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CTO: Why and How to Revascularize

v'The advance in CTO PCI
v'The importance on Health Outcomes

v'The importance on Prognosis
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CTO: Why and How to Revascularize

v'The advance in CTO PCI

VST
& Yoy,

¥ (A%
proMise iEay:

7,4 ¢
Zogs et




- Evolution of CTO-PCI

Increasing success rates related to technique evolution
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Angiographic success
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Eurolntervention 2024;20:e1-e13 published online ahead of print ORIGINAL RESEARCH
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Contemporary Outcomes of CTO PCI in Europe: the ERCTO Registry (2021-2022)
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Procedural and in-hospital complications

\ MACCE | complications
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There are CTO’'’s and CTO's

J-CTO score = 0-1

can be attempted by
a low-medium
volume CTO operator

J-CTO score = 2-4

—rs,

Should be attempted

by high volume CTO
operator

Harding and Tsuchikane et al, JACC Intv 2017
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J-CTO score sheet: predicting complexity

Variables and definitions
Tapered Blunt +1OO: s
Entry with any tapered tip Entry shape ;3.- gg F O validation
or dimple indicating O Tapered (0) 2 70t
direction of true lumen is | O Blunt 1) S 6ot
! categorized as “tapered”. v 150
point @ |40}
ST b +
Calcification L S gg L
et Regardless of severity, 1 point Calcification a 10T -—l
R is assigned if any evident O Absence (0) g 0 s . : : . !
s“—‘ v 4 A calcification is detected within O Presence (1) 0 1 2 3 - 5
£ vitin CTO seqment! the CTO segment. J-CTO score
point
B Patient number 329 65 82 92 63 24 3
e
o >45° b1es 26 48 46 33 10 2
£ e (0)
7 Z -t CTO segment. Any tortuosity  [J Presence (1) Figure 1. Relationship Between J-CTO Score and GW Success <30 Min
\ " separated from the CTO segment
L il tin is excluded from this assessment. point
Occlusion length 1001 @3
colateral Using good collateral images, Occl.Length R gor [ 204
CTO segment 7 try to measure “true” distance = O <20mm (0) ® 80f 733
- i of occulusion, which tends tobe | [0 =20mm (1) g 707 i
5 gx»,«,—mv.v;?w shorter than the first impression. 0 gg :
point g a0t 60~90min
Re-try lesion Re-try lesion E 30f i
T L
Is this Re-try (2" attempt) lesion ? (previously attempted but failed) ONo  (0) fg L . 3
OYes (1) % S e
point Risk groups: Easy Intermediate Difficult Very difficult
J-CTO score: 0 1 2 >=3
73 ; Total
Category of difficulty (total point) Fereiiogs - G = -
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D easy (0) Intermedlate (1 ) P Figure 4. The Risk Groups of Difficulty and Final Procedural
P sppe Success Rates
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Q2 Contemporary outcomes of CTO PCI in Europe: the ERCTO Registry

Low-volume operator (LVO)
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ERCTO
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In-hospital complications in patients undergoing
PCl in non-CTO and CTO Vessels

In-Hospital Complications PCI CTO PCI
Q-wave myocardial infarction 0.02 % 2.5 %
Emergency CABG 0.03 % 0.1%
Stroke 0.04 % 0.01 %
Mortality 0.14 % 0.2-0.9 %
Perforation 0.38 % 2-4.8 %

Source: Ludman and British Cardiovascular Intervention Society, 20177 Prasad et al., 20077
Patel et al., 2013;™ El Sabbagh et al., 2014"

ANESC Hanratty et al, Int Card Rev 2018 proMise
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CTO: Why and How to Revascularize

v'The importance on Health Outcomes
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CTO Revascularization — Body of Evidences

HEALTH
OUTCOMES

Dyspnea ‘

Exercise tolerance

Self image CTO PCI
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Circulation: Cardiovascular Interventions

ORIGINAL ARTICLE oo

Quality of Life Changes After Chronic Total
Occlusion Angioplasty in Patients With
Baseline Refractory Angina

| Patients Enrolled in OPEN CTO N=1000 )

N=289 (28.9%) without baseline angina (SAQ AF =100)

N=562 (56.2%) had some angina (SAQ AF <90) but
fewer than 3 antianginal meds

N=1 (0.1%) without baseline SAQ

Outcome and Safety Analytic Cohort
Refractory Angina N= 148
Successful CTO PCl Unsuccessful CTO PClI
N=120 N=28

N 12 (10%) lN =4 (14.2%) Missing 1-year SAQ

Successful CTORE| Unsuccessful CTO PCI
N=108 N=24

1-year Health Status Analytic Cohort N=132

v

Hirai et al. Circ Cardiovasc Interv 2019

507 m Successful  m Unsuccessful |
p< 001 p=0.10
- ] . p< 0.01
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Figure 3. Improvement of Seattle Angina Questionnaire (SAQ) scores
after chronic total occlusion (CTO) percutaneous coronary interven-
tion (PCI) stratified by success of the CTO PCI attempt in patients with
refractory angina.
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@ ESC e g e CLINICAL RESEARCH
Qc ? European Society do10.1093/eurhearty/ehy220 Interventional cardiology
of Cardiology

EURO CTO CLUB

A randomized multicentre trial to compare
revascularization with optimal medical
therapy for the treatment of chronic

total coronary occlusions
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CTO: Why and How to Revascularize

v'The importance on Prognosis
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CTO Revascularization — Body of Evidences

HEALTH HARD
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SCAAR: Prognostic Importance of CTO

14,441 patients with CTO and 75,431 patients without CTO from 2005-2012

Hazard of Mortality over Time

CTO was associated with
z | i higher mortality
8

estimated hazard

HR: 1.29 (1.22-1.37), p<0.001)
cTo
Risk attributable to CTO was

_ greatest in patients with STEMI
§ d and younger patients

No CTO
:

2 S S S A

years

Ramunddal et al, JACC Intv 2016 ProMISE 1 ReW.



TABLE 2 Multivariate Cox Proportional Hazards Regression

Analysis
HR 95% CI p Value

cTo 1.29 1.22-137 <0.001
Age 1.08 1.07-1.08 <0.001
Male 0.99 0.95-1.04 0.733
Smoking

Never Reference

Previous 119 1.13-1.25 <0.001

Current 1.83 1.72-194 <0.001
Hypertension 1.07 1.02-1.1 0.003
Hyperlipidemia 0.91 0.87-0.96 <0.001
Diabetes mellitus 1.69 1.62-1.77 <0.001
Previous M| 149 1.42-157 <0.001
Previous PCl 0.54 0.89-1.01 0.078
Indication

Stable angina Reference

Other 2.65 243-283 <0.001

Unstable angina/non-STEMI 1.65 1.55-1.76 <0.001

STEMI 234 2.17-2.52 <0.001<
Severity of CAD

1-vessel Reference

2-vessel 116 1.10-1.22 <0.001

3-vessel 145 1.37-153 <0.001

Left main 1.86 1.73-199 <0.001
Hospital volume

Low Reference

Middle 1.07 0.95-1.20 0.26

High 1.08 0.95-1.22 0.245
Year of procedure (2005-2012) 0.98 0.97-0.99 0.023*
CTO x yeart 1.06 1.03-1.08 <0.001
Puncture site

Femoral 1.27 1.21-134 <0.001
Any complication 145 1.33-158 <0.001
Primary decision?

No intervention Reference

PCl 0.63 0.59-0.67 <0.001

CABG 0.64 0.60-0.66 <0.001

1.21 (1.06-1.39) 0.01

1.13(1.03-1.23) 0.01

CTO vessel
HR (95% Cl) P-value
No CTO HH n=73,899 0.83 (0.76-0.91) <0.001
CTO inLAD Reference - n=3,306 1
CTO in LCx l—l—c n=2,992 0.97 (0.85-1.10) 0.61
CTO in RCA !—l—' n=5924 1.10(0.99-1.23) 0.08
Muitiple CTO —a— n=1,873
CTO location|
No CTO - n=73.899 085 (0.78-091) <0.001
Distal Reference l n=5,115 1
Proximal |-.-| n=8,980
S ¢ o -
hazard ratio

Ramunddal et al, JACC Intv 2016




CTO Revascularization — body of evidences 2022—

No difference between groups

EXPLORE (n=304)"

CTO POl vsno CTO PCI Post-PCl STEMI patients with 4 mo LVEF and LVEDV
]
- concurrent CTO assessad on cMRI - No difference between groups
DECISION-CTO n=834)% RCT CTO PCHOMT vs OMT dome Stable angina, nonsymptomatic 3y daath, M|, stroke, or - _
ischemia, or ACS with CTO repeated revascuerization Improved QOL in CTO PClarm (prmary)
| '
EURO-CTO (n=306)° RCT CTO PCHOMT vs OMT done | Steble angina or equivalent with CTO | QOL by SAQscore (pdmary) | ™= No difference between groups

in viable territory 1 y death or nonfata M (sacondary)

sacondal

No difference among groups; highest

Galassi et al 2017 (n=839)* Obsenational CTO POl in patients with LVEF Symptomatic patients undergoing 2 y cardiac death, M|, stroke, be '
nefitin LVEF <35% agrouwp
2509, 35%-50%, and <35% alactive CTO PClwith indudble or revascularization-free ‘ %g
ischemia in CTO territory survival
Jeng et al 2014 (n=738)' Obserational CTO treated with OMT alone vs CTO on angiogram with Rentrop 3 42 mo cardiac death, MACE Significant lower incidence of cardiac
OMT+CABG or PCI collateral dreulation (cardiovascular death, M|, ‘ death arnd MACE s inrevascularization
repeated revascularization) compared with OMT group
Gaorge et al 2014 (n=13 443)" Chesarvational Successful vs unsuccessful CTO Atleast 1 CTOintervention Procedural success (prdmary) :
PCl 5 y mortality Procedural success of 706% dacreased
. (sacondary) ‘ mortality in those with successful
revasculanzation compared with failed
Yang et d 2018 n=1547)" um Cbsarvational CTO PCl vs OMT Symptomatic angina or +unctional Cardac death at follow-up revasculanzation
- ischemia study with CTO median follow-up, 45.8 mdg - No difference In rate of cardac death
|
Goel et al 2018 (n=632)'# Observational CTO PCl success vs falure Coreecutive cases with at least 1 Survival free of dl adverse between OMT and PCl groups
. CTO outcomes (death, MI,
repeated PCl or CABG, Significantly higher event-free survival in
recurrent angina) (median ‘ successful vs unsuccessful CTO PO

folow-up, 29 y) No difference in death or Ml individually

Tomassllo et al 2015 (n=1777)" Chbsarvational CTO PClvs OMT or CABG Atleast 1 CTO 1y MACE, cardac death (subgroup analysis)

‘ Significant lower inddence of MACEs and
cardiac death in PCl compared with OMT

= No differences between CTO-PCI and OMT or CABG group
® CTO-PCI better than OMT
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Comparative Analysis of Patient )
Characteristics in Chronic Total Occlusion =~
Revascularization Studies

Trials vs Real-World Registries

Comparative Analysis of Chronic Total Occlusion Patients in
Randomized Trials and Real-World Registries

6 RCTs (n = 1,047) vs. 10 dedicated CTO registries (n = 76,467), 5 national registries (n = 110,349)

Similar procedure success as
dedicated CTO registries
& o (84.5% vs. 81.4%)

Current evidence from RCTs may not be
representative of real-world patients and should be

interpreted within its I|m|tat|on
“ Egg ii and adverse events ... 7

Less complex CTO features
(shorter, lower J-CTO scores)

SVE ST
S p%'o

Megaly et al. JACC Intv 2022



Three-year outcomes of A Randomized Multicentre Trial
Comparing Revascularization and Optimal Medical Therapy
for Chronic Total Coronary Occlusions (EuroCTO)

Gerald S. Werner'*, MD, PhD; David Hildick-Smith?>, MD, PhD; Victoria Martin Yuste’, MD, PhD;
Nicolas Boudou®*, MD; Georgios Sianos’, MD, PhD; Valery Gelev®, MD, PhD; Jose Ramon Rumoroso’, MD:;
Andrejs Erglis®, MD, PhD; Evald Hej Christiansen’, MD, PhD; Javier Escaned!’, MD, PhD;

Carlo D1 Mario!!, MD, PhD: Luis Teruel'2. MD: Alexander Bufe!’*. MD. PhD: Bernward LLauer’®, MD, PhD;
Alfredo R. Galassi’*, MD, PhD: Y

p-value R&

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

Primary safety endpoint
cardiac death and MI 3.7 6.2 0.29 h and non-fatal Ml
Cardiac death 2.2 =3 0.75  |--mseecmviciccciccccemeaaness
- Non-fatal myocardial
396 patients infarction = e fhze b |
/\ Non-cardiac death 1.5 3.1 0.50 | H;
AT 2l e L1001 § em——
ITT population | 259 planned PCI Ischaemia-driven
revascularisation 17.5 7.3 0.002
>) :>Ischaemia_—driyen target i6.2 35 <0.001
] revascularisation
PP population | 254 rep” T 0.7 >0 0.43
— Hospitalisation for 0.7 o8 0.27
= bleeding . : .
N . Intention-totreat ——ETEETEETEEE
Primary safety endpoint (%) 0.29
075 70 ,

| |
033 365 730 1,095
0.008 Time (days)

Werner et al, Eurointervention 2023
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CTO Revascularization — body of evidences

Journal of the American Heart Association

ORIGINAL RESEARCH

Circulation: Cardiovascular Interventions

Late Survival Benefit of Percutaneous
Coronary Intervention Compared With
Medical Therapy in Patients With Coronary
Chronic Total Occlusion: A 10-Year
Follow-Up Study

ORIGINAL ARTICLE

Canadian Multicenter Chronic Total Occlusion
Registry: Ten-Year Follow-Up Results of Chronic
Total Occlusion Revascularization

50 7 7 OMT

- CTO-PCI
HR 0.64, 95% Cl 0.45-0.91, p=0.01
40
:\3
=
-o?; 30
g 20.8%
o) 18.9%
=§ 20
©
(O]
B 13.6%
10 6.9% :
T 9% 7% 11.4%
4%
0 - 2.2%

All-cause mortality (%)

Park et al. Am Heart Assoc 2021

0.48 —
0.44 —
0.40 — W No CTO Revasc
0.36 - B Revasc CTO

0.32 -
0.28 -
0.24 -
0.20 -
0.16 -
0.12 -
0.08 -
0.04 -
0.00 —

Log-Rank test p<.0001

Number of patients at risk

y CTO Ravase 1122 1041 960 874 78( £ (
2: Revasc CTO 443 426 an 303 3632 288 0

I I I I I I I
0 2 A 6 8 10 12

Years from initial angiogram

Strauss et al. Circ Cardiovasc Interv 2021 pf' Um| f c




Canadian Multicenter Chronic Total Occlusion
Registry: Ten-Year Follow-Up Results of Chronic
Total Occlusion Revascularization

0.48 —
0.44 —
0.40 - M CABGCTO
0.36 + B CABG Non-CTO
0.32 — M Medication
0.28 - PCICTO
0.24 - M PCI Non-CTO
0.20 -
0.16 —
0.12 4
0.08 —
0.04 -
0.00 -

Log-Rank test p<.0001

All-cause mortality (%)

Number of patients at risk

CABGCTO 274 256 223 0
CABG Non-CTO 79 72 59 0
Medical Therapy @732 616 497 0

PCINon-CTO = 311 272 224 0
I | I I | I |

0 2 - 6 8 10 12
Years from initial angiogram

Strauss et al. Circ Cardiovasc Interv 2021
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P b0  AdiHR (95% CI) =
g 0.78 (0.63, 0.96)
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0 1 ) 3 4 5 6 7 8
Study Year
— INV — CON
Number at risk
INV{2588 2544 2509 2476 2373 1697 1116 564 174
CON12591 2564 2516 2477 2378 1695 1137 575 195
0 1 2 3 a 5 6 7 g
Study Year

Ischemia-Extended Trial (median 5.7 yrs)

25

20

15

10

Cumulative Incidence 01 Non—-CV Death (%)

INV
CON

Causes of non—-CV death: cancer and infections

Adj. HR (85% Cl) =
1.44 (1,08, 1.91)

1 2 3 < 5 6 7 8
Study Year

— INV — CON

Number at risk

2588 2544 2509 2476 2373 1697 1116 564 174
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JACC: CARDIOVASCULAR INTERVENT IONS vo.. B o W 2oy

© 2017 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION ISSN 1936-8a790/836.00

PUBLISMED BY ELSEVYER nite i1x.d 3/ 10.1018/}

Percutaneous Coronary Intervention of
Chronic Total Occlusions in Patients With
Low Left Ventricular Ejection Fraction

Alfiedo R Galassi, MU Patjents CTO Patients with EF<35%  -obna laroussi, MD.
Oliver Gaemperli, MD nz J.Neumann, MD,

Kambis Mashayekhi, successfully revascularized
Improvement in LVEF
|_ABsTRACT |

FU 17.6 £ 10.2 months

OBJECTIVES The s 50 | of chronic total

occlusions (CTOs) in |

BACKGROUND Dat 40 scarcely reported.
P<0.001 .

METHODS The auth ve patients

undergoing elective | 30 np 2 (LVEF 35%

to 50%), and grow .

20

RESULTS Atotal of attempts. Basaline

LVEF =35% was pre: and similar among
the 3 growps (935% 19 omplications of
CTO PCl were cbserv (93.1%) patients
including those with | wrvival was similar
inthe3groups(86% O significantly in the
presence of a succes before CTO PCI after CTO PCI

CONCLUSIONS In CTO patients with low LVEF, PCl could regresent a safe and effective revascular zation strategy
achieving good midterm outcome and LVEF improvement. (J Am Call Cardiol Intv 2017; m: m-m) © 2017 by the American
College of Cardiology Foundation.
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Circulation

ORIGINAL RESEARCH ARTICLE

Initial Invasive Versus Conservative Management
of Stable Ischemic Heart Disease in Patients With a
History of Heart Failure or Left Ventricular Dysfunction
Insights From the ISCHEMIA Trial

CONCLUSIONS: ISCHEMIA participants with stable ischemic heart disease

and at least moderate iIschemia with a history of .HF or LvD were at increased Renato D. Lopes®, MD
risk for the primary outcome. In the small, high-risk subgroup with HF and .

LVEF 35% to 45%, an initial invasive approach was associated with better
event-free survival. This result should be considered hypothesis-generating.

David J. Maron, MD
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24 CON, no HF/LVD
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LATEST GUIDELINES

ESC/EACTS GUIDELINES

2018 ESC/EACTS Guidelines on myocardial

revascularization

Percutaneous revascularization of CTOs
should be considered in patients with angina
resistant to medical therapy or with a large lla

area of documented ischaemia in the terri-

CLINICAL PRACTICE GUIDELINE:

2021 ACC/AHA/SCAI Guideline for
Coronary Artery Revascularization

629459 643

FULL TEXT tory of the occluded vessel.

Recommendation for Treatment of CTO ;
Referenced studies that support the recommendation are summarized in £

COR LOE RECOMMENDATION
1. In patients with suitable anatomy who have refractory angina on medical therapy, after treatment of non-
oMLy 2 R CTO lesions, the benefit of PCI of a CTO to improve symptoms is uncertain (1-4).
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CTO is found in
20% of coronary
angiography

Different presentation modalities of CTO patients
Symptomatic Asymptomatic
| | | | |
- ACS in multivessel Incidental findings by
SELELIE disease Typellimi not-invasive tests
. ) “DOUBLE JEOPARDY” STEMI .
AnginaPectoris  RcACTO  LAD CULPRIT LESION . HAEE oo A
T Cardiac
4’.\,," X Troponinrise
| CT coronary angiogram
,‘,f,\' ¥ Acute Hypoxyemic  Acute Bleeding
| . Respiratory Failure Severe Anemia
\Y
N i J

Post-operative
E < 185 bpm
C -1_-_» 1

Tachycardia

Nuclear Tests

Galassi et al, Eurointervention 2024
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CTO detected
Symptom evaluation
Dyspnoea Angina Health status
(RDS) (CCS, SAQ) QoL (EQ-5D)
YES NO
| . | v
Normal wall motion or Akinesia or dyskinesia :
hypokinesis in CTO territory in CTO territory Normal LV function L¥idvesinelion
Significant ischaemia Significant ischemia
and viability and viability*
YES | < > NO NO P —
YES
v . '
AT - Revascularisation might be
Revascularisation is advised OMT and follow-up considered in selected cases onlys
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CTO revascularisation indicated

Isolated CTO CTO in the context of MVD CTO in previous CABG
Non-LAD CTO |«'» | LADCTO
i [
Y v v
Heart Team evaluation
: Surgical risk
CTO complexity . STS score
. J-CTO score . Logistic
. CT scan-derived J-CTO EuroSCORE Il
score :
. Frailty score
Local CTO PCI expertise
Availability of arterial
Porcelain aorta or venous conduits

Cardiac imager Cardiac surgeon

Concomitant relevant

Aortic arch atherosclerosis Bleeding risk valvular heart disease
> CTO PCI Hybrid revascularisation CABG
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