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Reconsidering the evidence for CTO PCI: the devil is in the

detail
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Over the last two decades, there has been an explosion in the num-
ber of percutaneous chronic total occlusion (CTO) procedures per-
formed worldwide, with high success rates and a greater emphasis
on education and training'. Despite technological advancements
and the implementation of revascularisation algorithms, it is
important to note that the evidence base supporting CTO revas-
cularisation remains limited, primarily consisting of observational
data from dedicated registries with only a handful of unblinded
randomised controlled trials*”.

In this issue of Eurolntervention, Werner et al present the
3-year safety endpoints from a trial to Evaluate the Utilization
of Revascularization or Optimal medical therapy for the treat-
ment of Chronic Total coronary Occlusions (EuroCTO)?. This
multicentre, unblinded study randomised 396 patients 2:1 to CTO
percutaneous coronary intervention (PCI) plus optimal medi-
cal therapy (OMT) or OMT alone. The initial procedural success
rate was high at 83.1% and rose to 86.6% with subsequent pro-
cedures. Despite a crossover rate of 17.5% from the OMT alone
group to revascularisation, there was no difference in the inten-
tion-to-treat analysis of the primary safety endpoint of cardio-
vascular mortality and non-fatal myocardial infarction (3.7% vs
6.2%; p=0.29). A difference — in favour of CTO PCI — was only
seen when analysing the composite of mortality, non-fatal myo-
cardial infarction, and ischaemia-driven target revascularisation
(21.2% vs 11.0%; p=0.008). Unsurprisingly, this difference was
primarily driven by a higher rate of target vessel revascularisation
in the OMT alone group (16.8% vs 3.5%; p<0.001). This finding
can, at least in part, be attributed to the “subtraction anxiety” phe-
nomenon commonly seen in unblinded trials®. This phenomenon

results in a potentially inflated number of unplanned revasculari-
sation procedures triggered by the natural tendency of physicians,
when performing unblinded symptom assessment, to be guided by
the perception that a necessary treatment has been withheld from
the control group. Further potential impacts of the unblinded trial
design were seen in the improvement in physician-assessed angina
and the lower number of antianginal medications in the CTO PCI
group at 1 year. There is power in telling a patient that the problem
is fixed. This leads to a larger placebo component of the overall
treatment effect on angina. It is also inevitable that smaller quan-
tities of medications are prescribed for symptom relief due to the
perceived belief that they will no longer be necessary.
Article, see page 571

We congratulate the authors for successfully completing the
3-year follow-up of an ambitious randomised trial of symptomatic
patients with CTO, considering the significant complexities asso-
ciated with recruitment in the presence of concomitant significant
bystander disease, investigator hesitancy in enrolling highly symp-
tomatic patients, the risk of crossover, and the necessity for high-
volume specialist centres. Whilst EuroCTO attempted to address
many of these challenges, slow recruitment meant that it fell short
of achieving the 1,200 patients necessary for adequate statistical
power for the primary efficacy endpoint analysis.

The results of the current study lead us to consider the indica-
tions for CTO PCI. While the success and safety of these pro-
cedures has undoubtedly improved in recent years, the average
in-hospital complication rate remains at 3%, with high peripro-
cedural myocardial infarction rates and considerable additional
procedural costs’. The question of the prognostic value of CTO
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remains a subject of debate and is influenced by study design.
While meta-analyses® have shown a mortality benefit associated
with CTO PCI compared to OMT alone, this finding is driven by
observational data and is not confirmed by the randomised con-
trolled trials. More randomised controlled trials, of adequate sam-
ple size, are required to fully answer this question.

Given the paucity of data showing mortality and myocardial
infarction benefit, current coronary revascularisation guidelines
recommend CTO PCI primarily to improve symptoms and qual-
ity of life’. While the present study provides reassurance that the
observed symptomatic benefit does not come at the expense of
long-term safety, symptom assessment must be interpreted with
caution.

Symptoms are, by their very nature, difficult to assess, with var-
iability stemming from both the patient and healthcare profession-
als in the reporting and assessment of their character and severity.
Additionally, the methods for assessing symptoms after an inter-
vention in clinical practice may be more nuanced and patient-spe-
cific to those utilised in research. Addressing some of these issues
is necessary to inform future guidelines and clinical practice. The
adoption of more innovative, contemporary, and personalised
methods of recording patient symptoms may help to improve the
quality of the data. App-based solutions which record daily symp-
tom frequency and severity could potentially yield high-quality,
patient-specific data, particularly when incorporated with other
metrics such as the burden of antianginal medications'’. Such
approaches may deliver a greater statistical power to detect dif-
ferences in treatment effects and may address some of the issues
associated with symptom data.

Importantly, the subjectivity of patient-reporting and physician
assessment of symptoms makes them particularly prone to the
influence of unblinded trial design and unblinded clinical practice.
The impact of unblinded assessment and the potential for an exag-
gerated effect size can only be minimised by the input of a placebo
control into a randomised trial design. The true physical effect of
an intervention must be quantified once the size of the placebo
component is known. Placebo-controlled trials of interventional
procedures are rarely performed for a variety of reasons, including
the inherent risk of exposing patients to a placebo procedure with-
out any potential benefit and the concerns around trial feasibility
and the fidelity of blinding. This is particularly true for CTO pro-
cedures which are long, have higher procedural risk and complex
practicalities, such as additional vascular access sites. The ongoing
ORBITA-CTO Pilot Study (ClinicalTrials.gov: NCT05142215)
aims to shed light on the feasibility of conducting placebo-con-
trolled trials in this patient population. Its results will provide the
data needed to design a pivotal, multicentre, randomised, placebo-
controlled trial of CTO PCI to thoroughly evaluate the impact on
symptoms. For now, we would recommend that, while improved

success and safety rates are welcome, the indications for CTO
PCI must be carefully considered in the knowledge that more data
from placebo-controlled trials are needed to truly inform practice.

Conflict of interest statement

R. Al-Lamee has received speaker’s honoraria from Philips/Volcano,
Abbott Vascular, Medtronic, and Menarini Pharmaceuticals; and is
on the advisory board of Janssen Pharmaceuticals. J. Davies has
received a research grant from Medtronic. S. Khan has no con-
flicts of interest to declare.

References

1. Di Mario C, Mashayekhi KA, Garbo R, Pyxaras SA, Ciardetti N, Werner GS.
Recanalisation of coronary chronic total occlusions. Eurolntervention. 2022;18:
535-61.

2. 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.

3. Werner GS, Hildick-Smith D, Yuste VM, Boudou N, Sianos G, Gelev V,
Rumoroso JR, Erglis A, Christiansen EH, Escaned J, Di Mario C, Teruel L, Bufe A,
Lauer B, Galassi AR, Louvard Y; the EUROCTO trial investigators. Three-year out-
comes of A Randomized Multicentre Trial Comparing Revascularization and Optimal
Medical Therapy for Chronic Total Coronary Occlusions (EuroCTO). Eurolntervention.
2023;19:571-9.

4. 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 Dj; British Cardiovascular Intervention Society; National Institute for
Cardiovascular Outcomes Research. Long-term follow-up of elective chronic total
coronary occlusion angioplasty: analysis from the UK. Central Cardiac Audit
Database. J Am Coll Cardiol. 2014;64:235-43.

5. Rdmunddal T, Hoebers LP, Henriques JPS, 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.

6. Rajkumar CA, Nijjer SS, Cole GD, Al-Lamee R, Francis DP. ‘Faith Healing’ and
‘Subtraction Anxiety” in Unblinded Trials of Procedures: Lessons from DEFER and
FAME-2 for End Points in the ISCHEMIA Trial. Circ Cardiovasc Qual Outcomes.
2018;11:¢004665.

7. Karmpaliotis D, Lembo N, Kalynych A, Carlson H, Lombardi WL, Anderson CN,
Rinehart S, Kirkland B, Shemwell KC, Kandzari DE. Development of a high-volume,
multiple-operator program for percutaneous chronic total coronary occlusion revascu-
larization: procedural, clinical, and cost-utilization outcomes. Catheter Cardiovasc
Interv. 2013;82:1-8.

8. Simsek B, Kostantinis S, Karacsonyi J, Alaswad K, Megaly M, Karmpaliotis D,
Masoumi A, Jaber WA, Nicholson W, Rinfret S, Mashayekhi K, Werner GS,
McEntegart M, Lee SW, Khatri JJ, Harding SA, Avran A, Jaffer FA, Doshi D, Kao HL,
Sianos G, Yamane M, Milkas A, Azzalini L, Garbo R, Tammam K, Abi Rafeh N,
Nikolakopoulos I, Vemmou E, Rangan BV, Burke MN, Garcia S, Croce KJ, Wu EB,
Tsuchikane E, Di Mario C, Galassi AR, Gagnor A, Knaapen P, Jang Y, Kim BK,
Poommipanit PB, Brilakis ES. A Systematic Review and Meta-Analysis of Clinical
Outcomes of Patients Undergoing Chronic Total Occlusion Percutaneous Coronary
Intervention. J Invasive Cardiol. 2022;34:E763-75.

9. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U,
Byrne RA, Collet JP, Falk V, Head SJ, Jini P, Kastrati A, Koller A, Kristensen SD,
Niebauer J, Richter DJ, Seferovic PM, Sibbing D, Stefanini GG, Windecker S,
Yadav R, Zembala MO; ESC Scientific Document Group. 2018 ESC/EACTS
Guidelines on myocardial revascularization. Eur Heart J. 2019;40:87-165.

10. Ganesananthan S, Rajkumar CA, Foley M, Francis D, Al-Lamee R. Remote digital
smart device follow-up in prospective clinical trials: early insights from ORBITA-2,
ORBITA-COSMIC, and ORBITA-STAR. Eur Heart J Suppl. 2022;24:H32-42.



