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Abstract
Aims: Long-term clinical outcome data for second-generation drug-eluting stents (DES) are critical for the 
assessment of safety and efficacy. Five-year results from the RESOLUTE China Registry are presented in 
this report.

Methods and results: The RESOLUTE China Registry is a prospective, multicentre, observational 
study for all-comers requiring coronary stent implantation. The primary endpoint was target lesion failure 
(TLF) at one year, and the main secondary endpoint was definite or probable stent thrombosis at one year. 
Additional secondary endpoints assessed up to 5 years include rates of all deaths, target vessel myocardial 
infarction (TVMI) and target lesion revascularisation (TLR). A total of 1,800 patients were enrolled from 
December 2010 to March 2012 at 30 sites in China and implanted with Resolute DES. At 5 years, TLF was 
9.8%, TVMI 3.2%, TLR 4.6% and very late stent thrombosis 0.5%. Results of pre-specified subgroup ana-
lyses show 5-year TLF rates of 14.3% for diabetics and 13.4% for patients with chronic total occlusions.

Conclusions: The RESOLUTE China Registry is the largest study of Asian patients treated with second-
generation Resolute DES. Clinical outcomes illustrate a robust safety and efficacy profile of Resolute DES 
in a real-word Asian population, including favourable performance in complex patient subsets.
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Abbreviations
DES drug-eluting stent(s)
PCI percutaneous coronary intervention
TLF target lesion failure
TLR target lesion revascularisation
TVMI target vessel myocardial infarction

Introduction
The first drug-eluting stents (DES) were introduced in 2003 as 
an alternative to bare metal stents (BMS) and have demonstrated 
reduced risk of restenosis in percutaneous coronary interven-
tions (PCI) compared to BMS, balloon angioplasty and vascular 
brachytherapy1,2. Design iterations have produced “second-genera-
tion” DES to improve deliverability and biocompatibility and thus 
lessen the inflammatory response after intervention. Several stud-
ies have reported an improved safety profile with second-generation 
DES compared to first-generation DES and BMS3,4. The second-
generation Resolute™ and Resolute Integrity™ DES (Medtronic, 
Minneapolis, MN, USA) have been studied in multiple prospective 
clinical studies with over 7,600 patients enrolled worldwide in the 
RESOLUTE Global Clinical Program. Long-term follow-up data 
on DES patients are important to illustrate the continued safety and 
efficacy of the intervention. Five-year clinical outcomes have been 
published from several studies in the RESOLUTE Global Clinical 
Program5,6, but more long-term outcome data are needed specifically 
for the Asian population. The current report presents 5-year clinical 
outcomes for the RESOLUTE China Registry (R-China Registry).

Methods
STUDY DESIGN
The study design of the R-China Registry has been reported pre-
viously7,8. Briefly, the R-China Registry is a prospective, multi-
centre, observational study in an all-comers Chinese population. 
Patients were 18 years or older and acceptable candidates for PCI, 
with minimal exclusion criteria. After implantation with Resolute 
DES, patients were followed at 30 days, 6 months, and annually 
to 5 years by office visit or phone call. At each follow-up, data on 
adverse events and dual antiplatelet therapy (DAPT) usage were 
collected. The trial complies with the Declaration of Helsinki, local 
ethics committees approved the clinical protocol at each enrolling 
centre, and informed consent was obtained from all patients.

Study oversight was provided by the steering committee com-
prised of physician investigators and sponsor representatives. Safety 
oversight was provided by an independent data safety monitoring 
board. Outcomes were adjudicated by a clinical events committee 
of cardiologists not participating in the clinical study. Monitoring 
by R&G Pharma Studies (Shanghai, China) was conducted at all 
study centres to verify source data from at least half of all enrolled 
patients, and the source was verified for all serious adverse events.

STATISTICAL ANALYSIS
The primary endpoint was one-year target lesion failure (TLF), 
defined as a composite of cardiac death, target vessel myocardial 

infarction (MI; Q-wave and non-Q-wave) or clinically driven tar-
get lesion revascularisation (TLR). The main secondary endpoint 
was overall stent thrombosis at one year, defined as definite or 
probable stent thrombosis, according to the Academic Research 
Consortium (ARC) definition. The following secondary endpoints 
were assessed annually up to 5 years: TLF, all deaths, stent throm-
bosis rates, MI, TLR, clinically driven target vessel revascularisa-
tion (TVR), significant bleeding complication, and target vessel 
failure (TVF). TVF is a composite endpoint of cardiac death, tar-
get vessel MI (TVMI), or TVR. Significant bleeding complication 
is defined as bleeding that led to an interruption of antiplatelet 
medication, required transfusion, resulted in substantial haemody-
namic compromise requiring treatment, or intracerebral bleeding. 
Deaths were considered cardiac unless an unequivocal non-cardiac 
cause could be established. All MI, including TVMI, were adjudi-
cated according to the extended historical definition9.

Clinical outcomes at 5 years were assessed for the follow-
ing pre-specified subgroups: treatment of long lesions (≥18 mm 
length), small vessels (≤2.75 mm diameter), multiple vessels, 
chronic total occlusions (CTO), overlapping stents and bifur-
cations, as well as treatment in patients with acute myocardial 
infarction (AMI) within 72 hours or a history of diabetes mellitus. 
Clinical outcomes at 5 years in complex patients were also ana-
lysed, where complex patients were defined as having a bifurca-
tion, bypass grafts, in-stent restenosis, AMI within 72 hours, left 
ventricular ejection fraction <30%, unprotected left main coronary 
artery, more than two vessels stented, renal insufficiency or failure 
(creatinine >140 µmol/L), lesion length >27 mm, more than one 
lesion per vessel, lesion with thrombus or total occlusion (pre-pro-
cedure Thrombolysis In Myocardial Infarction [TIMI]=0).

All analyses were conducted based on the intention to treat; no 
data imputation for missing values was performed. Nominal vari-
ables are presented as percentages and continuous variables as 
mean±standard deviation. The counts and percentages of clinical 
events are presented in table format and the incidence of clinical 
events is presented using the Kaplan-Meier method in figure for-
mat. Statistical analyses were performed using SAS software, ver-
sion 9.1 or later (SAS Institute, Cary, NC, USA).

Results
From December 2010 to March 2012, 1,800 patients were enrolled in 
the R-China Registry at 30 clinical study centres in China. Baseline 
and procedural characteristics have been reported previously and 
are shown in Table 1 and Table 2 7,8. Percentages of patients with 
various comorbidities or lesion/procedural complexity are included 
in Table 3. There were 61% complex patients, 29% of patients with 
a history of diabetes, 68% with long lesions and 43% with small 
vessels. DAPT usage for the R-China Registry was 39%, 36% and 
35% at 3, 4, and 5 years post procedure, respectively (Figure 1). The 
rate of reported significant bleeding events at 5 years was 2.2%. The 
follow-up visit compliance rate for 5-year follow-up was 88.1%.

Clinical outcomes and rates of stent thrombosis at 5 years are 
shown in Table 4. At 5 years, TLF was 9.8%, cardiac death 3.5%, 
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TVMI 3.2% and TLR 4.6%. The rate of very late stent throm-
bosis at 5 years was 0.5%. The cumulative incidence of events 
using Kaplan-Meier analysis is shown for TLF, TLR and stent 
thrombosis for 0 to 5 years in Figure 2. Rates of TLF, cardiac 
death/TVMI, TLR and stent thrombosis at 5 years were analysed 
for pre-specified subgroups (Figure 3). The rates of TLF across 

multiple all-comer clinical studies in the RESOLUTE Global 
Clinical Program are compared from 0 to 5 years (Figure 4).

Discussion
Results at 5 years in the R-China Registry include low rates 
of TLF and other secondary endpoints in a trial where 61% of 
patients were complex, illustrating the robust safety and efficacy 
profile of Resolute DES in this all-comers Chinese population.

Other DES trials to report 5-year clinical outcomes include 
COMPARE II10, SPIRIT III11 and TWENTE12. The rates of 
5-year TLF were 13.4% (biolimus-eluting stents [BES]) vs 11.5% 
(everolimus-eluting stents [EES]) for COMPARE II, 12.7% (EES) 
vs 19.0% (paclitaxel-eluting stents [PES]) for SPIRIT III and 
15.0% (Resolute DES) vs 16.2% (EES) for TWENTE10-12. These 
5-year TLF rates are all higher than the TLF rate in the R-China 
Registry (9.8%), driven by a low TLR rate of 4.6%. As the 
R-China Registry was an all-comers registry, patient selection bias 

Table 1. Baseline demographics and clinical characteristics.

Patient characteristic N=1,800
Age, years 61.3±10.9

Male 75.6% (1,361/1,800)

Current smoker 35.9% (646/1,800)

Diabetes mellitus 29.4% (530/1,800)

Hyperlipidaemia 40.8% (734/1,800)

Hypertension 64.1% (1,153/1,800)

Previous MI 35.3% (631/1,788)

Previous PCI 12.8% (230/1,800)

Previous CABG 1.2% (21/1,800)

Reason for 
revasculari-
sation

Silent angina 2.5% (44/1,783)

Stable angina 7.5% (134/1,783)

Unstable angina 58.6% (1,045/1,783)

(Acute) MI 31.4% (560/1,783)

Left ventricular ejection fraction <30% 0.6% (8/1,330)

Serum creatinine, µmol/l 80.43±31.80

Data presented as mean±SD or % (n/N). CABG: coronary artery bypass 
graft; MI: myocardial infarction; PCI: percutaneous coronary intervention

Table 2. Procedural characteristics.

N=1,800 patients
N=2,327 lesions

Vessel location  
(per patient)

Left anterior descending 62.4% (1,123)

Left circumflex 23.3% (419)

Right coronary artery 32.1% (578)

Left main 2.2% (40)

Bypass graft 0.7% (12)

Number of lesions with predilatation 82.8% (1,927)

ACC/AHA lesion class B2/C 67.6% (1,574)

Multiple lesions 34.0% (612)

Multiple vessels 28.3% (510)

Number of patients with staged procedure 
planned 7.7% (139)

Lesion length, mm 24.90±13.71

Reference vessel diameter, mm 3.02±0.50

Total stent  
length, mm

Per patient 42.4±28.3

Per lesion 29.5±15.4

Number of stents Per patient 1.8±1.1

Per lesion 1.3±0.5

Diameter  
stenosis, %

Pre-procedure 86.18±12.77

Post-procedure 0.30±2.42

Data presented as mean±SD or % (N). ACC/AHA: American College of 
Cardiology/American Heart Association

Table 3. Percent of enrolled patients with diabetes and/or complex 
lesion/procedural characteristics.

Characteristic
Percent of total enrolled patients 

(N=1,800)

History of diabetes mellitus 29%

Long lesions (≥18 mm) 68%

Small vessels (≤2.75 mm) 43%

Bifurcation 18%

Overlapping stents 20%

Chronic total occlusion 9%

AMI within 72 hours 10%

Complex patient * 61%

*Complex patient defined as having a bifurcation, bypass grafts, in-stent 
restenosis, AMI <72 hours, left ventricular ejection fraction <30%, 
unprotected left main coronary artery, more than 2 vessels stented, renal 
insufficiency or failure (creatinine >140 µmol/L), lesion length >27 mm, 
more than 1 lesion per vessel, lesion with thrombus or total occlusion 
(pre-procedure TIMI=0). AMI: acute myocardial infarction; 
TIMI: Thrombolysis In Myocardial Infarction
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Figure 2. Cumulative incidence of events using Kaplan-Meier analysis 
to 5 years. A) TLF. B) TLR. C) Stent thrombosis. cum.: cumulative; 
ST: stent thrombosis; TLF: target lesion failure; TLR: target lesion 
revascularisation

Table 4. Clinical and safety outcomes at 5 years.

Secondary endpoint
Cumulative incidence

(N=1,701)

TLF 9.8% (167)

Cardiac death 3.5% (59)

Non-cardiac death 3.1% (52)

TVMI 3.2% (54)

Cardiac death or TVMI 6.1% (103)

TLR 4.6% (78)

TVR 5.8% (98)

Very late stent thrombosis (definite/
probable)* 0.5% (9)

Significant bleeding complications 2.2% (38)

Data presented as % (n). *Academic Research Consortium (ARC) 
definition. TLF: target lesion failure; TLR: target lesion 
revascularisation; TVMI: target vessel myocardial infarction; 
TVR: target vessel revascularisation
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occlusion; ST: stent thrombosis; TLF: target lesion failure; TLR: target lesion revascularisation; TVMI: target vessel myocardial infarction

and lack of mandated angiographic follow-up could have influ-
enced the TLR rate; however, long-term outcome data after PCI in 
the Chinese population are limited, so this is speculative.

The TLF rate for the R-China Registry compared to other 
Resolute clinical studies with 5-year follow-up was similar to the 
TLF rate of 10.3% for Resolute patients in the R-China randomised 
controlled trial (RCT) but less than the rate of 17.1% for Resolute 
patients in the RESOLUTE-III All-comers (RAC) trial (Figure 4). 
There was a higher proportion of complex patients in RAC com-
pared to the R-China Registry (67% vs 61%, respectively), which 
could have contributed to the difference in TLF rates. The TLF 
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rate reported for pooled Resolute trial data was midway between 
these rates at 13.4%6. The TLF rate for RESOLUTE Japan, 
included in the pooled analysis of Resolute studies, was also low 
with a rate of 5.6% at 4 years13. Reports of differences in throm-
botic and thrombolytic status for Asian patients versus patients in 
Western countries have been postulated as reasons for differences 
in the underlying causes of thrombotic events14,15.

Patients with small vessels (reference vessel diameter [RVD] 
<2.75 mm) experienced a TLF rate of 12.1% and a TLR rate of 
5.1% at 5 years, higher than for the overall cohort in the R-China 
Registry. Limited data exist on long-term follow-up of patients 
with small vessel disease after DES implantation. The PERSEUS 
Small Vessel trial reported a high TLF rate of 20.1% and a TLR 
rate of 13.6% at 5 years for lesions of RVD between 2.25 and 
2.75 mm16. Historically, PCI in small vessels has resulted in an 
increase in adverse events17. However, several recent studies have 
reported no differences in clinical outcomes or angiographic meas-
urements for small (RVD ≤2.5 mm) compared to non-small ves-
sels after DES implantation, including no association of increased 
major adverse cardiac events (MACE) or TVR at 1 year18, no dif-
ference in early or late restenosis at 8 months19, and no difference 
in TLR at 2 years20 for treatment in small vessels. Notably, favour-
able short-term outcomes were reported for a subsequent iteration 
of the R-ZES, the Resolute Onyx™ ZES (Medtronic), for patients 
with very small (RVD <2.25 mm) lesions: 5.0% TLF and 2.0% 
TLR at 1 year21, suggesting that advances in stent technology may 
ameliorate the performance of DES in small vessels after PCI.

Adverse event rates were higher for R-China Registry patients 
in pre-specified subgroups compared to the overall cohort. 
Specifically, TLF was 14.3% and TLR 6.1% in diabetic patients at 
5 years (Figure 3). To our knowledge, this is the only 5-year clini-
cal study follow-up reported for Chinese diabetic patients post DES 
implantation, although short-term outcomes have been published. 

A large single-centre non-randomised Chinese study comparing out-
comes in diabetic versus non-diabetic patients found that diabetic 
patients had worse outcomes including death, MI, revascularisation, 
and MACE at 2 years22. However, despite the increase in adverse 
events, diabetic status was not an independent predictor of mortal-
ity after propensity score matching22. The multicentre RESOLUTE-
CHINA DIABETES study demonstrated favourable outcomes in 
diabetic patients implanted with Resolute DES23.

DAPT usage has varied widely across Resolute clinical stud-
ies (Figure 1), ranging from 11% to 62.5% at 5 years. DAPT 
prescription rates were generally higher in the US and Japanese 
trials (R-38, R-Japan SVS and RUS), whereas, in the European-
based RAC trial, DAPT prescription was lowest despite relatively 
high lesion and patient complexity. DAPT usage in the R-China 
Registry was 35% at 5 years and bleeding events were rare (2.2%). 
While European Society of Cardiology and American College of 
Cardiology/American Heart Association guidelines recommend at 
least 6 months DAPT for newer-generation DES in stable patients 
without high bleeding risk, there is limited consensus for the opti-
mal duration of DAPT in patients with high bleeding risk after 
PCI24,25. Recent and ongoing studies are being conducted to evalu-
ate the potential of shortened (1-month) DAPT in high bleeding 
risk patients26-28. The rate of definite/probable stent thrombosis in 
the R-China Registry was 0.5% at 5 years and similar to rates in 
other published studies5,6,10-12.

Limitations
As in other registries, there was no control group in this trial. 
Intravascular ultrasound and optical coherence tomography data were 
not collected since these imaging procedures were not in common 
practice in China when the study was enrolling patients. Although 
not all patient data were monitored in the R-China Registry, an ana-
lysis at one year found no difference in outcomes between monitored 
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Figure 4. Cumulative incidence up to 5 years after Resolute DES implantation of TLF in RESOLUTE-III All-comers, RESOLUTE China 
Randomized Controlled Trial and RESOLUTE China Registry.
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and unmonitored patients7. Subgroup analyses were pre-specified, 
but randomised trials are needed to confirm the findings. Results 
from this study may be specific to China and may not necessar-
ily be indicative of outcomes in other Asian or Western countries.

Conclusions
The RESOLUTE China Registry is the largest study of Asian 
patients treated with second-generation Resolute DES. Long-term 
follow-up to 5 years shows overall low clinical event rates. At 
5 years, 35% of patients remained on DAPT. Clinical outcomes 
illustrate a robust safety and efficacy profile of Resolute DES in 
a real-word Asian population, including favourable performance 
in complex patient subsets.

Impact on daily practice
Long-term outcomes after percutaneous coronary intervention 
are needed to demonstrate the safety and efficacy of drug-elut-
ing stents. The results of the R-China Registry show the con-
tinued safety and efficacy of the Resolute drug-eluting stent at 
5 years in a Chinese population.
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