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Four strategies for CTO
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[ Careful analysis of angiogram/MSCT} >[ In-stent restenosis ]
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ﬂDrimary use of KWT and/or dissection re-entr%

* Ambiguous course in CTO
» Tortuous CTO segment
* Heavy calcification
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Rescue use of KWT and/or dissection re-entry
* Length >20 mm
k Previous failed attempt j

[ Consider stopping if >3 hours, 3.7 x eGFR ml contrast, Air Kerma > 5 Gy unless procedure well advanced ]




Antegrade approach

* Wire escalation
In conjunction with

I\VVUS-guided approach

 Dissection reentry
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CTO dissection and Re-entry strategy
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Hybrid Algorithm for CTO-PCI

Dual Catheter Angiography

Clear Proximal Cap?
Good Distal Target ? le

yes

v
s [ Retrograde
yis_ Length < 20mm? no yes/ \no

Wire 5 Dissection Re-entry Wire Dissection Re-entry
escalation (CrossBoss™/ Stingray ™) | escalation (Reverse CART)

Dissection Re-entry Dissection Re—_entry
(Reverse CART) (CrossBoss / Stingray)

Switch Technique

Brilakis ES, et.al., JACC Cardiovasc Interv 2012 Apr, 5(4): 357-79




CTO wires evolution

Co(rgzc;i(t;icl;) e Tip load (g) Tip taper H{%;c;?nhgjlic Polymer jacket

Fielder FC - 0.8 - +
Fielder XT - 0.8 *+(0.009”) o
Fielder XT-R + 0.6 +(0.0107) +
Fielder XT-A + 1.0 +(0.010”) v

SION + 0.7 - +

SION BLUE " 0.5 - dﬁs(fg;cl(;?;?g)
SION BLACK + 0.8 - +

Gaia 1st + 1.5 + (0.010”) +

Gaia 2nd + 3.5 + (0.0117) +

Gaia 3rd + 4.5 +(0.012”) +
Miracle - 3,6,12 - -
Conquest pro - 9,12 + +(uncoated tip)




Antegrade wire based strategy AP

Crarus
I Visible micro channels  Tapered proximal cap Blunt proximal cap I
Proximal Cap  Low penetration force Low penetration Intermediate penetration
wire with polymer force wire force wire
jacket and tapered tip l l
Intermediate penetration Intermediate penetration  High penetration
force wire force wire force wire
Length <20 mm Reasonable to continue with wire used to
CTO body cross proximal cap
Length >20 mm or Step down to a low penetration force wire or
ambiguous course intermediate non-tapered wire
Distal Cap Escalation from softer more steerable wire to a higher penetration-force

wire may be required.




Single wire technique



Antegrade wire based strategy - o

Visible micro chann Tapered proximal cap unt proximal cap

Proximal Cap LOV\{ pen.etration foxce Low penetration Integhediate penetration
wire with polymer force wire force wire
jacket and tapered tip l’ l

|

Intermediate penetration Intermediate penetration  High penetration

force wire force wire force wire
Length <20 mm Reasonable to continue with wire used to
CTO body cross proximal cap
Length >20 mm or Step down to a low penetration force wire or
ambiguous course intermediate non-tapered wire
Distal Cap Escalation from softer more steerable wire to a higher penetration-force

wire may be required.




60/M, Long CTO with tapered cap

Poor distal target with good
interventional collateral




Long CTO with tapered cap
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Long CTO with tapered cap
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[ Careful analysis of angiogram/MSCT} >[ In-stent restenosis ]
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k Previous failed attempt j

[ Consider stopping if >3 hours, 3.7 x eGFR ml contrast, Air Kerma > 5 Gy unless procedure well advanced ]




Antegrade wire based strategy AP

Crarus
Visible micro channels  Tapered proximal cap lunt proximal ca
Proximal Cap  Low penetration force Low penetration Intermediate penetration
wire with polymer force wire force wire
jacket and tapered tip l l
Intermediate penetration Intermediate penetration  High penetration
force wire force wire force wire
Length <20 mm Reasonable to continue with wire used to
CTO body cross proximal cap
Length >20 mm or Step down to a low penetration force wire or
ambiguous course intermediate non-tapered wire

@Cap Escalation from softer more steerable wire to a higher penetratio@
wire may be required.




Wire bending

cap puncture
distal cap puncture
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LAD CTO with
anomalous origin RCA CTO

il No stump of LAD CTO
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Distal true lumen wiring with fielder XT




56/M, Long RCA CTO wit no stump

W\ = \ il T

IVUS exam:
Soft proximal.eap with lumen
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IVUS-guided Fielder XT Corsair advance

IVUS exam:
Soft proxim
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Fielder XT Gaia 2 (step-up escalation)




Gaia 2 : Adavnce into true lumen




Final angiography




Parallel wire technique



[ Careful analysis of angiogram / MSCT} >[ In-stent restenosis
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[ Proximal cap ambiguity ) >[ IVUS guided entry ] primary crossing strategy
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based approach
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ﬂDrimary use of KWT and/or dissection re-entr%

Dissection Reentry [ Parallel wiring
. * Ambiguous course in CTO
Q(crossboss-stlngray)} . Tortuc?us CTO segment
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Rescue use of KWT and/or dissection re-entry
[lvus quided wiring] + Length >20 mm

k Previous failed attempt j

[ Consider stopping if >3 hours, 3.7 x eGFR ml contrast, Air Kerma > 5 Gy unless procedure well advanced




Selection of crossing strategy

» Feature favoring use of stingray

-Ambiguous vessel course
-Long, calcified, tortuous CTO lesion
-1f wire is in subintimal at the proximal cap

* Feature favoring use of parallel wiring

-Heavy calcification and/or diffuse diseased distal bed
-Important side branch near distal cap

Use of parallel wiring and stingray is not interchangeable



Feature favoring use of parallel wiring
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Feature favoring use of parallel wiring

M branch near distal cap area
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Antegrade wire escalation

* Proximal cap: image guidance or morphology
« CTO body: Image guidance or resistance
 Distal cap: image guidance or resistance



Dissection reentry
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CTO dissection and Re-entry strategy
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Baseline angiography

Good interventional collateral




Subintimal wiring with caravel




Microcatheter advance and wire exchange

Straw
. techrifue:

way system




Wire removal and straw technique
balloon positioning by angiography

Subintimal

hematoma suction #

with 3 way system
Em -
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180° opposed and off
set exit ports

0.014” (0.36mm) hydro
philic coated Stingray g
uidewire

0.014” (0.36mm) qguid

6F (2.0mm) guide ca ewire compatible

eter compatible

CTO RE-ENTRY SYSTEM

*Flat balloon
*One exit port on each side.

«3.2F shaft

Stingray Guidewire’s angled tip
and distal probe

2 radiopaque marker bands for
exact placement

014" G/W compatible

*6F G/C compatible



Reentry using Stingray wire
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Wire position confirmed
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Final

angiography




Retrograde approach

* Wire escalation In conjunction with
» Dissection reentry AR e el lrekleln



Indication for the retrograde approach
AP-CTO Hybrid

Algorithm for CTO Crossing

Careful analysis of angiogram/CCTA ‘ l,solatedrestn_ E:em[usl\;z_IN-stent
= m— Ves 1IVUS- Consider use of CrossBoss™
Proximal cap ambiguity 7 guided entry M as primary crossing strategy

No ‘es

1. Ambiguous proximal cap
2. Poor distal target
3. Appropriate “interventional” collaterals

Poor quality distal vessel or
bifurcation at distal cap

Interventional collaterals present

If suitable
re-entry zone

Consider primary use of KWT/
dissection re-entry

» Ambiguous course of CTO

» Tortuous CTO segment

* Heavy calcification JACC Cardiovasc Interv 2012;5(4):367-79

Consider secondary use of KWT/
dissection re-entry

+ Length >20mm

« Previous failed attempt

« Ambiguous proximal cap
* Poor distal target

« Interventional collaterals




Selective angiography

Not necessary for all cases —
Necessary for ambiguous channgl cot
Confirm for blood regurgitation = &
Proximal channel portion preferred *
Caution for channel damage (R->L
epicardial channel) :




Collateral channel wiring

e Initial wire: Sion
 Tortuous channel: Souh03 or Sion black
 Small channel: Fielder XT-R

Table 2. Tips for channel crossing.

Channel Ancio Flrst wire Second choice Senund choice fur Third choice for
g small channel tortuous channel turlunus channel

L — R septals Selective Further distal selective
injection® injection with rotational SION SUOH 03 SION black
angiogram

R — L septals Non-selective Twin lumen catheter to

XT-R
injection (or via overcome retroflex XT-R SUOH 03 SION black
fwin lumen) ostium

Epicardial Selective Microcatheter follows the SION black if
injection® wire technigue SUOH 03 XT-R/SION SION/XT-R large epicardial
channel

* Selective angiography should be performed with biplane or rotational angiography.

Wu EB et al. Asia intervention (2018)



Tortuous septal channel (Suoh 03)

Caravel/Sion wire: failed




Lenter




Tortuous septal channel

Sionwire failed




Tortuous septal channel

failed:
poor forward power-> succeed




Mid LAD CTO

Septal to septal channel




Corsair, fielder XT: failed Caravel: Tip angiography




Sion/Suoh03 failed Sion black/blue failed Suoh 03 success

]



Re_t_rograde dlr_eCt Contralateral guiding
Caravel advance Wiring: UB3 wire Wiring (pingpong guiding)

F
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Caravel advance : :
To contralateral guiding Hesl SiEnle SEfplEl perigiElolr

No pericardial effusion



Microcatheter thru channel

* Initial MC: Corsair, Finecross, Caravel

* Next: Turnpike LP
« 3 option: 1.0 or 1.25 mm balloon
« 4™ option: anchor balloon or Guide extension

Table 3. Tips for crossing microcatheter through channel.

Switched microcatheter will not | Failure to cross after balloon

Channel Corsair/Turnpike will not cross cross dilatation

L — R septal Switch to Caravel/Turnpike LP* 1.25 mm balloon to dilate Side branch anchor balloon

R Beware too tortuous PDA to septal

R — L septal
channel angle

Epicardial Switch to Finecross Beware too small channel

* If septal ostium stented — dilate septal ostium with small balloon.

Wu EB et al. Asia intervention (2018)



Retrograde CTO passing techniques

Retrograde direct wire crossing: short lesion length (< 15 mm) (a)

Kissing wire technique : bidirectional wiring (b)

Knuckle wire : long, calcific, tortuous, unknown course

CART technique: rarely used currently (d)

Reverse CART: for bidirectional wire connection (c)
Conventional

Contemporary (directed) s /‘ v
Modified (extended)
S __ Retrograde o _
B g Direct crossmg Kissing wire

-

Reverse CART
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Retrograde wire and MC access >

Lesion <15 mm

1

Contemporary reverse CART onsider diEErSE refrograde
No |

IVUS-guided wiring with
No high penetration directable
retrograde wire

L

MNo

L Primary intentional retrograde

¥ _knuckle wire:

Failed reverse — Ambiguous course in CTO
CART — Tortuous CTO segment

— Heavy calcification
— “The long plus CTO"

Y
Antegrade IVUS examination

b 4

Traditional CART




APCTO club Sub-algorithms
for Retrograde Approach

IVUS guided r-CART

Antegrade IVUS examination

!

There is connection
Between antegrade/
Retrograde wires?

Is there significant length of
dissection vessel proximal to | | yse
connection point or pRCA
bend in mRCA CTO? do

Antegrade wire is
intraplaque 7

Antegrade wire is subintimal

Yes

Use bigger balloon t
o do reverse CART

Guideliner
reverse
CART

e 3

No

nh based on IVUS to
reverse CART Pull back retrograd

biggest balloo

No

Stent revers

Use refrograde
conquest wire to

e wire and knuckle
no | retrograde wire int
o subintimal space

\

puncture biggest
antegrade ballo

N

e CART on
\ jNo
As avery
last resort Transit balloon technique,
No with caution

\

IVUS guided retrograde
wiring

Thereis a
connection
between
Antegrade &
retrograde wire




Retrograde approach

Basically bidirectional wiring

If microcatheter did not cross the channel: wire
mark technique for antegrade wiring

Retrograde WIRE escalation under guidance of
antegrade wire or ballooning with/without I\VUS.

Retrograde knuckle: unknown, long, calcific, or
tortuous CTO segment.



PROXIMAL LAD CTO
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Retrograde caravel/suoh 03 wire via epicardial channel
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Antegrade corsair/Fielder XT wire




Final angiography

Wire externalization
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Wiring with sion wire

Tip angiography




Tip angiography

Knuckle wire with fielder XT




Knuckle wiring with reverse CART

Final angiography
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Proximal RCA CTO

(epicardial channel LAD apex to PDA) Caravel with Suoh03 wire




Retrograde wiring/fielder XT

Tip angio for distal Cap




ST elevation/hypotension during wiring
---- pull back caravel to LAD with keeping the wire

aravel MC




IVUS use for wire position Antegrade wiring (wire mark)
(Retro wire is in the true lumen) (Double lumen catheter/UB3 wire)




Final angiography Check for channel damage




Faillure mode of contemporary
techniques from APCTO registry

Inabllity to wire to true lumen despite advanced
antegrade wiring technique for example, parallel

wiring or IVUS guided wiring:

Wire collateral channel passage failure;

~alled reverse CART;
Retrograde MC CTO passage failure:

Procedure complications:

Chan CY, et al. CCI (2019)



Conclusion

(single or parallel wire or ADR
based on the lesion morphology) under selective
guidance of 1\VUS (entry or rewiring)

selective angiography and
retrograde wire channel cross (Sion, Sion black,
Suoh03, Fielder XT-R) and Microcatheter channel
cross (Finecross, Corsair, Caravel, Turnpike LP)

(Wire mark technique,

Retrograde direct wiring for short length CTO, Kissing
wire, reverse CART/CART) under selective guidance
of IVUS for wire position



There Is an easy-looking CTO, but
there is no easy CTO to open. You must
always do your best.



Thank you for your attention

N\ CardioVascular Research Foundation



