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Background: The safety and efficacy of a China-made polymer-free paclitaxel-eluting microporous stent (Yinyi) at

1-year has been previously reported. However, limited evidence exists regarding the long-term performance of this

novel drug-eluting stent (DES). This study investigated the 3-year efficacy and safety of the Yinyi stent in the setting

of safety and efficacy registry of the Yinyi stent (SERY-I) clinical trial.

Methods: Between June 2008 and August 2009, a total of 1045 patients undergoing percutaneous coronary

intervention (PCI) were implanted with � 1 Yinyi stents at 27 medical centers in mainland China. Thereafter, clinical

follow-up was performed for a period of 3 years after enrollment. The primary endpoint was the cumulative rate of

composite major adverse cardiac events (MACE) including target lesion revascularization (TLR), the combined

incidence of cardiac death, and non-fatal myocardial infarction; the second endpoint was the incidence of stent

thrombosis.

Results: Overall, 1376 lesions were treated successfully with 1713 Yinyi stents, and 1019 (98.7%) patients received

dual antiplatelet therapy for at least 12 months. At 3 years, a total of 13 (1.33%) patients had suffered cardiac

death. The incidence of non-fatal myocardial infarction and TLR was 9 (0.92%) and 58 (5.92%) among the patients.

Stent thrombosis occurred in 13 (1.33%) patients, and the rate of Academic Research Consortium (ARC) definite or

probable stent thrombosis was 0.82%.

Conclusions: Given the limitations that SERY-I was a single arm, nonrandomized study and only telephone follow-

up was performed without angiographic analysis, the safety and efficacy of Yinyi stent observed in this extended

follow-up Registry needs further verification.
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INTRODUCTION

Percutaneous coronary intervention (PCI) with drug-

eluting stent (DES) has demonstrated superior perfor-

mance to bare metal stent (BMS) in terms of antire-

stenotic efficacy and reduced need for revasculariza-

tion.
1

However, late stent thrombosis (LST) has emerged

as a major cause of death and morbidity associated with

use of DES, which is related to the pathophysiological

spectrum of delayed arterial healing.
2-4

Current DESs are now primarily constructed by coat-
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ing a standard coronary stent with a thin polymer film

for drug storage and control of release kinetics.
5

But

growing evidence has indicated that the “permanent-

polymer” used in current DES could trigger chronic in-

flammatory reactions, leading to delayed arterial heal-

ing and increased risks of LST.
6-8

Concerns have been raised about the need to de-

velop novel polymer-free DESs with a microporous sur-

face as an alternative to stents with polymer coating for

local drug delivery.
9,10

A series of Intracoronary Stenting

and Angiographic Restenosis (ISAR) studies have demon-

strated a novel polymer-free microporous DES is associ-

ated with high anti-restenotic efficacy, without reliance

on any carrier polymer.
11-16

The safety and efficacy registry of the Yinyi stent

(SERY-I) clinical trial studied the safety and efficacy of a

China-made polymer-free paclitaxel-eluting microporous

stent (Yinyi, Dalian, China) in 1045 randomized patients

undergoing elective PCI in native vessels. The primary

analyses have been previously reported and demon-

strated that the Yinyi stent manifests efficacy and safety

at 1 year.
17

However, it remains unknown whether the

efficacy of the Yinyi stent will be maintained over the

medium and long-term. The objective of this study was

to directly investigate the 3-year safety and efficacy out-

comes in patients treated with Yinyi stent in the SERY-I

clinical trial.

MATERIALS AND METHODS

Device description and study design

The Yinyi DES platform consists of a 316L stainless

steel microporous stent, which is coated on-site with

paclitaxel. A detailed description of the coating process

has been previously reported, including the paclitaxel

elution characteristics and the drug release profile of

this novel DES, in associated with the details of the

SERY-I study design, methods and patient population.
17

Briefly, the SERY-I clinical trial was a prospective, multi-

center study for the evaluation of the novel polymer-

free Yinyi DES for the prevention of adverse clinical

events and in-stent restenosis. Patients who were at

least 18 years old, and set to undergo PCI for de novo le-

sions with � 70% stenosis located in a native coronary

artery with a reference-vessel diameter between 2.5

and 4.0 mm were considered eligible for this study. Pa-

tients excluded from this study were those with myocar-

dial infarction within 7 days prior to enrollment, a target

lesion located in the left main stem or bypass graft, ma-

lignancies or other comorbid conditions with life expec-

tancy � 12 months, left ventricular ejection fraction

(LVEF) � 35%, glomerular filtration rate (GFR) � 30 ml/

min, and known allergy to aspirin, heparin, paclitaxel, or

stainless steel (Figure 1). The study protocol was ap-

proved by the institutional ethics committee responsi-

ble for all participating centers, and all patients gave their

written, informed consent for participation in this trial.

Coronary procedures and medication

A 600 mg loading dose of clopidogrel and 200 mg

dose of aspirin were given at least 2 h before stent

placement. Post-interventional therapy included aspirin

100 mg per day indefinitely, clopidogrel 150 mg per day

until hospital discharge but no longer than 3 days, fol-

lowed by daily administration of 75 mg for at least 12

months as indicated. Other cardiac medications were

prescribed as appropriate.

Definitions and endpoints of the study

The primary endpoint for the present analysis was a

composite endpoint of major adverse cardiac events

(MACE) consisting of target lesion revascularization

(TLR), the combined incidence of cardiac death and

non-fatal myocardial infarction during a 3-year follow-

up. Secondary endpoints were the incidence of stent

thrombosis.
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Figure 1. Study flow chart.



TLR was defined as either repeat percutaneous or

surgical revascularization involving the target lesion ow-

ing to luminal re-narrowing in the presence of symp-

toms, or objective signs of ischaemia. The diagnosis of

myocardial infarction was based on typical chest pain

combined with either new pathological Q waves or car-

diac troponin I (cTnI) level rising more than 3x the upper

limit of normal. Stent thrombosis was classified accord-

ing to criteria of the Academic Research Consortium

(ARC).
18

Adverse events were monitored throughout the

follow-up period by a clinical visit at 2 and 3 years after

the intervention.

Statistical analysis

Continuous variables are expressed as mean � stan-

dard deviation (SD), and categorical variables are de-

scribed with numbers and percentages. An unadjusted

cumulative rate of composite MACE was evaluated using

the Kaplan-Meier method. The SPSS software package

(version 13.0 for Windows; SPSS Inc., Chicago, IL, USA)

was used for statistical analysis.

RESULTS

Baseline characteristics and procedural results

A total of 1045 patients were enrolled in this study.

Follow-up data were available for 1032 patients at 1

year, and 979 patients at 2 and 3 years, representing

98.8%, 97.9%, and 97.9% of survivors, respectively. The

baseline clinical features were shown in Table 1. The

procedural characteristics have been shown previously.
17

In all, 1376 lesions were treated with 1713 stents, and

1019 (98.7%) patients received dual antiplatelet therapy

in the following 12 months. Implantation of the assigned

stent was successful in all patients.

Clinical outcomes

Follow-up data were available for 1045 patients at

30 days, 1035 patients at 6 months, 1032 patients at 1

year, 979 patients at 2 years, and for 979 patients at 3

years, respectively. At 30 days, 2 patients (0.19%) died

of sudden cardiac death and another 2 (0.19%) devel-

oped non-fatal myocardial infarction. At 6 months, 1 pa-

tient died of end stage renal dysfunction, MACE oc-

curred in 36 patients (3.48%), including cardiac death in

6 (0.58%), non-fatal myocardial infarction in 5 (0.48%),

and TLR in 25 (2.42%). By 1 year, apart from 1 patient

who died of end stage renal dysfunction at 6 months fol-

low-up, another patient died in a traffic accident which

counted as a non-cardiac death. During 12 months of

follow-up, 8 patients (0.78%) had cardiac death, 6

(0.58%) suffered non-fatal myocardial infarction, and 46

(4.46%) had TLR. By the 2-year interval, 46 patients had

aborted the SERY-I trial. During the 24 months of fol-

low-up, 12 patients (1.23%) had cardiac death, 6 (0.61%)

suffered non-fatal myocardial infarction, and 53 (5.41%)

had TLR. During 36 months of follow-up, 13 patients

(1.33%) had cardiac death, 9 (0.92%) suffered non-fatal

myocardial infarction, and 58 (5.92%) had TLR. The 30-

day, 6-month, 1-year, 2-year and 3-year rates of adverse

clinical events are presented in Table 2. Overall, the

3-year MACE-free survival rate was 91.83% (Figure 2).

During 12-months of follow-up, 10 patients (0.97%)

had thrombotic events, including 2 (0.19%) with sub-

acute and 8 (0.78%) with late stent thrombosis. The oc-

currence of ARC definite or probable stent thrombosis

was 0.58%. During 24 months of follow-up, 12 patients
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Table 1. Baseline characteristics of the analyzable registry

sample (N = 1045)

Age, years 63.6 � 10.7

Men, n (%) 774 (74.1)

History of

Myocardial infarction 225 (21.5)

Percutaneous coronary intervention 79 (7.6)

Coronary artery bypass graft surgery 05 (0.5)

Diabetes 237 (22.7)

Non-insulin-dependent 204 (19.5)

Insulin-dependent 33 (3.2)

Hypertension 629 (60.2)

Hyperlipidemia 376 (36.0)

Smoker 444 (42.5)

No. of diseased vessels

1 1013 (73.6)0

2 290 (21.1)

3 73 (5.3)

Indications for index procedure

Angina

Stable 199 (19.0)

Unstable 816 (78.1)

Silent myocardial ischemia 30 (2.9)

Left ventricular ejection fraction 59.7 � 9.8

Values are expressed as mean � standard deviation (SD) or n (%).



(1.23%) had thrombotic events including 2 (0.20%) with

subacute, 8 (0.82%) with late stent thrombosis and 2

(0.20%) with very late stent thrombosis. The occurrence

of ARC definite or probable stent thrombosis was 0.71%.

During 36 months of follow-up, 13 patients (1.33%) had

thrombotic events including 2 (0.20%) with subacute, 8

(0.82%) with late stent thrombosis and 3 (0.31%) with

very late stent thrombosis. The occurrence of ARC defi-

nite or probable stent thrombosis was 0.82%. The 30-

day, 6-month, 1-year, 2-year and 3-year rates of stent

thrombosis were presented in Table 3.

DISCUSSION

The SERY-I trial was designed to assess the extent of

side effects of a China-made, polymer-free, paclitaxel-

eluting microporous Yinyi stent in patients with coro-

nary artery disease. The present analysis represents the

report of extended follow-up with Yinyi stent. The 3-

year follow-up results showed the cumulative rates of

major adverse cardiovascular events were 8.17%, and

the rate of stent thrombosis was 1.33% of all partici-

pated patients, indicating this novel DES was safe and

effective in real-world clinical practice.
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Figure 2. Kaplan-Meier estimates of MACE-free survival at 3-year fol-

low-up in studied populations. MACE, major adverse cardiac events.

Table 3. Cumulative occurrence of ARC definite, probable and possible stent thrombosis at 30-day, 6-month, 1-year, 2-year and 3-

year follow-up

30 days (n = 1045) 6-month (n = 1035) 1-year (n = 1032) 2-year (n = 979) 3-year (n = 979)

ARC definite 0 (0.00) 5 (0.48) 5 (0.48) 5 (0.51) 5 (0.51)

ARC probable 1 (0.10) 1 (0.10) 1 (0.10) 2 (0.20) 3 (0.31)

Stent thrombosis

ARC possible 1 (0.10) 1 (0.10) 4 (0.39) 5 (0.51) 5 (0.51)

Values are numbers (%) of patients. ARC, Academic Research Consortium.

Table 2. Rates of MACE at 30 days, 6 months, 1-year, 2-year

and 3-year follow-up

Cumulative 30-day rates (n = 1045)

Death 2 (0.19)

Cardiac 2 (0.19)

Noncardiac 0

Nonfatal myocardial infarct 2 (0.19)

Target lesion revascularization 0

All MACE 4 (0.38)

Cumulative 6-month rates (n = 1035)

Death 7 (0.68)

Cardiac 6 (0.58)

Noncardiac 1 (0.10)

Nonfatal myocardial infarct 5 (0.48)

Target lesion revascularization 25 (2.42)

All MACE 36 (3.48)

Cumulative 1-year rates (n = 1032)

Death 10 (0.97)

Cardiac 8 (0.78)

Noncardiac 2 (0.19)

Nonfatal myocardial infarct 6 (0.58)

Target lesion revascularization 46 (4.46)

All MACE 60 (5.81)

Cumulative 2-year rates (n = 979)

Death 14 (1.43)

Cardiac 12 (1.23)

Noncardiac 2 (0.20)

Nonfatal myocardial infarct 6 (0.61)

Target lesion revascularization 53 (5.41)

All MACE 71 (7.25)

Cumulative 3-year rates (n = 979)

Death 15 (1.53)

Cardiac 13 (1.33)

Noncardiac 2 (0.20)

Nonfatal myocardial infarct 9 (0.92)

Target lesion revascularization 58 (5.92)0

All MACE 80 (8.17)0

Values are numbers (%) of patients.

MACE, major adverse cardiac events.



There is ongoing debate about the potential risk of

LST regarding long-term outcomes with current DESs.
19,20

Apart from prolonged healing and endothelialization

due to the antiproliferative drug of choice,
6

there is sig-

nificant evidence that an inflammatory response to the

residue from permanent polymers contributes toward

LST following DES implantation.
6,21,22

Thus, a novel de-

signed polymer-free microporous DES may prevent per-

sistent inflammatory response with vessel wall and re-

duce the occurence of LST.
10

The series ISAR-TEST clini-

cal trial first studied the long-term efficacy and safety of

a polymer-free DES (YUKON) when compared with a

permanent polymer paclitaxel-eluting stent in 450 ran-

domized patients undergoing PCI. The 5-year follow-up

of the ISAR-TEST study finally demonstrated equivalent

long-term efficacy and safety between this novel poly-

mer-free DES and a permanent-polymer DES.
11-16

Mean-

while, another polymer-free amphilimus-eluting stent

(Cre8) was shown to have significantly lower in-stent

late lumen loss (LLL) at 6 months than permanent-poly-

mer paclitaxel-eluting stents (Taxus) in de novo lesions

clinically, using intravascular ultrasound analysis in 20%

of the patients. Other clinical endpoints including car-

diac death, myocardial infarction, target lesion revas-

cularization, and stent thrombosis did not differ signifi-

cantly between the groups in this study.
23

However, the

5 years of clinical follow-up deserves additional atten-

tion. Other clinical studies of polymer-free DES were

also reported elsewhere.
24-26

In the present study, we

evaluated the technical feasibility of a polymer-free,

paclitaxel-eluting stent with microporous surface and

assessed the relative efficacy of this novel stent for the

prevention of adverse clinical events in a multicenter

clinical trial. The results showed that after 3 years of

stent implantation, the incidence of adverse clinical

events of this novel stent were not demonstrably infe-

rior compared with current standard DES use previously

reported.

There were several limitations in this study. First,

only a few participating patients underwent follow-up

angiography. which can provide useful information re-

garding lumen renarrowing and stent thrombosis. Al-

though clinical follow-up was performed by specialized

personnel of the Clinical Data Management Center, tele-

phone follow-up might not be sufficiently sensitive to

capture adverse clinical events. Currently, the Yinyi DES

stent platform is undergoing further clinical testing, and

results from the SERY-II clinical trial with a focus on LLL,

as analyzed by angiography are expected. In addition,

the present study was limited by the fact that it is a sin-

gle arm, nonrandomized study. A head-to-head com-

parison with other DES are preferred to more reliably

confirm the efficacy and safety of this novel DES.

CONCLUSIONS

In conclusion, an extended follow-up multicenter

clinical trial supports the elevated safety and efficacy

levels noted by the use of the polymer-free paclitaxel-

eluting microporous Yinyi stent.
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