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TOAST
376pts (390 0cclu

Technical success

376pts (390 0cclu

Procedural success
Death
Q-wave MI
Non-Q-wave MI
Urgent CABG
Urgent repeat PCI
Cerebrovascular accident
Vessel perforation
In-hospital MACE

T-GISE
usions) 29 Centers

301 (77.2%)

usions) 29 Centers

286 (73.3%)
1 (0.26%)
1 (0.26%)

16 (4.3%)
2 (0.53%)
2 (0.53%)

0
8 (2.1%)

19  (5.1%)
Olivari Z et al, J Am Coll Cardiol 2003;41:1672
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chemia relief
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LV functionLV function
event-free survival 
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Impact of Completeness of
Long-Term Outcom

HRs for Mortality for Variou
Revascul

N

Complete Revascularization 6817

1 IR essel ith no CTO 85181 IR vessel with no CTO 8518

≥ 2 IR vessel with no CTO 2057

1 IR vessel  CTO 3232

≥ 2 IR l t l t 1 CTO 1321≥ 2 IR vessels at least 1 CTO 1321

Hannah, Ho

f PCI Revascularization on 
mes in the Stent Era 
us Subgroups of Incomplete 
larization

Unadjusted HR 
Compared with CR 

[95%CI]

Adjusted HR 
Compared with CR 

[95%CI][95%CI] [95%CI]

1.00 1.00

1 20 [1 04 1 38] 1 00 [0 87 1 15]1.20 [1.04-1.38] 1.00 [0.87-1.15]

1.88 [1.57-2.27] 1.25 [1.03-1.50]

1.81 [1.53-2.13] 1.35 [1.14-1.59]

2 77 [2 29 3 35] 1 36 [1 12 1 66]2.77 [2.29-3.35] 1.36 [1.12-1.66]

olmes, King, Sharma et al. Circulation 2006;113:2406 



Incomplete Revasc
Era of DES: NY Sta
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F/U through Dec 2005
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Hannan, Sharma et al. JACC Intv 2009;2:17
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Era of DES: NY Sta

Conclusion: Pts with ≥2 IR vessConclusion: Pts with ≥2 IR vess
long-term prognosis and greate

cularization in the 
ate Database Reportp

sels with a CTO have the worst

Hannan, Sharma et al. JACC Intv 2009;2:17

sels with a CTO, have the worst 
er need for CABG or re-PCI



Evaluation of the Effect of a
Term Mortality and LVEF in P

3277 STEMI pts 1997-05. SVD 65

Landmark SurLandmark Sur

Endpoint: Survival at 5 yrs, LVE

a Concurrent CTO on Long-
Pts After Primary PCI in AMI
5%, MVD 22%, MVD + CTO 13%

rvival Analysisrvival Analysis

Claessen et al. JACC Intv 2009;2:1128

EF at 12 mo (median F/U 3.1 yrs)



Evaluation of the Effect of a
Term Mortality and LVEF in P

3277 STEMI pts 1997-05. SVD 65
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a Concurrent CTO on Long-
Pts After Primary PCI in AMI
5%, MVD 22%, MVD + CTO 13%

Decrease in LVEF of at Least
li d 1 Y F ll Uline and 1-Year Follow-Up
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P <0.01

39
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CTO                CTO

Claessen et al. JACC Intv 2009;2:1128

EF at 12 mo (median F/U 3.1 yrs)
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Series Successful PCI (N

CTO Recanalization

Name/Year
(

Olivari, 2003 248,

Berger, 1996 139

Ivanhoe, 1992 264

Ruocco, 1992 160uocco, 99 60

Bell, 1992 234

TOTAL >1000

d A i R li f
Occlusion (CTO)

N) FU (months) Asymptomatic

n and Angina Relief

) ( ) y p
(%)

12 89

6 87

36 69

24 6969

32 76

>24 mo >80%



TOAST
1 Year Clinical Status of C1 Year Clinical Status of C

CTO Success
(n = 248)

No angina 220 (88.7%)g ( )

ETT performed 210 (84.7%)

Maximal ETT 155 (62.5%)

Negative ETT 181 (73.0%)

T-GISE
Complication Free PatientsComplication Free Patients

CTO Failure
(n = 60) P Value 

45 (75.0%) 0.008( )

42 (70.0%) 0.010

20 (33.3%) <0.0001

28 (46.7%) 0.0001

Olivari Z et al, J Am Coll Cardiol 2003;41:1672Olivari Z et al, J Am Coll Cardiol 2003;41:1672
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Successful CTO Rec
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TOAST
12-Month Clin12 Month Clin

CTO Success 
( 286)(n = 286)

n (%)

All deaths 3 (1 05)All deaths 3 (1.05)

Cardiac death 1 (0.35)

Nonfatal MI 2 (0.70)Nonfatal MI 2 (0.70)

CABG 7 (2.45)

PCI, TLR 27 (9.44), ( )

Any TLR 33 (11.5)

Any PCI 38 (13.3)

Any MACE 35 (12.2)

T-GISE
nical Outcomenical Outcome

CTO Failure
( 83)

p 
V l(n = 83) Value

n (%)

3 (3 61) 0 1303 (3.61) 0.130

3 (3.61) 0.037

3 (3.61) 0.0773 (3.61) 0.077

13 (15.7) <0.0001

7 (8.43) 0.834( )

19 (22.9) 0.012

9 (10.8) 0.584

21 (25.3) 0.005

Olivari Z et al, J Am Coll Cardiol 2003;41:1672



Evaluation of LV F
Percutaneous Reca

Changes in LV Volume Indexes and
Measured Using Magnetic R

35
30

86

Mean ejection fraction was unchanged, but e
d d i ifi l (N l l fdecreased significantly. (Normal values for e
diastolic volumes are 63 ± 4%; 162 ± 28 ml, 

Function 3-Yrs after 
analization of CTOC O
d EF between Baseline and 3-Yr FU 
Resonance Imaging (N=21)

636078

end-systolic and end-diastolic volume indexes 
j i f i d d li d d

Kirschbaum S et al, Am J Cardiol 2008;101:179

ejection fraction and end-systolic and end-
and 60 ± 11 ml, respectively.)



MRI Predicts LV EF and W
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Kirschbaum et al, Am J Cardiol 2008;101:179Kirschbaum et al, Am J Cardiol 2008;101:179



CTO Treatmen
Long term

Success

Long-term

80.0
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Hoye et al. EHJ  2005;26:2630Hoye et al. EHJ  2005;26:2630



Cumulative Survival-free of C
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Log rank p<0.0001
Hazard ratio 3.94
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(n=567) 87.4%
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3 4 5
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Hoye et al. EHJ  2005;26:2630
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TOAST
12-Month Clin12 Month Clin

CTO Success 
(n = 286)(n  286)

n (%)
All deaths 3 (1.05)All deaths 3 (1.05)
Cardiac death 1 (0.35)
Nonfatal MI 2 (0.70)Nonfatal MI 2 (0.70)
CABG 7 (2.45)
PCI, TLR 27 (9.44)PCI, TLR 27 (9.44)
Any TLR 33 (11.5)
Any PCI 38 (13.3)Any PCI 38 (13.3)
Any MACE 35 (12.2)

T-GISE
nical Outcomenical Outcome

CTO Failure
(n = 83)

p 
Value(n  83) Value

n (%)
3 (3.61) 0.1303 (3.61) 0.130
3 (3.61) 0.037
3 (3.61) 0.0773 (3.61) 0.077

13 (15.7) <0.0001
7 (8.43) 0.8347 (8.43) 0.834

19 (22.9) 0.012
9 (10.8) 0.5849 (10.8) 0.584

21 (25.3) 0.005
Olivari Z et al, J Am Coll Cardiol 2003;41:1672Olivari Z et al, J Am Coll Cardiol 2003;41:1672



Clinical Impact of PCI in
1341 Consecutive Pts (13621341 Consecutive Pts (1362 

Primary Endpoint

LAD CTO

Conclusion: Patency of theConclusion: Patency of the
important than patency of

n Totally Occluded LAD
CTOs): Jan 2000-May 2007CTOs): Jan 2000 May 2007

t: 3 yr mortality

Non-LAD CTO

e LAD appears to be more

Gordino et al. JACC 2009;53:A79

e LAD appears to be more 
f the LCX or RCA
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PRISON II Trial: DES vs. BM
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Rahel B. et al, Am Heart J 2009;157:149



New Devices for Chr
CTO Devices

CTO devices
FDA approvedFDA approved

ronic Total Occlusion
s -Approved

PRIMA Laser 
Wire

Frontrunner 
(Mechanical) Catheter

Safe Cross (Radiofrequency)
G id iGuidewire

Crosser (Vibration)Crosser (Vibration) 
Catheter



New Devices for Chr
Novel Approach to CT

Thrombolytic therapy

Collagenase infusion

ronic Total Occlusion 
TO Under Investigation

• Therapeutic UltrasoundTherapeutic Ultrasound
Sonicross System
Ultrasound wire

• Lumen Re-entry
Pioneer catheter

P t ti d i• Penetration device
Tornus, Corsair

• Vibrational/Acoustic DevicesVibrational/Acoustic Devices
OmniWave, Resolution

• Magnetic navigation
Cronus wire



Stiff Guide Wire
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Treating Chronical
(CSL) with Abbot(CSL) with Abbot
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HI-TORQUE PROGRES

Variation in tip Uncoated, Tapep
diameter & 
stiffness

U coated,
exposed tip coils

Tape
hydrop

polym

Step up
approach to

penetrate

Tactile feedback,
minimize

perforation

Lesion
and

apenetrate
lesions

perforation a

SS Guidewires (40 200T)
Occlusion (CTO)

SS Guidewires (40-200T)

ered Core-to-tip Lubriciousered
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Lubricious
proximal coating
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d distal
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control

Device
compatibility

access



Antegrade CTO W
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Antegrade CTO WWiring Technique
Occlusion (CTO)
Wiring Technique 

Controlled 
Drilling

Penetration 
Technique

Sliding
TechniqueTechnique



Advanced T
for Chronic Tfor Chronic T

Japanese Specia

• Anchor balloon tecAnchor balloon tec
• Mother-Child cath
• Parallel wire

IVUS id• IVUS guidance
• Retrograde approaRetrograde approa

Techniques
Total OcclusionTotal Occlusion
alized Technique

chniquechnique
heter technique

achach



Retrograde

• Typically reserved for Lyp y
septal collaterals

• Three techniques:Three techniques: 
– Direct retrograde crossi

Kissing wire– Kissing wire 
– Controlled Antegrade a

(CART)(CART)

e Approach

LAD or RCA CTOs via 

ing

and Retrograde Technique 



Concept of CA
Controlled Antegrade and RetControlled Antegrade and Ret

ART technique
trograde Suboptimal Trackingtrograde Suboptimal Tracking

Surmely JF, J Invasive Cardiol. 2006;18:334



Support C

Finecross
1 5 B ll1.5mm OTW Balloon
Quick cross
MinicrossMinicross
Corsair

Catheters
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Corsair MicCorsair Mic

For crossing & dilating smFor crossing & dilating sm

8 thin wires wound with 2 large

Occlusion (CTO)
cro-Cathetercro-Catheter

mall vessels: SHINKA Shaftmall vessels: SHINKA Shaft

r ones = pushability, trackability



Wire Perforati
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i Experiencei Experience

Heparin (n = 30)
Angiomax (n = 20)

max is a reversible antithrombotic 
nd bleeding stops as it does in the 
vasculature (Collagen mediated 

platelet aggregation) 

I h it l d th

10

0N = 3

                   In-hospital death

Kini & Sharma et al. CCI 2009;74:700



CTO PCI: Technic
• Planned procedure – not >1-2 

- Careful assessment of sympto
viability + ischemia based onviability + ischemia based on 

• Proper views
- Must visualize stump, collatep,

beyond the CTO segment (co
• Strong guiding catheter suppo

6 8 F t f l f- 6-8 Fr, trans-femoral preferr
- Long sheaths, short guides fo
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• Support/transit catheters or sm
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the appropriateness criteriathe appropriateness criteria
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ded

or retrograde
e outset in essentially ALL casese outset in essentially ALL cases

ure and contrast volume
distal or angulated CTOs 

es
mall OTW balloon



Appropriateness Criteria for Coronary Revascularization
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• Planned procedure – not >1-2 

- Careful assessment of sympto
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Take Hom
Techniques of For CTechniques of For C

Optimal techniques and strOptimal techniques and str
any potential complications in
selection with graded stiffnessselection with graded stiffness

Requires long time and resRequires long time and res
carefully planned, patience, pat

DES is preferred after sucDES is preferred after suc

e Message:
CTO PCI and DESCTO PCI and DES

rategy are crucial to avoidrategy are crucial to avoid 
n complex CTO, Wires 

sources and hence should besources and hence should be 
tience, patience and second try

cessful recanalizationcessful recanalization 


