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CTO Goriuntilenmesi

Stump ve distal giris noktasinin saptanmasinda en iyi

gorlintilerin tanimlanmasi

Simultane Kontralateral Enjeksiyon

Kilavuz telin ilerletilmesinde biplane anjiyografi



CTO teknikleri

1. Antegrad teknikler
2. Retrograd teknikler

3. Yardimci yontemler

e Tornus
« Rotablator

4. Ozel cihazlar
e Lumend frontrunner
« SafeCross



Vaka A.A: 61 Yas Erkek
CCS Evre 2 AP, LV Duvar Hareket Bozuklugu Olmaksizin

LAD orta segmentte bifurkasyon okliizyonu: Yaklasik 17 Aydir Istirahatte Olan Gogiis
Agrisi | N

AP cranial view RAO view



LAD orta segmentte bifurkasyon okliizyonu

Maverick OTW balloon + Pilot 50 —basarisiz-

Simultan kontralateral injeksiyon Miracle 3g (Asahi-Intecc)



LAD orta segmentte bifurkasyon oklizyonu

Telin konumunu belirlemek icin
kontralateral enjeksiyon Son gorinti

Iki Cypher (3.0/18, 2.75/18mm)



Vaka: 52 Yas Erkek

CRF: Pozitif Aile Oykiisii, Hiperkolesterolemi, Sigara
*Mart 2002 den beri CCS Evre Il Angina
*KAG: SVD, LCXx orta segmentte okliizyon

L V: Normal LV fonksiyonu

Elektif LCx Rekanalizasyonu (Haziran 2002)



Telin Sekh

| Nicro—
Catheter




Kontralateral Enjeksiyonun Islevi

 CTO distali diger koroner damardan kolletaral dolum
gosteriyorsa, kontrallateral enjeksiyon gereklidir

« Super-selective kontralateral enjeksiyon daha net
imajlarin alinmasi ve kontrast kullaniminin
azaltilmasi acisindan ¢cok faydahlidir.



Mikrokanallar belirlenmelidir




Stump olmasi antegrad mikrokanal
varliginin oneml1 bir gostergesidir



CTO Patolojisi

%40 In uzerinde mikro kanallarin bulunmasi Homojen siki plaklar

basanyi arttirir. Daha diisiik basar oranina sahiptir



Fielder XT and Fielder FC

Flelder XT 16cm Polymer Sleeve & Hydrophilic Coating

A
A\ 4

16cm Radio-opaque spring coil

PTFE Coating Stainless Steel Core

Fie|del‘ FC 11cm Spring Coll

A

Stainless Steel Core 3cm Radio-opaque Coil

— ST

PTFE Coating

A
A 4

20cm Polymer Sleeve & Hydrophilic Coating



Antegrad Mikro Kanallar

« Patolojik antegrad mikro kanallar siklikla
anjiyografide gorunmezler

 Antegrad mikro kanallar her zaman gercek distal
lumenle devamlilik gostermezler. Bazen vaza
vazorum ile iligkilidirler

* Antegrad mikro kanallar mi ve kopru kolleteraller
mi olduguna karar vermek ¢ok zor bir konudur



Antegrad Mikro Kanallart Ge¢cmek I¢cin Uygun
Tel Secimi

* Tel antegrad mikrokanallardan kisa sure icinde
gecebilmelidir

* Hic antegrad mikrokanal yoksa, tel yalanci lumene
gecmemeli, gercek lumen icinde kalmahlidir



Antegrad Mikrokanal Yoklugunda
Stump’in Penetrasyonu



Tel Manuplasyon Teknigi

« Penetration vs. Kontrollu delme

& -

enetrasyon” icin tel ucunun yon kontrolii daha uygundur.

Kontrollii delme” ile tel ucunun ilerletilmesi daha kolaydar.



Antegrad Mikrokanal Y oklugunda Proksimal

Kismin Penetrasyonu
« CTO ya giris noktasi telin yalanci lumene kolaylikla
girebildigi yerdir.

* IVUS probu icin yeterli genislikte bir yan dalin
varsa, :

—Volcano > Boston Atlantis Pro
guiding catheter gereklidir.



IVUS Icin Proximal RCA Dilatasyonu




Distal cap’in Penetrasyonu



Parelel Tel teknigini ne zaman kullanalim?

« Eger ilk tel yalanci lumendeyse, Confianza Pro 9
veya 12gr ile parelel tel teknigini kullanmak
gerekir.

« Eger birinci teli uzun bir suredir manuple
ediyorsaniz, intramural hematomun basisina bagl
olarak distal damari goruntuleyemeyebilirsiniz.



Distal Baslik Penetrasyonu

* Eger hi¢c antegrad mikrokanal belirtisi yoksa veya
tikali damar segmenti >20mm den uzunsa, parelel
tel teknigi bazen yeterli olmaz ve IVUS esliginde
yeniden giris gerekebillir.

* IVUS esliginde yeniden girisimin en onemli
noktasi, yalanci lumende olsa bile teli damarin
icinde tutmaktir.

— Tapered stiff telden, ozellikle Confianza Pro
12gr or 20gr, kaciniimahdir. (Miracle 3gr daha iyi
bir secim olabilir.).



Distal damara ulasmak icin Confianza Pro
dan farkl bir tel siklikla gerekir



« CTO yapisinin net bir sekilde anlasiimasi
prosedurlerin kendisi kadar onemlidir. CTO na
girisim icin coklu goruntuleme methodlarina (
kontralateral enjeksiyon, MSCT ve IVUS )
basvurulabilir.

* Trapping teknik kullanilarak cesitli OTW
cihazlarinin degisimi yerine , CTO guiding kateteri
/Fr den daha genis secilmelidir. IVUS esliginde tel
yerlestirecekseniz kateter 8Fr olmalidir.



CTO nun Goruntiilenmesi

Guduk ve distal giris noktasinin saptanmasinda en 1y1
gortntulerin tanimlanmasi

Simultane Kontralateral Enjeksiyon

Kilavuz telin ilerletilmesinde biplane anjiyografi



[k Islem (2002)




[k Islemde Kontralateral Enjeksiyon
Kullanilmaksizin Tel Manuplasyonu (2002)




Koroner Perforasyon Nedeniyle Islemin
Sonlandirilmasi (2002)




Ikinci Islemde Kontralateral Enjeksiyon

(Subat 2005)
55 yas , semptomatik, ( Evre Il CCS)
atenolol, nicorandil, nitrat tedavisi aliyor




Tel Manuplasyonu




— 8.2 mm, 1 mm{div

40MHz Atlantis IVUS catheter (Galaxy Il, Boston Scientific)



Agustos 2005 te Ta§ QPHQQM% asemptomatik,

Evre 4 Bruce protokollii eforda normal ECG




Destek

Hicbir zaman Sol Judkins kateterleri (EBU, Voda, Amplatz)
kullanmayiiz ; RCA i¢cin Amplatz diisiiniilebilir ancak osteal
diseksiyonlar konusunda dikkatli olunmalidir

SH kateterler ? ; Destek icin 7 Fr GC secilebilir. Benim tercihim
derin entiibasyona izin verdigi icin genellikle 6 Fr tir.

CTO icin stabil guiding kateterler, distaldeki tortuosite veya uzun

fibrokalsifik lezyonlar1 telin gegmesi konusunda yeterli olmayabilir

(Anchor balloon, 5 In 6)



Vaka B.F.T: 43 yas Erkek

Asemptomatik, Pozitif Treadmill testi,
Talyum sintigrafisinde

Inferolateral geri doniislii iskemi




Orta LCx ve D1 ostium lezyonlari ile Uzun RCA-CTO




Orta LCx and D1 ostium lezyonlar1 ile Uzun RCA-
Siz ne y&phediniz?

Hp No. 05/21377



Radi PWS5 Diagonal Dal + 96 ng Adenosine
FFR= 0.84 (tekrarlanan li¢ ol¢limde)

oo bF ol & e ..
0 215 @ 32 & K abr & 390 1000L NS 13 bk 15318




Subokliide LCx Lezyonu Girisimi




Subokliide LCx Lezyonu Girisimi

Anchor balloon

With anchor technique

Tamai et al. Catheter
Cardiovasc Interv. 2003 Aug;59:482-8



Subokliide LCx Lezyonu Girisimi




Subokliide LCx Lezyonu Girisimi

Son Gorunti




Five-In-six system

r 4 P
=1N . —_—

/ Hemostatic Y -connector

valve

5F Heartrail,120cm, OD 0.068 inches, LD 0.059 inches (Terumo)

6F Guiding catheter with large lumen (0.071 inches),100cm
e.g.. Launcher (Medtronic), Heartrail, Radiguide (Terumo)

S. Saito, et al. Catheter Cardiovasc Interv 2004:63:452-456




Full view of the
system

5F Heartrail straight GC

6F GC with large lumen

«1.7 times stronger back up than its 6F system
Stronger back up than 7F system

. Saito, et al. Catheter Cardiovasc Interv 2004:63:452-456



Vaka: 78 yas erkek

*CRF: Hipertansiyon, Hiperkolesterolemi, Sigara

» Sol Femoro-popliteal bypass (1988)

eInferio
KAG:

*SUPErC

r AMI (1999), Kresendo angina (2004),
Distal LAD de diffiiz lezyon: 60-70%,
ominant RCA: Okliide

L VG: |

Infero posterior lokal akinezi



Koroner Angiyografi




Angiyoplasti; Tel Manuplasyonu

GC: 6Fr Launcher JR5.0 (Medtronic),
GW: Miracle 3g (ASAHI INTECC) with 1.5*15 Maverick OTW balloon (Boston Scientific)



Anchor Balloon

GC: 6Fr AR2.0 (Medtronic)



Y onlendirilebilirlik and Esneklik

OTW: Istisnasiz kural; daima 1.5 mm; teli yonlendirmede sikintilar ve
girig bolgesinde irreversible zarar yapmamak i¢in telin u¢ kismina yakin
yere balonu ilerletmekten sakinin

Tel secimi: Cok amach teller ile CTO vakalarinda ¢calismayin

Tel 1le oklude segment gecildiginde telin yonlendirilebilmesi
onemlidir.

Polymer kapli teller CTO dan gecerken kullanilabilir fakat

beraberinde yalanci limene diisme daha riski tasir.



"
i

| NStewend’ LN *
Anjiyografik olarak goriintilenmis 96 CTO 1n 61 pts
<1yl >1 yil
e Lipid -laden (>50% PA)  Fibrocalcific
» Inflamatuar hiicreler e [nflamasyon yok
» Adventisyal yeni damar  Intimal yeni damar
kanallari kanallar1

From Srivatsa et al JACC 1997; 29:955-63



Unfavourable angle to have catheter support
66 Yas Erkek — 4 yil snce Inferolateral AMI

PreTreatment Amplatz 2 L Amplatz 2 Left



Unfavourable angle to have catheter support
66 Yas Erkek — 4 yi1l once Inferolateral AMI

S R

Maverick 1.5 mm + Pilot 50 RIO, Slight Balloon Support




Unfavourable angle to have catheter support
66 Yas Erkek — 4 yi1l once Inferolateral AMI




Unfavourable angle to have catheter support
66 Yas Erkek — 4 yil once Inferolateral AMI




Unfavourable angle to have catheter support
66 Yas Erkek — 4 yil once Inferolateral AMI

jed

(L
el

dilue kontrast




Vaka S.M: 45 Yas Erkek

*CRF: Hipertansiyon, Hiperkolesterolemi, Sigara, DM

Inferior AMI (2000); RCA ya stent (2002),
Kresendo angina (2004),

KAG: Distal RCA da instent daralma

- \VG: Infero posterior duvarda lokalize akinezi



Koroner Angiyografi




Angiyoplasti; Tel Manuplasyonu




Balon Angiyoplasti




Angioplasty; Stentleme

Cypher 2.5 x 28 (Cordis) at 16atm 2.0*20 Maverick for 4PL (Boston Scientific)
2.5*20 Maverick for 4PD (Boston Scientific)



Final Angiyografi




Parallel Tel Teknigi




Evre 111 AP, |nferlor&mﬁsonrasméGCg\%%qgggl(i_ITA LAD, SVG-

Intermediate, OM, RCA occluded); 40% LVEF




. 56 Yas Erkek

Vaka R.D




Vaka R.D: 56 Yas Erkek

RCA icin Ilk Girisim 26/Kasim/2004




Vaka R.D: 56 Yangrkek

Persistan AP (CCS 2) talyumda lateral isk




Rezidiiel Lateral Iskemi Icin Girisim

Taxus Liberte 2.25 X 24 Intermediate Maverick OTW + Pilot 50



Rezidiiel Lateral Iskemi Icin Girisim

Parallel wire technique using Parallel wire technique using
Maverick OTW + Miracle 3g and 12 Maverick OTW + Miracle3gand



Lateral Iskemi Icin Girisim




CTO ya Yaklasimim

DES alaninda , CABG ¢ Oncliliikk eden esas sebep CTO dur.

Basamak basamak artan sertlikte guidewire kullanilmali,
kontralateral enjeksiyon, cift tel teknigi ve guiding kateter
desteginin saglanmasi basar1 oraninin arttirilmasi, az sayida usta
operatoriin elinde >80% iizerinde kronik okliizyonlarda basari

saglanar.

Diger degiskenler: 1) Oklude segmentin tahmin edilemeyen
tortudzitesi; 2) Yogun kalsifikasyon; 3) Rekanalizasyon isleminin
stiresi, kompleksligi and maliyeti (¢cok sayida DES kullanimi)



Focus on: New Approaches to CTO

*New mechanical systems for recanalisation CTO

*Guidance and improved catheter manipulation

Catheter advancement after wire crossing



CTO - Milieu Considerations

* Planned procedure — not “ad hoc”
— Careful assessment of symptoms, and target site
viability + ischemia (“righteous” indication)
* Proper diagnhostic angiograms
— Must visualize collaterals and distal parent vessel
beyond the CTO segment (consider bilateral
angiography during diagnostic procedure)
e Strong guiding catheter support
—7-8 Fr, trans-femoral preferred for antegrade
— Sideholes for RCA and small ostial LM

 Bilateral angiography from the outset in essentially
ALL cases

* Obsessive management of radiation exposure and
contrast volume



CTO - Milieu Considerations

* Heparin anticoagulation

—No bivalirudin and keep ACTs 200-250 secs
» Patient comfort

—Adequate sedation and foley catheter
» Other factors

—Access issues (consider long sheaths)

— Status of pericardium (post-CABG issues)
« ZEN philosophy

— Spiritual adventure — you cannot be “beaten”
by the vessel — persistence reigns supreme (consider 2nd
attempts)

— Patience, patience, patience...
— Experience, experience, experience...



Is There a Time NOT to Try ?
Maybe...

Long Tortuous CTO Segment Gap
Severe Calcification
Poor Distal Vessel Visualization

Esp. when, no prospect for retrograde
recanalization



CTO Guidewires — Tip Shaping

Primary bend ~ <30°
@ ® 1-2mm from tip

Secondary
bend ~ 10-15°



Antegrade CTO Wiring Techniques

| | |

lumen proximal cap CTO distal cap  lumen

Uncontrolled drilling
FAILURE!



Antegrade CTO Wiring Techniques

—— ———

| | |

lumen proximal cap CTO distal cap  lumen

Controlled Drilling
(90 degree arc)



Guidewire Operator Techniques

IDRIISIEING

(controlled)

Short tip curve (~ 2mm) at 30°; sometimes a proximal secondary
curve at 10-15°

Controlled rotational 90° arc tip motion with gentle forward
probing

Start with moderate stiffness tips and stepwise increases in tip
stiffness

Premium on tactile responses



CTO Guidewire Categories

IDRIISIEING

(controlled)

e Abbott CROSS-IT wires (100, 200, X
and 300X

* Asahi MIRACLE Bros wires (3-12 gm)

e Medtronic PERSUADER wires
(3 and 6 gm)




Lesion-Specific CTO Approaches

IDRIISIEING

(controlled)

* Most CTQOs with discrete entry point;
after initial attempt with soft or hydrophilic wires

* “Workhorse” technique

e Parallel wiring technique



Antegrade CTO Wiring Techniques

—

| | |

lumen proximal cap CTO distal cap  lumen

Penetration Technique



Guidewire Operator Techniques

Similar tip shape and curves as drilling technigue
Precise movements of the guidewire tip

Minimal rotational tip motion with more aggressive directed
forward probing

Tip stiffness (+ taper) should penetrate even heavily calcified entry
cap (9-12 gms)

Reduced tactile responsiveness



CTO Guidewire Categories

o ADoK CRROSSHT 480 X

* Asahi-Abbott CONFIENZA wires (regular and PRO)
-9and 12 gm

e Medtronic PERSUADER wire - 9 gm



Lesion-Specific CTO Approaches

Blunt entry point, short straight CTO segments
Heavily calcified or resistant lesions

Alternative to “drilling” after initial soft wire failure or after
“drilling” wire failure

Parallel wiring technique



Corsair Micro-catheter

For crossing & dilating small vessels: SHINKA Shaft

Tungsten braids for '

visibility

5 mm; loaded with tungsten
powder

0.8 mm; Platinum marker coil



Corsair Micro-catheter

Also for antegrade crossing as support catheter

Rotation Resistance Reduction

O /]

OO )OO0 )OO )OO )OO

SHINKA-Shaft’s spiral structure transmits rotation to the distal tip. This
rotation gives CORSAIR its crossing performance through tortuous
channels.




Antegrade CTO Wiring

Parallel wire technique

Wire 2 — redirected to true lumen path

» First wire serves as marker, obstructs entry to false channel

« 27d (parallel) wire (with greater tip stiffness) redirected to true lumen
» based on subtle inflection from where wire 1 went offline
» based on visual/tactile feedback



Antegrade CTO Wiring

Parallel wire technique

First wire

Second wire



Antegrade CTO Wiring

See-Saw wire technique

» Requires two micro-catheters; may use similar stiffness wires

» Alternating wires repetitively redirecting into true lumen

» most often used in tortuous long segment CTOs
» based on visual/tactile feedback



Guidewire Re-entry from Subintimal
Space

Small false lumen

Difficult to make re-entry



CTO Guidewires — Tip Shaping

For penetrating the entry
point

For reentering to the
true lumen from the
subintima




Antegrade CTO Wiring Techniques

Severe Tortuosity

lumen
Miracle 3

|

Miracle 6, 12

]

lumen proximal cap CTO

Istal ca

Parallel/See-saw wiring

with SUppOrt catheters Inner curve less apt to dissect



Antegrade CTO Wiring Techniques
I\VUS guidance

Blunt occlusion at
sidebranch takeoff

IVUS in SB
IVUS
/ aldalaYa)
Penetration T T N T T T
wire/technique lumen proximal cap CTO distal caplumen
Confianza

Alternatively, PTCA balloon in SB to help
direct wire into proximal cap ---"open sesame”



I\VUS Guided Technique
for Finding the CTO Entry Point

COmEIexCHe
O IVILEGH

VWhere IS the origin? LA branch



CTO Wire Escalation Techniques

Drilling Strategy Penetrating Strategy
Intermediate GW Intermediate GW
* Not cross
Stiffer GW (0.014 inch) NOLCToss
¥ Not cross
Other stiffer GWs Stiff Tapered +/-

Hydrophilic coating

* Not cross
Stiff Tapered GW



CTO Wire Escalation Techniques

“Hybrid” Drilling-Penetration Strategy

Intermediate G\W
‘ Not cross

Stiff GW (0.014 inch — MB 3 gm)

1 Not cross

Stiff tapered + hydrophilic coating
(Confienza pro 9, 12 gm)



CTO Wire Escalation Techniques

“Hybrid” Sliding-Drilling-Penetration
Hydrophilic GW (Fielder FC or XT)
‘ Not cross

Stiff GW (0.014 inch — MB 3 gm)

1 Not cross

Stiff tapered + hydrophilic coating
(Confienza pro 9, 12 gm)



Four CTO Summits (2004—-2007)
Failure Modes (N=11)

15

11

10

Number

1

0

0
Failure to cross Excessive dye or Overt patient or Perforation (after Failure to cross
with wire radiation operator fatigue PCIl in false with balloon
lumen)
\ J
Y

Contributing factors



CTO - Procedural Considerations
When You Can’t Cross (wire)

 Advanced wiring techniques
— Escalate, penetrate, parallel, see-saw
 Advanced support techniques

— Guiding catheters, micro-catheters (Finecross),
anchor balloon, mother-in-child, Tornus

* IVUS guidance

* Retrograde technique
— Evaluate feasibility during planning stages
— Crossover sooner than later



CTO - Procedural Considerations
When You Can’t Cross (balloon)

 Advanced PCI techniques
—Buddy wire, lowest profile balloons, etc.
 Advanced support techniques
— Guiding catheters, anchor balloons
« Crossing devices
—Tornus or channel dilator (Corsair)
— Excimer laser
— Rotational atherectomy
* Retrograde technique



CTO - Procedural Considerations
When to STOP!

* Wire or device perforation with pericardial effusion
« Hemodynamic instability

* Collateral vessel compromise

* Extensive dissection compromising distal runoff

* Contrast threshold

 Radiation threshold

« “CSP” = CTO Saturation Point — futility threshold
— Stage for second attempt
— Refer to more experienced operator



CTO - Procedural Considerations
Recent TRENDS

* Increased use of early hydrophilic wires (Fielder)

* Rapid wire escalation (“hybrid” strategies)
 Anchor balloon techniques for support

« Use of Tornus and channel dilator

* IVUS assisted situations

« Early and more frequent initial retrograde approach
 CTA assistance (and co-registration — future)

* DES — DES — DES — under most circumstances

« 2"d atempts are now comonplace



0942542008 e




I\VUS Guided Technique

Identification of re-entry
point from subintimal
space

|dentification of the entry
Site




Conclusions

Perform good quality images to assess presence of microchannels
Evaluate distal bed with bilateral coronary angiography
Use multiple projections to visualize progression of guide wires

Use appropriate guide wires for specific type of lesions, by the help of
microcatheters & OTW support balloons

Select the most easier reasonable technique to start

Be ready to switch from one antegrade technigque to another antegrade technique,
as well as from antegrade to retrograde techniques or viceversa

Be ready to adopt different techniques during the same procedure
Take time and be Zen, and always follow carefully advices from your “Mentor”



