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Introduction

• CTOs in 31% of PCI, attempted in 7.5% (BARI / 
NHLBI)

• Last resort of PCI failure (10-20%) 
• Requires more skill, time and costs than any 

other lesion
• Many devices failed to increase success rate
• Main reason for CABG referral
• Successful PCI improves symptoms & avoids 

CABG



Introduction

• The technical challenges include 
passage of guidewire and balloon across 
CTOs.

• Innovations are essential if old, calcified, 
and long CTOs are to be successfully 
recanalised without complication. 

• Recent developments have included 
different devices, biological approach, 
image guidance & wiring approaches.



Angiographic Predictors Of 
Poor Outcome

• Long gap
• Non-tapering stump
• Side branch at occlusion
• Vessel tortuosity
• Calcification
• Ostial Location
• Poor distal vessel visibility
• Bridge collateral



Novel Approaches

IVUS
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Frontrunner

The Frontrunner catheter uses controlled blunt micr odissection to create a 
channel through the CTO. The dissection planes are l imited to the 

fibrocalcific plaque, which is more rigid and less st retchable than the vessel
adventitia—reducing the risk of vessel perforation. The latest Frontrunner 

X39 has a hinged distal tip that can be angled to 25 
 and 36
, which has 
improved the ability to navigate tortuous vessels



Safe-Cross Device

Optical Coherence Reflectometry

Like Ultrasound, but with light

Forward looking guidance

Aziz S et al. Heart 2005;91;iii42-iii48



The CROSSER®

CTO Recanalization System 

FlowCardia Generator 
• Converts AC power into high frequency 

current 

• Piezoelectric crystals within the 
Transducer convert high frequency 
current into vibrational energy 

• Foot switch activates System 

CROSSER Catheter 
• Nitinol core wire transmits mechanical 

vibration to the metal tip of the Catheter at 
20,000 cycles/second 
-20 micron amplitude (stroke depth) [4 RBCs] 



Tornus

8 stainless steel ropes in a spiral manner
Combined 8 wires- high torque response
Spiral structure-gives high penetration power by CCW rotation
Helical cut surface- stronger anchor effect



Application Of Tornus

• Lesion crossing after wire crossing
Enhanced power 
Wire exchange to Rota wire when necessary

• Support for wire handling
For long tight CTO lesion
To stretch the proximal wire kink

• Making channel instead of 1.5 mm ballooning
To avoid vessel dissection
Before antegrade balloon in reverse CART



Cosair

Septal dilator can be used as both micro
Catheter & support catheter



Application Of Cosair

• For collateral channel tracking
Excellent crossability through collateral channel
No need of channel dilatation
Less channel injury

• For retrograde wiring of CTO
Excellent support for wire manipulation
Good crossability into/through the occlusion
Usage of 300cm or snare wire



Bridge Point System
Facilitated Antegrade Steering Technique

Fast CTO crossing via true lumen & subintimal pathways



So far no device is proven better than 
current wires



Wire Based Approach: 
Antegrade Approach

• Single wire manipulation
• Parallel wiring
• Seesaw wiring
• Anchoring balloon technique
• IVUS guided wiring technique
• STAR



Guidewire Selection

Detailed study of angiogram: Micro-channels 
present in 30-50% cases

Micro-channels visible Severe fibro calcific segment
Plastic jacket or hydrophilic wire         Miracle series 3, 4.5,6,12
Fielder XT, Fielder FC                            Cross IT 100,200,300

Pilot 50                                                    Conquest pro, 8/12 gm                                               
Runthrough

Always start with the soft wires as micro-channels are sometimes not visible & 
quickly upgrade to stiffer wires in step up strategy 



Histopathology of angiographic 
chronic total occlusion

Advanced CTO

Small and medium Small and medium 
neovascularneovascularchannels (channels (NCsNCs))

Several large Several large intimalintimal plaque plaque 
NCsNCs



Wire Shaping

Start with the gentle(45%) primary curve 



Wire Manipulation



Parallel wire technique











Seesaw Wiring Approach (Alternative 
Parallel Wire Technique)



Anchor Wire Technique

• 2nd wire in side branch proximal to 
occlusion (i.e. proximal Diagonal for mid 
LAD or LCx for ostial LAD) to fix the 
guiding)

• Relatively stiff support wire is preferred. 



Anchor Balloon Technique-1



Anchor Balloon Technique-2



Subintimal Tracking & Reentry (STAR)

• Higher rate of complication
• Better to leave the CTO than doing it
• Is there any safer way of reentry?



Retrograde Wiring Approach: 
Indication

• Failed antegrade approach
• Hopeless antegrade approach

Unknown entry point
Long CTO
Heavy calcium
RCA bent point CTO
Antegrade GW into subintimal space

• Good Collateral
Straight, Big, Visible



Retrograde Technique: Systems

• Retrograde guiding catheter
Short GC(85-90), 7 or 8 F, good back up

• Retrograde guide wire
Floppy type( Fielder FC, Fielder XT,    

Runthrough, Whisper)
• Microcatheter (Terumo Fine cross)
• Long & small balloon(Ryuijin)150cm,1.25/1.5mm
• Corsair catheter



Techniques of Retrograde 
Approach

Collateral Channels        Techniques
Bypass graft                 Retrogarde wire crossing
Epicardial collateral      Kissing wire technique 
Septal perforator          Knuckle wire technique

CART
Reverse CART



Retrograde Technique: Strategy



Kissing Wire Technique

Antegrade wire is passed into distal true lumen under the guidance of retrograde wire



Retrograde Wire Crossing

Retrograde wire is directly passed into proximal true lumen



LMCA-CTO with Septal Collateral 
from SVG-RCA







CART 

Creates a connection between subintimal space of CTO lesion 
& distal true lumen by retrogarde ballooning for antegrade
passage of wire.







aa bb cc





Retrograde/CART Experience in 
2008-2009



Reverse CART

• Antegrade balloon delivered into 
subintimal space & dilated

• Dilating subintimal space makes a channel 
connection between ante & retro GW

• Retro GW cross through subintima to true 
proximal lumen.



Reverse CART

Creates a connection between the subintimal space of the  CTO lesion 
and the proximal true lumen by antegrade ballooning for retrograde 
passage of the wire 



Benefits of Reverse CART

• Easy insertion of balloon from antegrade CTO 
site

• No need of retro balloon through the collateral 
channel to CTO vessel

• No chance of collateral related complication-
dissection, spasm & perforation

• Possible using IVUS
• Anchoring retro GW by ante ballooning

anchor balloon makes a easy crossing of micro 
catheter



IVUS Guided wiring

• Confirmation of the entrance of CTO & 
entry point of the wire

• Penetration from subintimal space to true 
lumen



IVUS Guided Wiring

• Advance GW into subintimal space
• Enlarge subintimal space with 1.5 mm 

balloon
• Advance IVUS catheter into subintimal

space
• Negotiate of stiff GW into true lumen



LAD-CTO: IVUS Guided Wiring







IVUS Guidance- Pitfalls

• Balloon dilation of subintimal space for 
IVUS catheter

• Use of big guiding catheter(8F)
• Risk of major perforation from subintimal

space
• Multiple stenting to fully cover extended 

subintimal space.



Multi Slice CT

• Lesion Length
• Lesion Curvature
• Lesion Access
• SB Location
• SB Origin Angle
• Distal Vessel Calibre
• CTO Plaque Character



CT Facilitated PCI



Conclusion

• CTO-PCI has evolved in both technical & 
technological aspects

• Innovative techniques like parallel wire, IVUS 
guided wiring, Anchor balloon & retrograde 
approach have been introduced

• Technologically, advanced guide wires, 
microcatheter, small balloon catheter, and 
other devices have also been introduced

• To succeed there is no definite answer. So we 
should prepare as complete as possible to 
respond to any kind of situation



This is not the end
It is not even the beginning of the end
But it is, perhaps, the end of beginning .

Sir Winston Churchill  



Thank You


