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ABSTRACT

Introduction: There are numerous reports investigating the inflammatory response in vascular wall after stent implantation,
although the results are still inconclusive when it comes to choosing the best type of stent, technique of stenting and also the
time when C-reactive protein (CRP) reaches peak value and then returns to normal range. Materials and Methods: In this
research, we compared inflammatory response after implantation of three types of stents: Bare-metal stents (BMS), drug-
eluting stents (DES), and DESs with a biodegradable polymer (DES-B) in patients who underwent elective percutaneous
coronary intervention (PCI). One hundred and twenty-four consecutive patients with stable coronary artery disease who
underwent an elective PCI were included in this study. Results: Statistical analysis was possible in 32 patients with BMS, 55
with DES, and 19 with DES-B implanted. Concentration of CRP was measured before PCI, 24 and 72 h after the intervention;
5-year follow-up was carried out. It was recorded that 24 h after PCI, the level of CRP increased in 96% patients with BMS
implanted (P < 0.05), 83% patients with DES (P < 0.05), and 58% with DES-B (ns). After 72 h the results were 90% (P <
0.05), 79% (P < 0.05), and 67% (ns) accordingly. The results also showed that implantation of BMS was associated with
the greatest exacerbation of inflammatory response between 24 h and 72 h after PCI (P < 0.01). Moreover, implantation
of DES-B was connected with the lowest impact on inflammation, especially when compared to BMS. Follow-up proved
that DES-B was connected with a low risk of future revascularization, and DES was not superior to BMS in the long-term
outcome. Conclusion: The choice of new generation DES-B in invasive cardiology is reasonable.
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INTRODUCTION PClI-related inflammatory response measured with C-reactive
protein (CRP) and higher incidence of major adverse
he severity of inflammation of the coronary artery wall cardiovascular events such as myocardial infarction (MI) and
I after the percutaneous coronary intervention (PCI) also in-stent restenosis (ISR).!'?! Gottsauner-Wolf et al. found
seems to correlate with negative long-term outcomes. that high circulating CRP levels that persisted >48 h increased

The research results demonstrate a clear relationship between  the incidence of ISR within 6 months of the procedure.™
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Studies point out that CRP level reaches its peak value 24 h
(Rebeiz et al.), 48 h (Kim et al., Gaspardone et al.), or 72 h
(Munk et al.) after PCI and it takes up to 1 month after the
procedure for CRP levels to return to normal range (Kang
et al.).B7

There is evidence linking the type of stent and the technique
of stenting with the inflammatory response. Implantation of
drug-eluting stent (DES) may be associated with significantly
lower CRP levels than bare-metal stent (BMS);** however, in
some studies, CRP levels did not differ significantly between
the groups.!® The statistically significant increase in plasma
CRP, interleukin-6, and intercellular adhesion molecule-1
levels was the result of predilation before stenting.!

DES with biodegradable polymer (DES-B) is referred as
3" generation DES, covered with a polymer as drug carrier
that dissolves within months after implantation, facilitating
endothelialization. In theory, DES-B should be connected
with reduced inflammatory response, although there is no
strong evidence at the moment.

The purpose of the study was to compare changes in circulating
CRP levels 24 and 72 h after implantation of 3 types of stents:
BMS, DES, or DES-B. Moreover, a 5-year follow-up was
performed in terms of the need for re-revascularization.

MATERIALS AND METHODS

Patients

Between January and December 2014, 124 consecutive
patients with stable coronary artery disease who underwent
an elective PCI were included in this study. The local ethical
committee approved the protocol and patients gave written
informed consent. Patients’ blood plasma CRP levels were
assessed before PCI, 24 h and 72 h after PCI. The choice
of the stent depended on the decision of the physician
performing PCIL.

Types of stents used in the study
Participants were divided into 3 cohort groups depending on
which type of stent was used.

Bare-metal stent (BMS)

First generation associated with high risk of ISR. Some
research points to the prevalence of 20-30%."" However,
after BMS implantation, patients have shorter exposure to
dual antiplatelet therapy and thus have lower bleeding risk.!'”
Moreover, the costs of BMS are markedly lower than other
types of stents. Nowadays, BMS is very rarely used.

Drug-eluting stent (DES)

This type of stent is associated with reduced inflammatory
response in vascular wall because of antiproliferative drug

coating (e.g.everolimus).!'] Therefore, there is a reduced risk
of ISR.["?! On the other hand, DES implantation is associated
with impairment of endothelial regeneration, which extends
the time of the wound-healing process in injured vessels.!'
This phenomenon leads to late-phase inflammation, meaning
antiproliferative drugs on the DES disappear, and wound has
not healed yet.['¥

Drug-eluting stents with biodegradable polymer
(DES-B)

This is a modified DES, that has a bioabsorbable polymer
instead of permanent. The polymer, after fulfilling its
function (controlled drug release), is degraded, which
reduces endothelial irritation. This alteration should reduce
the inflammatory response in the coronary vascular wall. On
that account, vascular wall injury is of shorter duration.!”!

Follow-up

Five-year follow-up was conducted in terms of the need for
re-revascularization. It was made on the basis of a hospital
electronic database.

Statistical analysis

Post hoc statistical tests were performed by analysis of
variance and also Spearman’s rank correlation coefficient
was used.

RESULTS

Patients were divided into 3 cohort groups, depending
which type of stent was used. Five patients with more than
one stent implanted and 13 patients with plain balloon
angioplasty were excluded from the analysis. Thirty-two
patients had BMS implanted, 55 DES, and 19 DES-B. Data
on CRP levels were available in 26 (20) patients with BMS,
46 (33) with DES, and 12 (15) with DES-B, 24 h (72 h)
after PCI. Demographic data of the patients included in
statistical analysis are presented in Table 1. The alterations
in blood plasma levels of CRP and the direction of changes
are shown in Table 2. Detailed comparison between CRP
concentrations after implantation of different types of
stents is shown in Figure 1. There is a positive correlation
[Figure 2] between duration of PCI and CRP concentration
72 h after that procedure (r=0,623, P < 0.05). If predilation
and/or postdilation were used, CRP level raised significantly
24 h and 72 h after PCI [Figure 3]. Five-year clinical
follow-up is presented in Table 3.

DISCUSSION

Stent implantation is associated with injury of the
endothelium and inflammatory response in the vascular wall.
This in turn is connected with atherosclerotic process and
ISR and as a consequence with a higher risk of ML.['Yl These
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Table 1: Demographic table, abbreviations

Characteristics DES group (n=55) DES-B group (n=19) BMS group (n=32) P-value
Age (years) 63.2+10.2 61.9+9.4 64.8+9.3 ns
Male gender (%) 13 (24) 5 (26) 13 (41) ns
BMI (kg/m?) 30.2+4.8 28.2+4.4 29.4+4.4 ns
Current smoker (%) 11 (20) 3(16) 6 (19) ns
Diabetes (%) 20 (36) 4 (21) 10 (31) ns
Hypertension (%) 42 (76) 13 (68) 23 (72) ns
LVEF (%) 51.1£9.4 54.9+6.4 54.3+ 6.7 ns
Prior MI (%) 37 (67) 11 (58) 14 (44) ns
eGFR (ml/min/1,73 m2) 108.4+37.5 113+40.8 103.8+33.9 ns
Multi-vessel CAD (%) 29 (53) 9 (47) 18 (56) ns
Statin therapy (%) 51 (93) 16 (84) 27 (84) ns
HGB (g/dl) 14.1+1.1 14.04+1.4 14+£1.5 ns

BMI: Body mass index, LVEF: Left ventricular ejection fraction, MI: Myocardial infarction, eGFR: Estimated glomerular filtration rate, CAD:

Coronary artery disease, HGB: Hemoglobin

Table 2: Directions of change in CRP levels 24 h

and 72 h after percutaneous coronary intervention

dCRP-24 Increase (%) Decrease (%) P-value
BMS 1(4) 25 (96) 0,001
DES-B 5 (42) 7 (58) ns
DES 8 (17) 38 (83) 0,001
dCRP-72 Increase (%) Decrease (%) P-value
BMS 2(10) 18 (90) 0,01
DES-B 5 (33) 10 (67) ns
DES 7 (21) 26 (79) 0.01

Table 3: Major cardiovascular events recorded

during 5-year clinical follow-up

Events within 5-year DES DES-B BMS
follow-up group group  group

(n=55) (n=19) (n=32)
Need of revascularization 13(24) 3(15) 6 (19)

(percutaneous coronary
intervention or CABG) (%)

clinical complications are especially related to the prolonged
time of inflammation, namely long-lasting elevated CRP
concentration.”) In our study, BMS implantation was
associated with considerable inflammatory response, which
was significantly more extensive after 72 h than after 24 h.
This finding is accordant with other clinical studies.™
After DES implantation, inflammatory response was not so
evident and with similar severity between 24 h and 72 h.
The most interesting finding of this study is that after
DES-B implantation, CRP increase was the smallest and was
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Figure 1: Mean increase of C-reactive protein concentration
depending on stent type, 24 h after percutaneous coronary
intervention (PCI) and 72h after PCI

statistically significant when compared to BMS; however, it
did not differ significantly from that observed in DES group.

In our study, the positive relationship between inflammatory
response and predilation and/or postdilation during PCI
was observed, which is consistent with another research.l
Furthermore, duration of PCI procedure turned out to have a
significant impact on plasma CRP levels.

In our study, 5-year follow-up showed that patients with DES-B
were at the lowest risk of future revascularization. As far as
we know, there is a lack of studies which assessed the need of
re-revascularization in 5-year follow-up. NORSTENT trial has
found that there were no significant differences in the outcome
of death from any cause or nonfatal spontaneous MI between
BMS group and DES group for 6 years follow-up.!' The results
of randomized, large clinical trial (BIOSTEMI) confirmed
safety and efficacy of DES-B in comparison to DES.["8
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Figure 2: Correlation between duration of percutaneous coronary intervention and C-reactive protein concentration
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Figure 3: C-reactive protein concentration-dependent on
predilation and/or postdilation

Our results seem to confirm that long procedures with large
vessel damage and the use of BMS are associated with a
higher risk of complications in the future. Moreover, the
choice of new generation DES-B in invasive cardiology is
reasonable.

Limitation of the study
The main limitation of this study is a small number of patients
included in the study.

CONCLUSION

We conclude that the choice of DESs with biodegradable
polymer for elective PCI may be correlated with weak immune
response and low risk of the future need of revascularization.
We provided baseline data for further larger, prospective,
and randomized studies and also bring back attention to
biodegradable polymers used in invasive cardiology.
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