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Very late outcomes of drug-eluting stents coated with
biodegradable polymers: insights from the 5-year follow-up of the
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Background: Few studies have examined the very long-term outcomes after implantation of drug-eluting
stents (DES) coated with biodegradable polymers (BP). This report presents the 5-year clinical follow-up of
patients treated with BP-DES in the randomized PAINT trial.

Methods: The PAINT study is a prospective, multicenter randomized controlled trial that allocated 274
patients for treatment with two BP-DES formulations [paclitaxel-eluting stents (PES) or sirolimus-eluting
stents (SES)] or bare metal stents (BMS) in a 1:2:2 ratio, respectively. The primary end-point of this sub-
study was defined as the composite of the major cardiac adverse events (MACE) cardiac death, myocardial
infarction (MI) or ischemia-driven target vessel revascularization (TVR) at 5 years.

Results: The 5-year MACE rates were different among the groups: 35.3%, 22.5% and 16.9% for BMS,
PES and SES, respectively (P<0.05 for both DES vs. bare stent comparisons). The primary end-point was
mainly driven by TVR: 31.8%, 14.1% and 12.2% for bare stents, PES and SES, respectively (P<0.05 for
both DES vs. bare stent comparisons). The incidence of stent thrombosis (ST) was null for BMS during the
entire follow-up. There was no definite or probable ST in the SES group after the second year, while one
patient (1.0%) presented with a definite ST episode in the PES group between 4 and 5 years.

Conclusions: The tested biodegradable-polymer coated stents releasing either paclitaxel or sirolimus,
compared with same bare metal platform, sustained their effectiveness in reducing combined major adverse

cardiac events and re-intervention without an increase in ST during 5 years of follow-up.
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Introduction the long run, beyond the so-called “restenosis-period*,

Drug-eluting stents (DES) are a milestone development clinical studies have raised concerns about the very safety
in interventional cardiology, due to their ability to reduce of DES (2,3). Delayed stent thrombosis (ST) and neo-
the risk of restenosis and repeat revascularization after atherosclerosis have been reported to occur in patients

percutaneous coronary intervention (1). However, in treated with early DES formulations, potentially related to
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impaired reendothelialization and hypersensitivity response
to polymer carriers (4-7).

Biodegradable polymers (BP) have been developed as
an answer to this concern, essentially enabling for a DES
to become a bare metal stent within months. Putatively,
this would permit a more physiological vascular healing
response after stenting.

Until the present time, few studies have examined the
very long-term outcomes after implantation of BP-DES
(8,9). The “Percutaneous intervention with biodegradable-
polymer based paclitaxel-eluting or sirolimus-eluting
versus bare stents for de novo coronary lesions”—PAINT
randomized trial, was designed to evaluate the safety and
efficacy of two DES metallic formulations coated with BP
carriers (10-12). The present report presents the 5-year
clinical follow-up of patients included in the PAINT trial.

Methods

The PAINT trial was a prospective, multicenter randomized
controlled trial in which patients were allocated for
percutaneous coronary intervention of de novo native
coronary lesions with one of the following: the control
Millennium Matrix® bare metal stent (BMS), the Infinnium®
paclitaxel-eluting stent (PES), or the Supralimus®
sirolimus-eluting stent (SES) (all by Sahajanand Medical
Technologies Pvt. Ltd., India) in a 1:2:2 ratio, respectively.
All study stents were built with the same 316L stainless
metallic platform and delivery system. The DES differed by
the drug (paclitaxel or sirolimus respectively) but had the
same drug carrier (thickness 4-5 pm), which was composed
of a blend of BPs that included Poly L-Lactide, 50/50
Poly DL-Lactide-co-Glycolide, 75/25 Poly L-Lactide-
co-Caprolactone, and Polyvinyl Pyrrolidone. Both DES
formulations release approximately 50% of the drug content
in the first 9-11 days, 90% in 38 days and 100% in 48 days.
The polymeric matrix ultimately biodegraded as water
and carbon dioxide and complete polymer degradation
occurs within seven months. The study protocol, 1- and
3-year clinical follow-ups of the PAINT trial has been
published previously elsewhere (10-12). The study complies
with the Declaration of Helsinki, was approved by the
ethics committee at each participating center, and written
informed consent was obtained from all the patients.

The primary end-point of this sub-study was defined as
the composite of the major cardiac adverse events (MACE)
cardiac death, myocardial infarction (MI) or ischemia-
driven target vessel revascularization (TVR) at 5 years.
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Adverse events, including ST according to Academic
Resource Consortium, were also analyzed.

Statistical analysis was performed using STATA version
12 (College Station, TX, USA). The Kaplan-Meier method
was utilized to estimate the incidence of clinical adverse
events. The outcomes of each arm were compared using the
log-rank test of equality.

Results

The final study population included 274 patients (57 in the
bare stent, 111 in the paclitaxel, and 106 in the sirolimus
groups), enrolled between April 2006 and August 2008.
Follow-up through 5 years was completed in 89.8% of
patients, including 87.7% of patients receiving BMS, 91,0% of
patients receiving PES and 88.7% of patients receiving SES.
Median and interquartile follow-up of surviving patients was 5.0
(range, 4.9-5.0) years. There were no significant differences
between baseline demographic, clinical, angiographic, and
procedural characteristics which are presented in Zables 1,2.

At the end of the follow-up, the rates of MACE were
different among the groups: 35.3%, 22.5% and 16.9%
for BMS, PES and SES, respectively (P=0.046 for PES
compared to BMS and P=0.006 for SES compared to BMS).
The occurrence of the primary end-point was mainly driven
by TVR: 31.8%, 14.1% and 12.2% for BMS, PES and
SES, respectively (P=0.004 for PES compared to BMS and
P=0.006 compared to SES). The composite of cardiac death
and MI did not differ among the groups (Figure 1 and Table 3).

The absolute difference in the risk of MACE increased
over time when comparing the DES groups and the BMS
group; at 1 year, the difference in the incidence of MACE
between the pooled DES population and BMS-treated
patients was 11.3%, while the difference was 15.5% by the
end of the fifth year of follow-up (Figure I).

The incidence of ST was null for BMS during the
entire follow-up. There were no definite or probable stent
thromboses in the SES group after the second year, while
one patient (1.0%) presented with a definite ST episode in
the PES group between 4 and 5 years (Table 4). To exemplify,
this last patient was a 63-year-old woman with insulin
dependent diabetes, hypertension, hypercholesterolemia, and
who smoked. She was treated for stable angina with a PES
to the distal right coronary artery. It had a minimal luminal
diameter (MLD) of 0.89 mm, which after stenting had
increased to 2.21 mm. On follow-up angiography a moderate
restenosis was observed with an MLD of 1.34 mm. She used
clopidogrel for a year, and therefore had been off dual anti-
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e Paclitaxel-eluting Sirolimus-eluting Control bare metal
Characteristics P value
stent (n=111) stent (n=106) stent (n=57)

Men 61.3 67.0 66.7 0.6

Current Smoker 19.8 21.7 22.8 0.9

Hypertension 83.8 88.7 86.0 0.6

Previous coronary surgery 9.0 5.7 3.5 0.4

Previous stroke 1.8 1.9 0.0 0.6

Coronary artery disease 0.9
Single-vessel 63.1 64.8 57.9
Double-vessel 243 24.8 28.1
Triple-vessel 12.6 10.5 14.0

Vessel reference diameter (mm) 2.72+0.49 2.72+0.48 2.69+0.50 0.9

Numbers are percentages or means + standard deviation.

o Paclitaxel-eluting Sirolimus-eluting Control bare metal
Characteristics P value
stent (n=111) stent (n=106) stent (n=57)

Stent diameter (mm) 3.1£0.4 3.1+0.3 3.1£0.4 0.8
Stent length/lesion length ratio 2.1+1.0 2.1+£1.0 2.1+0.9 0.9
Direct stenting 0.5

Successful 55.9 59.4 68.4

Attempted failed 7.2 5.7 1.8

Not attempted 36.9 34.9 29.8
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Figure 1 Kaplan-Meier curves according to type of stent received for (A) combined major adverse cardiac events; (B) cardiac death or

myocardial infarction; (C) Ischemia-driven target vessel revascularization; and (D) definite or probable stent thrombosis.

Table 3 Clinical outcomes after 5 years of follow-up

Outcomes BMS PES SES BMS vs. PES BMS vs. SES SES vs. PES
Cardiac death 0 4.8 5.1 0.1 0.1 0.9
Cardiac death or Ml 9.0 12.3 11.8 0.6 0.6 >0.9
TVR 31.8 141 12.9 0.004 0.001 0.7
TLR 30.3 11.4 11.2 0.002 0.002 >0.9
MACE G588 225 16.8 0.046 0.006 0.4

Numbers are proportions. BMS, bare metal stent; MACE, major cardiac adverse events (a composite of cardiac death, myocardial
infarction or ischemia-driven target vessel revascularization); MI, myocardial infarction; PES, paclitaxel-eluting stet; SES, sirolimus-
eluting stent; TLR, ischemia driven target lesion revascularization; TVR, ischemia driven target vessel revascularization.

platelet therapy when after her fourth year (4.3 years) of
follow-up she presented with an ST segment elevation MI. A
definitive ST was diagnosed, which was treated with primary
PCI with adequate resolution of the event.

Discussion

Previous findings from the PAINT trial have shown that,
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compared to bare metal stents, both PES and SES with BPs
reduced 9-month late luminal loss and TVR during the first
3 years of follow-up (11,12). The present study builds on
previous results. At 5 years, both DES groups preserved the
reduction of combined major adverse cardiac events, mainly
by decreased rates of TVR.

The so-called late catch-up phenomenon (i.e., delayed
and progressive luminal loss long after DES implantation)

Cardiovasc Diagn Ther 2014;4(6):480-486
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Classification BMS P value (three-way BMS/PES/DES)
PES SES

Definite or probable 0.4
0-30 days 0 0 0.9
30 days -1 year 0 1.9 0.9
1-2 years 0 0 0.9
2-3 years 0 0 0
3-4 years 0 0 0
4-5 years 0 1.0 0
All (5-year cumulative) 0 2.9 2.9

Numbers are proportions. BMS, bare metal stent; PES, paclitaxel-eluting stet; SES, sirolimus-eluting stent; DES, drug eluting stents.

has been previously described by others (13). The present DES comparisons in this study are particularly revealing
findings do not support the occurrence of clinically relevant since the only difference between the formulations is the
late catch-up in our cohort. The anti-restenosis properties drug used (sirolimus versus paclitaxel), as both DES are built
of both DES formulations appeared to resist the effect of with the same BP mounted on the same metal platform. In
time. After the first year, the risk of repeat revascularization spite of the significantly lower 9-month angiographic late
remained rather stable in patients treated with either SES loss of SES compared to PES (in-segment late loss 0.15+0.42
or PES. In fact, the absolute difference in the risk of adverse vs. 0.35+0.42 mm respectively, P<0.01) (11), this did not
events increased over time between the DES-treated translate into reduced TVR or reduced MACE at 5 years of
patients and the BMS group. follow-up. Conversely, the higher neointimal growth in the
Very late (after the first year) ST was uncommon for paclitaxel group was not associated with a clearly improved
both DES formulations, yielding an annualized rate of safety profile in the long run. As a matter of fact, the only
definite or probable ST of approximately 0.25%. In fact, no stent thrombotic event after the second year occurred in the
patient in the SES group had a thrombotic event after the PES group.
second year. It is noteworthy, however, that an episode of Thus far, few studies have reported the incidence of very-
definite ST still occurred at 4 years in the PES group. late thrombosis in long-term follow-up of BP DES. The
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relatively small sample size of the present study limits its
ability to evaluate in-depth such uncommon events. Indeed,
the rarity of very-late ST practically confines well-powered
safety analysis to meta-analyses and large populational
studies. Nevertheless, our findings are in line with previous
reports showing a low risk of very late ST after BP-DES
implantation (14,15).

Our results cannot be directly extrapolated to other BP-
DES formulations, which might markedly differ in their
bioengineering construct. For instance, the stents tested
in our study were built with conformable coating (i.e., the
entire strut surface), instead of the abluminal coating (i.e.,
restricted to the strut surface in contact with the vessel
wall) used in some of the current DES (14,16,17). Different
DES may not have the same drug load, kinetics of drug
release and polymer degradation, biopolymer composition,
or metallic platform, which may all influence in final DES
performance.

Conclusions

The tested biodegradable-polymer coated stents releasing
either paclitaxel or sirolimus, compared with same bare
metal platform, sustained their effectiveness in reducing
combined major adverse cardiac events and re-intervention
without an increase in ST during five years of follow-up.
The direct comparison between the DES groups shows
that despite superior angiographic end-points for the
sirolimus stents, both groups maintain similar event curves
throughout the 5-year follow-up.
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