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The myocardial perfusion paradigm: a missing link between
patient selection and appropriateness of treatment
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Despite recent advances in techniques and materials used, the
treatment of coronary chronic total occlusion (CTO) remains the
most complex scenario for percutaneous coronary intervention
(PCI). Evidence-based findings suggest that in patients affected by
chronic coronary syndrome, a successful CTO-recanalisation offers
an improvement in quality of life versus medical treatment alone'.
In terms of “hard” clinical endpoints, however, the potential bene-
fits of CTO-PCI, as previously seen in retrospective series and
meta-analyses>®, have not yet been confirmed by randomised tri-
als'*. Among other implicit limitations (e.g., low enrolment rates,
study designs underpowered to detect clinical benefits etc.), patient
selection remains a key issue in assessing the potential impact of
CTO-PCI on clinical outcome. Focusing on the patient subgroup
that will likely benefit the most from CTO-PCI (namely, sympto-
matic patients with hibernating myocardium or conserved myocar-
dial viability and evidence of stress-induced ischaemia) seems to
be the next necessary step to push the envelope further in this field.

Cardiac positron emission tomography (PET) is an ideal non-
invasive diagnostic method that offers invaluable insights into
both the occluded vessel- and donor vessel-related myocardium,
and also accounts for complex interactions between subepicardial
and subendocardial perfusions, microvascular dysfunction, and
absolute flow>. Indeed, in this issue of Eurolntervention, de Winter
et al® present a landmark study in this direction.

Article, see page 314

The authors enrolled a series of 164 patients, all of them under-
going ‘serial ["OJH,O PET perfusion imaging at baseline and
at three months after successful single-vessel CTO-PCI®. Their
findings suggest an improvement in remote myocardial perfu-
sion following CTO-PCI, showing an increase in the values of
hyperaemic myocardial blood flow (hMBF) (from 2.29+0.67 to
2.48+0.75 mL-min'-g'; p<0.01) and coronary flow reserve (CFR;
from 2.48+0.76 to 2.74+0.85; p<0.01). Furthermore, the expected
increase in hMBF and CFR of the CTO-subtended myocardium
was independently associated with the absolute perfusion increase
observed in the remote myocardium, confirming the substantial
interplay between otherwise “artificially” divided myocardial
regions.

For the sake of clarity, some necessary comments regarding
the interpretation of their findings should be made. First, in con-
trast with the current suggested definition of CTO’, the study’s
definition of CTO also includes vessels that have a Thrombolysis
in Myocardial Infarction (TIMI) flow I. Despite the prevalence
of a rather large collateral circulation (collateral connection
grade 2 in 72% of cases), implying the absence of a haemody-
namically relevant antegrade flow, some caution should be taken
before translating these findings to the global CTO patient popu-
lation. Second, the relatively high proportion of included patients
with prior PCI (74%) suggests that in these cases the donor ves-
sel is also likely to be diffusely atherosclerotic. The abnormal
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conductance of the latter may account — at least to some extent —
for the significant increase in remote myocardial perfusion after
CTO-PCI®. Likewise, it is unlikely that microcirculation plays
a significant role, considering that the so-called “steal-phenom-
enon” is to be attributed to flow/pressure differences between
subepicardial and subendocardial perfusions, rather than abnor-
malities in microvasculature. Of note, an increase in hMBF
after recanalisation of the occluded artery suggests a rather nor-
mal function of the microcirculation. Third, the left ventricu-
lar ejection fraction (LVEF) values in the patient population
were predominantly normal, precluding meaningful conclusions
regarding the potential impact of CTO-recanalisation on improv-
ing myocardial functionality. Considering the overall improve-
ment in myocardial perfusion following successful CTO-PCI,
as documented in the present paper, a study enrolling patients
with compromised LVEF may shed some light on myocardial
perfusion variations in CTO patient subsets of particular inter-
est (e.g., presence of large areas of hibernating myocardium)’.
Fourth, the rate of patients included with angina is lower than
expected considering that the main clinical benefit of such a pro-
cedure concerns anginal status'. Whether other categories of clin-
ical presentation can be recognised as “anginal equivalents” is
unclear. Again, patient selection based on clinical status other
than angiographic characteristics would probably have improved
the interpretability of the study findings in relation to the real-
world CTO patient population.

All in all, the findings of this study highlight the importance of
proper patient selection based on a non-invasive diagnostic assess-
ment of myocardial flow combined with anatomic characteristics.
Shifting the paradigm towards patient populations that will sig-
nificantly benefit from CTO-PCI is the necessary next step toward
acquiring convincing evidence-based data that may potentially

translate to clinical benefits.

Conflict of interest statement

K. A. Mashayekhi received consultancy fees and speaker hono-
raria from Abbott, Abiomed, Asahi Intecc, AstraZeneca, Biotronik,
Boston Scientific, Cardinal Health, Daiichi Sankyo, Medtronic,
Shockwave, SIS Medical, Teleflex, and Terumo. S. A. Pyxaras

reports proctorship and consultancy fees from Asahi Intecc
and Boston Scientific, and speaker honoraria from Abiomed,
AstraZeneca and Biotronik.

References

1. 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.

2. Tomasello SD, Boukhris M, Giubilato S, Marza F, Garbo R, Contegiacomo G,
Marzocchi A, Niccoli G, Gagnor A, Varbella F, Desideri A, Rubartelli P, Cioppa A,
Baralis G, Galassi AR. Management strategies in patients affected by chronic total
occlusions: results from the Italian Registry of Chronic Total Occlusions. Eur Heart J.
2015;36:3189-98.

3.Gao L, Wang Y, Liu Y, Cao F, Chen Y. Long-term clinical outcomes of successful
revascularization with drug-eluting stents for chronic total occlusions: A systematic
review and meta-analysis. Catheter Cardiovasc Interv. 2017;89:574-81.

4. 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.

5. Gould KL, Johnson NP. Coronary Physiology Beyond Coronary Flow Reserve in
Microvascular Angina: JACC State-of-the-Art Review. J Am Coll Cardiol. 2018;72:
2642-62.

6. de Winter RW, Schumacher SP, van Diemen PA, Jukema RA, Somsen YBO,
Stuijfzand W1J, Driessen RS, Bom MIJ, Everaars H, van Rossum AC, van de Ven PM,
Opolski MP, Verouden NJ, Danad I, Raijmakers PG, Nap A, Knaapen P. Impact of
percutaneous coronary intervention of chronic total occlusions on absolute perfusion in
remote myocardium. Eurolntervention. 2022;18:¢314-23.

7. 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,
Bozinovié 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,
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.

8. Johnson NP, Kirkeeide RL, Gould KL. Coronary Steal: Mechanisms of a Misnomer.
J Am Heart Assoc. 2021;10:¢021000.

9. Johnson NP, Gould KL. How Do PET Myocardial Blood Flow Reserve and FFR
Differ? Curr Cardiol Rep. 2020;22:20.



