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Retrograde approach

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

Proximal cap ambiguity IVUS guided entry

No

Poor quality distal vessel or 
bifurcation at distal cap

Careful analysis of angiogram / MSCT

No

Yes

Yes

No

Interventional collaterals present

YesNo

Yes

In-stent restenosis  

Consider use of CrossBoss as 
primary crossing strategy

Antegrade wire 
based  approach

Parallel wiring

IVUS guided wiring / LaST

If suitable
re-entry zone

Consider primary use of KWT / dissection re-entry
• Ambiguous course in CTO
• Tortuous CTO segment
• Heavy calcification
Consider secondary use of KWT / dissection re-entry
• Length > 20 mm
• Previous failed attempt

Dissection Re-entry
(Crossboss-Stingray)



What has changed in practice?

• CTO length >20 mm doesn’t = ADR even for hybrid 
operators

• New wires 

• New techniques – dual lumen catheters for proximal 
cap puncture and parallel wiring

• Evidence base for ADR

• Contemporary approach to ADR



The Hybrid Algorithm

Chronic Total Occlusion Percutaneous Coronary Intervention: Evidence and Controversies, Volume: 7, Issue: 2, DOI: (10.1161/JAHA.117.006732) 

4. Length <20 mm
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Lesion Length ≥20 mm in 59%

AWE was the primary strategy in 77%!



Lesion Length was ≥20 mm in 75%

AWE was the primary strategy in 66%!

Christopoulos G et al. International Journal of Cardiology 198 (2015) 222–228 



Mean lesion Length was 29.1 ± 23.8 mm

AWE was the primary strategy in 54.7%



CTO body

Distal Cap Escalation from softer more steerable wire to a higher penetration-force 
wire may be required.

Proximal Cap

Visible micro channels Tapered proximal cap Blunt proximal cap 

Low penetration force 
wire with polymer 

jacket and tapered tip

Low penetration 
force wire

Intermediate penetration 
force wire

High penetration 
force wire

Intermediate penetration 
force wire

Intermediate penetration 
force wire

If a high penetration-force wire has been used to the puncture proximal 
cap step down to a lower penetration-force wire unless occlusion short 

with unambiguous course.



✓ Decreased  breakage risk within the occlusion

✓ Improved resistance in case of trapping into the 

lesion

✓ Increased torque via counter clockwise rotation

XTRAND coil

ASAHI Gaia Next 1 2.0gf0.36mm/0.27mm 

(0.014inch/0.011inch)ASAHI Gaia Next 2 4.0gf0.36mm/0.30mm (0.014inch/0.012inch)

ASAHI Gaia Next 3 6.0gf0.36mm/0.30mm (0.014inch/0.012inch)

New Wires: GAIA Next Family

Designed for intentional intimal tracking
Key features:

• High torque response
• Deflection control – due to combination of flexibility and penetration force



Name
Coil

Diameter
(inch)

Tip
Diameter

(inch)

Total
Length

(cm)

Coil 
Length

(cm)

Radiop-aque
(cm)

Tip Load 
(gf)

Penetration 
Force

(gf/mm2)

Core 
Material

Tip
Shape

Coating

HORNET 0.014 0.008
190
300

15 3.5 1 31
Stainless 

Steel
Straight Hydrophilic

HORNET 10 0.014 0.008
190
300

15 3.5 10 308
Stainless

Steel
Straight Hydrophilic

HORNET 14 0.014 0.008
190
300

15 3.5 14 432
Stainless 

Steel
Straight Hydrophilic

New Wires: HORNET™ Family

Closest Comparators:
HORNET: ASAHI Gaia® First

HORNET 10: ASAHI CONFIANZA 
PRO®, ASAHI CONFIANZA PRO® 12

HORNET 14 : ASAHI CONFIANZA 
PRO® 12

Key Features

Tapered tip: lowest tip profile on market (.008”)

Hornet 14: highest tip load on market

Hornet 10 & 14: highest penetration force on 
market

Hydrophilic coating

Radiopaque (3.5 cm)

Coil Length(15cm) / Hydrophilic Coating 

0
.0

0
8

 in
ch

Hydrophilic Coating
Stainless Steel 

Core

0.014 inch

PTFE Coating



Catheter remains coaxial and 

there is reduced wire flexure

Dual lumen microcatheter puncture for 
flush occlusion of proximal cap



Retrograde approach
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Growing evidence base for ADR

Danek B et el. International Journal of Cardiology 2016;214:428–437 

458 ADR procedure in 
1313 CTO PCIs performed 
at 11 US centers

*MACE = In-hospital 
death, MI, urgent repeat 
TVR, tamponade or CVA

Antegrade procedures, technical success, procedural success and MACE according to 
use of AWE or ADR



Wire based re-entry success 
(47.7%) 

ADR techniques to reach DLZ
(N=292)

ADR with use of SR (167) ADR without Stingray (65) True to True (60)

CB true to true (60%)SR re-entry success (72.5%)

In Hospital ADR-associated major events occurred in 3.4% (n=10/292). 

Maeremans et al. Circ Cardiovasc Interv. 2017 



W Wilson et al. CCI 2017;90:703–712
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Wire based vs. DART as final strategy Lesion length <25mm vs >25 mm



Dissection & Re-entry: 12 month 
outcomes 

W Wilson et al. CCI 2017;90:703–712



Complications with various 
techniques

1. CTO Wiring Skills – tapered cap 

 >3000 patients from PROGRESS Registry
Tajti JACC CI In Press 2018

>3000 patients from PROGRESS Registry

Tajti P et al. JACC CI 2018;11:1325-35



We should avoid uncontrolled 
or wire based ADR

Azzalini L et al. International Journal of Cardiology 231 (2017) 78–83 



Contemporary approach to ADR

Classic ADR 2011 Contemporary ADR 2018

Set up 8Fr Femoral with supportive 
guides AL0.75/EBU 3.5

Compatible with radial access  
7Fr with 7F Trapliner or 6Fr 
without guide extension

Initial Microcatheter CrossBoss Start with wire and 
microcatheter 
Finish with CrossBoss to limit 
dissection in re-entry zone

Re-entry catheter Stingray Stingray LP

Re-entry wire Stingray wire Stingray /Astato 20/Hornet 14/ 
GAIA 3rd Next

Re-entry Technique Stick and go Stick and swap with Pilot 200

Hematoma Management STRAW- if loss of 
visualization of distal vessel

Active management with 
Trapliner upfront and preemptive 
STRAW



Retrograde approach

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

Proximal cap ambiguity IVUS guided entry

No

Poor quality distal vessel or 
bifurcation at distal cap

Careful analysis of angiogram / MSCT

N
o

Yes

Yes

No

Interventional collaterals present

YesN
o
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s

In-stent restenosis  

Consider use of CrossBoss as 
primary crossing strategy

Antegrade wire 
based  approach

Parallel 
wiring

IVUS guided wiring / LaST

If suitable
re-entry zone

Consider primary use of KWT / dissection re-entry
• Ambiguous course in CTO
• Tortuous CTO segment
• Heavy calcification
Consider secondary use of KWT / dissection re-entry
• Length > 20 mm
• Previous failed attempt

Dissection Re-entry
(Crossboss-Stingray)

What has changed in practice?



Parallel wiring use and success in 
Japanese expert registry

Frequency

Success

0

20

40

60

80

100

Primary antegrade

Rescue antegrade after

retrograde failure

14.4 28.4

82.5
78.8

(%)

Suzuki Y, et al. J Am Coll Cardiol Intv 2017;10:2144–54 

Overall technical 
success 81.3%



Parallel wiring vs. Stingray

Major features favouring use of stingray

➢ Vessel course ambiguity

➢ If wire subintimal at the proximal cap

➢ Good distal landing zone

Major features favouring use of parallel wiring

➢ Diffuse disease and calcification of the distal vessel

➢ CTO course is unambiguous

➢ Stingray not available or financial restraints



Remaining challenges

• Antegrade failure 

• Calcium

• Under utilization of ADR in Asia Pacific

• Patient selection

• Bridging the gap



Why do we fail antegrade?

Why do we fail antegrade wiring?

• Ambiguity of the proximal cap or course

• Tortuosity 

• Calcium

Why do we fail at controlled ADR?

• Failure to reach the distal landing zone (ambiguous proximal 
cap or calcium)

• Failure to re-enter at the distal landing zone (haematoma, 
diffuse disease or calcium)



Calcification

Suzuki Y, et al. J Am Coll Cardiol Intv 2017;10:2144–54 

Multivariate predictors of failure from the Japanese Expert Registry 



Calcification

Balloon-uncrossable lesions 
present in 10.6% of CTO

Balloon-undilatable lesions 
present in 11.1% of CTO 

Calcification consistent 
predictor of failure 

Highlights the need for CTO 
operators to have experience 
in calcium modification 
techniques and new device to 
help us. 

Tajti P et al. JACC CI 2018;11:1325-35



SoundBite Crossing System

Steerable Active Wire energized by shockwaves generated by a 
bedside console: Jackhammer effect

Console



PlasmaWire System

• The PlasmaWire System consists of an RF Generator (RFG), Connector Cable 
and two 0.014” RF wires (PlasmaWire).   

• Two, independently steerable PlasmaWires act as electrodes to form a 
bipolar arrangement for precise directional ablation.

• RF energy is delivered to the PlasmaWire in “packets” of short pulses to 
minimize tissue injury while creating plasma between the two wire tips.



Strategy and outcomes by registry

APCTO J-CTO PROGRESS RECHARGE OPEN CTO

N=447 N=498 N=1036 N=1253 N=1000

Retrograde attempted 48% 27.3% 41.6% 34% -

Retrograde successful 
strategy 41.7% 20.7% 26.4% 20.8% 35%

% retrograde success 86.4% 75.7% 63% 67% -

ADR attempted 2% 0% 36% 23% -

ADR successful strategy 0% 26% 15% 24.3%

% ADR success - 72% 66% -

Contrast dose (ml) 250 (200-320) 293 (53–1,097) 260 (200–360) 250 (180-340) 262 ±140

Fluoroscopy  time (minutes) 48 (29-73) 45 (1–301) 44 (27–72) 35 (21-55) 50 ±34

Procedure time (minutes) 100 (60-140) - 119 (82–175) 90 (60-120) 120 ±64

Technical success rate 95% 87% 91% 86% 86%

Under utilization of ADR in 
Asia Pacific



Why do these difference exist?

Potential barriers to use of ADR in Asia Pacific:

➢ Availability 

➢ 8F access

➢ Cost

➢ Training and skills 

➢ Differences in populations

➢ Lack of long term outcome data

➢ Safety

Becoming more widely available in Asia



Patient selection 

What did we learn from the randomized controlled trials to date?

• Patients with no or low symptom burden and small amount of 
ischaemic myocardium can be managed medically

• Symptomatic patients derive significant benefit from CTO PCI

• Role of CTO PCI in asymptomatic patients with moderate or large area 
of ischaemia controversial and unproven

Complications are higher in CTO PCI and are predicted by lesion 
complexity (J-CTO score)

The patients age, frailty and co-morbidities are important determinants 
of there ability to benefit

We must use this knowledge to weight the potential risks and benefits of 
CTO PCI and select appropriate patients - Not every CTO needs opening



Bridging the Gap

Registries report success rates around 90% for CTO PCI with expert 
operators. However,  contemporary studies encompassing a broader 
range of centres and operators demonstrated substantially lower 
success rates.

Strategies to bridge this gap:

Dissemination of knowledge
– Papers 

– Proctoring

– Mentoring

Acceptance that not everyone can be an expert CTO operator and 
referral of appropriate cases



Coronary angiography ± MSCT

Reasonable for operator with 
limited or early CTO experience to 

attempt

SuccessFailure

Yes

No

Careful analysis of angiogram / MSCT

JCTO score ≥2   

Recommend procedure performed with or 
by an experienced operator

Bridging the Gap



Conclusions

• Antegrade wire escalation remains the most 
frequently used and safest crossing strategy

• The ADR technique is evolving and there is evidence 
that this is safe and effective

• We should be using controlled ADR with the Stingray 
system and avoid wire based ADR

• Ongoing education, training and proctorship/mentor 
programs are needed to disseminate knowledge

• Calcification remains problematic and new tools are 
needed


