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Pre-procedural imaging tool 
for the successful CTO recanalization

• Image-guided CTO intervention during CTO procedures



ClinicalTrials.gov Identifier: NCT02037698

Hong SJ & Kim BK, et al. JACC Cardiovasc Imaging;14:1993-2004

Conducted at 12 centers in South Korea

Hypothesis; The success rate of CCTA guidance 
would be superior to the angiography guidance

Randomized CT-CTO trial
Primary endpoint:  Rate of the successful recanalization  

Final TIMI flow grade ≥2 and ≤30% residual stenosis on the final CAG 
without death or fatal complications during the procedure requiring 
emergent operation. 

Could pre-procedural CT scan improve success 

rate of the CTO-PCI?

CONCLUSIONS Pre-procedural CT-guidance for CTO resulted in higher success rates with numerically fewer 

immediate complications such as coronary perforations or PPMI than angiography guidance. Higher 

success rates were more prominently observed in patients with CTO who had a high J-CTO score than 

those who did not.



Pre-procedural CT Analyses from CT-CTO trial

2. Qualitative and quantitative analyses of CTO

from MPR images

3. Analyses of the segments around CTO

1) CTO length and the shapes of proximal & distal CTO ends 

2) Calcification; longitudinal & cross-sectional analyses

• Maximal cross-sectional extent; <50% or ≥50% 

• Length of calcification with cross-sectional extent ≥ 50%

• Calcification shape; semicircular <180°, circular ≥180°, or 360° (full moon)

• Location of calcium on CTO lesion

→ “Geographic calcification-mapping”

• Check the size of vessel and lumen and the tortuosity in proximal and distal 

reference segments

RAO30, CRA 0

LAO40 CRA 0 RAO30, CRA 0

LAO40 CRA 0

• CTO courses (how CTO course goes & what the hidden route 

is within CTO segment) 

• Anatomical location associated with side 

branches

95.9 mm

LAO view RAO view1. Making two orthogonal CT images 

matching with CAG; 3-D volume 

rendering and MPR images 

corresponding to 2 orthogonal views 



Pre-procedural planning in CTO intervention by coronary CT

o Blunt stump 

or long tortuous CTO; Blunt stump 

Pre-procedural CCTA could show the exact anatomical location related 

with the adjacent SB and the courses from proximal to distal CTO cap. 

Reasons for failure 
CCTA-

guidance
N=13

Angiography-

guidance
N=32

P

No. of failed antegrade-only approach 10 17

Wiring to false lumen and fail to enter to true lumen 7 (70) 8 (47) 0.247

Failure to advance the cap or the CTO segment 1 (10) 2 (12) 0.260

Failure to enter the cap due to anatomical ambiguity 0 6 (35) 0.033

Failure to achieve TIMI grade flow ≥2 after stenting 2 (20) 1 (6) 0.888

• Reasons for recanalization failure in CT-CTO trial

JACC Cardiovasc Imaging;14:1993-2004



Case 1: Aorto-ostial CTO, invisible coronary artery ostium from CAG

M/61, LVEF 40% 

Where is LAD ostium?
Ambiguous CTO anatomy 

Courtesy of Dr Jinho Choi



Where is the LAD ostium ?

CBA

Courtesy of Dr Jinho Choi

CB
A

CT revealed nearly hidden separated LAD ostial total occlusion



CT-guided wire-puncture of LAD-Os CTO 

• LAD: Ultimate 3 → Fielder XT → Miracle 6

• LCX: Sion

Courtesy of Dr Jinho Choi



Final CAG after stenting

Courtesy of Dr Jinho Choi



o CTO with severe calcification; 

21.2 mm

Severe calcification

Calcification arc 180-360° & CSA ≥50%

o Reattempted CTO-PCI after previously failure; 

• Longitudinal & cross-sectional results of CCTA analyses. 

→ Pre-procedural strategies for the success of the reattempt CTO 

• CCTA → visualizing CTO course and plaque characteristics

(calcification geometry) 

Be helpful for navigating & selecting the proper wires and devices 

without increasing the risks of procedural complication.
Reasons for recanalization failure

in CT-CTO trial

CCTA-

guidance
N=13

Angiography-

guidance
N=32

P

No. of failed hybrid approach (antegrade & retrograde) 3 15

Failure to cross collaterals with retrograde wire 3 (100) 7 (47) 0.090

Failure to enter distal cap with retrograde wire 0 2 (13) 0.502

Failure to deliver the supporting device 0 1 (7) 0.645

Failure to meet both wires on the same plane 0 4 (27) 0.310

Failure to achieve TIMI grade flow ≥2 after stenting 0 1 (7) 0.645

JACC Cardiovasc Imaging;14:1993-2004

Pre-procedural planning in CTO intervention by coronary CT



Hong SJ & Kim BK, et al. JACC Cardiovasc Imaging;14:1993-2004

CCTA-guidance
(N=200)

Angio-guidance
(N=200)

p Value

Total procedure time, min 80 (55-120) 80 (60-110) 0.981

Total crossing time, min 45 (24-81) 52 (30-85) 0.147

Antegrade-only crossing time, min 44 (20-72) 47 (28-80) 0.042

Fluoroscopic time, min 35 (22-62) 36 (26-56) 0.909

Successful recanalization 187 (94%) 168 (84%) 0.003

Successful retrograde CTO-PCI 45/48 (94%) 34/49 (69%) 0.002

Coronary perforation ≥type II 2 (1%) 8 (4%) 0.055

Post-procedural peak CK-MB, ng/ml 4.6 $ 7.2 6.8 $ 31 0.342

Post-procedural CK-MB elevation ≥ 10 x UNL 0 (0%) 4 (2%) 0.123



Calcium CTO lesion: 14.0 mm

Pre-procedural CTO-CT analysis for retry of LAD-CTO
Tracing & matching of previous failed CTO path 



Sep.

Dg Dg Dg



: Previous puncture site



Pre-procedural CTO-CT analysis for retry of antegrade LAD-CTO
→ For planning &deciding the new puncture point of blunt stump 
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We can decide the 
proper angiographic 
matching angle based 
on the CT findings !!!



• Pre-procedural imaging tool for the successful CTO 
recanalization

Image-guided (IVUS guidance) CTO intervention 
during CTO procedures



Pre

Patient 1. LAD-CTO 

Post 2 Nobori BESs, overlapped 
(2.75x24mm, 2.75x24mm)

F/66; Heart failure (EF=35~45%), HiBP

• Antegrade approach wire-escalation successful 

Reference vessel diameter = 2.75mm

Post-procedural MLD = 2.73mm 
Residual stenosis = 0.7%

Patient 2. LCx-CTO 

F/55; DM

• Ipsilateral collateral channel finally succeed (procedure time; 4hrs)

Resolute ZES 2.75x30mm

Pre Post

Patient 3. RCA-CTO 

F/80; HiBP, Smoker

• Start anterograde Change into retrograde approach
finally succeed ! (total No. of wires used; 9)

2 Resolute ZESs, overlapped 

(3.5x26mm, 3.0x22mm)

Pre Post

Patient 4. LCx-CTO 

M/70; Heart failure (EF=34%), Smoker

• Successful antegrade wiring within 10 mins 
1 DES implanted 
However, procedure ended without obtaining TIMI III

BES, 2.5x28 mm

Pre Post
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Primary endpoint; Cardiac death, MI, or TLR

Randomized IVUS-XPL study

Hong & Kim BK et al. JAMA 2015 

• Imaging guidance, 
guarantee the 
successful outcomes?
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Patients meeting the IVUS-criteria
for stent optimization 

Patients not meeting the IVUS-
criteria for stent optimization 

In IVUS-guided group

ü IVUS criteria for stent optimization

; Minimal lumen CSA > distal reference lumen CSA 

How to improve clinical outcomes by imaging guidance ?

IVUS-guided
(n=201)

Angiography-
guided (n=201)

p value

Total number of stents, n 1.7 ± 0.8 1.6 ± 0.7 0.198

Total stented length, mm 43.6 ± 18.7 41.5 ± 17.6 0.245

High-pressure post-stent dilation 103 (51.2%) 83 (41.3%) 0.045

Maximum post-stent balloon pressure, atm 14.6 ± 3.7 13.8 ± 3.8 0.040

Post-procedural MLD, mm 2.64 ± 0.35 2.56 ± 0.41 0.025

Randomized CTO-IVUS study

IVUS-guidance

(n=700)

Angiography-

guidance (n=700)

P

value

No. of stents per lesions 1.3 (0.5) 1.3 (0.5) .48

Adjunct post-dilatation 534 (76) 402 (57) <.001

Final balloon size, mm 3.14 ± 0.43 3.04 ± 0.42 <.001

Maximal inflation pressure, atm 16.5 ± 4.1 15.9 ± 4.1 .052

Post-procedural MLD, mm 2.64 ± 0.42 2.56 ± 0.39 <.001

IVUS criteria for stent optimization 

Minimal lumen CSA > lumen 
CSA at distal reference 
segments

Hong & Kim BK et al. JAMA 2015 



Stent-optimization group
(N = 818)

Non-optimization group
(N = 578)
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Composite of cardiac death, myocardial 

infarction, and stent thrombosis

Number at risk

Non-optimization 578 562 556 553 532

Stent-optimization 818 800 794 784 763

Number at risk
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Stent-optimization 818 800 794 787 774
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Stent optimization criteria; MSA ≥5.5 mm2 or 80% of mean reference lumen area 

IVUS-guided PCI in diffuse long or CTO lesions
From RESET, CTO-IVUS, IVUS-XPL, ULTRA-ZET trials

(N = 1,396)

Kim D & Kim BK, et al. Eurointervention 2020

MACE; Cardiac death, MI, ST, or TVR
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Hong & Kim BK, et al. Catheter Cardiovasc Interv. 2020;95:154-164. 

▪ Incidences distal-vessel expansion (defined 
as any increase of lumen area at distal 

reference (LAdistal) on 1-year IVUS follow-up) ; 

67% (identified in 46 pts) 

Angiographic outcomes of stent-optimization by IVUS guidance

Distal-vessel expansion according to the optimization
Supplementary Figure 2

Question 2. 

From the CTO-IVUS randomized 
trial, serial matching IVUS 
analyses between index & 1-year 
follow-up were performed in 69 
patients with new-generation DESs.



Hong SJ & Kim BK, et al. Eurointervention 2020

Kim BK, et al. 2019 Preliminary data

Question. 

• In the CTO subset, pre- stenting IVUS(+) compared to pre-stenting IVUS(-) showed a better composite 
outcome. 

• In case of CTO-PCI, the determination of stent sizing and length is difficult due to the long-term reduced 
flow and negative vessel remodeling. → Pre-stenting IVUS evaluation in CTO would be helpful for the 
better angiographic and clinical outcomes. 





Take-home message

Intra-procedural imaging guidance by IVUS 

during CTO-PCI 

• significantly related with the better clinical outcomes short-
and long-term clinical outcomes.

• However, because IVUS-guidance did not guarantee the 
improved outcomes, the attainment of stent optimization 
would be essential, especially in the complex lesions including 
CTO. 

Pre-procedural imaging by coronary CT scan

… helpful and significantly associated with a higher CTO success 
with a lower trend of complications (esp. coronary perforation, 
PPMI) and a high efficiency (less time in antegrade CTO) in the 
difficult/complex CTO-PCI, confirmed in the randomized CT-CTO trial.
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