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Chronic Total Occlusion (CTO) Pathology

• Data from 10 autopsy patients with CTO and 

angiography performed 3 months prior to death and 

estimated duration >1 year (Katsuragawa M, et al. 

JACC 1993;21:604)JACC 1993;21:604)

• CTO in 61 autopsy patients with angiographicallyCTO in 61 autopsy patients with angiographically

documented CTO in 96 arteries (defined as abrupt 

vessel cut off) (Srivatsa SS, et al. JACC 1997;29:955) 

– 49% of the lesions were <99% stenosis at autopsy 

d it i hi ll d t d TO ithdespite angiographically documented TO with 

distal TIMI grade 0 to 1 antegrade flow



Chronic Total Occlusion Pathology by Dr. Katsuragawa

• Clinical characteristics of arteries with chronicClinical characteristics of arteries with chronic 

total occlusion : (n=10)total occlusion : (n 10)

– Coronary vessel size is 3.61±0.57 mmCoronary vessel size is 3.61±0.57 mm

– Prior MI 67%

– Interval from prior MI to death 1.5 yrs to 10 yearsp y y

– Risk factors; DM 17%, HTN 38%, Smokers 19%, 

prior stroke/TIA =3% 

Katsuragawa M, et al. JACC 1993;21:604-11



Chronic Total Occlusion Pathology by Dr. Katsuragawa

Type of CTO Tapering Abrupt

CTO Length, mm 10 ± 9 (4-26) 14 ± 12 (3-33)

Side branch 20% 80%

V l St 100% 20%Vessel Stump 100% 20%

Katsuragawa M, et al. JACC 1993;21:604-11



Clinical and Histologic Classification of Chronic Total Occlusion 

Tapering types Abrupt types

Recanalized
Side
branch

and loose
connective 
tissue

* *
Side
branch

+ ^tissue

Dense connecti e*
^Necrotic core,
large

+ 
^

Number of Cases      4                1                   2                   3

Dense connective 
tissue

*large
+ +

Small recanalization +           - - -
Configuration of       type1       type2*           type2*          type1
Small fibrous tissue                                                                   
Length of the            4-8mm    26mm           20,30mm     3-9mm
occluded segment    (6+2mm)                                         (6+3mm)        

Katsuragawa M, et al. JACC 1993;21:604-11



Chronic Total Occlusion Pathology by Dr. Srivatsa

Location of CTO in the coronary arteries in 61 patients: 

RCA 43%, LAD 30%, and LCx 27%

Duration of CTO:Duration of CTO

64% > 1 year (35% > 5 years, 29% 1 to 5 years)

17% 3 months to 1 year, 19% <3 months 

 Mean Patient’s age : Mean Patient s age : 

63.4+1.3 yrs

Type of Plaque Morphology:

64% fibrocalcific plaque64% fibrocalcific plaque

11% predominantly cholesterol rich
25% mixed type25% mixed type

Srivatsa S, et al. JACC 1997;29:955



Plaque Characteristics in CTOq
• Angiographic CTO and morphologic correlates: 

The majority (78%) of angiographic CTOs were <– The majority (78%) of angiographic CTOs were < 
99% occluded by histology.  (25% were 90% to 
95% occluded, 24% were 96% to 98% occluded,95% occluded, 24% were 96% to 98% occluded, 
29% were 99% occluded and 22% were 100% 
occluded)

• Cholesterol and foam cell plaques were more 
frequently found in younger lesions than older ones 

Old

(p=0.0007), whereas fibrotic plaques were 
predominantly seen in the older lesions (p=0.008)

• Luminal neocapillary channels (NC) were extensive 
and frequent (59% of CTOs) which were similarly 
seen in all CTOs irrespective of ageseen in all CTOs irrespective of age. 

– There was a correlation between number and 
size of NC and increase in cellular inflammation

Young

size of NC and increase in cellular inflammation
of intimal plaque 

Srivastsa S, et al. JACC 1997;29:955



Plaque Characteristics in CTOq
•• Communication between lumen Communication between lumen recanalizationrecanalization channels channels 
and the IP and the IP neovasculatureneovasculature was was rarelyrarely observed!observed!

• Intimal plaque neovascular recanalization was observed• Intimal plaque neovascular recanalization was observed 
in 85% of CTOs > 1 year as compared to 74% of CTO< 1 
year (p=0 06)year (p=0.06).

• In almost all CTO lesions, intimal plaque neocapillary
channels were observed directly communicate with the 
adventitial vasa vasorum

Srivastsa S, et al. JACC 1997;29:955



Neovascular Channel Score According to Vessel wall Location

In CTOs < 1 year old, the adventitia had larger number and size of  
neovascular recanalizations relative to intra plaque (IP), medialneovascular recanalizations relative to intra plaque (IP), medial 
and recanalized lumen
In CTOs > 1 year old, the adventitial and IP neovasculary ,
recanalization number was similar but exceeded neovascular
recanalizations number found in the media and lumen

100%100%

< 1 year >1 year

60%
70%
80%
90%

3+70%
80%
90%

100%
Vessel
score

30%
40%
50%
60% 3+

2+
1+
030%

40%
50%
60%

0%
10%
20%
30%

AV M d IP L

0

0%
10%
20%
30%

AV Med IP LumenAV Med IP Lumen

Srivastsa S, et al. JACC 1997;29:955Vessel Score
Abbreviations: AV= advential, med = medial, IP = intraplaque
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Chronic Total Occlusion of Coronary Arteries Studies at autopsy by 
Postmortem Angiography and Serial Cross-Sectioning of the Arteriesg g p y g

• 10 SCD patients mean age 56±7 years (range 43• 10 SCD patients, mean age 56±7 years (range 43 
to 67 years), 7 M and 3 F 

• 6 had three vessel disease, 2 had two  vessel 
disease and 2 had one vessel diseasedisease, and 2 had one vessel disease

• Total occlusion involved:

– LAD ‐ 4, RCA ‐ 4, and LCX ‐ 4

• Length of lesion, mean 2.2±1.8 cm, range 0.5 to 
5 7 cm5.7 cm 

• 6 had TM, healed MI; and 4 had SE healed MI (1 
had LV aneurysm) 



HistoryHistory
Tapered type

RCA

yy
4242--yearyear--old white male,old white male,
found unresponsive at home;found unresponsive at home;found unresponsive at home;found unresponsive at home;
no known risk factors.  Totalno known risk factors.  Total
occlusion of the proximalocclusion of the proximalocc us o o e p oocc us o o e p o
and midand mid--RCA.  Acute, healing,RCA.  Acute, healing,
and healed MIs in the LV.and healed MIs in the LV.

ProximalProximalA BMid

3.7 cm
length
DistalDistal

g

Distal 1Distal 2 Mid 1Mid 2



HistoryHistoryTapered type

62 year old black male; sudden 62 year old black male; sudden RCARCA death while driving.  At autopsy, death while driving.  At autopsy, 
LCxLCx had 75% narrowing and total had 75% narrowing and total 

l i f RCA i h h l d MIl i f RCA i h h l d MI

RCARCA

occlusion of RCA with a healed MI occlusion of RCA with a healed MI 
in the posterior LVin the posterior LV

ProximalProximalDistalDistal
2.5 cm, Recanalized

Large necrotic core

NC
NC



LCxLCx
LADLAD

LCxLCx HistoryHistoryBlunt type

LD1LD1
LADLAD

ProximalProximal

LADLAD LD1LD1
71 year old white male; 71 year old white male; 

di t hildi t hil

LD2LD2

cardiac arrest while cardiac arrest while 
driving; at autopsy had driving; at autopsy had 

LD2LD2

DistalDistal

LD2LD2 total occlusion of LAD and total occlusion of LAD and 
75% of RCA75% of RCADistalDistal

ProximalProximalDistalDistal 4 5 cm length4.5 cm, length

TO



Abrupt occlusion LAD with side branch
Blunt type

ProximalProximal

LADLAD
ProximalProximal

LADLAD
53 year old black male 53 year old black male 
f d d d t tf d d d t t

LDLD

ProximalProximal
LDLD

found dead, at autopsyfound dead, at autopsy
had total occlusion ofhad total occlusion of

LAD and RCALAD and RCA LDLD
DistalDistalDistalDistal LAD and RCA, LAD and RCA, 

and 70% of LOM and 70% of LOM 

LDLD

LADLAD

SPSP

LADLAD
1mm

Propagated thrombus

Platelet-rich 
thrombus
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Morino Y, et al J Am Coll Cardiol Intv 2011; 4: 213-21



Incidence of Side Branches
N=494 including failure cases

Tapered Blunt p

Incidence of SB 84.7% 92.2% <0.0001

tapered blunttapered blunt

Morino Y, et al J Am Coll Cardiol Intv 2011; 4: 213-21



GW position in the GW success cases (n=273)

tapered type

“Trisectio
n”

2. Opposite side
1 Tapered tip

3. center 4. Branch side
to branch

1. Tapered tip

83.1% 0.4%
8.2% 2.9%

5.4%5. Unclassified : branch (-) & taper tip (-) & center (-)



GW position in the GW success cases (n=157)

blunt stump

4. Unclassified:

Branch (-) & Center (-)

1.8%

“Trisection”

2 Opposite side to 3 Branch side
1. Center

2. Opposite side to 

branches

3. Branch side

46 6%
47.8%

3.8% 46.6%



Plaque Formation @ BifurcationPlaque Formation @ Bifurcation 
LM + LAD severe stenosis

-25-

Nakazawa G et al. J Am Coll Cardiol. 2010 Apr 20;55(16):1679-87.



Strategy for PCI in CTO lesions – Consideration from the nature of CTO 



However…

SSB

SB
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Case

Stent in false lumen

•51 year-old male found unresponsive wearing a nitroglycerin patch
Stent in false lumen

CTO FLTL

LAD 1C LAD 1E LAD 1H

CTO CTO
CTO

FL
FL FL

LAD 3CLAD 1I LAD 3B
True
lumen

FL

lumen

True
lumen

True
lumen

FL f l l
LAD 3G LAD 3ILAD 3H

FL= false lumen;
TL = true lumen



CaseCase
52-year-old black female with H/O systemic hypertension, DM and CAD underwent 

stenting of a totally occluded RCA (4 months prior to death(4 months prior to death).).

Proximal
RCA

Proximal

FL
TLFL

FLFL

Distal
RC1bRC2aRC2cRC2e

FL FL FL

FL

RC3b RC4a RC4h



True Lumen Stenting

IntraIntra‐‐Lumen StentingLumen Stenting IntraIntra‐‐Intimal StentingIntimal Stenting



“Sub‐Medial” Stenting

External Elastic Laminar

S b M di l SSub‐Medial Space



“Sub‐intimal” or “intra‐medial”?? Stenting

External Elastic Laminar

I t di l SIntra‐medial Space

Media (Partial)( )



Terminology of CTO WiringTerminology of CTO Wiring

Intra-(Former) lumen( )

I t I tiTrue-lumen Intra-IntimaTrue lumen

Intra-Media
Sub-Intima

Sub-Media
Sub Intima



A Case of CTO in RCAA Case of CTO in RCA



Ante-grade Wire Cross the lesion…g



Passing Intra-Intima…g



Passing Intra-Intima…g



DES implantation in Sub-Mediap
Baseline Procedure



PSS following Sub-Medial Stentingg g
Post FU

Segmental ‐ Irregular‐contour***



SummarySummary

“Tapered type” show loose tissue with p yp

neocapillaries (micro‐channel)  at the entry p ( ) y

point, whereas abrupt type is associated with p p yp

brunch point with thick fibrous cap at the entry

Neocapillaries (micro‐channel) in former lumen 

area are more frequent in early CTOs (<1year) 

as compared to old CTO, and it is rarely 

connected to IP or adv NC



SummarySummary

Pathologic anatomy shows that the exit of thePathologic anatomy shows that the exit of the 

total occlusion (distal end) is usually “tapering”total occlusion (distal end) is usually  tapering  

and consists of looser tissue especially with the p y

“brunt type”yp

False lumen stenting… we need more data to g

confirm the safety of this procedure


