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Abstract
Background: Percutaneous coronary intervention (PCI) for chronic total coronary occlusions (CTO) 
improves clinical symptoms and quality of life. The longer-term safety of PCI compared to optimal medical 
therapy (OMT) remains uncertain. 
Aims: We sought to evaluate the long-term safety of PCI for CTO in a randomised trial as compared to 
OMT.
Methods: A total of 396 patients with a symptomatic CTO were enrolled into a randomised, multicentre 
clinical trial comparing PCI and OMT. Half of the patients had a single CTO; the others had multivessel 
disease. Non-CTO lesions were treated prior to randomisation (2:1 ratio). During follow-up, crossover from 
OMT to PCI occurred in 7.3% (1 year) and 17.5% (3 years) of patients. 
Results: At 3 years, the incidence of cardiovascular death or nonfatal myocardial infarction was not signi-
ficantly different between the groups (OMT 3.7% vs PCI 6.2%; p=0.29). By per-protocol analysis, the dif-
ference remained non-significant (OMT 5.7% vs PCI 4.7%; p=0.67). Overall, major adverse cardiovascular 
events (MACE) were more frequent with OMT (OMT 21.2% vs PCI 11.2%), largely because of ischaemia-
driven revascularisation. The rates of stroke or hospitalisation for bleeding were not different between the 
groups. 
Conclusions: At 3 years there was no difference in the rate of cardiovascular death or myocardial infarc-
tion between PCI or OMT among patients with a remaining single coronary CTO. The MACE rate was 
higher in the OMT group due largely to ischaemia-driven revascularisation. CTO PCI appears to be a safe 
option for patients with a single remaining significant coronary CTO. CinicalTrials.gov: NCT01760083.
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Abbreviations
AHA American Heart Association
ARC Academic Research Council 
CABG coronary artery bypass grafting
CCS Canadian Cardiovascular Society
COURAGE  Clinical Outcomes Utilizing Revascularization 

and Aggressive Drug Evaluation trial
CTO chronic total occlusion
DECISION-CTO  Drug-Eluting Stent Implantation Versus Optimal 

Medical Treatment in Patients With Chronic 
Total Occlusion trial

EuroCTO  A Randomized Multicentre Trial to Evaluate 
the Utilization of Revascularization or Optimal 
Medical Therapy for the Treatment of Chronic 
Total Coronary Occlusions 

ISCHEMIA  International Study of Comparative Health 
Effectiveness With Medical and Invasive 
Approaches

ISCHEMIA-CTO  International Randomized Trial on the Effect of 
Revascularization or Optimal Medical Therapy 
of Chronic Total Coronary Occlusions With 
Myocardial Ischemia

ITT intention-to-treat
MACE major adverse cardiac events
MI myocardial infarction
NYHA New York Heart Association 
OMT optimal medical therapy
PCI percutaneous coronary intervention
PP per protocol
REVASC  Recovery of Left Ventricular Function in Chronic 

Total Occluded Coronary Arteries trial
REVIVED-BCIS2  Study of Efficacy and Safety of Percutaneous 

Coronary Intervention to Improve Survival in 
Heart Failure

SYNTAX II  Trial Evaluating New Strategy in the Functional 
Assessment of 3-Vessel Disease Using 
SYNTAXII Score in Patients With PCI

Introduction
Chronic coronary total occlusions (CTOs) represent a lesion sub-
set found in about 15-20% of patients with stable coronary artery 
disease1. Recent advances in the treatment of CTOs have resulted 
in improved procedural success, but specific techniques and 
expertise are required2. It is widely accepted that the indication for 
CTO percutaneous coronary intervention (PCI) should be based 
on clinical symptoms rather than prognostic considerations3. The 
first phase of the EuroCTO trial demonstrated the benefit of PCI 
on freedom from angina and angina frequency over optimal medi-
cal therapy (OMT), with comparable 1-year safety4. However, the 
long-term safety of PCI for CTOs, or even a beneficial effect on 
adverse clinical events, is still under debate5.

Several registries and epidemiological studies have established the 
distinct negative effect of CTOs on prognosis, most prominently in 

patients with an acute coronary syndrome6 but also among patients 
with stable angina pectoris7. While registries have shown the benefit 
of a successful versus an unsuccessful PCI for CTO on prognosis8, 
the issue remains whether the failed procedure may have harmed 
the patient and biased the observation. On the other hand, compari-
sons of revascularised patients versus medically treated patients in 
registries involve selection bias on the part of the physician assign-
ing the patient to the respective treatment options9,10. Propensity 
matching may partly correct this bias but certainly cannot replace 
a randomised comparison between PCI and OMT to understand 
the true impact of successful, failed, and deferred PCI on the clini-
cal course of patients with a CTO. The design of the randomised 
EuroCTO trial included a 3-year follow-up period. The trial was not 
powered to detect differences in mortality, but, together with present 
and future randomised trials and registries, it was expected to offer 
insight into the safety of CTO PCI over a long-term period.

Editorial, see page 537

Methods
The design and rationale of this trial (ClinicalTrials.gov: 
NCT01760083) has been presented in detail with the results of 
the primary efficacy endpoint4. Briefly, the EuroCTO trial was 
a prospective, randomised, multicentre, open-label, controlled 
clinical trial to assess, in a 2:1 allocation, PCI with a biolimus-
eluting stent (BioMatrix; Biosensors Europe) plus OMT and OMT 
alone (Central illustration). Patients were recruited at 28 European 
centres with expertise in CTO PCI (Supplementary Appendix). 
The trial was managed and overseen by an independent clinical 
research organisation (Cardiovascular European Research Centre, 
Massy, France), with outcome data assessed and adjudicated 
by a clinical events committee (CEC). The study protocol was 
approved by the relevant ethical committees, and written informed 
consent was obtained from all patients. 

Patients with evidence of ischaemia or clinical symptoms and at 
least 1 CTO in a major coronary artery with a vessel diameter greater 
or equal to 2.5 mm (AHA site map 1-3, 6, 7, 11)11 were enrolled.

STUDY INTERVENTION
Patients with a single-vessel CTO (48.5%) were treated according 
to randomisation. Patients with multivessel disease (51.5%) were 
included after at least 4 weeks from the completion of treatment of 
any other significant non-CTO lesions. In case of failed CTO PCI, 
additional interventional attempts were encouraged, including 
referral to bypass surgery. Angiographic success was defined as 
a final angiographic residual stenosis of <20% by visual estimate 
and Thrombolysis in Myocardial Infarction (TIMI) 3 flow after 
implantation of a drug-eluting stent. Dual antiplatelet therapy was 
advised for 12 months. Patients in both treatment groups received 
standard-of-care medication regarding lipid control, hypertension 
and diabetes treatment as well as medication in case of reduced 
left ventricular function as described in detail previously4. In the 
OMT group, antianginal medication was adapted during follow-
up, and efforts were made to avoid unplanned revascularisation 
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of the CTO in the OMT group before completion of the efficacy 
endpoint at 12 months. Thereafter, CTO recanalisation could 
be offered to patients randomised to the OMT arm with severe 
uncontrolled symptoms. 

PRIMARY SAFETY ENDPOINT
The primary safety endpoint was the incidence of cardiovascular 
death or non-fatal myocardial infarction (MI) during a follow-
up of at least 3 years. Secondary endpoints were changes in the 
Canadian Cardiovascular Society (CCS) classification, major 
adverse cardiac events (MACE), stent thrombosis, cerebrovascu-
lar events, and hospitalisation for cardiac reasons.

ADVERSE EVENT DEFINITION AND ASSESSMENT
MACE were defined as cardiac death, non-fatal MI, and ischae-
mia-driven target lesion revascularisation during follow-up. The 
latter was indicated by symptoms not controlled under optimised 
antianginal medication and assessed by the CEC as ischaemia-
driven. Criteria for acute MI followed the third universal def-
inition of MI12 and required the detection of a rise of cardiac 
biomarker values (preferably cardiac troponin with at least 
1 value above the 99th percentile upper reference limit) com-
bined with either symptoms of ischaemia, new or presumed new 
significant ST-segment/T-wave changes, new left bundle branch 
block, development of pathological Q waves in the electrocar-
diogram, new regional wall motion abnormality, or identification 
of an intracoronary thrombus by angiography or autopsy. Stent 
thrombosis was defined according to the Academic Research 
Council (ARC) criteria13.

STATISTICAL ANALYSIS
The final sample size calculation was based on the efficacy end-
point at 1 year, as previously indicated4. For the safety endpoint, 
the expected rate of cardiovascular death or MI at 3 years in the 
OMT arm was estimated to be about 11% and 8% in the PCI 
arm, according to registries and trials available at the time of the 
study design14-16. For these estimates the non-inferiority hypo-
thesis would have required about 1,200 patients for a power of 
0.8, a sample size not achievable because of slow enrolment.

The primary analysis is based on the intention-to-treat (ITT) 
population. An additional per-protocol (PP) analysis was done 
excluding patients who had not received their assigned treatment. 
The mean and standard deviation are reported for continuous vari-
ables, and numbers and percentages are reported for categorical 
variables. Concomitant medication was summarised and compared 
between the groups at discharge and during follow-up by means 
of a chi-squared test or Fisher’s exact test, whichever was appro-
priate. The total number of antianginal drugs was compared by 
means of a Wilcoxon rank-sum test. The number of adverse events 
was compared between groups by means of a chi-squared test on 
the Kaplan-Meier estimates. All analyses were performed with the 
use of SAS, version 9.4 (SAS Institute). Further analyses beyond 
the ITT population evaluation were done with the use of NCSS 12 
Statistical Software (NCSS).

Results
ENROLMENT AND PROTOCOL ADHERENCE
Patients were enrolled over a 3-year period with 396 patients fulfill-
ing the inclusion criteria; they were randomised 2:1 to either PCI 
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CENTRAL ILLUSTRATION Study plan and 3-year outcome of the EuroCTO trial
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Primary safety endpoint cardiac death and non-fatal MI

396 patients

259 planned PCI 137 OMTITT population

254 received PCI 3 c/o  to OMT 137 on OMTPP population

 OMT PCI p-value
Intention-to treat (N=137) (N=259) 
Primary safety endpoint (%) 3.7 6.2 0.29
      Cardiac death (%) 2.2 3.1 0.75
      Non-fatal MI (%) 1.5 3.1 0.33
MACE (%) 21.2 11.2 0.008

At 3 years, there was no difference in the rate of cardiovascular death or non-fatal myocardial infarction between PCI or OMT among 
patients with a coronary CTO, while the MACE rate was higher with OMT. c/o: crossed over from 1 group to the other; ITT: intention-to-
treat; MACE: major adverse cardiac events; MI: myocardial infarction; OMT: optimal medical therapy; PCI: percutaneous coronary 
intervention; PP: per protocol
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and OMT (n=259) or OMT alone (n=137). This represents the ITT 
population. The main patient and lesion characteristics are summa-
rised in Table 1. After randomisation, 5 patients did not undergo 
PCI (1 cancer diagnosis, 1 death from heart failure, 3 patients 
had a crossover to OMT by physician’s choice). Consequently, 
254 patients underwent PCI, and 140 patients were treated by OMT 
alone, representing the per protocol population (Figure 1). 

In the OMT group, 10 patients (7.3%) crossed over to PCI 
before completion of the 1-year follow-up. During the follow-
up beyond 12 months, another 14 patients (10.2%) in the OMT 
arm underwent CTO revascularisation, with one of them directly 
referred to coronary artery bypass grafting (CABG). In addition, 
8 patients in the PCI group and 3 in the OMT group withdrew 
their consent for further follow-up. 

PROCEDURAL DATA OF PATIENTS UNDERGOING PCI
Recanalisation was attempted in 254 patients in the PCI group. 
PCI was successful in the first attempt in 83.1% of cases. Further 
attempts were made in 19 patients, of which 9 were successful, 
leading to a final success rate of 86.6% (Supplementary Figure 1). 
In-hospital complications occurred in 2.9% of patients, which 
included pericardial tamponade (n=4), vascular surgical repair 
(n=2) and need for a blood transfusion (n=5). There were no 
periprocedural deaths or emergency CABG.

The crossover procedures in 24 patients were successful in 19, 
unsuccessful in 4, and 1 patient was directly referred to CABG 
(Supplementary Figure 1). There were no periprocedural compli-
cations during these crossover PCIs. Finally, 278 patients under-
went CTO revascularisation, two of them by CABG, and overall, 
241 (87.3%) patients were successfully revascularised.

CLINICAL SYMPTOMS DURING FOLLOW-UP
The CCS class and the New York Heart Association (NYHA) 
Functional Class improved at 12 months, more in the PCI group 
than in the OMT group. At baseline, there were 81.8% in CCS 
<2 as compared to 65.7% (p<0.001) at 12 months, and 75.8% 
versus 53.3% (p<0.001) in NYHA <2. At the final assessment, 
CCS <2 was observed in 77.3% vs 66.1% (p<0.05), while there 
was no longer a difference in NYHA <2 (71.1% vs 59.5%). The 
number of antianginal medications was significantly lower in the 
PCI group as compared to the OMT group at 12-month follow-up 
(1.4 vs 1.9; p<0.005), and this remained within the same range at 
3 years (1.4 vs 1.8; p<0.05).

CLINICAL SAFETY ENDPOINT IN THE INTENTION-TO-TREAT 
AND PER-PROTOCOL ANALYSES
During a follow-up of 37.4±7.7 months, cardiovascular death or 
nonfatal MI were not significantly different in either group, with 
3.7% in the OMT group and 6.2% in the PCI group (log-rank 
p=0.29). In the per-protocol analysis, 5.7% had an event in the 
OMT group and 4.7% in the PCI group (p=0.67) (Figure 2). 

In the PCI group, there were 2 procedure-related MIs (0.8%) 
during unsuccessful recanalisation attempts. The spontaneous MI 
rate during follow-up was 2.3% in the PCI group and 1.5% in the 
OMT group, while for crossover procedures no periprocedural MI 
was detected.

The MACE rate was significantly higher in the OMT group, 
with 21.2% as compared to 11.2% in the PCI group, in the ITT 
analysis (p=0.008). The main contributor for MACE in the OMT 
group was ischaemia-driven revascularisation (Table 2). In the 
PP analysis, this difference was higher, with 22.9% in the OMT 
group and 9.8% in the PCI group (p<0.001) (Figure 3). In the PCI 
group, 9 patients (3.5%) with an initially successful procedure had 
a lesion recurrence requiring repeat PCI. In addition, there was 
1 (0.7%) non-target revascularisation in the OMT group and 10 
(3.9%) non-target revascularisations in the PCI group in patients 
either with disease progression in a previously untreated segment 
or recurrence in a previously treated non-CTO lesion.

There were 6 cerebral ischaemic events reported (all but 2 with 
full neurological recovery) 1 (0.7%) in the OMT group, 5 (1.9%; 
p=0.67) in the PCI group of which 1 (0.4%) was periprocedural. 
Three (1.2%) periprocedural bleeding events were reported, while 
during follow-up there was 1 (0.7%) bleeding event in the OMT 
group and 4 (1.5%) in the PCI group. Including the periprocedural 
events, there was no statistical difference (p=0.27) between groups.

COMPARISON OF PATIENTS WITH SUCCESSFUL 
REVASCULARISATION VERSUS FAILED PROCEDURES 
VERSUS OMT
In patients with a successful PCI, the incidence of the primary 
safety endpoint was 3.6% versus 12.2% in those with failed PCI 
(p=0.03) and 5.7% in those on OMT at follow-up. Two of the 
events were periprocedural MIs, and 2 were cardiac deaths during 
further follow-up in the failed-PCI patients. The rate of MACE 

Table 1. Patient and lesion characteristics of patients with a CTO 
randomised to OMT or PCI. 

OMT 
(N=137)

PCI 
(N=259)

Age, years 64.7±9.9 65.2±9.7

Male 118 (86.1) 215 (83.0)

Diabetes 40 (29.2) 85 (32.8)

Hypercholesterolemia 111 (81.0) 210 (81.1)

History of smoking 92 (67.2) 190 (73.4)

Previous myocardial infarction 25 (18.3) 59 (22.8)

Previous bypass surgery 10 (7.3) 34 (13.1)

Previous PCI unrelated to study 71 (51.8) 145 (56.0)

Previous PCI to facilitate study entry 37 (27.0) 79 (30.5)

Left ventricular ejection fraction, % 55.7±10.8 54.5±10.8

Single-vessel disease 62 (45.3) 130 (50.2)

J-CTO score 1.67±0.91 1.82±1.07

Numbers are mean±standard deviation or counts (%). There were no 
significant differences between the treatment groups. CTO: chronic total 
occlusion; J-CTO: Japanese chronic total occlusion score; OMT: optimal 
medical therapy; PCI: percutaneous coronary intervention
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was lowest after successful PCI 8.6% versus 15.2% with unsuc-
cessful PCI versus 22.9% in the OMT patients.

Discussion
In the first phase of this trial of patients with stable angina pec-
toris and at least 1 CTO, we found that, compared with medical 
treatment alone, CTO recanalisation led to better symptom con-
trol and improved quality of life. While in non-CTO lesions, the 
seminal COURAGE trial showed a similar benefit for PCI as 
compared to OMT; however, in that study, PCI appeared to be 
associated with more MI13. In the current prespecified long-term 
safety analysis after at least 3 years, we observed no increased 

risk of cardiovascular death or MI in either the ITT or PP analysis, 
with an increased rate of ischaemia-driven revascularisation and 
MACE in the OMT group (Central illustration). 

LONG-TERM EVENTS AFTER PCI VERSUS OMT IN PATIENTS 
WITH A CTO 
The success rate in our study was high (86.6% in the PCI group 
and 87.3% overall, including procedures in crossover patients), 
a confirmation of the efficacy of contemporary recanalisation tech-
niques, and comparable to recent prospective trials involving CTO 
PCI, such as SYNTAX II17, DECISION-CTO18, and REVASC19. 
Of these trials, the only one comparable in the selection of patients 

1 patient left because
of cancer diagnosis

258 patients
planned for PCI

137 patients
planned for OMT

259 patients
randomised to PCI

137 patients
randomised to OMTITT population

1 patient withdrew consent
after successful PCI

1 patient died

12 patients died 4 patients died

1 patient died from
heart failure before PCI

3 patients
c/o to OMT

2 patients died 1 patient died

254 patients
underwent PCI

3 patients
c/o to OMT

137 patients
on OMTPP population

8 patients withdrew
consent

3 patients
withdrew consent14 patients

c/o to PCI*

251 patients
after PCI

10 patients
c/o to PCI

2 patients
c/o to OMT

127 patients
remained on OMT12-month FUP

231 patients
after PCI

24 patients
c/o to PCI*

2 patients
c/o to OMT

106 patients
remained on OMT36-month FUP

396 analysed after inclusion

Figure 1. Overview of enrolment, treatment assignment and crossover of study patients during 3 years of follow-up. *1 patient crossed over to 
CABG directly. CABG: coronary artery bypass graft; c/o: crossed over from 1 group to the other; FUP: follow-up; ITT: intention-to-treat; 
OMT: optimal medical therapy; PCI: percutaneous coronary intervention; PP: per protocol
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was the DECISION-CTO trial, which also had a 3-year follow-
up. In the EuroCTO trial the periprocedural complications were 
low, with no deaths. During follow-up, the 3-year cardiovascu-
lar mortality rate in the PCI group was 3.1%, which is slightly 
higher than in DECISION-CTO, but the rate of MI was lower, at 
3.1% as compared to 11.3%. In the latter trial, there was a higher 
rate of periprocedural MI of 9.8%, whereas the rate of spontane-
ous MI was 1.7% in the PCI group. However, the OMT group 
of the DECISION-CTO trial cannot be compared to the present 
trial, as more than 70% of patients received a PCI for a non-CTO 
lesion, resulting in a comparably higher rate of periprocedural MI 
of 7.5%, with a spontaneous MI rate of 1.8%, similar to the PCI 
group.

In our study, the ITT analysis showed a numerically higher rate 
of the safety endpoint in the PCI group compared to the OMT 
group (6.2% vs 3.7%; p=0.29), while in the PP analysis there was 
a reverse numerical difference between the OMT group and the 
PCI group (4.7% vs 5.7%; p=0.67). The MACE rate was higher in 

the OMT group with 21.2% versus 11.2% (PCI group) (p<0.008), 
mainly due to the rate of ischaemia-driven revascularisations − 
despite the effort to avoid crossovers by the attending physicians − 
but also due to the low rate of repeat revascularisation in the PCI 
group (3.5%) during the 3-year follow-up.

RANDOMISED TRIALS VERSUS REGISTRIES TO ASSESS 
LONG-TERM OUTCOME AFTER CTO PCI 
Both our study and the DECISION-CTO trial demonstrated that 
patients undergoing PCI for a CTO do not have a significantly 
higher rate of death or MI than patients treated by OMT. As 
neither study was powered to detect a difference between the 2 
strategies for this safety endpoint, the results do not support the 
observations of registries in which PCI seemed to be superior to 
OMT regarding death and MI20-22. A recently published registry 
with a 10-year follow-up indicated that the follow-up period must 
be extended well beyond 5 years to detect an influence on hard 
clinical endpoints9.

An inherent problem of all randomised trials in this field is the 
exclusion of highly symptomatic patients. Both patients and refer-
ring physicians will decline to enrol in a trial with a conservative 
option when the alternative would be interventional therapy with 
immediate relief of symptoms23. Therefore, lower-risk patients are 
enrolled, as shown in a systematic analysis by Megaly et al24.

THE IMPORTANCE OF SUCCESSFUL PROCEDURES FOR 
LONG-TERM OUTCOME
Even with no randomised trial supporting a prognostic impact of 
CTO PCI, the beneficial effect on clinical symptoms is a sound 
indication to perform PCI in order to avoid an additional life-
long antianginal medication. As shown in our study, there were no 
significant risks added by the procedure. In the PP analysis look-
ing at successful and unsuccessful CTO procedures, procedural 
success is a major determinant of the clinical course after PCI. 
This is already established in the many registries comparing suc-
cessful and unsuccessful CTO procedures25, but it is emphasised 
once again by our observations that an optimal result is important 
to achieve a favourable clinical outcome after CTO PCI26. 

Limitations
This study was not powered to detect superiority in the safety end-
point but was designed to detect changes in clinical symptoms in 
both treatment groups. The number of randomised patients did 
not reach the prespecified target for the primary efficacy endpoint 
due to the limited number of expert centres and the hesitation to 
randomise highly symptomatic patients. The limitation to expert 
centres was chosen to avoid low procedural success rates. Non-
expert centres would have affected the assessment of the proce-
dural benefit as failed procedures carry a higher complication rate 
and would bias the results. This can also be observed when com-
paring successful and unsuccessful PCI in our study. 

The event rate in both arms of this trial was lower than expected 
and much lower than the reported rates in large CTO registries 

Table 2. Adverse events at follow-up in patients with a CTO 
randomised to OMT or PCI (intention-to-treat and per protocol)

OMT PCI
p-value

Intention-to-treat (N=137) (N=259)

Primary safety endpoint 
cardiac death and MI 3.7 6.2 0.29

Cardiac death 2.2 3.1 0.75

Non-fatal myocardial 
infarction 1.5 3.1 0.33

Non-cardiac death 1.5 3.1 0.50

MACE 21.2 11.2 0.008

Ischaemia-driven 
revascularisation 17.5 7.3 0.002

Ischaemia-driven target 
revascularisation 16.8 3.5 <0.001

Stroke 0.7 2.0 0.43

Hospitalisation for 
bleeding 0.7 2.8 0.27

Per protocol (N=140) (N=254)

Primary safety endpoint 
cardiac death and MI 5.7 4.7 0.67

Cardiac death 2.9 2.4 0.76

Non-fatal myocardial 
infarction 2.9 2.4 0.76

Non-cardiac death 1.4 3.2 0.50

MACE 22.9 9.8 <0.001

Ischaemia-driven 
revascularisation 18.6 6.7 <0.001

Ischaemia-driven target 
revascularisation 16.4 3.5 <0.001

Stroke 0.7 2.0 0.43

Hospitalisation for 
bleeding 0.7 2.8 0.27

All data are presented as %. CTO: chronic total occlusion; MACE: major 
adverse cardiovascular events; MI: myocardial infarction; OMT: optimal 
medical therapy; PCI: percutaneous coronary intervention
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and meta-analyses. This appears to be an unavoidable conse-
quence of the selection process for enrolment in PCI studies, not 
limited to CTO PCI, but also including larger contemporary revas-
cularisation versus OMT therapy trials such as ISCHEMIA27 or 
REVIVED-BCIS228. This weakens the applicability of the find-
ings of these randomised studies to the overall population consid-
ered for PCI, which includes patients with more severe symptoms, 
more comorbidities and higher MACE rates24. The lower MACE 
rate observed in randomised trials as compared to published regis-
tries highlights the bias involved in recruiting patients into a trial 
in which interventional therapy is offered as one option instead of 
a conservative approach.

The analysis of the primary efficacy endpoint demonstrated 
a significant benefit in health status after PCI for a CTO as 

compared to OMT4. This is now supported by the safety endpoint 
analysis after 3 years which shows that this treatment effect was 
achieved without a higher risk of cardiovascular mortality and 
nonfatal MI. While current guidelines are critical of the indication 
to perform PCI for relief of symptoms and would rather suggest 
a lifelong antianginal therapy29, with no evidence of prognostic 
benefit, the EuroCTO trial demonstrated the superiority of PCI 
over OMT without impacting the patient’s acute and long-term 
safety. However, the power of this study to detect significant dif-
ferences in the clinical endpoints was limited, but the results are 
comparable to the DECISION-CTO trial18. Unlike the DECISION-
CTO trial, the EuroCTO trial examined the specific effect of CTO 
PCI versus OMT, whereas the former diluted the effect of CTO 
PCI by having extensively performed non-CTO PCI in the “OMT 
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Figure 2. Kaplan-Meier survival plot, free of cardiovascular death and non-fatal MI, in patients assigned to PCI or OMT for a minimum 
follow-up of 3 years. A) Intention-to-treat analysis. B) Per-protocol analysis. ITT: intention-to-treat; OMT: optimal medical therapy; 
PCI: percutaneous coronary intervention; PP: per protocol
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Figure 3. Kaplan-Meier survival plot, free of major adverse cardiac events (MACE) in patients assigned to PCI or OMT for a minimum 
follow-up of 3 years. A) Intention-to-treat analysis. B) Per-protocol analysis. ITT: intention-to-treat; OMT: optimal medical therapy; 
PCI: percutaneous coronary intervention; PP: per protocol
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group”. In addition, a recent smaller randomised trial supported 
the initial findings of the EuroCTO trial regarding better symp-
tom control30. To resolve this conflicting interpretation of data, 
the ongoing ISCHEMIA-CTO Trial will add further substance to 
the comparison between intervention and OMT regarding sympto-
matic improvement and MACE31.

Conclusions
The current study shows that PCI did not carry significantly higher 
risks of cardiovascular death and nonfatal MI during a follow-up 
of 3 years as compared to OMT in patients with a CTO, whereas 
MACE increased in the OMT group. Further analysis suggests 
that a successful PCI leads to a lower event rate during follow-up, 
while the worst outcome is observed in patients with failed PCI. 
Therefore, high procedural quality and success rates are manda-
tory when considering PCI as a primary option for symptom relief 
in patients with a CTO. Referral to expert centres should be con-
sidered for complex CTO lesions.

Impact on daily practice
The EuroCTO trial demonstrated a benefit of PCI regarding 
clinical symptoms as compared to OMT after 1 year. The fur-
ther follow-up of this study showed sustained benefit regard-
ing angina control, no increased risk of cardiovascular death 
or non-fatal MI, with lower MACE as compared to OMT, pro-
vided the procedure was successful. In patients with a symp-
tomatic CTO, PCI can be offered as a safe option to avoid 
continued antianginal medication.
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cumbed to COVID-19 during his dedicated service as an interven-
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