq 7012251 | 6.72+1.95 | 0.626
In-stent/scaffold Minimal 6.16+1.99 | 6.11+1.65 | 0.910
stent area, mm*  yeqp 795+2.36 | 7.41+180 | 0.335
Mean neointima area, mm? 0.98+0.45 | 0.73£0.34 | 0.237
Lumen area stenosis, % 349+37.0 | 27.2+10.7 | 0.021
Mean malapposition area, mm? 0.03+0.07 | 0.03+0.08 | 0.959

Strut-level OCT data

Apposed and covered struts per lesion, % 95.3+6.1 96.5+4.9 | 0.454
Uncovered struts per lesion, % 4.6+6.1 3.3+4.5 0.373
Malapposed struts per lesion, % 0.6+1.3 0.7+1.7 | 0.740
Neointima thickness per lesion, pm 136.1+61.0 | 96.4+46.1 | 0.007

Data presented as mean=standard deviation or n (%).

homogeneous pattern (71.4% vs 72.4%; p=0.505) and observation
of neoatherosclerotic plaques (3.6% vs 3.4%; p=0.980).

Uncovered struts (4.6% vs 3.3%; p=0.373) and malapposed
struts (0.6% vs 0.7%; p=0.740) were also similar between groups.
Scaffold discontinuities were observed in 35.7% of BVS patients
and in no patients of the EES group (p<0.001). Fractured struts
protruding into the lumen (so-called scaffold dismantling) were
observed in 17.9% of patients in the BVS group.

Discussion
The main findings of the present study are: 1) in a highly selected
group of patients, BVS presented with similar hyperaemic coro-
nary flow to EES at 13 months; 2) BVS were associated with
larger endothelium-dependent vasomotor changes of the scaffold
segment than EES at 13 months; 3) these changes in the scaf-
fold segment were in line with the response observed in the 5 mm
proximal and distal segments to the scaffold edges but to a lower
degree; 4) OCT imaging showed similar neointima response in both
groups but a remarkable amount of BVS dismantling was observed
at 13 months; and finally 5) angina status and quality-of-life para-
meters also improved similarly in both groups during follow-up.
In the ABSORB II study, the cumulative rate of angina reported
by the investigators was 22% with BVS and 30% with EES at
one year (p=0.04)%. Although there were no statistically signi-
ficant differences in the SAQ parameters, angina symptoms dur-
ing the exercise test were numerically lower with BVS (6.0% vs
8.5%; p=0.25) and fewer patients needed treatment with nitrates
(19.5% vs 26.0%; p=0.09) compared to EES®. The authors hypoth-
esised that restoration of coronary vasomotion could explain this
potential benefit of bioresorbable technology. However, in the
ABSORB 1V trial, a total of 2,604 patients were randomised to
BVS versus EES implantation using novel masking techniques to
blind patients and clinical assessors to the randomisation group.
In this study, there were no differences regarding the percentage
of angina at one year. It is noteworthy that almost 21% of patients
presented with persistent angina at one year, despite the fact that
the need for repeat revascularisation was only 5%!". Similarly, in
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the present study, only 7% of patients presented with obstructive
CAD at the invasive control, but 27.1% of patients reported angina
at 13 months.

Microcirculatory dysfunction has been associated with cardio-
vascular risk factors and specific myocardial diseases'. Several
studies have also reported the presence of microcirculatory dys-
function in around 40% of patients with symptoms and no evi-
dence of obstructive CAD™.

On the other hand, in healthy coronary epicardial vessels, local
shear stress stimulates the synthesis of endothelial factors (such
as nitric oxide) in order to dilate or constrict epicardial coronary
arteries. Coronary flow and vessel geometry are the main determi-
nants of local shear stress'®. After acetylcholine infusion, vessels
and segments with an intact endothelium vasodilate, mediated by
the release of nitric oxide, whereas vessels and segments with dys-
functional or disrupted endothelium respond with vasoconstriction
as a result of direct activation of muscarinic receptors on vascular
smooth muscle cells®.

Drug-eluting stent implantation causes denudation of the
endothelial cells and inhibits their recovery by the release of
the antiproliferative drug. Drug-eluting stents have been assoc-
iated with a greater degree of endothelial dysfunction in the peri-
stent segments than bare metal stents'. In the present study, both
groups presented with 70% vasoconstriction to acetylcholine in the
peri-scaffold segments. Moreover, the scaffold segment also pre-
sented with significant vasoconstriction to acetylcholine in 60% of
patients treated with BVS. However, these vasomotor changes in
the scaffold segment were smaller than those observed in the peri-
scaffold segments. Coronary spasm, defined as a focal or diffuse
epicardial lumen diameter reduction >90% during intracoronary
acetylcholine administration compared to the relaxed state follow-
ing intracoronary nitroglycerine, associated with the reproduction
of symptoms and ischaemic ECG changes, is observed in around
50% of patients with persistent angina’. Although the current pro-
tocol did not register the 12-lead electrocardiogram (ECG), angio-
graphic definition of coronary spasm was observed in the culprit
vessel in 13% of patients (20% BVS vs 7.0% EES; p=0.153).

In the randomised VANISH study (Impact of Vascular
Reparative Therapy on Vasomotor Function and Myocardial
Perfusion), myocardial flow to hyperaemia and cold pressor test-
ing (to assess myocardial flow during endothelial stimulation) of
BVS and EES was assessed by positron emission tomography at
one-month, one-year and three-year follow-up'®. Coronary flow
decreased similarly in both groups over time and was also similar
during the different physiologic states (hyperaemic and endothe-
lial stimulation)'®. Therefore, the present study is in line with the
results of the VANISH study.

Finally, around 10-20% of patients undergoing complete
angiography-guided revascularisation present with residual FFR
indicative of ischaemia (<0.80)"7. This has been associated with
persistent angina and worse outcomes'’. In the present study, two
out of four patients with ischaemic FFR values also had angina
symptoms at 13 months.

Limitations

The present study has several limitations. First, there were four
patients with target vessel restenosis at 13 months. It is unknown
if the endothelial and microcirculatory dysfunction was related to
the restenosis process in these patients since there was no post-
procedural functional examination. Second, an endothelium-inde-
pendent vasomotor test (with nitroglycerine) was conducted after
the acetylcholine test. Although a two-minute washout period was
requested per protocol, it is possible that the vasomotor response
to nitroglycerine was influenced by the previous response to ace-
tylcholine. Finally, the present study did not measure the coro-
nary flow during acetylcholine infusion, and therefore the impact
of the endothelial function on the coronary flow is still unknown.
However, the assessment of the coronary flow during maxi-
mal hyperaemia already accounts for the endothelium-dependent
function of the epicardial segment due to the stimulation of the
endothelium by the hyperaemic flow.

Conclusions

The presence of endothelial dysfunction in highly selected patients
with a low burden of CAD treated with scaffold implantation is
remarkable with both BVS and EES at 13 months. BVS mildly
restore the vasomotor endothelium-dependent epicardial function
within the scaffold segment. However, these epicardial vasomotor
changes do not have any influence in the coronary flow at rest and

at maximal hyperaemia at 13 months.

Impact on daily practice

Persistent angina after complete revascularisation with stent
implantation is estimated to be present in around 20-30% of
patients. The causes of persistent angina are mostly vasomotor
and microcirculatory dysfunction. According to the present
study, BVS present with larger endothelial dysfunction in the
scaffold segment than EES. Moreover, the hyperaemic coro-
nary flow and rate of persistent angina are similar between the
devices at 13 months. Therefore, further generations of BVS
may not prevent persistent angina as compared to current per-

manent metallic drug-eluting scaffolds.
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Supplementary Appendix 1. 13-month invasive coronary procedure.

The supplementary data are published online at:
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Supplementary data

Supplementary Appendix 1. 13-month invasive coronary procedure

Patients were requested to stop all vasomotor drugs at least 24 hours before coronary
angiography. Non-study vasomotor drugs were also not allowed before the vasomotor
test. Operators were requested to repeat the same angiographic views as in the index
procedure. A conventional 0.014” guidewire was advanced up to the scaffold segment.
Then, a dual lumen microcatheter (Twin-Pass®; Vascular Solutions [now Teleflex],
Minneapolis, MN, USA) was positioned 5 mm proximal to the scaffold edge. The
endothelium-dependent vasomotor function was assessed by intracoronary infusion of
acetylcholine (Ach) at incremental doses of 10 M and 10* M via the microcatheter. In
summary, each acetylcholine concentration was infused at 2 ml/minute during two
minutes, with accumulated doses of 0.58 pg and 58 pg, respectively. The endothelium-
independent vasomotor assessment was performed using 200 ug of nitroglycerine
(NTG) bolus injection via the guiding catheter. Then, the microcatheter was removed
and a dedicated 0.014” intracoronary guidewire with pressure and Doppler sensors
(ComboWire®; Philips Volcano, San Diego, CA, USA) was advanced 5 mm distal to
the scaffold edge after appropriate pressure equalisation (0.99-1.01). After achieving
good baseline Doppler and pressure signals, two incremental doses of intravenous
adenosine were given each during two minutes (80 and 140 mcg/kg/min). Functional
microcirculatory parameter assessments, such as the APV, fractional flow reserve
(FFR), coronary blood flow (CBF) and coronary flow reserve (CFR), were obtained
according to appropriate formulas using pressure and Doppler values. Finally, OCT
imaging was performed with a dedicated catheter (Dragonfly™ OPTIS™; St. Jude
Medical [now Abbott], St. Paul, MN, USA).





