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EDITORIAL

Chronic total occlusion percutaneous coronary intervention

scores: present and future

Evangelia Vemmou', MD; Ilias Nikolakopoulos!, MD; Emmanouil S. Brilakis'?*, MD, PhD

1. Minneapolis Heart Institute Foundation, Minneapolis, MN, USA, 2. Minneapolis Heart Institute at Abbott Northwestern

Hospital, Minneapolis, MN, USA

It is 2050. A patient presents with exertional angina and a right
coronary artery chronic total occlusion (CTO). Preprocedural
modelling reveals a 39% increase in exercise capacity and 95%
complete symptom resolution upon recanalisation. Multimodality
scanning shows a clear proximal cap, a length of 35.4 mm with
56% eccentric medial calcification, a negatively remodelled distal
vessel with a mean diameter of 2.45 mm, with potential for expan-
sion by 0.32 mm post recanalisation and collateral circulation by
septals with three potentially appropriate channels for retrograde
crossing with an 88.9% likelihood of successful guidewire and
88.5% likelihood of microcatheter crossing. Upon three-dimen-
sional mapping of the optimal crossing routes, the self-propelled
CTO recanaliser is inserted through a 0.1 Fr entry point, success-
fully crosses the occlusion within one minute and delivers an
optimally composed scaffold that restores flow with 0.001% like-
lihood of acute or chronic failure without need for additional med-
ications. The patient is back to work 20 minutes later and resumes
exercise later in the day, experiencing an improvement in symp-

toms exactly as predicted.

Back to 2020. The same patient undergoes a failed CTO per-
cutaneous coronary intervention (PCI) attempt at a moderately
experienced centre. Two months later he is referred to a more
experienced centre. Coronary computed tomography angiography
is performed to clarify proximal cap ambiguity. Antegrade and
retrograde CTO recanalisation is attempted using femoral and
radial access. Three hours later, and after multiple changes in
procedural strategy, the lesion is successfully crossed, and three
drug-eluting stents are placed under intravascular ultrasound
guidance. He is dismissed the following day with a recommenda-
tion for >1-year antiplatelet therapy and a gradual return to daily
activities over the next five days. Over the following year he is
facing a 5-10% risk of in-stent restenosis and 1-2% risk of stent
thrombosis'.

Clearly, the 2020 techniques and outcomes for recanalising
coronary CTOs lag behind what will probably be possible in the
future. Can today’s outcomes be improved? Absolutely yes! Seven
CTO PCI best practices have emerged for achieving high success
and minimising the risk of subsequent complications?.
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The first best practice is careful angiographic (and clinical)
review, which is often summarised in CTO scores, i.e., numerical
scales that provide a summary estimate of the difficulty of recanal-
isation and the likelihood of success. The initially described and
most widely used is the J-CTO score?, followed by several other
scores, such as the Prospective Global Registry for the Study of
Chronic Total Occlusion Intervention (PROGRESS CTO)*, and
the CABG, Age, Stump anatomy, Tortuosity, Length of CTO, and
Extent of calcification (CASTLE)® scores (Figure 1). In this issue
of Eurolntervention, Kalogeropoulos et al compared the J-CTO
and CASTLE scores in terms of predicting CTO PCI technical
success at a large, experienced centre, showing overall similarly
poor performance (area under the curve 0.698 for J-CTO vs 0.676
for CASTLE)®.

Article, see page 1615
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Figure 1. Overlap in the parameters included in three chronic total
occlusion percutaneous coronary intervention scores.

CABG: coronary artery bypass graft surgery; CTO: chronic total
occlusion

Although some operators remain sceptical about the use of CTO
PCI scores, we believe that CTO scores should be calculated in
every case for several reasons:

1. Their calculation necessitates careful review of the angiogram
prior to CTO PCI, which leads to better understanding of the
target lesion, better crossing strategy selection, a higher likeli-
hood of success and a lower risk of complications.

2. They facilitate discussion with the patients and their families
about what to expect.

3. They facilitate workflow planning, case scheduling and the
resources potentially required.

4. They facilitate operator and patient matching: highly com-
plex cases should be performed by highly experienced opera-
tors, whereas less complex cases could be performed by less
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experienced operators. CTO PCI scores can be especially useful

for interventional cardiologists early in their learning curve.

Which score is better? Should CASTLE be the preferred score
going forward? Ideally, multiple scores should be calculated for
the following reasons:

1. Each score has a different endpoint. While most scores use tech-
nical success as the endpoint, J-CTO uses guidewire crossing
within 30 minutes, although it also correlates with procedural
success.

2. Each score was developed in different patient populations and
operators. The CASTLE score is based on European opera-
tors and incorporates prior CABG, which varies significantly
between continents.

3. Each score was calculated at a different time period. For exam-
ple, the J-CTO score was developed from 494 CTO PClIs per-
formed in Japan between 2006 and 2007, whereas the CASTLE
score was derived from 20,000 cases included in the EuroCTO
registry between 2008 and 2014. Since CTO PCI is continu-
ously evolving, newer scores might be more accurate in predict-
ing success.

4. Although there is significant overlap, each score includes differ-
ent variables (Figure 1).

5. Some variables can be challenging to interpret. For example,
the J-CTO score includes prior failed attempt, which could be
due to high lesion/patient complexity or attempt by an inexperi-
enced operator.

CTO PCI is constantly evolving and what is performed today
may (and probably will) become outdated in the near future. Until
then, CTO PCI score calculation and the associated comprehen-
sive angiographic review remain critical for both maximising suc-

cess and, most importantly, optimising the safety of the procedure.

Conflict of interest statement

E.S. Brilakis reports receiving consulting/speaker honoraria from
Abbott Vascular, American Heart Association (associate edi-
tor Circulation), Biotronik, Boston Scientific, Cardiovascular
Innovations Foundation (Board of Directors), CSI, Elsevier,
GE Healthcare, Infraredx, Medtronic, Siemens, and Teleflex,
research support from Regeneron and Siemens, and being a share-
holder in MHI Ventures. The other authors have no conflicts of
interest to declare.

References

1. Brilakis ES. Manual of Coronary Chronic Total Occlusion Interventions.
A Step-by-Step Approach. 2nd edition. Amsterdam, the Netherlands: Elsevier;
2017.

2. Brilakis ES, Mashayekhi K, Tsuchikane E, Abi Rafeh N, Alaswad K,
Araya M, Avran A, Azzalini L, Babunashvili AM, Bayani B, Bhindi R,
Boudou N, Boukhris M, Bozinovic NZ, Bryniarski L, Bufe A, Buller CE,
Burke MN, Biittner HJ, Cardoso P, Carlino M, Christiansen EH, Colombo A,
Croce K, Damas de Los Santos F, De Martini T, Dens J, Di Mario C, Dou K,
Egred M, ElGuindy AM, Escaned J, Furkalo S, Gagnor A, Galassi AR, Garbo R,
Ge J, Goel PK, Goktekin O, Grancini L, Grantham JA, Hanratty C, Harb S,
Harding SA, Henriques JPS, Hill JM, Jaffer FA, Jang Y, Jussila R, Kalnins A,

-
o
5
=3
-
=
@
2
<
@
=1
=3
o
=
N
o
)
S
=
e
o
-
o
-
iy
()
A
a
o
-




m
c
=
=)
=
=3
(1]
=
<
(1]
=
=
o
=
N
o
N
S
—
&
o
—_
o1
(=2}
..b
o
—_
[3)]
2]
[=2]

Kalyanasundaram A, Kandzari DE, Kao HL, Karmpaliotis D, Kassem HH,
Knaapen P, Kornowski R, Krestyaninov O, Kumar AVG, Laanmets P,
Lamelas P, Lee SW, Lefevre T, Li Y, Lim ST, Lo S, Lombardi W, McEntegart M,
Munawar M, Navarro Lecaro JA, Ngo HM, Nicholson W, Olivecrona GK,
Padilla L, Postu M, Quadros A, Quesada FH, Prakasa Rao VS, Reifart N,
Saghatelyan M, Santiago R, Sianos G, Smith E, C Spratt J, Stone GW,
Strange JW, Tammam K, Ungi I, Vo M, Vu VH, Walsh S, Werner GS,
Wollmuth JR, Wu EB, Wyman RM, Xu B, Yamane M, Ybarra LF, Yeh RW,
Zhang Q, Rinfret S. Guiding Principles for Chronic Total Occlusion
Percutaneous Coronary Intervention. Circulation. 2019;140:420-33.

3. Morino Y, Abe M, Morimoto T, Kimura T, Hayashi Y, Muramatsu T,
Ochiai M, Noguchi Y, Kato K, Shibata Y, Hiasa Y, Doi O, Yamashita T,
Hinohara T, Tanaka H, Mitsudo K; J-CTO Registry Investigators. Predicting
successful guidewire crossing through chronic total occlusion of native coro-
nary lesions within 30 minutes: the J-CTO (Multicenter CTO Registry in
Japan) score as a difficulty grading and time assessment tool. JACC Cardiovasc
Interv. 2011;4:213-21.

4. Christopoulos G, Kandzari DE, Yeh RW, Jaffer FA, Karmpaliotis D,
Wyman MR, Alaswad K, Lombardi W, Grantham JA, Moses J, Christakopoulos G,

Tarar MNJ, Rangan BV, Lembo N, Garcia S, Cipher D, Thompson CA,
Banerjee S, Brilakis ES. Development and Validation of a Novel Scoring
System for Predicting Technical Success of Chronic Total Occlusion
Percutaneous Coronary Interventions: The PROGRESS CTO (Prospective
Global Registry for the Study of Chronic Total Occlusion Intervention) Score.
JACC Cardiovasc Interv. 2016;9:1-9.

5. Szijgyarto Z, Rampat R, Werner GS, Ho C, Reifart N, Lefevre T, Louvard Y,
Avran A, Kambis M, Buettner HJ, Di Mario C, Gershlick A, Escaned J,
Sianos G, Galassi A, Garbo R, Goktekin O, Meyer-Gessner M, Lauer B,
Elhadad S, Bufe A, Boudou N, Sievert H, Martin-Yuste V, Thuesen L, Erglis A,
Christiansen E, Spratt J, Bryniarski L, Clayton T, Hildick-Smith D. Derivation
and Validation of a Chronic Total Coronary Occlusion Intervention Procedural
Success Score From the 20,000-Patient EuroCTO Registry: The EuroCTO
(CASTLE) Score. JACC Cardiovasc Interv. 2019;12:335-42.

6. Kalogeropoulos SA, Alsanjari O, Keeble T, Tang KH, Konstantinou K,
Katsikis A, Jagathesan R, Aggarwal RK, Clesham GJ, Kelly PA, Werner GS,
Hildick-Smith D, Davies JR, Karamasis GV. CASTLE score versus J-CTO
score for the prediction of technical success in chronic total occlusion percuta-

neous revascularisation. Eurolntervention. 2020;15:¢1615-23.





