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Abstract
Aims: We conducted a pooled post hoc analysis (RESOLUTE All Comers and RESOLUTE International) 

of patients who had the Resolute® zotarolimus-eluting stent (R-ZES) implanted in revascularised total 

occlusions (TO) compared with patients treated with R-ZES for non-occluded lesions.

Methods and results: Patients were divided into three groups: chronic TO (CTO; n=256), non-chronic 

TO (n=292), and no occlusion (n=2,941). Clinical and safety outcomes assessed through two years included 

target lesion failure (TLF: cardiac death, target vessel myocardial infarction, and clinically driven target 

lesion revascularisation) and Academic Research Consortium definite or probable stent thrombosis. The 

rate of TLF at two years was not significantly different among patients in the CTO (9.1%), TO (9.8%), and 

no occlusion (10.4%) groups (log-rank p=0.800); neither were the components of TLF. Definite or probable 

stent thrombosis occurred more frequently in the TO group (2.8% vs. 1.2% in the CTO and 1.1% in the 

group with no occlusion, p=0.027). There were 10 late and six very late stent thrombosis events.

Conclusions: Apart from a higher rate of stent thrombosis in patients with TO, patients with totally 

occluded coronary arteries who receive revascularisation with an R-ZES have clinical outcomes compara-

ble to those who receive a similar stent in non-occluded lesions.
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Introduction
Total coronary occlusions represent a specific challenge in invasive 

cardiology. Whereas a culprit coronary occlusion associated with 

acute coronary syndrome should be treated immediately or with 

limited time delay by mechanical revascularisation according to cur-

rent guidelines, invasive treatment of subacute coronary occlusions 

remains controversial1,2. The value of revascularisation of chroni-

cally totally occluded lesions is also a matter of debate3, although 

recent research indicates that the presence of a totally occluded 

artery is an independent predictor of mortality in patients with mul-

tivessel disease4 and that full revascularisation improves survival5.

The procedural and clinical results of percutaneous coronary 

intervention (PCI) for occluded coronary arteries rely on success-

ful wiring technique, pushability and trackability of the balloon 

and the stent, and stent conformability. An antiproliferative drug 

released from the stent has also proved to be important to limit 

the risk of in-stent restenosis and the need for revascularisation6,7.

Whereas original proof of safety and efficacy of the first-gener-

ation drug-eluting stents (DES) was based on trials that included 

only patients with simple coronary lesions, subsequent randomised 

comparisons with bare metal stents (BMS) supported the initial 

findings that DES efficacy was at least as pronounced in patients 

with complex lesions including total coronary occlusions8,9. Large-

scale randomised trials and meta-analyses focusing on the long-

term outcome of patients treated with PCI and first-generation 

DES compared with BMS for acute myocardial infarction (MI) 

have relatively consistently found a reduced need for reinterven-

tion, although findings with regard to the occurrence of late stent 

thrombosis have not been consistent10-12.

Recently, the Resolute® zotarolimus-eluting stent (R-ZES) 

(Medtronic CardioVascular, Santa Rosa, CA, USA) and the everoli-

mus-eluting stent were evaluated in a large all-comers trial with vir-

tually no restrictions on inclusion13, and concomitantly the safety 

and efficacy have been tested in two international registries14-16. 

The R-ZES was found to be non-inferior to the everolimus-eluting 

stent13 and safe and effective in single-arm registries14-16. The pur-

pose of this study was to evaluate the safety and efficacy of the 

R-ZES in a subset of patients with totally occluded coronary arter-

ies included in both the randomised trial and the largest registry.

Methods
STUDY POPULATION

The present data are derived from the RESOLUTE All Comers 

(ClinicalTrials.gov, NCT00617084) and the RESOLUTE 

International trial (ClinicalTrials.gov, NCT00752128) (Figure 1). 

The RESOLUTE All Comers trial is a multicentre, randomised 

trial comparing the results after implantation of the R-ZES with 

the everolimus-eluting stent for coronary artery disease in 2,292 

patients with no restrictions to inclusion other than intolerance to 

a study drug, metal alloys, or contrast media, pregnancy, planned 

surgery within six months after the index procedure, and participa-

tion in another trial13. The RESOLUTE International trial is a mul-

ticentre, prospective, observational registry enrolling 2,349 patients 

after implantation of at least one R-ZES for coronary artery disease 

with the same restrictions as above except for planned surgery16. 

The reference diameter of the treated vessel should adhere to the 

available stent balloon sizes between 2.25 and 4.0 mm.

After detailed information, all patients consented in writing to 

participate in both the trial and the registry. Local ethics commit-

tees approved the protocols, and both studies were conducted in 

accordance with the Declaration of Helsinki.

PROCEDURES AND DEFINITIONS

The definition of a total coronary occlusion was completely inter-

rupted contrast filling (Thrombolysis In Myocardial Infarction 

[TIMI] flow 0) in the coronary artery. We divided these patients 

into those with a non-chronic total occlusion (TO) of <3 months’ 

duration, and those with an estimated duration of ≥3 months (CTO).

Chronic total occlusion group
2-year follow-up
n=252 (98%)

Non-chronic total occlusion group
2-year follow-up
n=285 (98%)

No occlusion group
2-year follow-up
n=2,880 (98%)

RESOLUTE All Comers
Randomised R-ZES patients

N=1,140 

RESOLUTE International
All enrolled patients

N=2,349

Analysis pool
N=3,489

Chronic total occlusion group
n=256

Non-chronic total occlusion group
n=292

All other patients group
n=2,941

Figure 1. Flow chart of patient inclusion. R-ZES: Resolute zotarolimus-eluting stent
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PCI was performed according to local standards, and post-pro-

cedure medical regimens included acetylsalicylic acid and clopi-

dogrel 75 mg daily for at least six months. Clinical follow-up was 

performed after two years.

Apart from procedural data, the following outcomes were col-

lected at two-year follow-up: target lesion failure (TLF) defined 

as cardiac death, target vessel myocardial infarction (TVMI), and 

target lesion revascularisation (TLR); target vessel failure defined 

as cardiac death, TVMI, or target vessel revascularisation (TVR); 

major adverse cardiac events (MACE) defined as death, MI, TLR, 

or emergency coronary artery bypass graft surgery. In addition, 

the stent thrombosis rate was recorded according to the Academic 

Research Consortium definitions17.

All deaths were considered cardiac unless an undisputed non-

cardiac cause was documented. MI was defined according to 

extended historical definitions in order to harmonise the clinical 

event adjudications18.

Lesion success was defined as <50% residual stenosis of the tar-

get lesion after stent implantation, device success as lesion success 

using the allocated stent, and procedure success as lesion success 

and no in-hospital MACE.

Statistical analysis
For this analysis all patients from RESOLUTE International 

(n=2,349) and R-ZES patients from the RESOLUTE All Comers 

trial (n=1,140) were pooled. The pooled cohort was divided 

into three groups: patients with CTO (n=256), non-chronic TO 

(n=292), and no occlusion (n=2,941).

Categorical variables are reported as percentages and counts. 

Differences between groups were analysed using Fisher’s exact test. 

Continuous variables are presented by their means and standard devia-

tions. The Kaplan-Meier method was used to create survival estimates 

of the time-to-event variables, and the log-rank test to test differences 

in the estimates; p-values <0.05 were considered significant.

Results
Of the 2,292 patients enrolled in the RESOLUTE All Comers trial, 

1,140 had an R-ZES implanted. In addition, 2,349 patients were 

enrolled in the RESOLUTE International trial. Thus, in total 3,489 

patients had an R-ZES implanted. Of these, 256 patients (7.3%) 

were treated for a CTO, 292 (8.4%) for a TO (86% with acute 

coronary syndrome), and 2,941 (84.3%) for a non-occluded lesion. 

Two-year clinical follow-up was available for 98% of patients in 

each group (Figure 1).

BASELINE CHARACTERISTICS

Demographic and procedural data are presented in Table 1. 

Compared to patients without, those with a total occlusion were 

younger, more often had a lesion in the RCA, and had a longer 

total stent length (longest for the CTO group). There was a lower 

proportion of patients with diabetes, hypertension, hyperlipidae-

mia, previous MI or PCI but more smokers in the TO group.

CLINICAL OUTCOMES

Lesion and procedure success were slightly lower in the CTO group, 

whereas safety outcomes were similar among all patient groups, 

Table 1. Demographic and angiographic characteristics of patients.

Baseline characteristics
CTO group 

(N=256)

TO group

(N=292)

No occlusion 

(N=2,941)

p-value CTO vs. 

No occlusion

p-value TO vs. 

No occlusion

Age (years) 61.8±11.2 60.0±11.4 64.3±11.0 <0.001 <0.001

Male 82.8% 72.9% 77.4% 0.050 0.093

Diabetes mellitus 25.4% 21.6% 29.1% 0.222 0.006

Insulin-dependent 7.4% 7.2% 9.1% 0.425 0.332

Hypertension 67.2% 57.5% 70.4% 0.287 <0.001

Hyperlipidaemia 60.5% 51.7% 65.5% 0.116 <0.001

Current smoker 25.4% 45.9% 22.8% 0.354 <0.001

Prior MI 32.5% 16.8% 28.2% 0.149 <0.001

Prior PCI 27.0% 12.0% 32.5% 0.070 <0.001

ACS 32.8% 86.3% 44.1% <0.001 <0.001

Acute MI (within 72 hrs) 12.9% 82.5% 17.9% 0.048 <0.001

Vessel location 
(patient level)

LAD 47.7% 46.2% 52.4% 0.151 0.049

LCX 26.6% 28.8% 29.6% 0.352 0.840

RCA 53.5% 45.5% 31.2% <0.001 <0.001

LMCA 1.2% 1.7% 2.7% 0.211 0.439

RVD (mm) 2.9±0.5 2.9±0.5 2.8±0.5 0.499 0.085

Number of lesions per patient 1.5±0.8 1.4±0.8 1.4±0.7 0.002 0.140

Total stent length per patient 48.7±30.1 37.1±26.4 30.1±19.8 <0.001 <0.001

ACS: acute coronary syndrome; LAD: left anterior descending artery; LCX: circumflex artery; LMCA: left main coronary artery; MI: myocardial infarction; 
PCI: percutaneous coronary intervention; RCA: right coronary artery
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except for a higher rate of stent thrombosis in TO patients (Table 2). 

Despite the higher rate of stent thrombosis in this group, the cumu-

lative incidence of TLF was similar: 9.1% in CTO patients vs. 9.8% 

in TO patients vs. 10.4% in patients with non-occluded lesions, log-

rank p=0.80 (Table 2 and Figure 2A). No differences were found 

in all-cause mortality, cardiac death, TVMI or TLR (Figure 2B and 

Figure 2C).

Only 10 cases of late and six cases of very late definite or prob-

able stent thrombosis occurred in the three groups (Table 2). Stent 

thrombosis events occurred on and off dual antiplatelet therapy 

CTO
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No occlusion

10.4%
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CTO 256  253 245 244 242 235 233
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Log-rank p=0.963

No. at risk
CTO 256  256 244 243 240 231 229
TO 292  291 281 277 275 264 262
No occlusion 2,941  2,935 2,848 2,795 2,738 2,670 2,640

C

Figure 2. Target lesion failure and components stratified by analysis 

group. Kaplan-Meier cumulative incidence of target lesion failure 

(TLF) (A), cardiac death or target vessel myocardial infarction 

(TVMI) (B), and clinically driven target lesion revascularisation 

(TLR) (C) in the chronic total occlusion (CTO) group (n=256), the 

non-chronic total occlusion (TO) group (n=292) and patients 

without occlusions (n=2,941).

(DAPT) as follows by group: two on and one off DAPT in the 

CTO group, seven on and one off DAPT in the TO group, and 26 

on and four off DAPT in all others. (Three patients’ DAPT status 

at the time of the event could not be ascertained).

Discussion
That stent thrombosis was more frequent in patients who had an 

R-ZES implanted in a TO in our analysis is probably related to 

recent MI in the territory of the target lesion in some of these 

patients. This explanation is supported by the higher proportion of 

acute coronary syndromes and acute MI in the TO group, which 

have been identified as significant risk factors of stent thrombo-

sis19. Additionally, despite the higher incidence of stent thrombosis 

in the TO group in our analysis, it is reassuring that patients in the 

TO group, including those with an acute MI, had a similar inci-

dence of TLF as compared to both patients in the CTO group and 

those with no occlusion.

Previous studies have established the safety and efficacy of DES 

compared with BMS implantation in patients with complex coro-

nary artery disease. In patients with totally occluded coronary arter-

ies, first-generation DES have proved superior in most settings in 

patients with stable angina pectoris as well as in patients with acute 

coronary syndromes20-23. However, it should be stressed that, apart 

from trials evaluating the use of first-generation DES in patients 

with acute MI, most of the clinical data have been generated from 

registries6,7, whereas only a few randomised trials have focused on 

the safety and efficacy of DES compared with BMS treatment of 

patients with coronary occlusions of longer duration8,9. A recently 

published randomised study24 compared a first-generation DES 

(sirolimus-eluting stent) to both generations of ZES (Resolute and 

Endeavor®; Medtronic CardioVascular) in total coronary occlu-

sions, and found angiography at eight months and clinical out-

comes through 12 months between R-ZES and its comparator were 

similar. Long-term outcomes have not yet been reported24.

The present study describes the clinical outcome after implan-

tation of current-generation DES in total coronary occlusions in 

a variety of clinical settings. Even though acute coronary syn-

dromes, and in particular ST-segment elevation MI, represent clin-

ical entities that were recently regarded “off-label” indications for 

DES implantation, our findings suggest that R-ZES is both safe 

and effective in patients suffering from these diseases. The one-

year clinical outcome of patients enrolled in the RESOLUTE 

International trial showed consistent efficacy results compared 

with the randomised RESOLUTE All Comers trial16. In addition, 

in comparison with the randomised trial, a lower level of definite 

and probable stent thrombosis was reported in the registry. Similar 

favourable clinical outcomes have been reported from a corre-

sponding registry conducted in a US population15. Extremely low 

rates of definite and probable stent thrombosis were found in that 

study and only in stents with a diameter of 2.25 mm.

The clinical outcome is quite similar for patients who have had 

an R-ZES or an everolimus-eluting stent implanted in a variety 

of lesion types and clinical situations25. In addition, a 13-month 
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angiographic subgroup analysis of the all-comers trial demon-

strated that, even in patients with recent MI, heart or renal fail-

ure or with complex anatomy of the culprit lesion (including 

total coronary occlusions), the level of binary in-stent restenosis 

was only approximately 5% in both stent groups26. In that trial 

the rate of stent thrombosis was extremely low in both groups, 

even in complex patients who had a higher occurrence of TLF. 

Also, a pooled analysis of the same all-comers trials we analysed 

showed no difference in cardiac death or target vessel myocardial 

infarction between R-ZES patients with or without in-stent reste-

nosis27. R-ZES appeared to be equally effective at treating BMS 

and DES in-stent restenosis.

In consecutive cohorts of patients treated with PCI, CTOs repre-

sent approximately 10% of the lesions28, and the procedural success 

rate seems to be dependent on the anatomical characteristics of the 

lesion rather than the estimated duration of the occlusion29. With 

regard to the clinical utility of recanalisation of a CTO we have to 

await the results of ongoing large randomised trials. Until they are 

available we have to rely on the reports of registries. The results of 

such a registry indicated a lower mortality in successfully recana-

lised CTOs especially in the LAD and Cx territories30. The findings 

of the present study suggest that patients treated with the R-ZES in 

sizes from 2.25 to 4.0 mm in diameter after recanalisation of totally 

occluded coronary arteries have the same favourable outcome after 

two years compared with patients treated for non-occlusive disease, 

despite the fact that adequate treatment of a CTO requires consider-

ably longer segments of stents to cover the lesions.

Despite the occurrence of a higher rate of stent thrombosis in 

this group, it is reassuring that patients in our TO group, includ-

ing those with an acute MI, have similar levels of TLF compared 

with both the CTO group and the patients without an occluded 

lesion. Thus, a high level of safety, indicated by a low rate of car-

diac mortality, MI, and revascularisation two years after treatment 

with the R-ZES for a totally occluded coronary artery in a wide 

spectrum of clinical conditions in both the randomised trial and 

the registry, indicates that current-generation DES should be used 

with limited concern for long-term adverse events. Virtually super-

imposed two-year curves of the cumulative incidence of TLF and 

its components in patients treated with R-ZES (whether the lesion 

was a total occlusion or not) support this concept (Figure 2).

Study limitations
Limitations of the study are related to combined observations from 

a subgroup analysis of a randomised trial added to observations of 

a registry in order to focus upon the clinical outcome of patients. 

In the RESOLUTE All Comers, close monitoring revealed that 

nearly 50% of all eligible patients were actually enrolled in the 

randomised comparison of the R-ZES and an everolimus-eluting 

stent13. Similar monitoring was not performed in the registry, add-

ing a certain risk of selection bias in that part of the study. Thus, 

the results should be interpreted accordingly. Despite differences 

in demographic data, which reflect differences in their clinical sta-

tus, patients with CTO, TO, and non-occluded lesions had simi-

lar outcomes. Finally, the number of patients within each analysis 

Table 2. Two-year safety and effectiveness endpoints.

Safety and effectiveness endpoints
CTO group 

(N=252)

TO group 

(N=285)

No occlusion 

(N=2,880)

p-value CTO vs. 

No occlusion

p-value TO vs. 

No occlusion

Safety measures

TLF 9.1% 9.8% 10.4% 0.590 0.839

TVF 10.3% 10.2% 11.7% 0.540 0.497

MACE 10.7% 10.9% 12.3% 0.546 0.568

Death 4.4% 2.8% 4.2% 0.869 0.343

Cardiac death 2.8% 2.5% 2.7% 0.839 1.000

Non-cardiac death 1.6% 0.4% 1.5% 0.788 0.178

TVMI 2.8% 2.8% 4.2% 0.402 0.343

Clinically driven TLR 4.8% 5.3% 5.2% 0.882 0.890

Clinically driven TVR 6.0% 6.0% 6.8% 0.695 0.709

Stent thrombosis (ARC definite/probable) 1.2% 2.8% 1.1% 0.764 0.027

Early (≤30 days) 0.8% 2.1% 0.7% 0.708 0.030

Late (>30 and ≤360 days) 0.0% 0.7% 0.3% 1.000 0.226

Very late (>360 days) 0.4% 0.0% 0.2% 0.396 1.000

Effectiveness measures

Lesion success 97.7% 99.8% 99.7% <0.001 1.000

Device success 95.2% 98.4% 96.8% 0.118 0.059

Procedure success 93.3% 95.5% 96.6% 0.013 0.313

ARC: Academic Research Consortium; MACE: major adverse cardiac events (death, myocardial infarction, emergent coronary bypass surgery, or TLR); 
TLF: target lesion failure (a composite of cardiac death, target vessel myocardial infarction or target lesion revascularisation); TLR: target lesion 
revascularisation; TVF: target vessel failure (a composite of cardiac death, target vessel myocardial infarction or target vessel revascularisation); 
TVMI: target vessel myocardial infarction
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group does not permit an assessment of DAPT effects on stent 

thrombosis, an important topic31,32 that has been analysed in the 

Global RESOLUTE clinical programme as a whole33. The stent 

thrombosis events observed were rare and do not allow evalua-

tion of the many factors that should be considered in an analysis 

of DAPT on stent thrombosis, including timing of interruption, 

duration of interruption, and which component (aspirin or thien-

opyridine) was interrupted/discontinued. Nonetheless, the finding 

of fewer stent thromboses in patients off DAPT is concordant with 

a previous report33.

Conclusions
This study supports previous findings concerning the safety and 

efficacy of current-generation DES not only in patients with sim-

ple but also in those with complex coronary lesions. Our study 

suggests that patients treated with R-ZES after recanalisation of 

totally occluded coronary lesions have a clinical outcome that is at 

least as favourable as those with non-occlusive disease.

Impact on daily practice
The original term “off-label indication” for treatment of certain 

coronary artery lesions with stent implantation referred to the 

fact that these lesions had usually been excluded from previ-

ous randomised trials, thus lacking the evidence of a favour-

able outcome of the treatment. Totally occluded lesions, be they 

due to acute coronary syndromes or chronic disease, belonged 

to this category. Recent trials, including those reported in the 

present document, have shown that implantation of new-gener-

ation drug- (in casu zotarolimus) eluting stents is both efficient 

and safe in re-opened totally occluded coronary artery lesions, 

despite a wide spectrum of origin.

Acknowledgements
We thank C. Gilbert and T. Peoples for editorial assistance and 

M. Liu and Y. Peng for statistical analysis oversight.

Funding
The studies represented in this analysis were sponsored by 

Medtronic, Inc.

Conflict of interest statement
H. Kelbæk and P. Stella have received research grant support via 

institutional grants from Medtronic, Inc. S. Windecker has received 

research grant support via institutional grants from Abbott, 

Biotronik, Biosensors, Boston Scientific, Cordis, Medtronic, and 

St. Jude Medical. P. Widimský has received occasional speaking 

honoraria from Medtronic. J.A. Belardi has served as a consultant 

and as a speaker for Medtronic and Eli Lilly. S. Silber has received 

grant, travel, and analysis support from Medtronic for the 

RESOLUTE All Comers trial. L. Holmvang, P.E. Buszman, 

F.J. Neumann, F.R. Eberli, G. Richardt, and P.W. Serruys have no 

conflicts of interest to declare.

References
 1. Task Force on Myocardial Revascularization of the European 

Society of Cardiology (ESC) and the European Association for 

Cardio-Thoracic Surgery (EACTS); European Association for 

Percutaneous Cardiovascular Interventions (EAPCI), Wijns W, 

Kolh P, Danchin N, Di Mario C, Falk V, Folliguet T, Garg S, Huber K, 

James S, Knuuti J, Lopez-Sendon J, Marco J, Menicanti L, Ostojic M, 

Piepoli MF, Pirlet C, Pomar JL, Reifart N, Ribichini FL, Schalij MJ, 

Sergeant P, Serruys PW, Silber S, Sousa Uva M, Taggart D. Guidelines 

on myocardial revascularization. Eur Heart J. 2010;31:2501-55.

 2. Freixa X, Dzavik V, Forman SA, Rankin JM, Buller CE, 

Cantor WJ, Ruzyllo W, Reynolds HR, Lamas GA, Hochman JS. 

Long-term outcomes after a strategy of percutaneous coronary 

intervention of the infarct-related artery with drug-eluting stents or 

bare metal stents vs medical therapy alone in the Occluded Artery 

Trial (OAT). Am Heart J. 2012;163:1011-8.

 3. Nauta ST, Gaspersz M, Deckers JW. The new European 

Society of Cardiology guidelines on myocardial revascularisation: 

an appraisal. Heart. 2012;98:11-4.

 4. Claessen BE, Dangas GD, Weisz G, Witzenbichler B, 

Guagliumi G, Mockel M, Brener SJ, Xu K, Henriques JP, Mehran R, 

Stone GW. Prognostic impact of a chronic total occlusion in a non-

infarct-related artery in patients with ST-segment elevation myo-

cardial infarction: 3-year results from the HORIZONS-AMI trial. 

Eur Heart J. 2012;33:768-75.

 5. Jones DA, Weerackody R, Rathod K, Behar J, Gallagher S, 

Knight CJ, Kapur A, Jain AK, Rothman MT, Thompson CA, 

Mathur A, Wragg A, Smith EJ. Successful recanalization of chronic 

total occlusions is associated with improved long-term survival. 

JACC Cardiovasc Interv. 2012;5:380-8.

 6. Ge L, Iakovou I, Cosgrave J, Chieffo A, Montorfano M, 

Michev I, Airoldi F, Carlino M, Melzi G, Sangiorgi GM, Corvaja N, 

Colombo A. Immediate and mid-term outcomes of sirolimus-elut-

ing stent implantation for chronic total occlusions. Eur Heart J. 

2005;26:1056-62.

 7. Hoye A, Tanabe K, Lemos PA, Aoki J, Saia F, Arampatzis C, 

Degertekin M, Hofma SH, Sianos G, McFadden E, van der 

Giessen WJ, Smits PC, de Feyter PJ, van Domburg RT, Serruys PW. 

Significant reduction in restenosis after the use of sirolimus-eluting 

stents in the treatment of chronic total occlusions. J Am Coll 

Cardiol. 2004;43:1954-8.

 8. Suttorp MJ, Laarman GJ, Rahel BM, Kelder JC, Bosschaert MA, 

Kiemeneij F, Ten Berg JM, Bal ET, Rensing BJ, Eefting FD, 

Mast EG. Primary Stenting of Totally Occluded Native Coronary 

Arteries II (PRISON II): a randomized comparison of bare metal 

stent implantation with sirolimus-eluting stent implantation for the 

treatment of total coronary occlusions. Circulation. 2006;114:921-8.

 9. Kelbæk H, Helqvist S, Thuesen L, Klovgaard L, Jorgensen E, 

Saunamaki K, Krusell LR, Botker HE, Engstrom T, Jensen GV; 

SCANDSTENT investigators. Sirolimus versus bare metal stent 

implantation in patients with total coronary occlusions: subgroup 

analysis of the Stenting Coronary Arteries in Non-Stress/Benestent 

Disease (SCANDSTENT) trial. Am Heart J. 2006;152:882-6.



656

E
u
ro

In
te

rve
n
tio

n
 2

0
1

5
;1

0
:6

5
0

-6
5

7

 10. Dibra A, Tiroch K, Schulz S, Kelbæk H, Spaulding C, 

Laarman GJ, Valgimigli M, Di Lorenzo E, Kaiser C, Tierala I, 

Mehilli J, Campo G, Thuesen L, Vink MA, Schalij MJ, Violini R, 

Schomig A, Kastrati A. Drug-eluting stents in acute myocardial 

infarction: updated meta-analysis of randomized trials. Clin Res 

Cardiol. 2010;99:345-57.

 11. De Luca G, Dirksen MT, Spaulding C, Kelbæk H, Schalij M, 

Thuesen L, van der Hoeven B, Vink MA, Kaiser C, Musto C, 

Chechi T, Spaziani G, Diaz de la Llera LS, Pasceri V, Di Lorenzo E, 

Violini R, Cortese G, Suryapranata H, Stone GW. Drug-eluting vs 

bare-metal stents in primary angioplasty: a pooled patient-level 

meta-analysis of randomized trials. Arch Intern Med. 2012;172:611-

21; discussion 621-2.

 12. Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, 

Brodie BR, Dudek D, Kornowski R, Hartmann F, Gersh BJ, 

Pocock SJ, Dangas G, Wong SC, Fahy M, Parise H, Mehran R; 

HORIZONS-AMI Trial Investigators. Heparin plus a glycoprotein 

IIb/IIIa inhibitor versus bivalirudin monotherapy and paclitaxel-

eluting stents versus bare-metal stents in acute myocardial infarc-

tion (HORIZONS-AMI): final 3-year results from a multicentre, 

randomised controlled trial. Lancet. 2011;377:2193-204.

 13. Serruys PW, Silber S, Garg S, van Geuns RJ, Richardt G, 

Buszman PE, Kelbæk H, van Boven AJ, Hofma SH, Linke A, Klauss V, 

Wijns W, Macaya C, Garot P, DiMario C, Manoharan G, Kornowski R, 

Ischinger T, Bartorelli A, Ronden J, Bressers M, Gobbens P, Negoita M, 

van Leeuwen F, Windecker S. Comparison of zotarolimus-eluting and 

everolimus-eluting coronary stents. N Engl J Med. 2010;363:136-46.

 14. Mauri L, Leon MB, Yeung AC, Negoita M, Keyes MJ, 

Massaro JM. Rationale and design of the clinical evaluation of the 

Resolute Zotarolimus-Eluting Coronary Stent System in the treat-

ment of de novo lesions in native coronary arteries (the RESOLUTE 

US clinical trial). Am Heart J. 2011;161:807-14.

 15. Yeung AC, Leon MB, Jain A, Tolleson TR, Spriggs DJ, Mc 

Laurin BT, Popma JJ, Fitzgerald PJ, Cutlip DE, Massaro JM, 

Mauri L; RESOLUTE US Investigators. Clinical evaluation of the 

Resolute zotarolimus-eluting coronary stent system in the treatment 

of de novo lesions in native coronary arteries: the RESOLUTE US 

clinical trial. J Am Coll Cardiol. 2011;57:1778-83.

 16. Neumann FJ, Widimsky P, Belardi JA. One-year outcomes of 

patients with the zotarolimus-eluting coronary stent: RESOLUTE 

International Registry. EuroIntervention. 2012;7:1181-8.

 17. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van 

Es GA, Steg PG, Morel MA, Mauri L, Vranckx P, McFadden E, 

Lansky A, Hamon M, Krucoff MW, Serruys PW; Academic Research 

Consortium. Clinical end points in coronary stent trials: a case for 

standardized definitions. Circulation. 2007;115:2344-51.

 18. Vranckx P, Cutlip DE, Mehran R, Kint PP, Silber S, 

Windecker S, Serruys PW. Myocardial infarction adjudication in 

contemporary all-comer stent trials: balancing sensitivity and spec-

ificity. Addendum to the historical MI definitions used in stent stud-

ies. EuroIntervention. 2010;5:871-4.

 19. Dangas GD, Claessen BE, Mehran R, Xu K, Fahy M, Parise H, 

Henriques JP, Ohman EM, White HD, Stone GW. Development and 

validation of a stent thrombosis risk score in patients with acute 

coronary syndromes. JACC Cardiovasc Interv. 2012;5:1097-105.

 20. Kelbæk H, Thuesen L, Helqvist S, Klovgaard L, Jorgensen E, 

Aljabbari S, Saunamaki K, Krusell LR, Jensen GV, Botker HE, 

Lassen JF, Andersen HR, Thayssen P, Galloe A, van Weert A; 

SCANDSTENT Investigators. The Stenting Coronary Arteries in 

Non-stress/benestent Disease (SCANDSTENT) trial. J Am Coll 

Cardiol. 2006;47:449-55.

 21. Marroquin OC, Selzer F, Mulukutla SR, Williams DO, 

Vlachos HA, Wilensky RL, Tanguay JF, Holper EM, Abbott JD, 

Lee JS, Smith C, Anderson WD, Kelsey SF, Kip KE. A comparison 

of bare-metal and drug-eluting stents for off-label indications. 

N Engl J Med. 2008;358:342-52.

 22. Win HK, Caldera AE, Maresh K, Lopez J, Rihal CS, 

Parikh MA, Granada JF, Marulkar S, Nassif D, Cohen DJ, 

Kleiman NS; EVENT Registry Investigators. Clinical outcomes 

and stent thrombosis following off-label use of drug-eluting 

stents. JAMA. 2007;297:2001-9.

 23. Applegate RJ, Sacrinty MT, Kutcher MA, Santos RM, 

Gandhi SK, Baki TT, Little WC. “Off-label” stent therapy 2-year 

comparison of drug-eluting versus bare-metal stents. J Am Coll 

Cardiol. 2008;51:607-14.

 24. Van den Branden BJ, Teeuwen K, Koolen JJ, van der 

Schaaf RJ, Henriques JP, Tijssen JG, Kelder JC, Vermeersch PH, 

Rensing BJ, Suttorp MJ. Primary Stenting of Totally Occluded 

Native Coronary Arteries III (PRISON III): a randomised compari-

son of sirolimus-eluting stent implantation with zotarolimus-elut-

ing stent implantation for the treatment of total coronary occlusions. 

EuroIntervention. 2013;9:841-53.

 25. Silber S, Windecker S, Vranckx P, Serruys PW; RESOLUTE 

All Comers investigators. Unrestricted randomised use of two new 

generation drug-eluting coronary stents: 2-year patient-related ver-

sus stent-related outcomes from the RESOLUTE All Comers trial. 

Lancet. 2011;377:1241-7.

 26. Stefanini GG, Serruys PW, Silber S, Khattab AA, van Geuns RJ, 

Richardt G, Buszman PE, Kelbæk H, van Boven AJ, Hofma SH, 

Linke A, Klauss V, Wijns W, Macaya C, Garot P, Di Mario C, 

Manoharan G, Kornowski R, Ischinger T, Bartorelli AL, Gobbens P, 

Windecker S. The impact of patient and lesion complexity on clinical 

and angiographic outcomes after revascularization with zotarolimus- 

and everolimus-eluting stents: a substudy of the RESOLUTE All 

Comers Trial (a randomized comparison of a zotarolimus-eluting 

stent with an everolimus-eluting stent for percutaneous coronary 

intervention). J Am Coll Cardiol. 2011;57:2221-32.

 27. Richardt G, Leschke M, Abdel-Wahab M, Toelg R, 

El-Mawardy M, Serruys PW, Silber S, Windecker S, Belardi J, 

Neumann FJ, Widimsky P; RESOLUTE All Comers; RESOLUTE 

International Investigators. Clinical outcomes of the Resolute 

zotarolimus-eluting stent in patients with in-stent restenosis: two-

year results from a pooled analysis. JACC Cardiovasc Interv. 

2013;6:905-13.

 28. Delacretaz E, Meier B. Therapeutic strategy with total coro-

nary artery occlusions. Am J Cardiol. 1997;79:185-7.



657

R-ZES in total coronary occlusions

E
u
ro

In
te

rve
n
tio

n
 2

0
1

5
;1

0
:6

5
0

-6
5

7

 29. Stone GW, Rutherford BD, McConahay DR, Johnson WL Jr, 

Giorgi LV, Ligon RW, Hartzler GO. Procedural outcome of angio-

plasty for total coronary artery occlusion: an analysis of 971 lesions 

in 905 patients. J Am Coll Cardiol. 1990;15:849-56.

 30. Claessen BE, Dangas GD, Godino C, Henriques JP, Leon MB, 

Park SJ, Stone GW, Moses JW, Colombo A, Mehran R; Multinational 

CTO Registry. Impact of target vessel on long-term survival after 

percutaneous coronary intervention for chronic total occlusions. 

Catheter Cardiovasc Interv. 2013;82:76-82.

 31. Dangas GD, Claessen BE, Mehran R, Xu K, Stone GW. Stent 

thrombosis after primary angioplasty for STEMI in relation to non-

adherence to dual antiplatelet therapy over time: results of the 

HORIZONS-AMI trial. EuroIntervention. 2013;8:1033-9.

 32. Mauri L, Kereiakes DJ, Normand SL, Wiviott SD, Cohen DJ, 

Holmes DR, Bangalore S, Cutlip DE, Pencina M, Massaro JM. 

Rationale and design of the dual antiplatelet therapy study, a prospec-

tive, multicenter, randomized, double-blind trial to assess the effec-

tiveness and safety of 12 versus 30 months of dual antiplatelet therapy 

in subjects undergoing percutaneous coronary intervention with either 

drug-eluting stent or bare metal stent placement for the treatment of 

coronary artery lesions. Am Heart J. 2010;160:1035-41, 1041.e1.

 33. Silber S, Kirtane AJ, Belardi JA, Liu M, Brar S, Rothman M, 

Windecker S. Lack of association between dual antiplatelet therapy 

use and stent thrombosis between 1 and 12 months following 

resolute zotarolimus-eluting stent implantation. Eur Heart J. 

2014;35:1949-56.


