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imaging techniques.8 Angioscopic atheromatous plaque 
components such as thrombus or yellow plaque have been 
pathologically validated9 and previous studies have reported 
that CAS images might provide information on pathogenic 
substrates in CTO lesions.10

CTO lesions have a considerable amount of atheroma-
tous plaque, which may lead to distal embolization and 
periprocedural myocardial necrosis (PMN). PMN, diag-
nosed by elevated cardiac biomarker levels, is not uncommon 
and is related to adverse outcomes, even in patients with 
small elevations in cardiac biomarkers and clinically 
uneventful percutaneous coronary intervention (PCI).11 
However, few studies have reported the relationship between 
plaque components and PMN occurrence in coronary 
CTO lesions. We hypothesized that the combined use of 
IVUS and CAS imaging would give optimal evaluation of 
the tissue characteristics in coronary CTO lesions, clarifying 
the pathogenetic mechanism. Accordingly, we aimed to 

C oronary chronic total occlusion (CTO) is not 
uncommon in patients undergoing non-urgent 
coronary angiography.1 Successful recanalization of 

coronary CTO lesions may improve long-term outcomes,2,3 
but understanding the lesion pathology is important for 
procedural improvement, leading to good outcomes for 
patients. A recent study demonstrated the pathological 
findings of CTO lesions in human coronary artery autop-
sies,4 but the in vivo lesion morphologies and plaque 
components in CTO lesions remain unclear.

Although intravascular ultrasound (IVUS) images are 
commonly used both for assessing lesion morphology and 
achieving good procedural results in CTO lesions,5,6 the 
reliability of plaque characterization by IVUS remains 
undetermined.7 In contrast, coronary angioscopy (CAS) 
provides direct visualization of atheromatous plaques, 
which may help assess coronary plaque components more 
accurately and with more detail compared with other 
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Background: The in vivo lesion morphologies and plaque components of coronary chronic total occlusion (CTO) lesions remain 
unclear.

Methods and Results: We investigated 57 consecutive CTO lesions in 57 patients with stable angina pectoris undergoing elective 
percutaneous coronary intervention with intravascular ultrasound (IVUS) and coronary angioscopy (CAS) examination. All CTO 
lesions were classified according to the proximal angiographic lumen pattern; tapered-type (T-CTO) and abrupt-type (A-CTO). The 
differences in the intracoronary images of these lesion types were evaluated according to the location within the CTO segment. A 
total of 35 lesions (61.4%) were T-CTO. T-CTO lesions had higher frequencies of red thrombi (proximal 71.4%; middle 74.3%; distal 
31.4%; P<0.001) and bright-yellow plaques (yellow-grade 2–3) (48.6%; 74.3%; 2.9%; P<0.001) at the proximal or middle than at the 
distal subsegment; A-CTO lesions showed no significant differences among the 3 sub-segments. At the middle subsegment, T-CTO 
lesions showed higher frequencies of positive remodeling (51.4% vs. 18.2%, P=0.01) and bright-yellow plaques (74.3% vs. 13.6%, 
P<0.001) compared with A-CTO lesions. Multivariate analysis identified bright-yellow plaque as an independent predictor (odds ratio, 
7.25; 95% confidence interval, 1.25–42.04; P=0.03) of the occurrence of periprocedural myocardial necrosis.

Conclusions: The combination of IVUS and CAS analysis may be useful for identifying lesion morphology and plaque components, 
which may help clarify the pathogenetic mechanism of CTO lesions.
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after PCI using a high-sensitivity (hs)-cTnT assay (Elecsys 
Troponin T high-sensitive assay, Roche Diagnostics, Basel, 
Switzerland: lower detection limit, 3 ng/L; coefficient of 
variation <10% at 14 ng/L [99th percentile of the reference 
control group]). PMN was defined as a peak hs-cTnT value 
during the 24 h after PCI of >70 ng/L (5-fold the 99th 
percentile of the upper reference limit [URL]) in patients 
with normal baseline level [hs-cTnT <14 ng/L], or >5-fold 
the baseline level if pre-PCI hs-cTnT ≥14 ng/L).12,13 Addi-
tional laboratory data were obtained before PCI according 
to established procedures.

Angiographic Analysis and Interventional Procedure
Quantitative coronary angiography was performed with 
CAAS 4.1.1 software (Pie Medical Imaging, Maastricht, 
The Netherlands). CTO was defined as complete obstruc-
tion of the vessel with TIMI flow grade 0 and an estimated 
duration ≥3 months. CTO age was determined as the interval 
from the last diagnostic coronary angiogram documenting 
a CTO or, in patients without previous angiography, the 
duration of ischemic symptoms.14,15 The length of the 
occlusion was measured via either antegrade or retrograde 
(during bilateral simultaneous injection) filling of the distal 
vessel.14,16 Coronary flow was assessed according to TIMI 
flow grade17 and myocardial perfusion was assessed using 
myocardial blush grade.18 Collateral flow was graded 
according to Rentrop’s classification.19 The angiographic 
lumen pattern at the proximal site was classified as T-CTO 
showing an occluded segment with a funnel-shaped end or 
as A-CTO not showing this feature.20 All patients were 
treated with aspirin (100 mg/day) and a thienopyridine 
(ticlopidine [200 mg/day], clopidogrel [75 mg/day], or 
prasugrel [3.75 mg/day]). Before PCI, all patients received 
intravenous heparin (8,000–10,000 IU). All CTO interven-
tions were performed via an antegrade approach. The PCI 
for the CTO was performed with contemporary techniques 
such as bilateral injection, use of a specialized hydrophilic, 
tapered tip, and stiff wires, parallel wires, and microcath-
eters as they became available.2 The angiographic endpoint 
was <25% residual stenosis on quantitative coronary 
angiography. All patients underwent drug-eluting stent 
implantation.

To identify the severity of CTO lesions, the J-CTO 
(Multicenter CTO Registry in Japan) score was calculated.20

IVUS Image Acquisition and Analysis
IVUS was performed after intracoronary administration 
of nitroglycerin (0.2 mg). A 40-MHz rotational IVUS 
imaging catheter (Boston Scientific, Natick, MA, USA) was 
automatically retracted at 0.5 mm/s from >10 mm distal to 
the proximal side (>10 mm proximal or the aorto-ostial 

investigate the differences in lesion morphology and plaque 
components evaluated with IVUS and CAS, according to 
clinical and angiographic findings in patients with stable 
angina pectoris (SAP) undergoing elective PCI for CTO. 
We also assessed the relationship between plaque mor-
phology and PMN occurrence in coronary CTO lesions.

Methods
Study Population
We retrospectively reviewed 80 SAP patients with 80 native 
coronary CTO lesions who underwent IVUS and CAS 
during PCI between January 2013 and December 2015 at 
Yokosuka Kyosai Hospital. SAP was defined as a positive 
stress test for myocardial ischemia with no change in 
frequency, duration, or intensity of anginal symptoms 
within 6 weeks before PCI. We excluded lesions with a 
distal protection device, final angiographic evidence of 
side branch occlusions, coronary dissection, no-reflow 
phenomenon (Thrombolysis in Myocardial Infarction 
[TIMI] flow grade 0–2), or unsatisfactory IVUS and/or CAS 
image quality. Left main trunk lesions, in-stent restenosis 
lesions, coronary artery bypass graft lesions, multiple culprit 
lesions, patients undergoing PCI at another coronary site 
within 1 month, lesions treated by retrograde approach, 
patients with renal insufficiency (creatinine >3.0 mg/dL) or 
requiring hemodialysis, and patients with accompanying 
congestive heart failure before PCI were also excluded. 
Thus, 57 patients were finally included in the study. IVUS 
or CAS data were acquired before balloon dilatation after 
wire-crossing, and if this was difficult, the data were 
collected after dilation with a small balloon (1.0–1.5 mm 
diameter) to acquire the minimum diameter for crossing 
with the IVUS or CAS catheter. All lesions were classified 
according to the proximal angiographic lumen pattern: 
tapered-type (T-CTO) and abrupt-type (A-CTO). Differ-
ences in clinical characteristics, angiographic findings, 
intracoronary image data, and procedural results were 
evaluated between the 2 groups. Further, CTO lesions were 
divided into 3 sub-segments: proximal, middle, and distal 
subsegment (Figure 1), and the intracoronary images were 
compared among the sub-segments. Additionally, the 
relationships between the various findings and PMN 
occurrence were assessed. The Institutional Review 
Committee of Yokosuka Kyosai Hospital approved the 
study, and all patients gave written informed consent.

Laboratory Analysis
Blood samples were drawn from all patients immediately 
before PCI. Values of cardiac troponin-T (cTnT) were 
determined immediately before and after PCI, and 24 h 

Figure 1.  Diagram of the proximal, 
middle, and distal sub-segments within 
a chronic totally occluded lesion, as well 
as the adjacent proximal and distal 
reference segments.
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catheter was confirmed with simultaneous fluoroscopy 
during the imaging procedure to ensure that CAS images 
were obtained at the target positions within the CTO 
lesion. CAS data were recorded on digital video disks for 
offline analysis.

CAS images in each CTO subsegment were evaluated. 
The corresponding CAS and IVUS images were identified 
by landmarks such as side branches. Thrombus was 
defined as a white, red, or complex intraluminal, superficial 
(mural) or protruding mass that remained despite the 
removal of blood with a flush.10,24 The maximum yellow 
color of plaques in the CTO sub-segments was classified as 
0=white, 1=light-yellow, 2=yellow, and 3=intense yellow.23 
Bright-yellow plaque was identified as yellow color grade 
of 2 or 3 (Figure 2). Two experienced observers, blinded 
to the patient and angiography and IVUS information, 
analyzed the CAS images offline.

Statistical Analysis
IBM SPSS Statistics 21.0 software (IBM, Armonk, NY, 
USA) was used for all statistical analyses. Categorical data 
were expressed as absolute frequencies and percentages, 
and compared using χ2 or Fisher’s exact test, as appropriate. 
Continuous variables were expressed as mean ± standard 
deviations for normally distributed variables or as median 
(25–75th percentile) for non-normally distributed variables, 
and were compared using Student’s t-test, Mann-Whitney 
U-test, or one-way analysis of variance, as appropriate. If a 
significant difference was found, a post-hoc test for multiple 
comparisons among the 3 sub-segments of the CTO lesion 
was performed using Tukey’s test or Scheffe’s test for 
continuous variables, and the Bonferroni correction for 
categorical variables. Intra- and interobserver agreement for 
qualitative plaque morphologies determined by IVUS and 
CAS were assessed using κ statistics. Multivariate logistic 
regression analysis (stepwise-forward method) was used to 
evaluate the relationships among the clinical, biochemical, 
angiographic, IVUS and CAS parameters, and PMN. To 
control for multiple comparisons, pairwise tests were 

junction) of the culprit lesion, but before any large side 
branch. The IVUS images were recorded on a DVD for 
offline analysis (QIvus 2.0; Medis Medical Imaging Systems, 
Leiden, The Netherlands). Quantitative measurements and 
qualitative gray-scale IVUS assessments were performed, 
as previously described.21 The reference site was selected as 
the most normal-looking region 10-mm distal and proximal 
to the CTO segment. CTO segments were qualitatively 
classified into the 3 sub-segments. Of these, the proximal 
and distal sub-segments were defined as the proximal and 
distal ends of the CTO lesion, and the middle subsegment 
was defined as the remaining region including the center of 
the CTOs. IVUS images were matched with the corre-
sponding segment on the coronary angiograms according 
to landmarks within the vessel, usually side branches14 
(Figure 1).

The cross-sectional areas (CSAs) of the external elastic 
membrane (EEM) and lumen were measured at each 
subsegment of the CTO lesion (proximal, distal ends and the 
center of the CTO) and at reference sites. The plaque area 
was calculated using the difference between lumen-CSA 
and EEM-CSA, and plaque burden was calculated as: 
plaque area÷EEM-CSA×100 (%). The remodeling index 
was defined as: EEM-CSA at the culprit site÷proximal 
reference EEM-CSA. Positive and negative remodeling 
were defined as a remodeling index >1.00 and <1.00, 
respectively.22 Severe calcification was defined as bright 
echoes with >180° of acoustic shadowing.

Angioscopic Image Acquisition and Analysis
CAS was performed before and after PCI using a non-
occlusive CAS system (FT-203F angioscope and VISIBLE 
fiber; Fiber Tech Co., Ltd., Tokyo, Japan), as previously 
reported.23 The outer section of a 4-Fr probing catheter 
was used as a guide for inserting the optic fiber into the 
coronary artery. CAS was performed while the blood was 
cleared away from view by an injection of 3% dextran. 
Before CAS observation, the white balance was adjusted 
for color correction. The position of the angioscopic 

Figure 2.  Representative coronary angioscopic images of chronic total occlusion lesions. White arrows indicate a protruding 
thrombus.
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Table 1. Baseline Characteristics, Lesion Characteristics, and Procedural Results

Total  
(n=57)

T-CTO  
(n=35)

A-CTO  
(n=22) P value

Age (years) 68±11 69±10 66±12 0.38

Male sex 42 (73.7) 25 (71.4) 17 (77.3) 0.76

CCS class 2–4 37 (64.9) 24 (68.6) 13 (59.1) 0.57

CTO age >3 years or unknown 11 (19.3)   7 (20.0)   4 (18.2) 1.00

Current smoker 31 (54.4) 18 (51.4) 13 (59.1) 0.60

Diabetes mellitus 25 (43.9) 19 (54.3)   6 (27.3) 0.06

Hypertension 36 (63.2) 19 (54.3) 17 (77.3) 0.10

Dyslipidemia 34 (59.6) 23 (65.7) 11 (50.0) 0.28

Previous MI 10 (17.5)   6 (17.1)   4 (18.2) 1.00

Previous CABG 2 (3.5) 1 (2.9) 1 (4.5) 1.00

Chronic kidney disease 31 (54.4) 22 (62.9)   9 (40.9) 0.17

Medications

  Statin 48 (84.2) 29 (82.9) 19 (86.4) 1.00

  β-blocker 32 (56.1) 20 (57.1) 12 (54.5) 1.00

  Calcium-channel blocker 24 (42.1) 12 (34.3) 12 (54.5) 0.17

  ACEI or ARB 40 (70.2) 28 (80.0) 12 (54.5) 0.07

Laboratory data before PCI

  HDL-C (mg/dL) 44 (40–56) 44 (38–58) 43 (40–50)　 0.83

  LDL-C (mg/dL)   93 (74–108) 100 (82–109)  81 (63–100)   0.005

  Triglyceride (mg/dL) 123 (97–163) 113 (92–156)  127 (100–169) 0.38

  Hemoglobin A1c (NGSP) (%) 6.6±1.2 6.9±1.3 6.2±1.0   0.046

  eGFR (mL/min/1.73 m2) 58.3±22.6 58.1±19.7 58.5±27.2 0.94

  hs-cTnT (ng/L) 13 (7–30)　　 15 (9–31)　　 10 (7–24)　　　 0.33

  WBC count (109 cells/L)  6.1 (5.3–6.7)  6.1 (5.3–6.6) 6.2 (5.3–7.2) 0.45

  hs-CRP (mg/L)  1.1 (0.6–3.4)  0.9 (0.5–3.1) 1.3 (0.4–5.0) 0.88

Peak post-PCI hs-cTnT (ng/L)   80 (40–186)   91 (47–176)  55 (30–282) 0.27

Angiographic data

  LAD/RCA/LCX 22/27/8  
(38.6/47.4/14.0)

9/20/6  
(25.7/57.1/17.2)

13/7/2  
(59.1/31.8/9.1)

0.78

  Ostial location 6 (10.5)　   4 (11.4) 2 (9.1) 1.00

  Side branch involvement 28 (49.1)　　　 12 (34.3) 16 (72.7)   0.007

  Calcification 18 (31.6)　　　 10 (28.6)   8 (36.4) 0.57

  Bridge collateral 7 (12.3)　   5 (14.3) 2 (9.1) 0.70

  Bending 8 (14.0)　   6 (17.1) 2 (9.1) 0.47

  CTO length (mm) 26.7±10.4 27.4±11.1 25.6±9.2　　 0.53

  CTO RD (mm) 2.7±0.4 2.8±0.4 2.7±0.3 0.31

  Collateral grade ≥2 50 (87.7)　　　 29 (82.9) 21 (95.5) 0.23

  J-CTO score 1.7±0.9 1.4±0.9 2.2±0.7   0.002

Procedural data

  Stent diameter (mm) 3.3±0.3 3.3±0.4 3.3±0.3 0.55

  Stent length (mm) 32.0±10.9 32.9±9.3　　 30.7±13.2 0.46

  Max balloon size (mm) 3.5±0.3 3.5±0.3 3.5±0.3 0.73

  Final dilatation pressure (atm) 18±3　　 18±3　　 19±3　　 0.65

  High-pressure balloon use 54 (94.7) 32 (91.4)   22 (100.0) 0.28

  No. of stents used ≥2 37 (64.9) 20 (57.1) 17 (77.3) 0.16

  Final MBG 0–2 18 (31.6) 14 (40.0)   4 (18.2) 0.14

  Post-PCI MLD (mm) 2.9±0.4 2.9±0.4 2.9±0.5 0.68

  Fluoroscopy time (min) 47.2 (38–63.0)    47.2 (37.3–60.0)   50.8 (41.5–65.5) 0.37

  Total contrast medium (mL)   328 (244–390)   310 (208–248)  370 (265–460) 0.03

Data are presented as n (%), mean ± standard deviation, or median (25–75th percentiles). ACEI, angiotensin-converting enzyme inhibitor; 
A-CTO, abrupt-type chronic total occlusion; ARB, angiotensin-II receptor blocker; CABG, coronary artery bypass grafting; CCS, Canadian 
Cardiovascular Society; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein-cholesterol; hs-CRP, high-sensitivity 
C-reactive protein; hs-cTnT, high-sensitivity cardiac troponin-T; LAD, left anterior descending artery; LCX, left circumflex artery; LDL-C, 
low-density lipoprotein-cholesterol; MBG, myocardial blush grade; MI, myocardial infarction; MLD, minimal lumen diameter; NGSP, National 
Glycohemoglobin Standardization Program; PCI, percutaneous coronary intervention; RCA, right coronary artery; RD, reference diameter; 
T-CTO, tapered-type CTO; WBC, white blood cell.
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<0.05 was considered statistically significant except in the 
post-hoc analysis with Bonferroni correction, where <0.017 
(0.05÷3) was required for significance.

performed with each variable. Variables with P<0.10 in the 
univariate analysis were included in the multivariate model. 
Natural logarithmic transformation was used for regression 
analyses of non-normally distributed variables. A P value 

Table 2. IVUS and CAS Findings in Each Subsegment of CTO Lesions

T-CTO (n=35) A-CTO (n=22)

Proximal Middle Distal P value Proximal Middle Distal P value

IVUS

  EEM-CSA (mm2) 14.1±7.8 13.9±4.6 10.5±4.4 　0.002 15.0±3.2 13.3±4.0 11.2±4.0   0.007

  Plaque area (mm2) 11.1±4.6 11.8±4.5   7.4±3.7 <0.001 11.2±2.9 10.9±3.8   8.1±3.8   0.009

  Plaque burden (%)   77.2±12.2 83.4±5.0   68.6±16.8 <0.001   75.5±12.8 80.9±5.9   70.3±15.2 0.03

  Remodeling index   1.02±0.18   1.02±0.25   0.77±0.28 <0.001   0.99±0.14   0.90±0.18   0.74±0.22 <0.001

   Calcification arc  
(degrees)

70.3  
(53.6–159.0)

77.6  
(41.8–177.5)

73.4  
(44.3–113.3)

0.64 81.9  
(51.1–177.7)

83.9  
(60.7–249.1)

50.1  
(32.9–169.6)

0.67

CAS

  White thrombus 18 (51.4) 22 (62.9)   8 (22.9) 　0.003 15 (68.2) 13 (59.1)   9 (40.9) 0.20

  Red thrombus 25 (71.4) 26 (74.3) 11 (31.4) <0.001 13 (59.1) 17 (77.3)   9 (40.9) 0.06

  Protruding thrombus   8 (22.9) 3 (8.6) 1 (2.9) 0.04 2 (9.1) 2 (9.1) 1 (4.5) 0.81

  Light-yellow (grade 1) 17 (48.6)   9 (25.7) 16 (45.7) 0.11 10 (45.5) 11 (50.0)   6 (27.2) 0.29

  Yellow (grade 2)   8 (22.9) 14 (40.0) 1 (2.9) <0.001 1 (4.5)   3 (13.6) 1 (4.5) 0.61

  Intense-yellow (grade 3)   9 (25.7) 12 (34.3) 0 (0.0) <0.001 0 (0.0) 0 (0.0) 0 (0.0) 1.00

Data are presented as n (%), mean ± standard deviation, or median (25–75th percentile). CAS, coronary angioscopy; CTO, chronic total 
occlusion; EEM-CSA, external elastic membrane cross-sectional area; IVUS, intravascular ultrasound. 

Figure 3.  Representative images of chronic total occlusion lesions on intravascular ultrasound (IVUS) and coronary angioscopy 
(CAS). (Left) Coronary angiograms of the 2 lesion types according to the proximal lumen pattern: tapered-type (A) and abrupt-type 
(B). (Right) A tapered-type lesion in the proximal subsegment has a bright-yellow plaque with red thrombus on CAS (Ia) and an 
echo-attenuated plaque with positive remodeling on IVUS (Ib). The abrupt-type lesion shows white fibrous plaque on CAS (I–IIIc) 
and calcification on IVUS (I–IIId) throughout the CTO.
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segments within the CTO for both T-CTO and A-CTO 
lesions are shown in Table 2. On IVUS images, the proximal 
and distal reference EEM-CSA values were not significantly 
different between the lesion types (T-CTO vs. A-CTO; 
proximal: 15.5±3.8 mm2 vs. 14.1±4.8 mm2, P=0.27; distal: 
9.7±4.0 mm2 vs. 9.6±4.4 mm2, P=0.96). In both types of 
CTO lesion, EEM-CSA was greater in the proximal than 
in the distal subsegment, and plaque burden was greater in 
the middle subsegment. T-CTO lesions showed positive 
remodeling in the proximal and middle sub-segments, 
whereas A-CTO lesions showed negative remodeling in 
each subsegment. In T-CTO lesions, CAS-derived white 
and red thrombi occurred more frequently in the proximal 

Results
Baseline Characteristics
In the present study, there were 35 T-CTO lesions among 
the total CTO lesions (61.4%). Patients with T-CTO lesions 
had higher values of low-density lipoprotein-cholesterol and 
HbA1c, and a lower frequency of side branch involvement 
than those with A-CTO lesions (Table 1). The J-CTO score 
was lower and total contrast medium volume was smaller 
for T-CTO lesions than for A-CTO lesions.

IVUS and CAS Findings
The differences in the intracoronary images of the 3 sub-

Figure 4.  Comparison of intravascular ultrasound and coronary angioscopy findings for the tapered-type and abrupt-type CTO 
lesions. *P<0.05 comparing the tapered-type and abrupt-type lesions. CTO, chronic total occlusion.

Table 3. Univariate and Multivariate Analyses of Factors Predicting Periprocedural Myocardial Necrosis

OR 95% CI P value

Univariate logistic regression analysis

  Age (years) 0.97 0.92–1.02 0.20

  Statin use 0.20 0.04–1.10 0.06

  ACEI or ARB use 2.17 0.60–7.31 0.21

  Nicorandil use 0.50 0.17–1.46 0.21

  Sulfonilurea use 3.10   0.52–18.53 0.22

  Hemoglobin A1c (NGSP) (%) 0.78 0.50–1.23 0.29

  T-CTO lesion 2.82 0.90–8.91 0.08

  CTO length >20 mm 0.53 0.17–1.68 0.28

  Plaque burden in middle section (%) 1.09 0.94–1.24 0.24

  Positive remodeling 2.02 0.66–6.17 0.22

  CAS-bright-yellow plaque 4.56 1.37–5.14 0.01

Multivariate logistic regression analysis

  CAS-bright-yellow plaque 7.25   1.25–42.04 0.03

CI, confidence interval; OR, odds ratio. Other abbreviations as in Tables 1,2.
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ment, whereas A-CTO lesions showed no significant differ-
ences among the 3 sub-segments. In the middle subsegment 
of T-CTO lesions there were higher frequencies of positive 
remodeling and bright-yellow plaque compared with 
A-CTO lesions. Bright-yellow plaque was identified as an 
independent predictor of PMN.

Mechanism of T-CTO Formation
The differences in the plaque components and their develop-
ment mechanisms according to the angiographic proximal 
lumen pattern in CTO lesions remain unclear in vivo. A 
previous histopathological study involving autopsies 
reported that proximal T-CTO lesions had small lumen 
recanalization areas and surrounding loose fibrous tissue, 
shorter occluded segments, and a higher frequency of 
vessel stump.25 Thrombus formation after atheromatous 
plaque rupture might extend distally and proximally to the 
rupture site, leading to the specific features of T-CTO 
lesions. These histopathologic assessments seem to agree 
with our results. Moreover, a previous in vivo study with 
VH-IVUS reported that CTO lesions had 2 morphologic 
types (i.e., lesions with and without VH-fibroatheroma), 
suggesting 2 different mechanisms of CTO formation: 
lesions evolving from acute coronary syndrome (ACS) or 
from atherosclerosis progression.14 These observations, in 
accordance with histopathologic studies,25 suggest that 
many CTO lesions may evolve from ACS and might be 
caused by plaque rupture and thrombotic occlusion. A 
ruptured plaque may be difficult to identify in a CTO lesion 
in vivo, but the related features of unstable plaque such as 
positive remodeling, intensive yellow color, and protruding 
thrombus were more frequently observed in the proximal 
or middle subsegment of T-CTO lesions in our study. In 
particular, positive remodeling or bright-yellow plaque 
was more frequently detected in the middle subsegment of 
T-CTO lesions, which might be caused by plaque rupture 
in the center of T-CTO lesions.

or middle subsegment, and protruding thrombi were more 
frequently observed in the proximal than in the distal 
subsegment. Bright-yellow plaque was more common in 
the middle subsegment (proximal: 48.6%; middle: 74.3%; 
distal: 2.9%, P<0.001). In contrast, the CAS findings did 
not differ among the 3 sub-segments in A-CTO lesions.

Comparison of T- and A- CTO Lesions
Compared with A-CTO lesions, T-CTO lesions showed a 
higher frequency of bright-yellow plaque in the proximal 
or middle subsegment. In the middle subsegment, positive 
remodeling was more frequently observed in T-CTO than 
in A-CTO lesions. In the proximal subsegment, the fre-
quency of protruding thrombus tended to be higher in 
T-CTO lesions and that of severe calcification tended to be 
higher in A-CTO lesions (Figures 3,4).

Factors Related to PMN
PMN occurred in 24 (42.1%) lesions. Bright-yellow plaque 
within the CTO lesion was more frequently observed in 
those lesions with PMN (79.2% vs. 45.5%, P=0.01) 
(Table S1). Multivariate analysis indicated that bright-
yellow plaque was an independent predictor for PMN 
(Table 3) and the combination of T-CTO lesion and bright-
yellow plaque had higher predictive value for PMN than 
either factor alone (Figure 5).

Intra- and Interobserver Agreement
Intra- and interobserver agreement values were good 
regarding the identification of CAS findings (complex 
thrombus [intraobserver variability, κ=0.93 and interob-
server variability, κ=0.85], protruding thrombus [0.86 and 
0.77], and bright-yellow plaque [0.96 and 0.93]).

Discussion
The present study demonstrated that T-CTO lesions had 
higher frequencies of thrombi and yellow plaque in the 
proximal or middle subsegment than in the distal subseg-

Figure 5.  Event rate of periprocedural 
myocardial necrosis (PMN). The 
combination of angiographic proximal 
tapered-type CTO and coronary 
angioscopy-derived bright-yellow 
plaque had higher predictive value for 
PMN than either factor alone. *P<0.05 
comparing the tapered- and abrupt-
type lesions. CTO, chronic total 
occlusion.
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plaque and is more sensitive for thrombus detection that 
other imaging modalities such as optical coherence 
tomography.33 Our observations suggested that combined 
use of imaging modalities might lead to better understanding 
of the pathogenetic mechanism of CTO lesions. Although 
the incorporation of CAS as a useful tool for post-PCI 
outcome prediction remains challenging, the present study 
demonstrated the good predictive value of CAS-identified 
bright-yellow plaque for PMN occurrence.

Study Limitations
First, this was a small, single-center, retrospective study, 
and selection bias might have occurred because we excluded 
unsuccessful procedures, cases of inability to cross the 
lesion with the imaging catheter, and inadequate IVUS or 
CAS image quality. These exclusions might contribute to 
a lower J-CTO score compared with previous studies. 
Second, we excluded lesions using a retrograde approach, 
which can often cause modification of the plaque intima 
within the CTO segment. Additionally, the retrograde 
approach has been identified as an independent risk factor 
for the occurrence of periprocedural myocardial damage 
in CTO lesions.31 Therefore, we selected only lesions 
treated with the antegrade approach in order to accurately 
assess plaque characteristics within the CTO lesions. Third, 
IVUS or CAS was occasionally performed after predila-
tation with balloon angioplasty. However, we used a 
small-sized balloon to minimize its effect on plaque char-
acterization. Fourth, both IVUS and CAS were useful for 
assessing plaque characteristics in CTO lesions, but only 
the CAS finding remained as an independent predictor for 
PMN. Plaque volume is generally an important predictor 
for the occurrence of PMN in non-CTO lesions. Our 
results suggested less influence of plaque volume compared 
with plaque vulnerability on the occurrence of PMN in 
CTO lesions. Finally, PMN in our study was defined as 
previously reported.13 The clinical relevance of post-PCI 
mild myocardial damage and the optimal threshold of hs-
cTnT for PMN in CTO lesions remain unclear. However, 
previous studies have demonstrated a significant link 
between PMN and poor outcomes during follow-up.13

Conclusions
The present study demonstrated that T-CTO lesions had a 
greater frequency of bright-yellow plaque with positive 
remodeling compared with A-CTO lesions. T-CTO lesion 
with bright-yellow plaque was identified as an independent 
predictor of PMN. Combined IVUS and CAS examination 
of lesion morphology and plaque components may help 
clarify the pathogenetic mechanism of CTO lesions. 
Furthermore, CAS assessment of plaque characteristics 
may be useful in risk stratification of SAP patients under-
going elective PCI for CTO lesions.
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