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Abstract

A higher rate of bioresorbable vascular scaffold (BVS) thrombosis has been observed after device implantation compared
to implantation of permanent metallic stents in recently published studies. The mechanism of BVS thrombosis is currently
under debate. To assess whether the immune—inflammatory response after BVS implantation is a potential trigger of BVS
thrombosis. The PRAGUE-19 study was an academic study that enrolled consecutive patients with ST-segment elevation
myocardial infarction (STEMI) with the intention to implant a BVS. A laboratory sub-study included 49 patients with an
implanted BVS (of which 38 underwent the complete 2-year follow-up) and 52 patients having an implanted permanent
metallic stent as the control group (of which 30 underwent the complete 2-year follow-up). Samples for inflammatory mark-
ers [high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a)] were taken
before BVS or stent implantation, on days 1 and 2 after device implantation and at 1 month and 2 years for a clinical control.
The primary combined clinical endpoint of the sub-study (death, reinfarction or target vessel revascularization) occurred in
4.08% of the BVS group and 7.69% of the control group (p=0.442) during the 2-year follow-up period, with overall mortal-
ity of 2.04% in the BVS group and 1.92% in the control group (p =0.966). Definite BVS thrombosis occurred in one patient
in the subacute phase; there was no late or very late thrombosis. Two definite stent thromboses were observed in the control
group: one in the subacute phase and the other in the late phase. Baseline inflammatory marker levels did not differ between
the groups. Lower levels of IL-6 and hs-CRP were observed in the BVS group compared to the control group (12.02 + 5.94
vs. 15.21 + 5.33 pg/ml; p<0.01; 3952.9 + 1704.75 ng/ml vs. 4507.49 + 1190.01 ng/ml; p=0.037, respectively) on days 1
and 2 (12.01 + 6.31 vs. 13.85 + 6.01 pg/ml; p =0.089; 4447.92 + 1325.31 ng/ml vs. 4637.03 + 1290.99 ng/ml; p =0.255,
respectively). No differences in IL-6 or hs-CRP were observed after 1 month or 2 years in the clinical control. Levels of
TNF-a did not differ between the groups in the early period after BVS or metallic stent implantation, nor during follow-up.
The immune—inflammatory response is lower during the early phase after BVS implantation compared to that after metallic
stent implantation, but the responses did not differ in the long term.
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Introduction

Bioresorbable vascular scaffolds (BVS) were widely used
during coronary interventions in daily clinical practice,
including for patients with ST-segment elevation myocardial
infarction (STEMI). Absorb stents are currently not avail-
B4 Petr Tousek able, because several randomized trials have revealed that
petr.tousek @fnkv.cz the rate of first-generation BVS thrombosis is about twice as
Cardiocenter, Third Faculty of Medicine, Charles University high in the mid-term compared to that of second-generation

and University Hospital Kralovské Vinohrady, Ruska 87, permanent drug-eluting stents [1, 2]. However, the mecha-
Prague 10, Czech Republic nism of coronary device thrombosis is complex. Several
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risk factors that contribute to stent thrombosis have been
identified, including procedural-related factors, patient- and
lesion-related factors, antiplatelet therapy and stent-related
factors (including the inflammatory reaction caused by dif-
ferent device components) [3]. The aim of this study was
to compare long-term changes in immune—inflammatory
markers [high-sensitivity C-reactive protein (hs-CRP), inter-
leukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-o)]
in patients with STEMI treated with BVS versus a perma-
nent metallic stent, and to assess possible triggers for BVS
thrombosis.

Methods

The PRAGUE-19 study was an academic study intending to
implant a first-generation Absorb BVS device (Abbott Vas-
cular, Santa Clara, CA, USA) as a default strategy for con-
secutive patients with STEMI who fulfilled the pre-specified
inclusion and exclusion criteria. The protocol was designed
by the study authors and approved by the local ethical com-
mittee as well as by the national multicentric ethical commit-
tee. The study was conducted according to the Declaration of
Helsinki, and written informed consent was obtained from
all study patients. There was no support from industry [4].

A total of 580 patients with STEMI were screened from
December 2012 to March 2015, and BVSs were implanted
in 142 patients. All remaining patients were entered into
a prospective registry. Dual antiplatelet therapy was rec-
ommended for 12 months (strict minimum of 6 months);
a combination of prasugrel and aspirin was preferred but
not mandated. All other aspects of acute and long-term care
were standard and left to the discretion of the attending
physicians.

A laboratory sub-study included 49 patients with
implanted BVSs and 52 patients having an implanted metal-
lic stent as the control group. Samples were taken for evalu-
ation of immune—inflammatory markers (hs-CRP, IL-6 and
TNF-a) before BVS or stent implantation, on days 1 and 2
after device implantation, and at 1 month and 2 years for the
clinical control. After centrifugation (3500 rpm, 15 min),
the serum was stored at —70 °C. Commercially available
enzyme-linked immunosorbent assays were used to measure
serum concentrations of the immune—inflammatory mark-
ers of interest. All measurements were performed by staff
unaware of the clinical data.

The primary combined clinical endpoint was defined
as cardiac death, target vessel-related MI and target vessel
revascularization.
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Statistics

Categorical parameters were described by absolute and
relative frequencies and continuous parameters were
described by valid count/median supplemented by 5th and
95th percentile. Normal distribution and homogeneity of
variances was assessed using Kolmogorov—Smirnov dis-
tribution and F test. Statistical significance of difference
between groups of patients was tested by ML Chi square
test for categorical variables and by Kruskal-Wallis test
for continuous variables. The level of statistical signifi-
cance was set at p=0.05. Microsoft Excel 2016 MSO for
Windows software (ver. 17.09) (Microsoft Inc., Redmond,
WA, USA) was used for the data analysis.

Results
Baseline characteristics

The BVS group included 49 patients. One patient died of
a non-cardiac cause before the end of the 2-year follow-up
period, and 10 patients were unable to undergo the com-
plete clinical 2-year follow-up including blood collection.
The remaining 38 patients underwent the complete clinical
2-year follow-up. The control group included 52 patients,
among whom one died of a non-cardiac cause before the
end of the 2-year follow-up period. 21 patients did not
undergo the 2-year follow-up as 10 patients were unable to
be contacted, the other 11 patients refused to undergo clin-
ical control with blood collection, thus only their current
health status and medication were found. Thirty patients
underwent the complete clinical 2-year follow-up.

The demographic characteristics of the patients are
shown in Table 1. No difference in age was observed
between the patients in the BVS and control groups. The
BVS patients had a lower body mass index and a lower
incidence of diabetes mellitus. There was no significant
difference in levels of high sensitivity troponin T on
admission or first day. Also, no significant difference was
observed in ejection fraction on admission.

The pharmacological therapy is shown in Table 2.
Patients in the control group used on admission insignifi-
cantly more statins [4 patients (8.2%) in the BVS group
vs. 11 patients (21.2%) in the control group; p=0.07] and
ASA [3 patients (6.1%) in the BVS group vs. 8 (15.4%) in
the control group; p =0.14]. Medication on discharge in
both groups was similar. During the 2-year follow-up, it
was seen that significantly more patients in the BVS group
used statins and ASA. Two patients in the control group
did not use any antiplatelet or anticoagulant therapy.
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Table 1 ].)e.mographi.c BVS group (N=49) Control group (N=52) p=

characteristics of patients
Men, n (%) 33 (67, 3) 42 (80.8) 0.12
Age (years), mean 58.44 (44, 78) 57.52 (41.5,72.9) 0.20
BMI, mean 27.16 (20.8, 33.5) 28.87 (23, 37.2) 0.01
Active smoking, n (%) 30 (61.2) 41 (78.8) 0.52
Hyperlipidemia, n (%) 9(18.4) 13 (25.0) 0.41
History of CAD n (%) 5(10.2) 6(11.5) 0.82
History of CABG, n (%) 0 (0.0) 1(1.9) 0.32
Peripheral vascular disease, n (%) 3(6.1) 6 (11.5) 0.33
Hypertension, n (%) 23 (46.9) 28 (53.8) 0.48
Diabetes, n (%) 6(12.2) 14 (26.9) 0.06
Creatinine (pmol/l), mean 78.43 (53.3, 107) 82.58 (53.8, 115.1) 0.16
Level of hs-TnT on admition, ng/l, mean 1535.71 (24.6, 6924) 1821.71 (67.9, 10,000) 0.28
Level of hs-TnT Ist day, ng/l, mean 3197.06 (154.45, 8875)  3246.21 (273.05, 10000)  0.47
EF on admition, %, mean 48.52 (33.5, 63) 46.83 (32.5, 58.6) 0.17

BMI body mass index, CAD coronary artery disease, CABG coronary artery bypass graft, hs-TnT high sen-
sitivity troponin T, EF ejection fraction

Table 2 Pharmacological therapy of patients

BVS group (N=49) Control p=

group
(N=52)

On admission, n (%)

ACEi/sartan 17 (34.7) 20(38.5)  0.69
Betablockers 11 (22.4) 9(17.3) 0.52
Statins 4(8.2) 11(21.2) 0.07
ASA 3(6.1) 8(154) 0.14
Warfarin 2 (4.1) 1(1.9) 0.52
On discharge, n (%)
ACEi/sartan 45 (91.8) 44 (84.6)  0.26
Betablockers 43 (87.8) 50 (96.2) 0.11
Statins 49 (100) 51(98.1) 0.32
DAPT 47 (95.9) 47(90.4)  0.27
Warfarin + clopidogrel 1(2) 4(7.7) 0.19
Warfarin + DAPT 1(2) 1(1.9) 0.96
On 2-year follow-up, n (%)
ACEi/sartan 36 (73.5) 35(67.3)  0.49
Betablockers 38 (77.6) 38 (73.1) 0.60
Statins 43 (87.8) 37(71.2)  0.04
ASA 42 (85.7) 32(61.5)  0.006
DAPT 3(6.1) 2 (3.8) 0.60
Warfarin 3(6.1) 2(3.8) 0.60
P2Y12 alone 00 1(1.9) 0.33
OAC + ASA or P2Y12 1(2) 1(1.9) 0.97
No antiplatelet/ OAC 0(0) 2(3.8) 0.17
therapy

ACEIi angiotensin-converting-enzyme inhibitors, ASA acetylsalicylic
acid, DAPT dual antiplatelet therapy, OAC oral anticoagulant

The procedural characteristics of the primary percu-
taneous coronary intervention are shown in Table 3. The
right coronary artery was the most frequently treated ves-
sel in the control group and larger diameter stents were
used in this group compared to those used in the BVS
group. The length of the devices did not differ between
the groups.

Clinical outcome

The primary combined clinical endpoint occurred in 4.08%
of the BVS group and 7.69% of the control group (p=0.442)
during the 2-year follow-up period, with overall mortality
of 2.04% in the BVS group and 1.92% in the control group
(p=0.966). Definite scaffold thrombosis occurred in one
patient in the subacute phase (7 days after BVS implanta-
tion) due to non-medication use; there was no case of late
or very late BVS thrombosis. Two definite stent thrombo-
ses were observed in the control group, one in the subacute
phase and the other in the late phase.

Evaluation of immune-inflammatory markers

Baseline levels of inflammatory markers did not differ
between the groups. Lower levels of IL-6 and hs-CRP were
detected in the BVS group compared to those in the con-
trol group (12.02 + 5.94 vs. 15.21 + 5.33 pg/ml; p < 0.01;
3952.9 + 1704.75 ng/ml vs. 4507.49 + 1190.01 ng/ml;
p=0.037, respectively) on day 1, and we did not observe
differences on day 2 (12.01 + 6.31 vs. 13.85 + 6.01 pg/
ml; p=0.089; 4447.92 + 1325.31 ng/ml vs. 4637.03 +
1290.99 ng/ml; p=0.255, respectively). No differences in
IL-6 or hs-CRP were observed at the 1 month or 2-year
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Table 3 Procedural

characteristics of primary PCI BVS group (N=49) Control group (V=352) P=
Target vessel, n (%)
LAD 22 (44.9) 21 (40.3) 0.64
RCA 16 (32.6) 26 (50) 0.07
LCx 11 (22.4) 6 (11.5) 0.14
Multiple vessels 27 (55.1) 31 (59.6) 0.64
Diameter of stent, mm, mean 3.3(25,3.5) 3.8(3,4.5) 0.000001
Length of stent, mm, mean 20.4 (12, 28) 23.0 (9.6, 38) 0.02
Type of implanted stent, n (%)
BVS 49 (100) 0(0)
DES 0(0) 35 (67.3)
BMS 0(0) 17 (32.6)

PCI percutaneous coronary intervention, LAD left anterior descending artery, RCA right coronary artery,
LCx left circumflex artery, BVS bioresorbable vascular scaffold, DES drug eluting stents, BMS bare metal

stents
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follow-up (Figs. 1, 2, Table 4). In both groups, the TNF-«
level was elevated above normal values, but the levels did
not differ between the groups at any time point (Fig. 3,
Table 4).
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Table4 Values of inflamatory markers and changes during 2-year
follow-up

BVS group (N=49) Control group (N=52) p=

IL-6 (pg/ml), mean

Day 0 8.25 (1.20, 20) 9.28 (1.37, 20) 0.21
Day 1 12.02 (3.62, 20) 2.73 (4.86, 20) 0.004
Day 2 12.01 (3.18, 20) 13.85 (3.18, 20) 0.09
1 month 4.58 (0.62, 12.74) 4.51(1.02,12.19) 047
2 years 2.73 (0.41, 7.96) 2.49 (0.38, 6.24) 0.34

hs-CRP (ng/ml), mean

Day 0 2952.98 (480.80, 5000) 3153.97 (149.25, 5000) 0.30
Day 1 3952.90 (648.75, 5000) 4507.49 (2065.88, 5000) 0.04
Day 2 4447.92 (915.50, 5000) 4637.03 (196.45, 5000) 0.25
1 month 2131.63 (99.20, 5000) 2310.20 (134.55, 5000) 0.31
2years  2302.15(179.0, 5000) 2775.65 (161, 5000) 0.12

TNF-a (pg/ml), mean

Day 0 0.95 (0.5, 1.87) 1.19 (0.5,2.44) 0.11
Day 1 1.39 (0.5, 2.79) 1.67 (0.56,2.49) 0.20
Day 2 1.49 (0.65, 2.68) 2.48 (0.78,5.87) 0.11
1 month 1.88 (0.71, 3.29) 2.49 (0.80, 3.69) 0.22
2 years 1.09 (0.5, 2.93) 0.88 (0.50, 2.19) 0.17

IL-6 interleukin 6, hs-CRP high sensitivity C-reactive protein, TNF-a
tumor necrosis factor o

Discussion

Our study evaluated inflammation markers after first-gen-
eration BVS implantation in patients with acute STEMI.
We focused specifically on this potential trigger of scaf-
fold thrombosis due to the ongoing debate regarding the
mechanism underlying BVS thrombosis. Several studies
have shown that first-generation BVS thrombosis occurs
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more frequently compared to second-generation drug-
eluting stent (DES) thrombosis in patients with various
clinical statuses. A meta-analysis [5] that included the last
four randomized studies comparing the Absorb BVS to
the Xience metallic DES (Abbott Vascular) showed that
MI was more common in the Absorb group than in the
Xience group (5.1% vs. 3.3%, p=0.04), partly due to more
frequent periprocedural MI and partly to the higher rate
of stent thrombosis (defined or ‘probable’) in the Absorb
group (1.3% vs. 0.6%, p=0.08). This was also confirmed
in a trial that compared BVS Absorb with Xience in
STEMI [6].

Risk factors for device thrombosis (ST) can be classified
as patient- or lesion-related, procedure-related, antiplatelet
treatment-related or device-related factors. The most impor-
tant risk factors for early ST are procedure-related, includ-
ing stent undersizing, malapposition, residual dissection,
impaired TIMI flow and residual disease proximal or distal
to the stent lesion [7, 8]. Patient-specific risk factors include
reduced cardiac function, diabetes mellitus and impaired
response to ADP-antagonist therapy. Early discontinuation
of antiplatelet therapy is one of the most important risk fac-
tors for stent thrombosis [9]. Device-related risk factors also
influence the risk of ST. First-generation DESs are associ-
ated with a higher risk of cardiovascular death, due in turn to
a higher incidence of ST [10]. Meta-analyses demonstrated
that first-generation sirolimus- and paclitaxel-eluting stents
were associated with a slightly but significantly increased
risk of ST, which persists 4-5 years after implantation of the
stent [11-14]. The causes were attributed to delayed arte-
rial healing, a pathophysiological process characterized by
impaired endothelial coverage, persistent fibrin deposition,
and ongoing vessel wall inflammation [13]. Delayed arte-
rial healing is associated with a number of clinicopathologi-
cal entities, including not only late ST but also delayed late
luminal loss (which may contribute to late re-stenosis) [15],
persistent vasomotor dysfunction proximal and distal to the
stented segment [16] and de novo in-stent atherosclerosis
[17].

For this reason, new generations of permanent metallic
DESs with thinner stent struts (which reduce acute vessel
injury) and more biocompatible polymer coatings (both
nonerodable and biodegradable), have been developed with
lower dosages of sirolimus analogue drugs [18, 19]. How-
ever, first-generation BVSs represent a different type and
design of coronary device, with thick 157 um polymer struts
leading to greater vessel contact with the vessel wall after
implantation and potentially different rheological aspects at
the level of the implanted BVS. Thus, the immune—inflam-
matory response after BVS implantation with greater strut
thickness could differ compared to that after permanent
metallic second-generation DES implantation. Evaluation of
this pathophysiological mechanism is important given that
the debate about the potential triggering mechanism for BVS
thrombosis is ongoing.

The link between inflammatory response and acute coro-
nary syndrome is a very complex and not a fully researched
area. As we know, pro-inflammatory risk factors trigger
the production of primary inflammatory mediators such as
interleukin-1 and TNF-a. TNF-« is not expressed in nor-
mal cardiomyocytes, but is largely produced in cardiomyo-
cytes and mononuclear macrophages in infarcted zone and
infarction border zone [20]. Interleukin-1 and TNF-a, among
other things, trigger the production of secondary mediators
of inflammation such as interleukin-6 (IL-6). In the case of
acute coronary syndrome, IL-6 is produced by macrophages,
mast cells and T-lymphocytes at the site of an inflammatory
response in the atherosclerotic plaque or at the site of myo-
cardial necrosis [21]. The source of CRP and complement
components is hepatocytes. Up-regulation of CRP after tis-
sue injuries such as acute myocardial infarction is regulated
by inflammatory cytokines such as IL-6 [22-26]. And, the
plasma concentration of IL-6 and its CRP product reflects
the intensity of inflammation in atherosclerotic plaque and
indirectly its susceptibility to rupture. The levels of these
substances are increased in patients with acute myocardial
infarction and unstable angina pectoris. The IL-6 concentra-
tion is also elevated after PCI [27].

Our study showed that the levels of inflammatory markers
(hs-CRP and IL-6) in patients with STEMI on day 1 after
implantation of BVS Absorb were significantly lower than
those in patients implanted with a permanent metallic stent,
but there was no difference in the long term. In both groups,
the TNF-a level was elevated above normal values, but the
levels did not differ between the groups at any time point.
We think that the increase in TNF-a is due to an ongoing
myocardial infarction and is not dependent on PCI, thus the
values between the two groups do not differ.

This supports the general hypothesis that the main risk
factors of BVS thrombosis are procedural specific, and that
the immune—inflammatory response after implantation of the
stent has a less important role. The very short duration of
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elevation of inflammatory markers is attributable to “arterial
damage” during PCI. Thus, it is crucial to follow the recom-
mendations for BVS implantation of adequate preparation of
the lesion, accurate vessel sizing, and post-dilatation with
high pressure non-compliant balloons.

Limitations

Our study had several limitations. First, the systematic
evaluation of immune—inflammatory markers did not accu-
rately reflect the local inflammatory reaction after BVS/stent
implantation. Changes in plasma levels of immune—inflam-
matory markers are also caused by myocardial necrosis in
STEMI. However, it has been shown previously that changes
in systemic levels of inflammatory markers correspond to
local changes after stent implantation [28]. Furthermore,
the IL-6 level can be used to predict future cardiovascu-
lar events, including stent thrombosis [29]. Our aim was to
evaluate whether this systemic inflammatory reaction was a
risk factor and a trigger for ST in implanted BVS and metal-
lic DES patients. Second, various types of metallic stents
were used (DES, BMS). Another limitation of the study was
the small number of patients in both groups and the low rate
of complete 2-year follow-up.

Conclusion

The immune—inflammatory response was lower during the
early phase after BVS implantation compared to that after
permanent metallic DES implantation, but there was no dif-
ference over the long term. It appears that the risk of BVS
thrombosis may be more strongly associated with proce-
dural-related factors than an unexpected inflammatory reac-
tion after BVS implantation. However, larger studies includ-
ing more patients and more complex scenarios are necessary
to confirm these observations.
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