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Percutaneous Coronary Intervention

Comparison of 9-Month Angiographic Follow-Up
and Long-Term Clinical Outcomes of Biodegradable
Polymer Drug-Eluting Stents and Second-Generation
Durable Polymer Drug-Eluting Stents in Patients
Undergoing Single Coronary Artery Stenting
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Background: The durable polymers (DP) used in first-generation drug-eluting stents (DESs) were associated with
long-term cardiovascular events, and thus biodegradable polymer DESs (BP-DESs) and second-generation DP-DESs
were designed to overcome this problem. In this study, we compared angiographic follow-up and long-term clinical
outcomes between patients who received BP-DESs or second-generation DP-DESs.
Method: We enrolled 436 patients with single coronary lesions who received a second-generation DP-DES or
BP-DES between June 2009 and October 2012. All patients received follow-up angiography when new clinical
events developed or at 9 months after index stenting. All participants received follow-up for 5 years.
Result: There were no significant differences in patient and lesion characteristics between the two groups. The
9-month angiographic follow-up showed a lower net gain in the second-generation DP-DES group (2.19 mm vs.
2.41 mm, p = 0.040), but a similar binary restenosis rate between the two groups (5.4% vs. 8.7%, p = 0.276). During
the 5-year follow-up period, no significant differences were observed between the two groups in major adverse
cardiac events (MACEs), cardiovascular death, nonfatal myocardial infarction (MI), target vessel revascularization
(TVR), all revascularization, stent thrombosis (ST), or MACE-free survival.
Conclusions: No significant differences were observed in cardiovascular death, nonfatal MI, TVR, all revascularization,
ST, or MACE-free survival between the patients undergoing single coronary artery stenting with BP-DESs and
second-generation DP-DESs.

Key Words:

Coronary artery disease · Drug-eluting stent · Major adverse cardiac events · Polymer

INTRODUCTION
Drug-eluting stents (DESs) are widely used in the
treatment of coronary artery disease and have demonstrated significantly better outcomes than traditional
bare-metal stents.1 The use of DESs in patient requiring
stenting has increased in recent decades,2 however, the
follow-up results have varied according to the patients’
underlying conditions, lesion characteristics, and stent
design. Differences among stents including strut thickness, stent design, eluted drugs, and materials used as
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dure and subsequent data collection and analysis. This
study was approved by the Institutional Review Board of
the Chang Gung Medical Foundation.

the drug carrier can influence the lesion outcomes. Differences in the polymers used for DESs have been reported to be a factor affecting the long-term results of
post-percutaneous transluminal coronary angioplasty
(PTCA).3 In first-generation DESs, durable polymers (DPs)
were used as a drug carrier. However, the risks of late
stent thrombosis (ST) were increased. DPs have been associated with long-term inflammation of the peri-stent
tissue leading to late ST or a higher restenosis rate,4-6
and consequently biodegradable polymer DESs (BP-DESs)
were developed to overcome this problem. Secondgeneration DP-DESs with a modified design for the stent
strut and the carrier polymer were developed later, however comparisons between BP-DESs and DP-DESs have
yielded varying results.7-9
Although previous studies have compared the results
of BP-DESs and DP-DESs, long-term studies comparing
BP-DESs and second-generation DP-DESs are limited.10
To understand the long-term differences between the
clinical and angiographic results of second-generation
DP-DESs and BP-DESs, we investigated the 5-year outcomes of these stents in an East Asian population.

Interventional procedure
All patients were pretreated with a loading dose of
aspirin (300 mg) and clopidogrel (300-600 mg) before
catheterization. Heparin was also administered as an initial bolus dose, and the dose was adjusted according to
the activated clotting time, with a target of 250-350 s.
The procedures were performed according to standard
techniques.11 Dual antiplatelet therapy was maintained
for at least 9 months after stenting.
Angiographic analysis
Coronary angiograms were obtained in multiple views
after intracoronary nitrate administration. Quantitative
coronary angiographic analysis was performed by two
experienced interventional cardiologists, and images
were selected with an end-diastolic cine frame of the
most severe stenosis and non-foreshortened projection.
Reference vessel diameter, minimal luminal diameter
(MLD), and percentage of diameter stenosis were measured before and after the intervention.
After index stenting, clinical follow-up was performed
by telephone contact or clinic visit every 3 months for 5
years or until April 2016. All patients received follow-up
angiography 9 months after the index stenting. Restenosis at 9 months was defined as stenosis of at least
50% of the luminal diameter. Myocardial infarction (MI)
was defined as any typical increase above the upper
range limit of biochemical markers of myocardial necrosis, with at least one of the following: ischemic symptoms, development of Q waves on electrocardiography
(ECG), and ECG changes indicative of ischemia. The patients received repeat coronary revascularizations only
when they had recurrent ischemic symptoms and evidence of myocardial ischemia in noninvasive stress tests.
Clinically driven target vessel revascularization (TVR)
was defined as any repeat revascularization at the index
stenting vessel. All revascularization was defined as
whether any revascularization (PCI or coronary artery
bypass graft) was required at the index stenting vessel.
Cardiovascular death was defined as death due to a cardiac cause (e.g., MI, heart failure, or fatal arrhythmia).
ST was identified on the basis of the Academic Research

MATERIAL AND METHODS
Patient population
This study was a retrospective analysis conducted
using data from the Cardiovascular Atherosclerosis and
Percutaneous TrAnsluminal INterventions (CAPTAIN)
registry, which includes consecutive patients who underwent elective or emergent percutaneous coronary
interventions (PCIs) at a single center. Clinical and procedural data of these patients were prospectively entered
into a database. In total, 436 patients with single coronary lesions who received second-generation DP-DESs
with zotarolimus eluting stent (ZES, Resolute IntegrityTM,
Medtronic, Inc.) or everolimus eluting stent (EES, Xience
PrimeTM, Abbott, Inc.), or BP-DESs (NoboriTM, Terumo Inc.
and BioMatrixTM, Biosensors Inc.) between June 2009
and October 2012 were enrolled. All patients received
follow-up angiography when new clinical events developed or at 9 months after index stenting. This study was
conducted in accordance with the provisions of the Declaration of Helsinki and local regulations. All patients
provided informed consent for the index stenting proceActa Cardiol Sin 2020;36:97-104
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were also similar (Table 1). The baseline angiographic
characteristics and quantitative coronary analysis are
listed in Table 2. No differences were observed in the
treated vessel, lesion type, severity, restenotic lesions,
calcification, bifurcation, ostium, and type B2/C lesions.
No significant difference was observed in the stent length
between the two groups (23.4 mm vs. 20.4 mm, p =
0.056). Although the stent diameter of DP-DESs was
smaller than that of BP-DESs (3.12 mm vs. 3.25 mm, p =
0.001), no difference in post-PCI MLD was observed between the two groups (2.97 mm vs. 3.07 mm, p = 0.123).
The prescription rate and coverage duration of dualantiplatelet therapy (DAPT) after stenting were similar
in both groups (99.5% vs. 100%, p = 1.00; 15.3 ± 12.6
months vs. 15.3 ± 13.8 months, p = 1.00). There was no
significant difference in the statin prescription rate between the two groups (85.6% vs. 88.4%, p = 0.705).
We performed follow-up angiography in all patients
9 months after the index stenting. No differences were
observed in acute gain and late loss; however, net gain
in the second-generation DP-DES group was lower than
that in the BP-DES group (2.19 mm vs. 2.41 mm, p =
0.040). Moreover, the restenosis rate between the two
groups was similar (5.4% vs. 8.7%, p = 0.276). The patients received mean clinical follow-up for 44.4 ± 22.4
months, and no significant differences were observed in

Consortium definition of definite ST. We defined major
adverse cardiac events (MACEs) as composite endpoints
of clinically driven TVR, nonfatal MI, cardiovascular
death, and ST during 5 years of clinical follow-up. Overall, 90.8% of our participants received complete followup for more than 2 years, and the mean follow-up period was 44.4 ± 22.4 months.

Statistical analysis
Data were prospectively collected and analyzed using the SPSS statistical software package (version 22.0,
IBM, Armonk, New York, USA) for all statistical analyses.
Continuous variables were expressed as mean ± standard deviation, and categorical variables were presented
as numbers and relative percentages. For continuous
data, the groups were compared using the t-test or Wilcoxon rank-sum test on the basis of the distribution.
Categorical variables were compared using the chisquare test. The patients’ underlying condition and lesion characteristics including age, gender, hypertension,
diabetes mellitus, smoking, dyslipidemia, family history
of coronary artery disease, chronic kidney disease, previous stroke, previous myocardial infarction, left ventricular ejection fraction, acute coronary syndrome,
multi-vessel disease, small vessel size (< 3.0 mm), lesion
length (> 30 mm), polymer type, in-stent restenosis,
chronic total occlusion, calcified lesion, bifurcation lesion, Ostia lesion, and complex lesion (B2/C type) were
selected as risk predictors for subgroup analysis of 5year MACEs after stenting. Multivariate Cox proportional hazard regression analysis with the forward stepwise selection process was used to determine independent predictors. MACE-free survival curves were depicted
using the Kaplan-Meier method, and differences between the two groups were assessed using the log-rank
test. All p values of < 0.05 were considered to be statistically significant.

Table 1. Baseline patient characteristics
DP-DES
(n = 367)
Age, years old
Male, n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Dyslipidemia, n (%)
Smoking, n (%)
Family history of CAD, n (%)
Chronic kidney disease, n (%)
Previous stroke, n (%)
Previous MI, n (%)
LVEF, (%)
ACS for stenting, n (%)
Multi-vessel disease, n (%)

RESULTS
Regarding the baseline clinical characteristics of the
study population, there were no significant differences
in age, sex, or underlying diseases between the two
groups. The indications for coronary stenting and severity of coronary artery disease between the two groups

BP-DES
(n= 69)

61.5 ± 11.7 60.9 ± 10.7
307 (83.7) 56 (81.2)
204 (55.6) 42 (60.9)
107 (29.2) 21 (30.4)
164 (44.7) 23 (33.8)
144 (39.2) 28 (40.6)
07 (1.9)
0 (0.0)
22 (6.0)
07 (10.1)
21 (5.7)
4 (5.8)
28 (7.6)
08 (11.6)
59.9 ± 12.4 59.4 ± 11.6
174 (47.4) 32 (46.4)
210 (57.2) 41 (59.4)

p value
0.695
0.600
0.431
0.886
0.110
0.893
0.603
0.195
1.000
0.337
0.769
0.896
0.791

ACS, acute coronary syndrome; BP-DES, biodegradable
polymer drug-eluting stent; CAD, coronary artery disease; DPDES, second-generation durable polymer drug-eluting stent;
LVEF, left ventricular ejection fraction; MI, myocardial infarction.
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cardiovascular death, nonfatal MI, TVR, all revascularization, or ST (Table 3). In Kaplan-Meier analysis, there
was no significant difference in MACE-free survival rate

between the two groups (log-rank test, p = 0.631) (Figure 1). Furthermore, we found that in-stent restenosis
(ISR) lesions [hazard ratio (HR) = 2.72, 95% confidence
interval (CI) = 1.34-5.55], chronic total occlusion (CTO)
lesions (HR = 2.75, 95% CI = 1.29-5.82), patients with
chronic kidney disease (CKD) (HR = 2.08, 95% CI = 1.014.27), and multivessel disease (HR = 4.05, 95% CI =
2.05-8.02) were predictors of 5-year MACEs (Table 4).

Table 2. Baseline angiographic characteristics and quantitative
coronary analysis

Treated vessel, n (%)
LM
LAD
LCx
RCA
In-stent restenosis lesion, n (%)
Chronic total occlusion, n (%)
Calcified lesion, n (%)
Bifurcation, n (%)
Ostial lesion, n (%)
B2/C lesion, n (%)
Stent diameter, mm
Stent length, mm
Diameter stenosis, %
Pre-PCI
Post-PCI
MLD, mm
Pre-PCI
Post-PCI
Acute gain, mm
DAPT, n (%)
DAPT duration, months
Statin, n (%)

DP-DES
(n = 367)

BP-DES
(n = 69)

p value

21 (5.7)
134 (37.1)
148 (40.3)
062 (16.9)
20 (5.4)
24 (6.5)
051 (13.9)
32 (8.7)
037 (10.1)
306 (83.4)
3.12 ± 0.50
23.4 ± 7.3

3 (4.3)
32 (46.4)
24 (34.8)
10 (14.5)
4 (5.8)
4 (5.8)
07 (10.1)
5 (7.2)
07 (10.1)
52 (75.4)
3.25 ± 0.50
20.4 ± 5.5

1.000
0.177
0.423
0.725
0.781
1.000
0.561
0.817
1.000
0.124
0.001*
0.056

DISCUSSION
This study was designed to elucidate the angiogra-

87.3 ± 12.3 88.1 ± 11.2 0.610
6.8 ± 5.1 6.3 ± 4.2 0.419
0.41 ± 0.41
2.97 ± 0.46
2.56 ± 0.55
365 (99.5)
15.3 ± 12.6
314 (85.6)

0.39 ± 0.38
3.07 ± 0.48
2.68 ± 0.53
69 (100)
15.3 ± 13.8
61 (88.4)

0.796
0.123
0.126
1.000
1.000
0.705

BP-DES, biodegradable polymer drug-eluting stent; DAPT, dual
antiplatelet therapy; DP-DES, second-generation durable
polymer drug-eluting stent; LAD, left anterior descending
artery; LCX, left circumflex artery; LM, left main artery; MLD,
minimal lumen diameter; PCI, percutaneous coronary
intervention; RCA, right coronary artery.

Figure 1. MACE-free survival between the two stent groups during
5-year follow-up. BP-DES, biodegradable polymer drug-eluting stent;
DP-DES, second-generation durable polymer drug-eluting stent; MACE,
major adverse cardiac events.

Table 3. Outcomes of 9-month angiography and 5-year clinical follow-up

Diameter stenosis (9 m), %
MLD (9 m), mm
Late loss (9 m), mm
Net gain (9 m), mm
Restenosis (9 m), n (%)
Cardiovascular death (5 yrs), n (%)
Non-fatal MI (5 yrs), n (%)
TVR (5 yrs), n (%)
All revascularization (5 yrs), n (%)
Stent thrombosis (5 yrs), n (%)
MACEs (5 yrs), n (%)

DP-DES (n = 367)

BP-DES (n = 69)

p value

18.9 ± 20.0
2.61 ± 0.76
0.38 ± 0.62
2.19 ± 0.80
20 (5.4)
04 (1.1)
03 (0.8)
13 (3.5)
052 (14.2)
00 (0.0)
055 (15.0)

14.8 ± 19.9
2.79 ± 0.77
0.26 ± 0.59
2.41 ± 0.84
6 (8.7)
1 (1.4)
1 (1.4)
2 (2.9)
07 (10.1)
0 (0.0)
08 (11.6)

0.120
0.058
0.147
*0.040*
0.276
0.579
0.499
1.000
0.446
0.577

BP-DES, biodegradable polymer drug-eluting stent; DP-DES, second-generation durable polymer drug-eluting stent; MACEs, major
adverse cardiac events; MI, myocardial infarction; MLD, minimal lumen diameter; TVR, target vessel revascularization.
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Table 4. Predictors of MACEs after 5-year follow-up
Univariate analysis

Multivariate analysis

Variables
Age, > 65 yrs
Male
Hypertension
Diabetes mellitus
Smoking
Dyslipidemia
Family history of CAD
Chronic kidney disease
Previous stroke
Previous MI
LVEF < 40
ACS for stenting
Multi-vessel disease
Vessel size < 3.0 mm
Lesion length > 30 mm
BP-DES vs. DP-DES
In-stent restenosis lesion
CTO lesion
Calcified lesion
Bifurcation lesion
Ostial lesion
B2/C type lesion

HR

95% CI

p-value

0.90
1.96
1.46
1.42
0.75
1.23
2.56
2.70
0.58
0.72
1.25
0.70
4.18
1.48
1.22
0.84
3.23
2.49
1.29
0.73
1.32
1.34

0.54-1.50
0.85-4.55
0.87-2.45
0.85-2.37
0.45-1.27
0.75-2.01
0.63-10.5
1.33-5.47
0.14-2.39
0.26-1.98
0.57-2.75
0.42-1.16
2.12-8.21
0.90-2.44
0.52-2.82
0.40-1.75
1.60-6.54
1.18-5.23
0.66-2.54
0.27-2.01
0.63-2.76
0.66-2.71

0.688
0.117
0.115
0.181
0.285
0.419
0.192
0.006
0.453
0.525
0.574
0.164
< 0.001 <
0.118
0.649
0.634
0.001
0.016
0.460
0.541
0.467
0.416

HR

95% CI

p-value

2.08

1.01-4.27

0.046

4.05

2.05-8.02

< 0.001 <

2.72
2.75

1.34-5.55
1.29-5.82

0.006
0.009

ACS, acute coronary syndrome; BP-DES, biodegradable polymer drug-eluting stent; CAD, coronary artery disease; CI, confidence
interval; CTO, chorionic total occlusion; DP-DES, second-generation durable polymer drug-eluting stent; HR, hazard ratio; LVEF, left
ventricular ejection fraction; MI, myocardial infarction.

phic and clinical differences between second-generation
DP-DESs and BP-DESs in an East Asian population. During
the 5 years of follow-up period, no significant differences
were observed in cardiovascular death, nonfatal MI,
TVR, all revascularization, ST, or MACE-free survival rates
between the two groups.
In first-generation DESs, DPs were used as the drug
carrier. The intrastent restenosis rate was significantly
decreased with first-generation DESs compared with
bare metal stents (BMSs), however evaluation of very
late ST became a challenge. DP coatings have been reported to cause hypersensitivity vasculitis at the site of
stent implantation, thereby altering the healing process.4 Furthermore, human autopsy studies have suggested that the DPs of first-generation DESs triggered
chronic vessel inflammation, delayed hypersensitivity
reactions, and caused chronic fibrin deposition, resulting in an increased risk of impaired endothelialization
and very late ST.5,6 Concerns over the safety of DPs are

therefore based on long-term in vivo results.
The absence of DPs from the DES platform seems to
mitigate late restenosis and thrombosis, and a BP coating on DESs is regarded to be a promising step forward
in polymer technology.12,13 A BP-DES is designed to provide antiproliferative benefits before functionally transforming into a BMS once drug delivery and polymer
biodegradation are complete.14 Thus, BP-DESs can provide a non-thrombogenic coating for exposed stent surfaces and reduce the risk of adverse cardiac events related to ST after the first year of stenting, whereas DPs
may be related to ST. 15-17 In the Limus Eluted from A
Durable versus ERodable Stent Coating (LEADERS) trial,
biolimus-eluting stents with BPs successfully showed
significantly lower 5-year definite very late ST rates than
Cypher stents (relative risk = 0.31; 95% CI = 0.14-0.69; p
= 0.002).18 In a pooled analysis of three randomized trials, Stefanini et al. reported a significant reduction in
target lesion revascularization, MI, and very late ST with
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BP-DESs compared with sirolimus-eluting stents. 19 A
meta-analysis also demonstrated a lower rate of very
late ST and an equivalent risk of MACEs with BP-DESs
compared with sirolimus-based DP-DESs.20
Unlike the previous trials comparing the results of
BP-DESs and first-generation DP-DESs, we enrolled patients with biolimus-eluting BP-DESs and second-generation DP-DESs in this study. Second-generation DESs
were developed with a thinner strut and were coated
with a thinner durable and biocompatible fluorocopolymer as a drug carrier.21,22 These second-generation fluorinated DP-based EESs and ZESs have been associated
with a favorable safety profiles and lower rates of early,
late, and very late ST compared with first-generation
DESs and BMSs.23,24 Although BP-DESs are superior in
many aspects to the first-generation DP-DESs, the results of studies comparing BP-DESs with newer DP-DESs
have varied. Palmerini et al. demonstrated a higher rate
of 1-year definite ST but similar rates of cardiac death,
MI, and TVR with BP-DESs compared with EESs.9 Furthermore, Banagalore et al. reported a higher 1-year
mortality rate with BP-DESs than with EESs.7 BPs have
also been reported to require active bioresorption, which
has been associated with a higher rate of inflammation
during the absorption process.25,26 However, very late ST
and neoatherosclerosis with associated adverse clinical
outcomes have also been observed with second-generation DP-DESs. 27 Optical coherence tomography (OCT)
has recently been used to evaluate angiographic results.
Although Tada et al. showed that the use of BP-DESs
substantially decreased the risk of uncovered struts
(6.8% vs. 17.5%) compared with DP-DESs, 28 results of
the ISAR-TEST 6 OCT study29 demonstrated similar stent
coverage and apposition with BP-DESs and everolimusbased DP-DESs, as assessed through OCT at 6-8 months.
During the follow-up period in the present study, the
risk of ST or TVR was equally low between the two
groups, which is comparable to the findings of other
such studies.
Although the 9-month net gain was significantly
higher in the BP-DES group in this study, no significant
differences were observed in angiographic 9-month
restenosis rates or clinical events up to 5 years between
the two groups. This result is comparable to the finding
of a meta-analysis of seven randomized clinical trials,
which demonstrated equivalent safety and efficacy at 1
Acta Cardiol Sin 2020;36:97-104

year with BP-DESs (Nobori) and DP-DESs.30 Other metaanalyses focusing on BP-DESs and second-generation
DP-DESs have also concluded that these DESs have
similar safety and efficacy profiles.10,31 In addition, a recent report of 5-year MACEs with BP-DESs and DP-DESs
in the COMPARE II Trial (Abluminal Biodegradable Polymer Biolimus-Eluting Stent Versus Durable Polymer
Everolimus-Eluting Stent) described similar MACE rates
and results to our study.32 Moreover, the subgroup analysis in the present study showed that patients with
CKD (HR = 2.08, 95% CI = 1.01-4.27), multivessel disease
(HR = 4.05, 95% CI = 2.05-8.02), and lesion characteristics such as ISR lesions (HR = 2.72, 95% CI = 1.34-5.55)
and CTO lesions (HR = 2.75, 95% CI = 1.29-5.82) were
better predictors of post-PTCA events than polymer
type. In the era of new-generation stents, due to the
newer design of the stent and polymer, the difference
between polymers may be a minor factor in predicting
events. Compared to other factors, stent type was a less
significant predictor of MACEs (HR = 0.84, 95% CI =
0.40-1.75) in this study. These results support our conclusion of similar outcomes between current BP-DESs
and second-generation DP-DESs.

Limitations
This single-center observational study has several
limitations. First, we used a nonrandomized real-world
registry. The BP-DESs in this study included Nobori and
BioMatrix, which contain stainless steel struts; however
the DP-DESs in our study used cobalt chromium struts. It
may be difficult to control for all stent designs and materials in the real-world, and this may have led to bias in
the results. Second, we measured angiographic diameter for the vessels and lesions size instead of using
intravascular imaging such as intravascular ultrasound
(IVUS) or OCT, which may provide better lesion and diameter evaluation. Third, the BP-DES group had fewer
participants than the second-generation DP-DES group
in this study, which may have resulted in a nonsignificant difference in the outcome analysis. Finally, comprehensive medical records including medications of the
patients were not obtained. Periprocedural conditions
such as systemic inflammation status could also have influenced the results. 33,34 In addition, compliance and
controlled status of underlying diseases were unclear,
which may have affected the study outcomes.
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non-inferiority trial. Lancet 2011;378:1940-8.
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of biodegradable polymer and permanent polymer based sirolimus eluting stents in a porcine model of coronary stent implantation. Thromb Haemost 2012;107:1161-71.
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CONCLUSIONS
In this single-center clinical-based long-term follow-up study, we demonstrated similar safety and efficacy profiles for BP-DESs and second-generation DPDESs regarding cardiovascular death, nonfatal MI, TVR,
all revascularization, ST, and MACE-free survival rates.
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