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Beyond the CTO

What do we know?

1. Hypoperfusion induced remodeling happens

Vasoconstriction → Entrenchment 

Clin Sci (Lond). 2007;113:15-23



Beyond the CTO

What do we know?

2. Vasomotion function is impaired immediately after ope
ning the vessel.

J Am Coll Cardiol. 2012: 21;59:711-8

“hibernation of vascular wall”



Beyond the CTO

What do we know?

2. Vasomotion function is impaired immediately after ope
ning the vessel, but maybe not in all CTO cases

JACC Cardiovasc Interv. 2012;5(2):170-8

Better vasomotor response to NTG in CC2 collaterals
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ns persistent luminal narrowing beyond the CTO after su
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JACC Cardiovasc Interv. 2018;26;11:2343-2345



Beyond the CTO

What do we know?

4. Vasomotion function beyond the CTO recover over ti
me after flow restoration

JACC Cardiovasc Interv. 2014;7(4):e31-3. 

6-month FUPost



Beyond the CTO

What do we know?

4. Vasomotion function beyond the CTO recover over ti
me after flow restoration – reverse the remodeling

JACC Cardiovasc Interv. 2012;5:827-36.

mean lumen diameter 

increase of 0.40 mm

Lumen diameter/Area, 

EEM diameter/Area



Beyond the CTO

What do we know?

4. Vasomotion function beyond the CTO recover over ti
me after flow restoration – reverse the remodeling

EuroIntervention 2014;9:1181-1188 

91 CTOs, 12-18 months FU

QCA; MinLD 23.9%, MeanLD 16.4%

IVUS (N=31); Lumen volume 26.9%, Plaque volume -3.9%



Mean follow-up interval: 13.5 months

AMC-CTO registry
May 2003 to August 2015

1,650 lesions in 1570 patients

1,320 successful CTO stenting

548 cases with follow-up angiography

Excluded 

18 total in-stent occlusion

23 not amenable for QCA 

analysis507 cases 

• Institutional core laboratory 

• Two experienced analysts (ICC=0.97)

• QCA software : CAAS, version 5.7 (Pie Medical 

BV, Maastricht, The Netherlands)



Lumen gain of any degree 

0

10

20

30

40

50

60

70

80

90

100

5mm distal Mean lumen diameter Minimal lumen diameter

Luminal gain No luminal gain

70.8%

79.5%
72.3%

%



Lumen diameter changes 
at proximal or distal segment

Location from                   

the stent segment

Immediately   

post (mm)

Follow-up

(mm)

Change (follow-up 

– baseline) (mm)

Percent diamete

r changes (%)
P

5mm proximal 3.04 ± 0.64 2.98 ± 0.68 - 0.06 ± 0.45 -0.7 ± 17.2 <0.02

5mm distal 2.03 ± 0.61 2.30 ± 0.57 0.26 ± 0.47 18.2 ± 32.2 <0.001

10mm distal 1.97 ± 0.61 2.23 ± 0.55 0.26 ± 0.45 19.6 ± 34.7 <0.001

20mm distal 1.93 ± 0.59 2.18 ± 0.56 0.25 ± 0.46 17.6 ± 32.4 <0.001

30mm distal 2.01 ± 0.71 2.26 ± 0.62 0.25 ± 0.53 18.7 ± 38.4 <0.001

40mm distal 2.09 ± 0.77 2.23 ± 0.68 0.29 ± 0.52 17.9 ± 31.8 <0.001*

Mean lumen diameter 1.99 ± 0.51 2.22 ± 0.47 0.23 ± 0.35 14.3 ± 20.7 <0.001

Minimal lumen diameter 1.59 ± 0.87 1.85 ± 0.98 0.22 ± 0.80 24.7 ± 42.3 <0.001



Diameter changes in 401 patients 
with the lumen gain 

Location from                   

the stent segment

Immediately   

post (mm)

Follow-up

(mm)

Change (follow-up 

– baseline) (mm)

Percent diamete

r changes (%)
P

5mm proximal 3.02 ± 0.63 3.03 ± 0.68 0.01 ± 0.44 1.34 ± 17.2 0.70

5mm distal 1.97 ± 0.57 2.35 ± 0.55 0.37 ± 0.41 24.1 ± 30.4 <0.001

10mm distal 1.90 ± 0.58 2.26 ± 0.55 0.36 ± 0.41 25.0 ± 34.7 <0.001

20mm distal 1.87 ± 0.56 2.20 ± 0.56 0.34 ± 0.43 22.5 ± 31.6 <0.001

30mm distal 1.89 ± 0.68 2.23 ± 0.64 0.35 ± 0.50 25.2 ± 40.5 <0.001

40mm distal 1.95 ± 0.74 2.33 ± 0.68 0.39 ± 0.51 22.9 ± 33.1 <0.001*

Mean lumen diameter 1.91 ± 0.47 2.26 ± 0.46 0.35 ± 0.25 20.8 ± 17.8 <0.001

Minimal lumen diameter 1.51 ± 0.93 1.88 ± 1.06 0.32 ± 0.85 33.0 ± 42.6 <0.001



Percent change of Diameter 
according to the type of epicardial vessel

ANOVA for mean diameter; P=0.10

ANOVA for minimal lumen diameter; P= 0.10



Beyond the CTO

What we don’t know

1. How to differentiate the vessel shrinkage vs. plaque b
urden contribution to luminal narrowing

Coronary stenosis <20% with no 

luminal irregularities or loss of 

concentric vessel profiles

Coronary stenosis ≥20% without 

luminal irregularities or loss of 

concentric vessel profiles

Stenosis ≥20% accompanying 

luminal irregularities or loss of 

concentric vessel profiles

Normal Shrunken? Stenoses?



Beyond the CTO

What we don’t know

1. How to differentiate the vessel shrinkage vs. plaque b
urden contribution to luminal narrowing; Any angiographi
c or imaging surrogates? Biomarkers?



Beyond the CTO

What we don’t know

2. How to predict the original vessel size

Resolute 4.0ⅹ22+3.5ⅹ38

Korean Circ J. 2019;49:366-368



Beyond the CTO

What we don’t know

2. How to predict the original vessel size

Resolute 3.5ⅹ33

Korean Circ J. 2019;49:366-368
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What we don’t know

2. How to predict the original vessel size
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What we don’t know

3. How to ensure that it’s ok for the distal narrowing

; TIMI 3 flow enough? Hemodynamic parameter?
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Beyond the CTO

What we don’t know

3. How to ensure that it’s ok for the distal narrowing

; TIMI 3 flow enough? Hemodynamic parameter?

5 days later, 

AMI, ST



Beyond the CTO

Lot’s of things to find out


