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Abstract
Aims: To compare the incidence and predictors of target lesion revascularisation (TLR) and non-TLR after 
percutaneous coronary intervention with drug-eluting stents (DES).

Methods and results: We pooled patient-level data on 6,137 patients (Resolute zotarolimus-eluting stent: 
5,016, XIENCE everolimus-eluting stent: 1,121) in the RESOLUTE Global Program. At three years, clini-
cally driven TLR, unplanned non-TLR, and no revascularisation occurred in 186, 618, and 5,333 patients, 
respectively. On multivariate analysis, predictors of both TLR and non-TLR were pre-procedure diameter ste-
nosis (%) (odds ratio [OR] 1.01, 95% confidence interval [CI] [1.01-1.02], and OR 0.99 [0.99-1.00]), diabetes 
(OR 1.46 [1.07-1.99], and OR 1.37 [1.15-1.64]), and prior PCI (OR 1.42 [1.01-2.00], and OR 1.41 [1.18-
1.68]). Baseline characteristics associated with TLR only were prior coronary artery bypass graft surgery (OR 
2.85 [1.91-4.27]), in-stent restenosis (OR 2.35 [1.43-3.83]), age (OR 0.98 per year [0.97-1.00]), hypertension 
(OR 1.64 [1.10-2.44]), and pre-procedure reference vessel diameter (OR 0.74 per mm [0.55-0.99]). Baseline 
characteristics associated with non-TLR only were lesion location (left anterior descending vs. all others) 
(OR 0.70 [0.59-0.83]), and hyperlipidaemia (OR 1.42 [1.15-1.75]).

Conclusions: The cumulative incidence of non-TLR at three years in patients treated with current-genera-
tion DES was almost three times higher than TLR.
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Introduction
First-generation drug-eluting stents (DES) substantially decreased 
angiographic and clinical restenosis after percutaneous coronary 
intervention (PCI)1,2. Newer DES, such as Resolute™ zotarolimus-
eluting stents (R-ZES; Medtronic, Minneapolis, MN, USA) and 
XIENCE V® everolimus-eluting stents (EES) (Abbott Vascular, 
Santa Clara, CA, USA), further improved the long-term safety 
and efficacy of DES with reductions of stent thrombosis and tar-
get lesion reintervention compared to first-generation DES3-6. The 
highly effective DES-based local therapy of coronary lesions is 
currently applied in a wide spectrum of patients, including those 
with advanced coronary artery disease and complex anatomy5,7,8. 
Consequently, cardiac events that are not stent-related are promi-
nent in the follow-up of contemporary PCI populations. Therefore, 
anticipation and prevention of disease progression in non-inter-
vened non-target lesions is gaining increasing attention.

To assess the incidence and risk factors associated with clini-
cal plaque progression requiring non-target lesion revascularisation 
during long-term follow-up after culprit lesion PCI with modern 
DES, patient-level data were pooled from five clinical trials of 
the RESOLUTE Global Clinical Trial Program with harmonised 
endpoint definitions (RESOLUTE First-in-Man, RESOLUTE 
All Comers, RESOLUTE International, RESOLUTE US and 
RESOLUTE Japan)3,8-16.

Methods
Our retrospective analysis pooled data from all patients in the 
RESOLUTE First-in-Man (FIM) (R-ZES: n=139)11,12, RESOLUTE 
All Comers (R-ZES: n=1,140, EES: n=1,152)3,8,15, RESOLUTE 
International (R-ZES: n=2,349)9,13, RESOLUTE US (R-ZES: 
n=1,402)10,16, and RESOLUTE Japan (R-ZES: n=100)14 trials. The 
methods for these studies have been previously described. Briefly, 
RESOLUTE FIM11,12 was a first-in-man R-ZES study in Australia 
and New Zealand, RESOLUTE All Comers3,8,15 was a randomised 
comparison of R-ZES to EES in a real-world all-comers population 
in Europe, RESOLUTE International9,13 was a worldwide registry 
using R-ZES in a real-world all-comers population, and RESOLUTE 
US10,16 and RESOLUTE Japan14 were “on-label” studies using R-ZES 
in the United States of America and Japan, respectively. All patients 
provided written informed consent and the protocols were approved 
by institutional review boards or ethics committees at all sites.

Inclusion and exclusion criteria varied within each study and 
have been reported previously. RESOLUTE FIM enrolled sin-
gle-lesion patients with a simple disease state, RESOLUTE US 
and RESOLUTE Japan enrolled “on-label” single- and dual-
vessel patients, and RESOLUTE All Comers and RESOLUTE 
International enrolled patients without restrictions on the number of 
lesions or vessels treated. Dual antiplatelet therapy before implan-
tation included daily aspirin 75 mg and clopidogrel either daily 
75 mg or a ≥300 mg loading dose. After the procedure, patients 
were required to continue daily aspirin 75 mg indefinitely and daily 
clopidogrel 75 mg, for a minimum of six months in all patients and 
up to 12 months in patients who were not at high risk of bleeding.

Baseline lesion characteristics were determined by an independ-
ent core laboratory in all studies except RESOLUTE International 
(site-reported visual estimation). Follow-up was done in-clinic or 
by telephone.

For this analysis, patients were grouped as follows based on 
their outcomes up to three years of follow-up: target lesion revas-
cularisation (TLR), non-TLR, and no revascularisation. Patients 
requiring both TLR and non-TLR were excluded from the analysis. 
Revascularisations could be percutaneous or surgical. A non-TLR 
was defined as an unplanned procedure elsewhere in the target ves-
sel or in other coronary arteries.

The studies contributing to this analysis used harmonised, vali-
dated endpoint definitions. Study-specific clinical event commit-
tees composed of interventional cardiologists not directly involved 
in the study applied these definitions to all suspected events.

Data safety monitoring boards were composed of non-interven-
tional and interventional cardiologists not directly involved in the 
study. Each study’s data safety monitoring board reviewed adverse 
event data and could recommend stopping the study. Clinical event 
committees and data safety monitoring boards were coordinated by 
independent academic research organisations.

Statistical analysis
All analyses were conducted on an intention-to-treat basis. 
Continuous parameters were presented as mean±standard deviation 
and compared using a t-test or Wilcoxon rank-sum test, as appro-
priate. Nominal parameters were presented as percentages and 
compared using Fisher’s exact test. Time to event endpoints were 
calculated using the Kaplan-Meier method and compared using 
the log-rank test. Multivariate stepwise regression analysis was 
conducted to assess independent correlates of TLR and non-TLR 
at three years of follow-up. A simple logistic regression was per-
formed using the following baseline characteristics: prior coronary 
artery bypass graft, in-stent restenosis, prior PCI, history of diabe-
tes, hypertension, hyperlipidaemia, pre-procedure diameter steno-
sis (%), previous myocardial infarction (MI), lesion length (mm), 
pre-procedure reference vessel diameter (RVD) (mm), bend ≥45°, 
calcification (moderate/severe vs. none/mild), TIMI flow 3, age 
(years), male sex, serum creatinine (µmol/L), vessel location (left 
anterior descending vs. other), lesion class B2/C, unstable angina, 
and current smoker. Then, a multiple logistic regression was per-
formed with an entry criterion of 0.20 and a stay criterion of 0.10. 
Analyses were performed using SAS software version 9.1 or later 
(SAS Institute, Cary, NC, USA). A p-value <0.05 was considered 
statistically significant.

Results
PATIENT/SUBJECT DISPOSITION AND CHARACTERISTICS
The five RESOLUTE studies contributing to this analysis enrolled 
6,282 patients (R-ZES: 5,130, EES: 1,152). At three years, the 
incidence of clinically driven TLR was 5.3% and unplanned non-
TLR was 12.1%. After excluding 145 patients who had both clini-
cally driven TLR and unplanned non-TLR, 6,137 patients (R-ZES: 
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5,016, EES: 1,121) were included in the analysis, of whom 186 had 
clinically driven TLR, 618 had unplanned non-TLR, and 5,333 had 
no revascularisation at three years. Among the 618 patients with 
non-TLR, 162 patients (26%) had non-TL TVR and 518 patients 
(84%) had revascularisation outside the target vessel.

TIMING AND PREDICTORS OF REPEAT REVASCULARISATION
TLR was numerically more frequent than non-TLR only within the 
first 20 days after the index procedure (Figure 1A). Thereafter, the 
Kaplan-Meier curves crossed, and TLR and non-TLR rates further 
divided over time. The separation was most prominent in the sec-
ond and third years of follow-up (Figure 1B).

Compared to patients with no revascularisation, those with 
TLR and with non-TLR were more likely to have diabetes, 

insulin-dependent diabetes, and a history of cardiovascular proce-
dures and disorders (Table 1). Patients with TLR were also more 
likely to have Canadian Cardiovascular Society class III angina. 
Patients with non-TLR had a higher mean BMI, greater number of 
native vessels with >50% diameter stenosis, and a greater incidence 
of stable angina and lesser incidence of MI as the reason for revas-
cularisation (Table 1).

Prior in-stent restenosis was significantly more common in 
TLR patients than in patients with no revascularisation (Table 2). 
Compared to patients with no revascularisation, those with non-
TLR had fewer lesions in the left anterior descending and left main 
coronary arteries, and fewer lesions with thrombus (Table 2).

A multivariate analysis was conducted to determine predic-
tors of TLR (Figure 2A) and non-TLR (Figure 2B) at three years. 
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Figure 1. Cumulative incidence of clinically driven target lesion revascularisation and unplanned non-target lesion revascularisation. A) Up 
to 30 days (p=0.394) and B) up to three years (p<0.001). The cumulative incidence of clinical events was calculated using the Kaplan-Meier 
method and compared using the log-rank test. CD-TLR: clinically driven target lesion revascularisation.
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Predictors of both TLR and non-TLR were pre-procedure diameter 
stenosis (%), history of diabetes, and prior PCI. Notably, the degree 
of pre-procedural diameter stenosis (%) was positively correlated 
with TLR and negatively correlated with non-TLR. Predictors of 

TLR only were prior CABG, in-stent restenosis, age (years) (lower 
age was associated with higher risk for TLR), history of hyperten-
sion, and pre-procedure RVD (mm) (lower pre-procedure RVD 
was associated with higher risk for TLR). Predictors of non-TLR 

Table 1. Baseline characteristics of patients with clinically driven target lesion revascularisation (TLR), unplanned non-target lesion 
revascularisation (Non-TLR), and no revascularisation at three years of follow-up.

TLR  
(N=186)

TLR vs.  
no revascularisation 

p-value

Non-TLR  
(N=618)

Non-TLR vs.  
no revascularisation 

p-value

No revascularisation 
(N=5,333)

Age (years) 63.2±11.8 (186) 0.348 64.4±10.8 (618) 0.260 63.9±10.9 (5,333)

Male 78.0% (145/186) 0.437 75.1% (464/618) 0.922 75.3% (4,015/5,333)

Body mass index, kg/m2 28.3±4.8 (186) 0.997 28.9±5.3 (618) 0.008 28.3±5.0 (5,323)

Prior MI 33.3% (61/183) 0.033 31.0% (190/612) 0.012 26.2% (1,380/5,268)

Prior PCI 43.0% (80/186) <0.001 40.0% (247/618) <0.001 29.1% (1,554/5,333)

Ejection fraction (%) 59.0±10.7 (65) 0.171 56.5±10.9 (285) 0.294 57.2±10.7 (2,173)

Prior CABG 18.8% (35/186) <0.001 11.8% (73/618) 0.001 7.8% (415/5,333)

Diabetes mellitus 37.6% (70/186) 0.003 35.8% (221/618) <0.001 27.3% (1,458/5,333)

Insulin-dependent 12.4% (23/186) 0.027 11.2% (69/618) 0.005 7.8% (414/5,333)

History of hypertension 82.3% (153/186) 0.002 76.9% (475/618) 0.013 72.1% (3,846/5,333)

History of hyperlipidaemia 78.5% (146/186) 0.007 79.1% (489/618) <0.001 69.3% (3,698/5,333)

Current smoker 24.2% (45/186) >0.99 22.8% (141/618) 0.486 24.1% (1,286/5,333)

Multivessel disease (>50% stenosis) 54.6% (59/108) 0.142 63.9% (276/432) <0.001 47.1% (1,553/3,300)

Reason for 
revascularisation

Stable angina 44.1% (82/186) 0.076 41.7% (258/618) 0.040 37.4% (1,997/5,333)

Unstable angina 26.9% (50/186) 0.435 25.6% (158/618) 0.521 24.4% (1,300/5,333)

MI 23.1% (43/186) 0.606 20.6% (127/618) 0.014 25.1% (1,339/5,333)

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

Table 2. Lesion characteristics of patients with clinically driven target lesion revascularisation (TLR), unplanned non-target lesion 
revascularisation (Non-TLR), and no revascularisation at three years of follow-up.

TLR  
(N=186)

TLR vs.  
no revascularisation 

p-value

Non-TLR  
(N=618)

Non-TLR vs.  
no revascularisation 

p-value

No revascularisation 
(N=5,333)

Vessel location LAD 51.1% (95/186) 0.882 40.5% (250/618) <0.001 50.4% (2,686/5,333)

LCX 24.7% (46/186) 0.089 28.8% (178/618) 0.333 30.8% (1,642/5,333)

RCA 38.7% (72/186) 0.240 38.2% (236/618) 0.068 34.4% (1,837/5,333)

LMCA 2.7% (5/186) 0.425 0.8% (5/618) 0.040 2.0% (106/5,333)

Lesion length (mm) 15.4±12.5 (243) 0.444 15.7±10.5 (711) 0.048 15.0±9.0 (6,534)

Prior thrombus 6.3% (16/254) 0.802 4.2% (31/740) 0.003 7.0% (481/6,844)

Moderate/severe calcification 30.3% (79/261) 0.678 32.2% (244/757) 0.078 29.1% (2,032/6,981)

Prior TIMI flow 3 76.2% (202/265) 0.403 81.3% (621/764) 0.077 78.5% (5,525/7,041)

Total occlusion 8.3% (22/265) 0.550 7.9% (60/764) 0.611 7.4% (519/7,041)

Pre-procedure diameter stenosis (%) 75.4%±17.2% (264) 0.058 72.6%±17.1% (760) 0.285 73.3%±17.4% (6,991)

Prior ISR 18.4% (26/141) <0.001 8.7% (38/439) 0.139 6.8% (282/4,162)

Pre-procedure RVD (mm) 2.7±0.5 (243) 0.145 2.7±0.5 (711) 0.083 2.8±0.5 (6,559)

Bifurcation 19.9% (28/141) 0.914 19.8% (87/439) 0.899 19.6% (814/4,162)

Modified ACC/AHA lesion class B2/C 67.9% (180/265) 0.893 69.2% (529/764) 0.652 68.4% (4,817/7,043)

Results presented as either mean±SD (n/N) or percent (n/N). ISR: in-stent restenosis; LAD: left anterior descending; LCX: left circumflex artery; LMCA: left main coronary artery; RCA: right 
coronary artery; RVD: reference vessel diameter; TIMI: Thrombolysis In Myocardial Infarction
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only were lesion location (non-left anterior descending [LAD]) 
(LAD was associated with a lower risk of non-TLR), and history 
of hyperlipidaemia.

Discussion
The principal finding of our study was that non-TLR occurred more 
frequently than TLR throughout the three-year observation period 
of our patient cohort, which comprised more than 6,100 predom-
inantly “all-comer” PCI patients treated with current-generation 
DES. Nearly 11% of the patients had clinical plaque progression 
requiring non-TLR at three years, which was approximately three 
times higher than the observed TLR rate. However, non-TLR, par-
ticularly those events that occurred shortly after the index proce-
dure, could be overestimated as some cases might have been due 
to incomplete coverage during revascularisation of a diffuse lesion.

Non-TLR was infrequently described in the balloon angioplasty 
and bare metal stent eras, because restenosis rates were high, obser-
vation periods were short, and less complex patients were included 
in PCI studies. Our investigation with modern DES unmasks the 
true burden of unplanned revascularisations in the PCI landscape.

Other studies have also examined the incidence of TLR vs. non-
TLR after PCI. PROSPECT (Providing Regional Observations 
to Study Predictors of Events in the Coronary Tree)17 evaluated 

originally treated (culprit) and untreated (non-culprit) lesion-
related adverse events among 697 patients with acute coronary 
syndromes who successfully underwent PCI during a follow-up of 
3.4 years17. The study reported revascularisation rates in the treated 
(10.9%) vs. non-treated (10.5%) lesions at three years of follow-
up17. Additionally, the EVENT (Evaluation of Drug-Eluting Stents 
and Ischemic Events) registry included 10,144 patients, of whom 
1,207 underwent repeat PCI, and found a similar rate of unplanned 
TLR vs. unplanned non-TLR at one year (4.5% vs. 4.4%, respec-
tively)18. In an analysis in SIRIUS (Sirolimus-Eluting Stent in 
De Novo Native Coronary Lesions) with sirolimus-eluting stents 
(SES) at five years, TLR was 12.5%, TVR-non TL was 11.7%, and 
non-target vessel revascularisation was 22.3%. Thus, the ratio of 
TLR to non-TLR (TVR-non TL and non-target vessel revasculari-
sation) was roughly 1:3 at five years19.

TIME COURSE OF REVASCULARISATION
The current analysis was unique from PROSPECT and EVENT in 
that the Kaplan-Meier curves of TLR and non-TLR in our analy-
sis separated early after the index procedure and non-TLR became 
more frequent than TLR as early as 30 days after the procedure. 
Such an early dissociation of curves is unexpected, as one would 
expect that they would separate later. The curves further divided 
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Figure 2. Forest plot predictors at three years. A) Clinically driven target lesion revascularisation and B) unplanned non-target lesion 
revascularisation. Analysis conducted using multivariate stepwise regression. CABG: coronary artery bypass graft surgery; LAD: left anterior 
descending artery; PCI: percutaneous coronary intervention; RVD: reference vessel diameter
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over time, with a slower proportional increase of TLR than non-
TLR after one year. Obviously, plaque progression in non-target 
lesions occurred in a continuous manner, while pathological pro-
cesses in the target lesions cooled down over time. The risk of TLR 
was highest in the first year. Afterwards, the event rate for TLR 
was very low (roughly 0.7% per year). The fact that TLR is most 
common in the first year after PCI is seen across DES studies20-22. 
In EVENT, the risk of non-TLR was constant over time, while the 
hazard ratio for TLR was highest between two to nine months after 
PCI18. This trend in the first year could be due to trauma to the ves-
sel during stent delivery.

PREDICTORS OF REVASCULARISATION
For TLR, features of lesion morphology – such as the presence of 
restenotic lesions, a smaller reference vessel diameter and larger pre-
procedure diameter stenosis – were identified as independent pre-
dictors of repeat TLR. Moreover, previous revascularisations with 
either prior PCI or CABG were independent predictors of TLR. With 
respect to clinical characteristics, hypertension and diabetes melli-
tus, in addition to age, continue to represent significant predictors of 
TLR. Predictors of non-TLR included lesion characteristics (smaller 
pre-procedure diameter stenosis, and non-LAD lesion location), and 
clinical characteristics (history of diabetes, hyperlipidaemia, and 
prior PCI). Diabetes mellitus (along with prior PCI and pre-proce-
dure diameter stenosis) was a predictor of both TLR and non-TLR. 
Given the prevalence of diabetes mellitus and its clinical signifi-
cance, analysis on subjects with diabetes mellitus was a pre-specified 
secondary objective in the RESOLUTE Global Clinical Program23.

Other studies are available on predictors of TLR and non-TLR 
among patients treated with coronary stent implantation. Similar 
to this analysis, the EVENT registry found predictors of TLR to 
include age, prior PCI, and minimum stent diameter (which is simi-
lar to our finding of pre-procedure RVD)18. EVENT also found pre-
dictors of TLR to include sex, smoking status, prior MI, PCI of the 
left main or saphenous vein graft, total stent length, and use of a bare 
metal stent (18% of patients did not receive a DES but only BMS)18. 
Predictors of non-TLR in EVENT were different from this study and 
included age, number of diseased coronary arteries, and vein graft 
PCI18. Similar to our study, in PROSPECT, insulin-dependent dia-
betes and prior PCI were independent predictors of MACE related 
to non-culprit lesions, as well as plaque burden, thin-cap fibroather-
oma, and a small minimal lumen area, which were not examined in 
our study17. Our results are consistent with the PROSPECT findings 
with respect to the impact of diabetes and prior PCI on any revas-
cularisation. The TAXUS pooled programme also looked at predic-
tors of TLR and non-TL TVR in years two to five. Predictors of 
TLR were (similar to this analysis) younger age, and pre-procedure 
vessel diameter and (different from this analysis) lesion length24. 
Predictors of non-TL TVR were diabetes (similar to this analysis), 
and hypertension treatment (different from this analysis)24. We iden-
tified several additional predictors of disease progression beyond the 
target lesion, such as hyperlipidaemia, target lesion location, diam-
eter stenosis, and a trend for coronary calcification at baseline. In 

addition to baseline metabolic conditions, angiographic complexity 
plays a role in the progression of coronary artery disease. Coronary 
calcification has recently been identified as a strong indicator of 
adverse outcomes of PCI patients both in acute coronary syndromes 
and in the elective setting25,26. Interestingly, in our cohort, calcifica-
tion in the target lesion had a stronger impact on non-TLR than on 
TLR. Another finding is the importance of the target lesion loca-
tion. Interventions outside the LAD bear a higher risk of non-TLR. 
In other words, an untreated LAD is more often prone to reinter-
ventions than the left circumflex and the right coronary artery com-
bined. Two possible hypothetical explanations could be that LAD 
lesions progress more rapidly than non-LAD lesions, or that LAD 
lesions are more commonly underestimated and left untreated dur-
ing the index procedure. Moreover, the LAD has such a large terri-
tory to supply that any progression has a clinical impact. The latter 
assumptions are underscored by fractional flow reserve studies27.

Additionally, a previous analysis by Taniwaki et al on predictors 
of TLR and predictors of all revascularisation was conducted from 
the RESOLUTE All Comers study15. Similar to our study, predic-
tors of TLR were age, insulin-treated diabetes, in-stent restenosis, 
and CABG15. Our analysis probably benefited from the larger sam-
ple size of 6,137 patients and the clear differentiation between TLR 
and non-TLR.

Limitations
The present analysis has several limitations. It was a post hoc analysis 
of trials not primarily intended to investigate coronary artery disease 
progression, and almost 40% of patients came from RESOLUTE 
International, which used visual estimation of baseline angiographic 
characteristics and was not 100% monitored. However, both TLR 
and any revascularisation were pre-specified secondary endpoints of 
the trial, and events were adjudicated by a clinical events committee 
which used definitions harmonised across the RESOLUTE Global 
Clinical Program. Furthermore, compliance to cardiovascular medi-
cation, apart from dual antiplatelet therapy, was not available and 
therefore it was not possible to evaluate the impact of compliance on 
restenosis and progression of coronary artery disease. In addition, if 
a patient had a TLR and a non-TLR, that patient was excluded from 
the study to sharpen differences between both groups of patients. 
This analytic approach underestimates the actual rate of TLR and 
non-TLR. Finally, we do not know whether the clinical indication 
for repeat revascularisation differed between TLR and non-TLR, as 
these data are not available.

Conclusions
The RESOLUTE Global Clinical Program was associated with 
a low TLR rate at three years. Given this low rate of TLR, the 
cumulative incidence of non-TLR in patients treated with second-
generation DES was almost three times higher than TLR. Predictors 
of non-TLR were often different from predictors of TLR. Further 
improvements in PCI outcomes will largely depend on prospec-
tively identifying ischaemia-producing lesions and intensifying 
preventive therapies.
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Non-TLR in new-generation DES

Impact on daily practice
With contemporary drug-eluting stents, target lesion-related 
events after percutaneous coronary intervention (PCI) are mark-
edly suppressed. The highly effective DES-based local therapy 
of coronary lesions is currently applied to a wide spectrum of 
patients, including those with more advanced coronary artery 
disease and complex anatomies. Consequently, revascularisa-
tion events that are not stent-related are prominent in the follow-
up of contemporary PCI populations, and are three times higher 
than target lesion-related events. Therefore, further improve-
ments in PCI outcomes will largely depend on prospectively 
identifying ischaemia-producing lesions and intensifying pre-
ventive therapies.
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