Chronisch verschlossene
Herzkranzgefasse

Gregor Leibundgut



Komplettheit der Revaskularisation

Patienten mit mind. einer CTO

N=344

Valenti R et al. EHJ 2008



Residueller SYNTAX Score

Mortalitat

Farooq V et al. Circulation 2013;128:141



CTO - Chronic Total Occlusion

 Kompletter Koronarverschluss e 15-30% aller
- TIMI 0 grade Blutfluss Koronarangiographien !

- antegrade und/oder retrograde Kollateralen

e \Verschlussdauer > 3 Monate

~ angiographisch * Gefassbeteiligung

- Klinisch - ACD 60%
- RIA 22%
* Viabilitat ? - RCX 18%

- multiple locations 17%

- proximal segment 68%



Histologie

Srivatsa et al. JACC 1997:29:955-63



Koronarknochen

Leibundgut G et al. Circulation 2015



Therapieoptionen

Ohne CTO Mit CTO

® medikamentos @ Bypass @ PCI

APCI = 26%



Wo liegt der Unterschied?

Stenose

CTO



It’s all about Collaterals!

385 um

385 um



Ausreichende Kollateralisation?

In nur 20% nach akutem Koronarverschluss (CFl >0.25)

No CAD coronary 3-vessel disease

Frequency (%)

Collateral Flow Index (CFl) Collateral Flow Index (CFl)

CF| — Poccl - CVP
Paorta - CVP

Meier P et al. Circulation 2007



PET Perfusion nach CTO-PCI
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_ebensdauer der Bypasse




Meta-Analyse nach CTO-PCI

23 Observational Studies, 12,970 patients, mean f/u 3.7+2.1 yrs

all-cause mortality
RR 0.54 (95%-CI 0.446-0.650) p<0.001

Khan MF et al. CCI 2013



Chronischer und Akuter Koronarverschluss

CTO

\ LAD g A
LCX
\_ J

RCA
LCX




Einfluss einer CTO auf die Mortalitat beim Herzinfar

CTO nicht im
Infarktgefass

Table 2. Independent Predictors for Death During the First 30 Days and During 30 Days to 5 Years After Primary PCI
Predictors for Death During the First 30 Days Predictors for Death From 30 Days to 5 Yrs
After Primary PCI After Primary PCI

HR 95% ClI p Value HR 95% ClI p Value

Shock 7.4 5.8-9.6 <0.01 1.6 1.0-24 0.04
- | cT10 36 2.6-4.7 <0.01 1.9 1.4-2.8 <0.01 |

MVD without CTO 1.6 1.2-2.2 0.01 1.1 0.8-1.6 0.51
LAD-related Ml 1.4 1.1-1.7 0.01 1.7 1.3-2.2 <0.01
Hypertension 0.7 0.5-0.9 <0.01 1.1 0.8-1/5 0.52
Hypercholesterolemia 0.6 0.5-0.9 <0.01 0.8 0.6-1.1 0.12
Smoking 0.5 0.4-0.7 <0.01 0.8 0.6-1.0 0.07
Post-PCI TIMI flow grade 3 0.4 0.3-0.5 <0.01 0.6 0.5-0.9 <0.01
Age >60 yrs 1.3 0.9-1.7 0.13 3.3 24-45 <0.01

Claessen BE et al. JACC Cardiovasc Interv 2009



STEMI im Kollateralen abgebenden Gefass

STEMI in collateral
donor artery

/

any CTO

/

Fujii T et al. Int J Cardiol 2016



Erhohte Mortalitat bei Kammertachykardien

1,461 pts with arrhythmias, 20% had CTO
Mortality (mean 18 months) of 46% with CTO vs. 27% without CTO

All-cause mortality

HR (95% CI) P value

CTO B 1.412 (1.081-1.843) P=0.011
LVEF <35% * 2.374 (1.841-3.063) P=0.001
ICD - 0.189 (0.137-0.260) P=0.001
< 75 years O 0.703 (0.541-0.889) P=0.004
CPR > 1.867 (1.608-2.167) P=0.001
CKD - 2.810 (2.157-3.662) P=0.001
Diabetes . 1.306 (1.022-1.669) P=0.033
AMI g 0.828 (0.645-1.062) P=0.136
Males . 1.259 (0.957-1.657) P=0.100
| 0.1 1.0 4.’0
lower risk higher risk

Behnes et al. Eurolntervention 2019



Lebensqualitat nach erfolgreicher CTO-PCI

Gesundheitszustand nach 1 Monat

Angina pectoris E—o— 9.5 (1.6 - 17.5)
Eingeschrankte :
! —— 13.1 (6.1 - 21.1
Leistungsfahigkeit , ( )
Lebensqualitit L e 20.3 (11.9 - 28.6)
S S R E—
-40 -20 0 20 40

Effect of Procedural Success

FACTOR Trial



The Hybrid Algorithm

Antegrade Dissection and Re-entry

Antegrade Wire Escalatio

Maeremans J et al. JACC 2016:68:1958



Algorithmen

1. Dual Injection
2. Careful analysis of angiogram

3. Proximal cap ambiguity

Yes 2 Presence of Side Branch
No l lYes
Yes Intravascular Ultrasound

o

4. Poor distal vessel quality

. - .
- 5. Feasible Retrograde Option

Yes
| l Yes

7. Retrograde

No

6. Antegrade wiring

6a. Parallel

Wiring/ IVUS and re-entry

6b. Antegrade dissection

Approach

Fail

8. Change Strategy

——
- Success -
e

Fail Fail

Y ‘ Yes

o

10. Consider stopping if >3 hours;
3x estimated glomerular filtration rate ml contrast;
Air Kerma >5 Gy unless procedure well advanced.

Wu E et al. JACC 2021,78:840




Pradiktoren - Morphologie

Favorable

Tapered stump Functional occlusion Pre or post-branch occl. Bridging collaterals absent

Unfavorable

Stump absent Total occlusion Occlusion at side-branch Bridging collaterals present

Freed et al. Manual of Interventional Cardiology 1996



Antegrade Techniken

True lumen
crossing
Wire
ANE redirection
Subintimal
cossing Stingray
AWE&DE Parallel Device-
wiring based
ReCross
ADR
AFR
Retrograde Wire-based

STAR / contrast guided STAR / MiniSTAR

LAST

Adapted from Azzalini et al. Catheter Cardiovasc Interv. 2020 Apr 22. doi: 10.1002/ccd.28941.



Wieso Retrograd?

* proximale Verschlusskappe
— dem arteriellen Druck ausgesetzt — harter, flach

 distale Verschlusskappe
— dem kollateralen Druck ausgesetzt — weicher, Kanal

70-90mmHg 10-30mmHg

..........
......




Werkzeuge



Specialty Guidewires



Polymer coated knuckle wire

Wire exit
Penetration wire

Vessel course?

Knuckled wire

Safe negotiation ambiguity
/ tortuosity with knuckled wire
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Microcatheter

General Use
Finecross
SuperCross
Micro-14
Nhancer Pro

+++
Trackabillity

J. Spratt CTO Summit NY 2017

Retrograde
Fine collaterals
Caravel

Turnpike LP
Mamba Flex

Retro &
Antegrade
Corsair Pro

Turnpike

Teleport

+ +
Track & Push

Antegrade
Turnpike Spiral
Mamba

Ca+ Antegrade
Tornus
Turnpike Gold

+++
Pushability



ow profile Balloons

Profiles

0.0164” 0.0166” 0.0166” 0.0186”

Sapphire Il Pro Tazuna Lacrosse Laxa Emerge Across CTO Mini Trek
1.75 mm 1.25 mm 1.3 mm 1.2 mm 1.1 mm 1.2 mm



Stents



IVUS




IVUS is performed with a ‘pull-back’




How can IVUS help?

Concentric calcium

l

IVUS
catheter

Wire
artefact

Morphology - concentric calcification



Imaging Resolution

CT-Angiography Angiography IVUS OCT

600 pm 200 pm 100 um 10 pm



