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Background: Percutaneous coronary intervention (PCI) for chronic total coronary occlusions (CTO)

« stable angina improves clinical symptoms and quality of life. The longer-term safety of PCI compared to optimal medical
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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

¢ percutaneous
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intervention

¢ optimal medical
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® prognosis

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

omMT 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 1l 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
disease'. Recent advances in the treatment of CTOs have resulted
in improved procedural success, but specific techniques and
expertise are required?. It is widely accepted that the indication for
CTO percutaneous coronary intervention (PCI) should be based
on clinical symptoms rather than prognostic considerations®. 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 safety*. However, the
long-term safety of PCI for CTOs, or even a beneficial effect on
adverse clinical events, is still under debate’.

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

patients with an acute coronary syndrome® but also among patients
with stable angina pectoris’. While registries have shown the benefit
of a successful versus an unsuccessful PCI for CTO on prognosis®,
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 options”!. 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 endpoint®. 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)"" 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 previously*. In the
OMT group, antianginal medication was adapted during follow-
up, and efforts were made to avoid unplanned revascularisation
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CENTRAL ILLUSTRATION Study plan and 3-year outcome of the EuroCTO trial

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
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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 MI' 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) criteria’.

STATISTICAL ANALYSIS

The final sample size calculation was based on the efficacy end-
point at 1 year, as previously indicated*. 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 design'*'S. 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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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 PCls. Finally, 278 patients under-
went CTO revascularisation, two of them by CABG, and overall,
241 (87.3%) patients were successfully revascularised.

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

OMT PCI

(N=137) (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

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 MlIs (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 Mls, and 2 were cardiac deaths during
further follow-up in the failed-PCI patients. The rate of MACE
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396 analysed after inclusion

: 259 patients 137 patients
ITT population randomised to PCI randomised to OMT
1 patient left because |
of cancer diagnosis
A4 v
258 patients 137 patients
planned for PCI planned for OMT
1 patient died from 3 patients
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N A 4 A
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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

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 MI'"3. 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 II7, DECISION-CTO'", and REVASCP".
Of these trials, the only one comparable in the selection of patients
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Table 2. Adverse events at follow-up in patients with a CTO
randomised to OMT or PCI (intention-to-treat and per protocol)

Com o |
3.7 6.2

Intention-to-treat

Primary safety endpoint 0.29

cardiac death and MI ’
Cardiac death 2.2 3.1 0.75
_Non-fa_tal myocardial 15 31 0.33
infarction

Non-cardiac death 1.5 3.1 0.50

MACE 21.2 11.2 0.008

Ischaemial-driyen 175 73 0.002

revascularisation

Ischaemlal—drlyen target 16.8 35 <0.001

revascularisation

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 8ed e 0.67
Cardiac death 2.9 2.4 0.76
!\lon—fa_tal myocardial 59 24 0.76
infarction

Non-cardiac death 1.4 3.2 0.50

MACE 22.9 9.8 <0.001

Ischaemial—driyen 186 6.7 <0.001

revascularisation

Ischaemia-driven target

revascularisation Lo 2 ool

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

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 MI**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 endpoints’.

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 symptoms?. Therefore, lower-risk patients are
enrolled, as shown in a systematic analysis by Megaly et al*.

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 procedures®, but it is emphasised
once again by our observations that an optimal result is important

to achieve a favourable clinical outcome after CTO PCI?.

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
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PCI: percutaneous coronary intervention; PP: per protocol

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 ISCHEMIA? or
REVIVED-BCIS2*%. 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 rates?*. 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 OMT*. 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 therapy®, 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 trial'8. 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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group”. In addition, a recent smaller randomised trial supported
the initial findings of the EuroCTO trial regarding better symp-
tom control®®. 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 MACE®!.

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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This manuscript is dedicated to the memory of Professor Anthony
Gershlick, who was one of the initiators of this trial and who suc-
cumbed to COVID-19 during his dedicated service as an interven-
tional cardiologist.

Acknowledgements
We express our gratitude to Dr Marie-Claude Morice for the con-
tinued support of this study project.

Funding

The study was supported by an unrestricted grant from Biosensors
Europe SA and Asahi Intecc Co., Ltd. The sponsor of the study
was the EuroCTO Club e.V..

Conflict of interest

G. Werner reports speaker honoraria from Asahi Intecc, Abbott
Vascular, Daiichi Sankyo, OrbusNeich, Philips/Volcano, Siemens,
and Terumo. J. Escaned reports speaker honoraria from Abbott and
Boston Scientific; and received honoraria from Philips. A. Erglis
reports speaker fees from Biosensors, Biotronik, and Boston
Scientific. E.H. Christiansen received research grants from Asahi
Intecc and Biosensors. C. Di Mario reports institutional grants

from Abbott Vascular, Amgen, Chiesi, Daiichi Sankyo, Edwards
Lifesciences, Medtronic, Philips, and Shockwave; and personal
speaker honoraria from Shockwave and Philips/Volcano. A. Bufe
reports speaker honoraria from Biotronik. B. Lauer reports speaker
honoraria from Daiichi Sankyo, Amgen, Nicolai, Asahi Intecc,
Abbott, and Abiomed. The other authors have no conflict of inter-
est to declare.

References

1. Fefer P, Knudtson ML, Cheema AN, Galbraith PD, Osherov AB, Yalonetsky S,
Gannot S, Samuel M, Weisbrod M, Bierstone D, Sparkes JD, Wright GA, Strauss BH.
Current perspectives on coronary chronic total occlusions: the Canadian Multicenter
Chronic Total Occlusions Registry. J Am Coll Cardiol. 2012;59:991-7.

2. Galassi AR, Werner GS, Boukhris M, Azzalini L, Mashayekhi K, Carlino M,
Avran A, Konstantinidis NV, Grancini L, Bryniarski L, Garbo R, Bozinovic N,
Gershlick AH, Rathore S, Di Mario C, Louvard Y, Reifart N, Sianos G. Percutaneous
recanalisation of chronic total occlusions: 2019 consensus document from the
EuroCTO Club. Eurolntervention. 2019;15:198-208.

3. Galassi AR, Brilakis ES, Boukhris M, Tomasello SD, Sianos G, Karmpaliotis D, Di
Mario C, Strauss BH, Rinfret S, Yamane M, Katoh O, Werner GS, Reifart N.
Appropriateness of percutaneous revascularization of coronary chronic total occlu-
sions: an overview. Eur Heart J. 2016;37:2692-700.

4. Werner GS, Martin-Yuste V, Hildick-Smith D, Boudou N, Sianos G, Gelev V,
Rumoroso JR, Erglis A, Christiansen EH, Escaned J, di Mario C, Hovasse T, Teruel L,
Bufe A, Lauer B, Bogaerts K, Goicolea J, Spratt JC, Gershlick AH, Galassi AR,
Louvard Y; EUROCTO trial investigators. A randomized multicentre trial to compare
revascularization with optimal medical therapy for the treatment of chronic total coro-
nary occlusions. Eur Heart J. 2018;39:2484-93.

5. Brilakis ES, Banerjee S, Karmpaliotis D, Lombardi WL, Tsai TT, Shunk KA,
Kennedy KF, Spertus JA, Holmes DR Jr, Grantham JA. Procedural outcomes of
chronic total occlusion percutaneous coronary intervention: a report from the NCDR
(National Cardiovascular Data Registry). JACC Cardiovasc Interv. 2015;8:245-53.

6. 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
myocardial infarction: 3-year results from the HORIZONS-AMI trial. Eur Heart J.
2012;33:768-75.

7. Ramunddal T, Hoebers LP, Henriques JP, Dworeck C, Angeras O, Odenstedt J,
Ioanes D, Olivecrona G, Harnek J, Jensen U, Aasa M, Albertsson P, Wedel H,
Omerovic E. Prognostic Impact of Chronic Total Occlusions: A Report From SCAAR
(Swedish Coronary Angiography and Angioplasty Registry). JACC Cardiovasc Interv.
2016;9:1535-44.

8. George S, Cockburn J, Clayton TC, Ludman P, Cotton J, Spratt J, Redwood S, de
Belder M, de Belder A, Hill J, Hoye A, Palmer N, Rathore S, Gershlick A, Di Mario C,
Hildick-Smith D, British Cardiovascular Intervention Society, National Institute for
Cardiovascular Outcomes Research. Long-term follow-up of elective chronic total
coronary occlusion angioplasty: analysis from the U.K. Central Cardiac Audit
Database. J Am Coll Cardiol. 2014;64:235-43.

9. Park TK, Lee SH, Choi KH, Lee JM, Yang JH, Song YB, Hahn JY, Choi JH,
Gwon HC, Lee SH, Choi SH. Late Survival Benefit of Percutaneous Coronary
Intervention Compared With Medical Therapy in Patients With Coronary Chronic
Total Occlusion: A 10-Year Follow-Up Study. J Am Heart Assoc. 2021;10:¢019022.

10. Strauss BH, Knudtson ML, Cheema AN, Galbraith PD, Elbaz-Greener G,
Abuzeid W, Henning KA, Qiu F, Wijeysundera HC. Canadian Multicenter Chronic
Total Occlusion Registry: Ten-Year Follow-Up Results of Chronic Total Occlusion
Revascularization. Circ Cardiovasc Interv. 2021;14:¢010546.

11. Austen WG, Edwards JE, Frye RL, Gensini GG, Gott VL, Griffith LS, McGoon DC,
Murphy ML, Roe BB. A reporting system on patients evaluated for coronary artery
disease. Report of the Ad Hoc Committee for Grading of Coronary Artery Disease,
Council on Cardiovascular Surgery, American Heart Association. Circulation. 1975;
51:5-40.

12. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD; Writing
Group on the Joint ESC/ACCF/AHA/WHEF Task Force for the Universal Definition of
Myocardial Infarction; Thygesen K, Alpert JS, White HD, Jaffe AS, Katus HA,
Apple FS, Lindahl B, Morrow DA, Chaitman BA, Clemmensen PM, Johanson P,
Hod H, Underwood R, Bax JJ, Bonow RO, Pinto F, Gibbons RJ, Fox KA, Atar D,
Newby LK, Galvani M, Hamm CW, Uretsky BF, Steg PG, Wijns W, Bassand JP,
Menasché P, Ravkilde J, Ohman EM, Antman EM, Wallentin LC, Armstrong PW,
Simoons ML, Januzzi JL, Nieminen MS, Gheorghiade M, Filippatos G, Luepker RV,
Fortmann SP, Rosamond WD, Levy D, Wood D, Smith SC, Hu D, Lopez-Sendon JL,



Robertson RM, Weaver D, Tendera M, Bove AA, Parkhomenko AN, Vasilieva EJ,
Mendis S; ESC Committee for Practice Guidelines (CPG). Third universal definition
of myocardial infarction. Eur Heart J. 2012;33:2551-67.

13. 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.

14. Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ,
Knudtson M, Dada M, Casperson P, Harris CL, Chaitman BR, Shaw L, Gosselin G,
Nawaz S, Title LM, Gau G, Blaustein AS, Booth DC, Bates ER, Spertus JA,
Berman DS, Mancini GB, Weintraub WS; COURAGE Trial Research Group. Optimal
medical therapy with or without PCI for stable coronary disease. N Engl J Med.
2007;356:1503-16.

15. Mehran R, Claessen BE, Godino C, Dangas GD, Obunai K, Kanwal S, Carlino M,
Henriques JP, Di Mario C, Kim YH, Park SJ, Stone GW, Leon MB, Moses JW,
Colombo A; Multinational Chronic Total Occlusion Registry. Long-term outcome of
percutaneous coronary intervention for chronic total occlusions. JACC Cardiovasc
Interv. 2011;4:952-61.

16. Colmenarez HJ, Escaned J, Fernandez C, Lobo L, Cano S, del Angel JG, Alfonso F,
Jimenez P, Banuelos C, Gonzalo N, Garcia E, Hernandez R, Macaya C. Efficacy and
safety of drug-eluting stents in chronic total coronary occlusion recanalization: a sys-
tematic review and meta-analysis. J Am Coll Cardiol. 2010;55:1854-66.

17. Escaned J, Collet C, Ryan N, De Maria GL, Walsh S, Sabate M, Davies J, Lesiak M,
Moreno R, Cruz-Gonzalez I, Hoole SP, Ej West N, Piek JJ, Zaman A, Fath-Ordoubadi F,
Stables RH, Appleby C, van Mieghem N, van Geuns RJ, Uren N, Zueco J, Buszman P,
Iniguez A, Goicolea J, Hildick-Smith D, Ochala A, Dudek D, Hanratty C, Cavalcante R,
Kappetein AP, Taggart DP, van Es GA, Morel MA, de Vries T, Onuma Y, Farooq V,
Serruys PW, Banning AP. Clinical outcomes of state-of-the-art percutaneous coronary
revascularization in patients with de novo three vessel disease: 1-year results of the
SYNTAX II study. Eur Heart J. 2017;38:3124-34.

18. Lee SW, Lee PH, Ahn JM, Park DW, Yun SC, Han S, Kang H, Kang SJ, Kim YH,
Lee CW, Park SW, Hur SH, Rha SW, Her SH, Choi SW, Lee BK, Lee NH, Lee JY,
Cheong SS, Kim MH, Ahn YK, Lim SW, Lee SG, Hiremath S, Santoso T,
Udayachalerm W, Cheng JJ, Cohen DJ, Muramatsu T, Tsuchikane E, Asakura Y,
Park SJ. Randomized Trial Evaluating Percutaneous Coronary Intervention for the
Treatment of Chronic Total Occlusion. Circulation. 2019;139:1674-83.

19. Mashayekhi K, Nuhrenberg TG, Toma A, Gick M, Ferenc M, Hochholzer W,
Comberg T, Rothe J, Valina CM, Loffelhardt N, Ayoub M, Zhao M, Bremicker J, Jander N,
Minners J, Ruile P, Behnes M, Akin I, Schéufele T, Neumann FJ, Biittner HJ. A Randomized
Trial to Assess Regional Left Ventricular Function After Stent Implantation in Chronic
Total Occlusion: The REVASC Trial. JACC Cardiovasc Interv. 2018;11:1982-91.

20. Iannaccone M, D'Ascenzo F, Piazza F, De Benedictis M, Doronzo B, Behnes M,
Garbo R, Mashayekhi K. Optimal medical therapy vs. coronary revascularization for
patients presenting with chronic total occlusion: A meta-analysis of randomized con-
trolled trials and propensity score adjusted studies. Catheter Cardiovasc Interv.
2019;93:E320-5.

21. Guo L, Meng S, Lv H, Zhong L, Wu J, Ding H, Xu J, Zhang X, Huang R. Long-
Term Outcomes of Successful Recanalization Compared With Optimal Medical
Therapy for Coronary Chronic Total Occlusions in Patients With and Without Left
Ventricular Systolic Dysfunction. Front Cardiovasc Med. 2021;8:654730.

22. Khan AA, Khalid MF, Ayub MT, Murtaza G, Sardar R, White CJ, Mukherjee D,
Nanjundappa A, Paul TK. Outcomes of Percutaneous Coronary Intervention Versus
Optimal Medical Treatment for Chronic Total Occlusion: A Comprehensive Meta-
analysis. Curr Probl Cardiol. 2021;46:100695.

23. Sapontis J, Salisbury AC, Yeh RW, Cohen DJ, Hirai T, Lombardi W, McCabe JM,
Karmpaliotis D, Moses J, Nicholson WJ, Pershad A, Wyman RM, Spaedy A, Cook S,
Doshi P, Federici R, Thompson CR, Marso SP, Nugent K, Gosch K, Spertus JA,
Grantham JA. Early Procedural and Health Status Outcomes After Chronic Total
Occlusion Angioplasty: A Report From the OPEN-CTO Registry (Outcomes, Patient
Health Status, and Efficiency in Chronic Total Occlusion Hybrid Procedures). JACC
Cardiovasc Interv. 2017;10:1523-34.

24. Megaly M, Buda K, Mashayekhi K, Werner GS, Grantham JA, Rinfret S,
McEntegart M, Brilakis ES, Alaswad K. Comparative Analysis of Patient

Three-year follow-up of the EuroCTO trial

Characteristics in Chronic Total Occlusion Revascularization Studies: Trials vs Real-
World Registries. JACC Cardiovasc Interv. 2022;15:1441-49.

25. Christakopoulos GE, Christopoulos G, Carlino M, Jeroudi OM, Roesle M,
Rangan BV, Abdullah S, Grodin J, Kumbhani DJ, Vo M, Luna M, Alaswad K,
Karmpaliotis D, Rinfret S, Garcia S, Banerjee S, Brilakis ES. Meta-analysis of clinical
outcomes of patients who underwent percutaneous coronary interventions for chronic
total occlusions. Am J Cardiol. 2015;115:1367-75.

26. Guan C, Yang W, Song L, Chen J, Qian J, Wu F, Zou T, Shi Y, Sun Z, Xie L, Gao L,
Cui J, Zhao J, Kirtane AJ, Yeh RW, Wu Y, Yang Y, Qiao S, Brilakis ES, Xu B.
Association of Acute Procedural Results With Long-Term Outcomes After CTO PCI.
JACC Cardiovasc Interv. 2021;14:278-88.

27. Maron DJ, Hochman JS, Reynolds HR, Bangalore S, O’Brien SM, Boden WE,
Chaitman BR, Senior R, Lopez-Sendon J, Alexander KP, Lopes RD, Shaw LJ,
Berger JS, Newman JD, Sidhu MS, Goodman SG, Ruzyllo W, Gosselin G,
Maggioni AP, White HD, Bhargava B, Min JK, Mancini GBJ, Berman DS, Picard MH,
Kwong RY, Ali ZA, Mark DB, Spertus JA, Krishnan MN, Elghamaz A, Moorthy N,
Hueb WA, Demkow M, Mavromatis K, Bockeria O, Peteiro J, Miller TD, Szwed H,
Doerr R, Keltai M, Selvanayagam JB, Steg PG, Held C, Kohsaka S, Mavromichalis S,
Kirby R, Jeffries NO, Harrell FE, Rockhold FW, Broderick S, Ferguson TB,
Williams DO, Harrington RA, Stone GW, Rosenberg Y. Initial Invasive or Conservative
Strategy for Stable Coronary Disease. N Engl J Med. 2020;382:1395-407.

28. Perera D, Clayton T, O'Kane PD, Greenwood JP, Weerackody R, Ryan M,
Morgan HP, Dodd M, Evans R, Canter R, Arnold S, Dixon LJ, Edwards RJ, De Silva K,
Spratt JC, Conway D, Cotton J, McEntegart M, Chiribiri A, Saramago P, Gershlick A,
Shah AM, Clark AL, Petric MC; REVIVED-BCIS2 Investigators. Percutaneous
Revascularization for Ischemic Left Ventricular Dysfunction. N Engl J Med.
2022;387:1351-60.

29. Writing Committee Members; Lawton JS, Tamis-Holland JE, Bangalore S,
Bates ER, Beckie TM, Bischoff JM, Bittl JA, Cohen MG, DiMaio JM, Don CW,
Fremes SE, Gaudino MF, Goldberger ZD, Grant MC, Jaswal JB, Kurlansky PA,
Mehran R, Metkus TS Jr, Nnacheta LC, Rao SV, Sellke FW, Sharma G, Yong CM,
Zwischenberger BA. 2021 ACC/AHA/SCAI Guideline for Coronary Artery
Revascularization: A Report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines. J Am Coll Cardiol.
2022;79:e21-e129.

30. Juricic SA, Tesic MB, Galassi AR, Petrovic ON, Dobric MR, Orlic DN,
Vukcevic VD, Stankovic GR, Aleksandric SB, Tomasevic MV, Nedeljkovic MA,
Beleslin BD, Jelic DD, Ostojic MC, Stojkovic SM. Randomized Controlled
Comparison of Optimal Medical Therapy with Percutaneous Recanalization of
Chronic Total Occlusion (COMET-CTO). Int Heart J. 2021;62:16-22.

31. Rdmunddal T, Holck EN, Karim S, Eftekhari A, Escaned J, loanes D, Walsh S,
Spratt J, Veien K, Jensen LO, Tilsted HH, Terkelsen CJ, Havndrup O, Olsen NT,
Kajander OA, Faurie B, Lanematt P, Jakobsen L, Christiansen EH. International rand-
omized trial on the effect of revascularization or optimal medical therapy of chronic
total coronary occlusions with myocardial ischemia - ISCHEMIA-CTO trial - rationale
and design. Am Heart J. 2023;257:41-50.

Supplementary data

Supplementary Appendix. List of the 28 participating European
centres with expertise in CTO PCIL

Supplementary Figure 1. Overview of interventional therapy and
procedural success in patients assigned to PCI and patients cross-
ing over from OMT.

The supplementary data are published online at:
https://eurointervention.pcronline.com/
doi/10.4244/E1J-D-23-00312

-
c
S
o
=
=
@
2
<
@
=
=2
(=]
-
N
o
)
@
2
o
&
~
=
:
&
i
©




Supplemental data
Supplementary Appendix. List of the 28 participating European centres with
expertise in CTO PCI.

France

Yves Louvard (50)

Institut Hospitalier Jacques Cartier - ICPS
Massy, France, 91300

Simon Elhadad (41)
CH de Lagny Marne La Vallée
Lagny, France, 77405

Nicolas Boudou (29)
Rangueil university hospital
Toulouse, France, 31076

Didier Tchetche (4)
Clinique Pasteur
Toulouse, France, 31076

Jean-Louis Leymarie (2)
Clinique Saint-Augustin
Bordeaux, France, 33074

Spain

Victoria Martin-Yuste (43)

Hospital Clinic

Seccion de Hemodinamica Cardiaca
Barcelona

Jose Ramon Rumoroso (27)
Hospital Galdakao-Usansolo
Galdakao

Javier Escaned (15)
Cardiovascular Institute - Hospital Clinico San Carlos
Madrid

Luis Teruel (15)

Bellvitge University Hospital. IDIBELL.
L'Hospitalet de Llobregat

Barcelona

Javier Goicolea (9)
Hospital Universitario Puerta de Hierro



Majadahonda

Antonio Serra (3)

Unidad de Cardiologia Intervencionista
Hospital de Sant Pau

Barcelona

United Kingdom

David Hildick-Smith (40)

Royal Sussex County Hospital

Brighton and Sussex University Hospitals
Brighton

Carlo di Mario (15)
Royal Brompton Hospital
London

James C. Spratt (8)
Royal Infirmary of Edinburgh
Edinburgh

Anthony H. Gershlick (3)

Department of Cardiovascular Sciences
University of Leicester

Leicester

James Cotton (1)
New Cross Hospital
Wolverhampton

Germany

Hiller Moehlis (44)
Klinikum Darmstadt GmbH
Darmstadt

Alexander Bufe (14)

Kardiologie HELIOS Klinikum Wuppertal
Wuppertal

Kardiologie HELIOS Klinikum Krefeld
Krefeld

Bernward Lauer (10)
Zentralklinik Bad Berka
Bad Berka

Nicolaus Reifart (3)
Main Taunus Kliniken



Bad Soden

Hans-Joachim Biittner (1)
Herz-Zentrum Bad Krozingen
Bad Krozingen

Bulgaria

Valeri Gelev (28)

MHAT “Tokuda Hospital Sofia”
Sofia

Latvia

Andrejs Erglis (24)

Pauls Stradins Clinical University Hospital
Riga

Denmark

Evald H. Christiansen (19)
Aarhus University Hospital
Aarhus

Italy

Pietro Giudice (2)

Azienda Ospedaliera Universitaria “San Giovanni di Dio e Ruggi d’Aragona”
Salerno

Alfredo R. Galassi (1)

Cardiac Catheterization Laboratory and Cardiovascular Interventional Unit
Cannizzaro Hospital

Catania

Andrea Gagnor (1)
Ospedale 'Degli Infermi' ASL.5
Rivoli



PCI 3 patients

n=254 c/o OMT
10 patients
c/o PCI
Success (n=211) | Failure (n=43) Success (n=6) | Failure (n=4)
—— | ] |
Reattempt CABG Medical Rx ‘ Reattempt Medical Rx
n=19 *) n=1 n=23 n=2 n=2
Success (n=9) 'Failure (n=10) Success (n=1) ‘ Failure (n=1)
, N l
Patients revascularized Medical Rx Revascularized Medical Rx
n=221 n=33 n=7 n=3
12 months FUP
OoMT
n=127
13 patients 1 patients
c/o PCl c/o CABG
Success (n=12) Failure (n=1)

Revascularized Medical Rx
n=12 n=1

36 months FUP

*) 1 patient underwent a second reattempt
¢/o crossover from one group to the other
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