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Clinical significance of recanalized CTO

B Acute phase

1. Relief of symptom
2. Safety margin in PCI of other vessel
3. Escape from bypass surgery

B Chronic phase

4. Improvement of LV function
5. Collateral for the future diseased vessel
6. Improvement of long-term prognosis

7 . . ]
% ® Hokkaido Social Insurance Hospital
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Imaging Modalities for CTO PCI

- Catheter angiogram
- CT angiogram

- IVUS

.

e\

Hokkaido Social Insurance Hospital
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Imaging Modalities for CTO PCI

- Catheter angiogram
+ CT angiogram

- IVUS

Hokkaido Social Insurance Hospital




Screening CCTA

RCA WD LCX
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Conventional CAG vs Coronary CTA

Extractive information

< Catheter angiogram > < CT angiogram >

- Shape of open vessels - Shape of open vessels
- Distribution of calcium - Distribution of calcium
- Collateral circulation - Collateral circulation

- Distribution of soft plaque
- Shape of closed vessels

/7
% ® Hokkaido Social Insurance Hospital
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CCTA predictors of success/failure for CTO PCI

ographic and A onary Angiographic Multivariate Predictors of Procedural Failure for Chronic Total

Coefficient C ) OR [95% Cl) Likelih ) » Value Ir.d_e-.w-;

ae), occlusion |-:4r|E|H'| 82 |p =0.01], and

Mollet NR et al, Value of Preprocedure Multislice Computed Tomographic Coronary Angiography to Predict
the Outcome of Percutaneous Recanalization of Chronic Total Occlusions. Am J Cardiol 2005;95:240-243

Y

Hokkaido Social Insurance Hospital
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Multivariate predictors of procedure failure in PCI for CTO

Vessel bending, n

Wessel shrinkage, n

Severe calcification, n

CI = confidence interval. The bkelihood rago test for the whole model was < 0.000].

Mariko Ehara, Osamu Katoh, Takahiko Suzuki et al. Impact of Multislice Computed Tomography to Estimate Difficulty in Wire Crossing in
Percutaneous Coronary Intervention for Chronic Total Occlusion. J Invasive Cardiol. 2009 Nov;21(11):575-82.

Hokkaido Social Insurance Hospital



Table 4. Impact of morphological features on wiring success as observed by CTCA

Severe calcification, n
Tapered stump, n

Significant side branch, n
In-stent occlusion, n
Occlusion length = 20 mm, n

7 . . ]
% ® Hokkaido Social Insurance Hospital
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Shape of closed vessels

+ Straight vessel ?
- Bending vessel ?
Shrinkage ?

° Hokkaido Social Insurance Hospital
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CCTA predictors of procedural failure for CTO

° Hokkaido Social Insurance Hospital




Distribution of calcium

Microscopic CT imag

esof CTO

LA
. A\

N Outside
\Ff“ calcification
2N 'S

Center side
calcification

Gregg W. Stone, David E. Kandzari, Roxana M, et al : Percutaneous recanalization of chronically occluded

&

Hokkaido Social Insurance Hospital

/ coronary arteries : A consensus document : Part 1, Circulation. 2005; 112: 2364-2372
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Stump morphology

“Easy” CTO “Tough” CTO
Stump without side branch No stump with side branch

7/
o

-
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Micro channels

Microscopic section through a chronic total occlusion (CTO)
with visible tiny micro channels.

S Aziz, D R Ramsdale, Chronic total occlusions—a stiff challenge requiring a major breakthrough: is
there light at the end of the tunnel? Heart 2005;91(Suppl I1):iii42—iii48.

° Hokkaido Social Insurance Hospital
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Small Channels

With 3D MAP

Small intravascular®
channel -




Antegrade approach or Retrograde approach

Thick, hard cap:

N

| 20 “~~_ Guide wire crossing difficult

Retrograde Approach:
Guide wire crossing is easier

Hokkaido Social Insurance Hospital
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CASE 2 his 60’s Male

A RCA mid CTO retry case MOURSEHPTAL)
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Microcatheter

Finecross

l

Corsair
Guidewire

Fielder XT

|
Fielder FC

|
Miracle 3g

|
Fielder XT

e
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G.C: VL 3.5 8Fr SH mach1l

'_=Ichannel
stal RCA

4
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Retrograde wire
end of the lesion.

4

Hokkaido Social Insurance Hospital
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Knuckle wire technique

Hokkaido Social Insurance Hospital
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Combination with distal anchor and buddy wire technique

Hokkaido Social Insurance Hospital
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3.5x24mm Flexible DES stent was deployed at 16atm.

Hokkaido Social Insurance Hospital



Final CAG

Hokkaido Social Insurance Hospital
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" RCA mid CTO with diffuse severe calcium

LAO 45
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Conventional catheter angiogram vs Coronary CT angiogram

Extractive information

< Catheter angiogram > < CT angiogram >

+ Shape of open vessels * Shape of open vessels
. Distribution of calcium * Distribution ot calclum
. Collateral circulation * Collateral circulation

- Distribution of soft plaque
- Shape of closed vessels

7 . . ]
% ® Hokkaido Social Insurance Hospital
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Distribution of calcium

3D MIP (LAO 45° ) Curved MPR

>
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P vl‘ll: .~:'.: :‘
’ “Center side
calcification
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Cross sectional view

= B Hokkaido Social Insurance Hospital
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Rt femoral A 8Fr sheath Lt femoral A 8Fr sheath

G/C : mach 1 FR 4.0 SH 8Fr
". (e

o1 Hokkaido Social Insurance Hospital N/



/

Ai Antegrade wiring ..

2010

Anchor balloon: ¢ 2.0x15 Voyager
OTW: ¢ 1.25x10 Ryujin G/W: Fielder FC

s e ] e
o Hokkaido Social Insurance Hospital 7



EIAPPOR S

~Trapping TORNUS ' we

OTW exchange to TORNUS G/W: Fielder FC

7/ -
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BC: ¢2. 5x15Voyager
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Antegrade CAG R
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V ﬁPD antegrade wiring ...

M/C: Crusade G/W: Miracle 3g—Miraclel2g—Conquest pro 129
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SAPPORS.

1 PAIZ MIVE

S EMONSLLULL,
Clelliizsys 2070

Distribution of calcium

3D MIP (LAO 45° ) Curved MPR

>
*.l
P vl‘ll: .~:'.: :‘
’ “Center side
calcification

w B Hokkaido Social Insurance Hospital
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V " Antegrade wire crossing™ -

Ante. G/W: Miracle 12¢g Ante. BC: ¢ 2.5x15 Voyager

1 Hokkaido Social Insurance Hospital N7
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#3 dis : ¢ 2.5x16 TAXUS Express 2 #2 dis ~#3 prox : ¢ 2.75x32 TAXUS Express 2

#3 prox : ¢ 3.0x8 TAXUS Express 2

v A
-;.-I Hokkaido Social Insurance Hospital %}*
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y ﬁ Final CAG R

LAO 45 ' ~ RAO Cranial
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CASE 2 (OCT/06)
his 70°’s Male
RCA ostial CTO case

APPORY
VE
NEMONSUE el
Clelilieys 2010

angiogram

w B Hokkaido Social Insurance Hospital
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, super selective tip injection wire passed septal junction
38 Hokraiseptakbraneh-angiegraphy
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1.25mm OTW balloon dilatation
4

Hokkaido Social Insurance Hospital
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antegrade approach with Tornus backup

7/
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antegrade approach with Tornus backup

= B Hokkaido Social Insurance Hospital )

&



° Hokkaido Social Insurance Hospital

!

=

=)
n"!




B Or20s#EE
DFEY ﬂ(ﬂ@%\. Faeb

O & EE
DFOY 16.038(em) < Feb 0B 2007
[FE13] »  10:13:09.000

10:1508.000

1200
B00(mA) 450(mesc)
Thicle 0.5mm

HP11.2)
CT 3D YOLUWME RENDERING 30-A  F

12004
500(mA) 450(mess)

e,
e\

Hokkaido Social Insurance Hospital




t
[

HCTA
HELGAL_GT

8k
DFBY ﬁ](ﬂ%._

[FG13]

12006)

0D (mA) 460(mesc)
Thicks 0.Smm
(P11.2)

€T 3D YOLUME RENDERMNG 3D-4

Hokkaido Social Insurance Hospital

02067 8E
Feb 0B 2007
10:13:08.000

DFOV 15,088 (em)
 [Fois)

 GOD(mA) 4E0{mes
\ Thick D.5mm

e HCsariie

PR Y BAY I

-

D005 88

Feb 0B 2007

10:128:08.000
= =




Clelil: 2010

Reverse CART technique

07 , ) , G2
° Hokkaido Social Insurance Hospital N 7
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DES to RCA#1 DES to #2

® Hokkaido Social Insurance Hospital
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Final angiogram

° Hokkaido Social Insurance Hospital




RCA CTO Case1

1,\‘ . '%_.',_ 2*_ : e 8 1,\‘

Favorable Unfavorable Favorable Unfavorable

Tapered stump Stump absent Pre or post-branch occi. Occlusion at side-branch

Functional occlusion Total occlusion Bridging collaterais absent Bridging collaterais present

RAO 30° Cd30° The form of the vessel is guessed

' Hokkaido Social Insurance Hospital




3DMAP assists PCl

J 4
s . e ST,

Favorable Unfavorable Favorable Unfavorable

R . .

Tapered stump Stump absent Pre or post-branch occi. Occlusion at side-branch

(ol

Functional occlusion Total occlusion Bridging collaterais absent Bridging collaterais present

The form of the vessel is confirmed with CTA in the same direction.

Hokkaido Social Insurance Hospital
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Feature of 3DMAP

-BAZEE D ME EITEILIAKIZIEIEREE,

FAEMEREFERICTLIET. AFELTVWDREEEDOME R ED
iERARELELSL,

A AR AVEFIZAIII—ILETRY S BRI O D AL E R R A
MY T LY,

- FTERABEIZH L TIE., REEEZFERICFusiond 5F T, AngioE[{R &
DHLBEBNEZIZES,

TR A HEBODEL—TUTIILIZEDOE BB EIZRRATEE,

87 : : :
° ® Hokkaido Social Insurance Hospital
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MSCT for CTOs

e Volume-rendered MSCT image provides a 3-demensional overview
of the coronary segment, and a collateral filling on MSCT can be
more clearly visible than on coronary angiography.

e Maximum intensity projection (MIP) allows evaluation of the
morphology of the CTO lesion.

We can know in advance
*the tortuosity of the occluded artery.
“the relation between side branch and target lesion.
“the reliable length measurement of occluded segment.
“the localization of calcification within occluded artery.
-the adequate fluoroscopic angle for PCl procedure.

87 : : :
° ® Hokkaido Social Insurance Hospital
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S APPORS
3DMAP Coronary artery

3D MAP-CT can present the adequate fluoroscopic angle for PCI .

LAO35° Cr3s° RAO30° Cd4s5°

P

W

Work Station : Advantage Windows XT

° Hokkaido Social Insurance Hospital
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CTO:3D MAP

URSHEarl[i]

w B Hokkaido Social Insurance Hospital
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Display of 3D MAP in Catheterization laboratory

’ﬂ Live Angiogram Reference Anglogram - 3D MAP
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Now transistors replace tubes for a whole new
standard of reliability in color television.

AT

Hokkaido Social Insurance Hospital




Imaging Modalities for CTO PCI

- Catheter angiogram
- CT angiogram

- IVUS

Hokkaido Social Insurance Hospital
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Major and fundamental limitation of IVUS
for CTO recanalization

w @ Hokkaido Social Insurance Hospital
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Application of IVUS for CTO PCI

- To detect entry point of bifurcated CTO lesions
*I\VUS guided wiring

1)followed after failed parallel wire technique

07 . S .
w @ Hokkaido Social Insurance Hospital
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To detect entry point of bifurcated CTO lesions

microcatheter

Guide wire

Hokkaido Social In
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60s y/o male LAD mid CTO(retry) case

Roppongi Livedemonstration course 2009

° Hokkaido Social Insurance Hospital
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Application of IVUS for CTO PCI

- To detect entry point of bifurcated CTO lesions
- I\VUS guided wiring

1)followed after failed parallel wire technique

7 . . ]
% ® Hokkaido Social Insurance Hospital
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Failed parallel wiring technique @

° Hokkaido Social Insurance Hospital
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IVUS guided wiring technique

True lumen

Guide wire




071542008

IVUS guided wiring technique

After Predila®t

1VUS gpide, tal




Technical pitfall and drawback of IVUS guided penetration

1)Dilatation of subintimal space is required to deliver an IVUS
catheter when necessary.

2)Large lumen GC(>7F) Is required for simultaneous wiring with
AVAURY

3) Heavy Calcium frequently disturbs IVVUS guided penetration of the
entry of CTOs or from subintimal space to true lumen.

Recent consecutive 100 CTO PCI cases

v

Attempted \VVUS guided penetration 6 cases
wgug Hokkaido Social Insurance Hospit%lucceSSfUI QUIde-ere passage 3 CaSES

gy | raaaaeaasaseaaaeeay s s .- =V - = e W4



Application of IVUS for CTO PCI

- To detect entry point of bifurcated CTO lesions
- I\VUS guided wiring
1)followed after failed parallel wire technique

2)in reverse CART procedure

7 . . ]
% ® Hokkaido Social Insurance Hospital
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Concept of Reverse CART technigue

Antegrade

Retrograde

7

% Hokkaido Social Insurance Hospital




proximal

IVUS

=

distal



IVUS guided wiring in reverse CART technique

A 2009-01-15 12:47:19
0036

Estimation of 1VVUS finding

. X L
v
\‘- -Position of 1VVUS probe

-Vessel size
- Position of retrograde guide-wire

% 4' ’ - Assessment of dissection
v
E 4

w @ Hokkaido Social Insurance Hospital
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CASE 1

-Male 61y/0
-effort Angina
*Previous revasc.
08/NOV
DES in LCX
- Target lesion
RCA proximal CTO
denovo PCI

° Hokkaido Social Insurance Hospital




CTO procedure(1) &

Antegrade guidewire advanced to
faulse lumen

Hokkaido Social Insurance Hospital



CTO procedure(2)

- “1mm

° Hokkaido Social Insurance Hospital




CTO procedure(2)

1 mm

I\VVUS catheter position is within the true
lumen of vessel.

Subintimal dissection is detected from 8
to 12 o’clock direction.

Connection between true lumen and dissected
lumen is clearly detected .

IVVUS probe position is shifted to 10 o’clock
direction that is usually pericardial side of
the vessel in RCA.

7/
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CTO procedure(3)

° Hokkaido Social Insurance Hospital
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CTO procedure (4)
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CASE 2

- Male 60s y/o

-effort Angina

-3VD

-02/SEP
CABG/LITA-LAD/
SVG-LCX/SVG-RCA
SVG-RCA occluded

- Target lesion
native RCA CTO
retry case

==

= Hokkaido Social Insurance Hospital *% ;f‘



2009-01-15 12:47:19
0036

w B Hokkaido Social Insurance Hospital
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CTO procedure(2)

1 mm 20080115 12:47:18
00z6

IVUS catheter position is within the vessel.
Vessel diameter is about 4mm

Retrograde guidewire is detected at subintimal
space of 5 o’clock direction but compartmental

from the true lumen.

w @ Hokkaido Social Insurance Hospital

&



P

CTO procedure(2) .

1 mm 20080115 12:47:18
00z6

I\VVUS catheter position is within the vessel.
Vessel diameter is about 4mm

Retrograde guidewire is detected at subintimal
space of 5 o’clock direction but compartmental

from the true lumen.

° Hokkaido Social Insurance Hospital




CTO procedure(2)

B L 2009-01-15 12:47:19
(036
y — b -
/ | - N
IVVUS catheter position is within the vessel. s - \ ‘x“
Vessel diameter is about 4mm o \ ‘

Retrograde guidewire is detected at subintimal =~ '
space of 5 o’clock direction but compartmental
from the true lumen.

% Hokkaido Social Insurance Hospital







IVUS finding post antegrade balloon dilatation f;;gﬂw

2009-01-15 12:47-19 ~1 miw 2009-01-15 12:50°11
0036 0123

I\VVUS finding after 2.5mm balloon dilatation I\VVUS finding after 3.5mm balloon dilatation

° Hokkaido Social Insurance Hospital




CTO procedure(4)

1 mm 2009-01-15 14:00:55
1161

Large dissection w,as.creaféd ﬁéntlonaly and
Successfully.

~ Cutting balloon 3.5x15mmx1

° Hokkaido Social Insurance Hospital
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CTO procedure(5)

2003-01-15 14:01:03

° Hokkaido Social Insurance Hospital
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CASE 3

-Male 78y/o
-effort Angina
-2VD
-08/JUN
DES in LAD
- Target lesion
RCA ostial CTO
retry case
CRF cre 2.0
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CASE 3

-Male 78y/o
-effort Angina
-2VD

-08/JUN
DES in LAD

- Target lesion
RCA ostial CTO
retry case

*CRF cre 2.0

-;‘- Hokkaido Social Insurance Hospital
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failed kissing wire technique failed knuckled wire technique
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failed CART technique failed reverse CART technique

° Hokkaido Social Insurance Hospital '
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I\VVUS (Atlantis PRO2)

° Hokkaido Social Insurance Hospital
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CTO procedure(5)

Reverse CART (balloon size 2.5mm —3.5mm) retro G.W. Successful passage

oy Hokkaido Social InsuranceHospital Sl pa il Al . N



DES 3.5x32mm x2 by IVUS guidance final angiogram

3% tokkaido sociat swrance ol Total dye volume 50cc



Application of IVUS for CTO PCI

- To detect entry point of bifurcated CTO lesions
- I\VUS guided wiring
1)followed after failed parallel wire technique

2)in reverse CART procedure

3) Retrograde guidewire passage

7 . . ]
% ® Hokkaido Social Insurance Hospital
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case :Male in his 60’s

Target Lesion : proximal LAD
Point: CTO

Diagnosis: OMI

Risk Factor:HT, dyslipidemia, current smoker
Present illness i
2008.12.2 admission due to AMI (other hospital) : o
emergency CAG proximal RCA total, 5l
proximal LAD total (CTO)

emergency PCI to proximal RCA

VISION ¢ 4.0x28mm total = 0%

2008.12.6 PCI to CTO of LAD (other hospital)
antegrade approach = failure

2009.2.6 PClto CTO of LAD
retrograde approach
(collateral from RCA) = failure

UCG: inferior severe hypokinesis, EF 35%

% Hokkaido Social Insurance Hospital
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Control CAG: LCA

RAO Cau

Hokkaido Social Insurance Hospital
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Control CAG: RCA

RAO Cau
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Rt femoral A 8Fr sheath
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" IVUS Guide Wiring (Antegrade)

o
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- 1mm 2003-10-31 16:05:20
0552

. L )
s . Y

HL G/W: ADVANCE LITE
IVUS : VOLCANO Eagle Eye Gold

° Hokkaido Social Insurance Hospital
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M/C: Corsair G/W: miracle3—ConquestPro

NP4
=-

Hokkaido Social Insurance Hospital
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P 4
V ;ﬁ VUS Guide Wiring (Antegrade) ...

M/C: Corsair G/W: miracle3—ConquestPro—Fielder FC—miracle3

==
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_IVUS Guide Wiring (Retrograde) ...

Clelfiisys 2010

1 mm 2003-10-31 17:56:09

M/C: Corsair G/W: miracle3—ConquestPro—ConquestPro8-20

° Hokkaido Social Insurance Hospital :‘};;,-_*,;.‘




_Retrograde wire crossing

ey

M/C: Corsair G/W: ConquestPro8-20—Rotafloppy

7/
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Stenting RATI'DH

2010

STENT : ¢3.5x28 DES Post dila : ¢ 4.0x15 Firestar

2,2 HokkaikBFeinl|LAD; ¢y 40X L5 Firestar, LCX; ¢ 2.5x15 Firestar f'-{/



*| showed four CTO cases treated with IVUS guided
retrograde procedure with different IVUS findings.

- Accurate evaluation of IVUS finding is helpful to decide
appropriate next strategy which leads successful final result.

- IVUS guided reverse CART procedure is also promising
technique to save contrast dyne consumption and so good
application for CKD cases.

g .
w @ Hokkaido Social Insurance Hospital
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