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Abstract
Aims: To investigate tissue characteristics of atherosclerotic plaques in coronary artery bifurcations.

Methods and results: Using a global virtual histology registry, geometric and compositional characteristics of

plaque in three segments (proximal, distal, and at the bifurcation) of coronary bifurcation sites were

analysed with intravascular ultrasound radiofrequency data (RFD) analysis. A total of 256 bifurcation sites

were analysed: left main (LM)-left anterior descending artery (LAD), 41; LAD-diagonal artery, 128; left

circumflex artery-obtuse marginal artery, 34; and right coronary artery-acute marginal artery, 53. The

plaque+media (P+M) burden was larger in the distal segments of LM-LAD bifurcation sites than in the

proximal and at the bifurcation segments (46.55±12.08% vs. 40.40±11.76%, 41.15±11.01%, p<0.001).

The % necrotic core (NC) and % dense calcium (DC) at the bifurcation and distal segments of LM-LAD

bifurcation sites was significantly greater than in the proximal segments (6.75±5.09%, 7.36±6.01% vs.

4.89±4.78%, p<0.05, and 3.31±2.87%, 3.73±3.28% vs. 1.89±2.10%, p<0.001). In contrast, P+M

burden, % NC and % DC in the proximal segments of non-LM bifurcation sites was significantly greater than

at the bifurcation and distal segments (49.41±12.12% vs. 45.34±11.21%, 46.80±10.68% / 8.08±6.21%

vs. 6.47±5.11%, 6.28±5.05% / 4.57±4.67% vs. 3.38±3.44%, 3.55±3.74%, all p<0.001).

Conclusions: The results demonstrate that heterogeneous nature of coronary atherosclerosis at coronary

bifurcations according to their segments and anatomical locations (LM-LAD vs. non-LM bifurcations). The

further investigation for the clinical efficacy of the RFD analysis on bifurcation sites are warranted.
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Abbreviations

AM: acute marginal artery

CSA: cross-sectional area

IVUS: intravascular ultrasound

LAD: left anterior descending artery

LCX: left circumflex artery

LM: left main coronary artery

OM: obtuse marginal artery

P+M: plaque plus media

RCA: right coronary artery

RFD: radiofrequency data

VH: virtual histology (spectral analysis plaque characterisation

methodology)

IVUS-RFD of major bifurcation sites (the diameter of side branch

was more than 1.5 mm by IVUS) from this registry. The exclusion

criteria of the present study were the presence of another

intervening major side branch and the previous history of

percutaneous coronary intervention within 10 mm of the index

bifurcation sites. Non-native coronary artery, the sites with

inadequate length of bifurcation segments for data analysis, the

study which performed in saphenous vein graft, diagonal branch,

obtuse marginal branch, poor image quality for the data analysis

were further excluded.

IVUS-RFD examination

The methods of the IVUS-RFD analysis have been described

previously.8-13 Briefly, the IVUS-RFD analysis was performed with a

dedicated IVUS-VH console (Volcano Therapeutics, Rancho

Cordova, CA, USA) during routine coronary angiography after

intracoronary administration of 100 to 200 µg of nitroglycerine.

A 20-MHz, 2.9 Fr monorail, electronic Eagle Eye Gold IVUS catheter

(Volcano Therapeutics) was advanced into the distal to the index

sites, and automatic pullback at 0.5 mm/s was done to an proximal

to the index sites. The IVUS-RFD image was recorded on a DVD-

ROM for offline analysis later.

Spectral analysis of IVUS RFD

Quantitative off line measurements for all the data of global VH

registry were done with personal computer VH program software

(Volcano Therapeutics) by examiners (Cardialysis BV, Rotterdam,

The Netherlands) who were unaware of the clinical characteristics of

the subjects. For both the lumen and the media-adventitia interface,

semi-automatic contour detection was done for all the frames of the

examined coronary segments. Then, the borders were manually

corrected in all the frames.10-12 The lumen and the media-adventitia

interfaces at the coronary segments with visible side branch take-off

were drew by imaginary lines with the use of longitudinal cross-

sectional views to reduce the variability of measurements. For each

frame, compositional tissue characteristics were expressed in

colours, as previously described (green for fibrous tissue, green-

yellow for fibro-fatty, white for dense calcium, and red for necrotic

core area).8 An examiner (SH Han, Mayo clinic, Rochester, MN,

USA), blinded to the clinical characteristics of the patients, identified

the major coronary bifurcation sites which met the inclusion and

exclusion criteria for this study. The proximal and distal segments of

bifurcation sites were defined to 5 mm segments proximal and distal

to the bifurcation sites with side branch take-off. The segments with

side branch take-off were defined to at the bifurcation segments. All

cross-sectional frames corresponding to proximal, distal and at the

bifurcation segments were analysed and all geometric and

compositional parameters were averaged by the numbers of frame

counts (Figure 1).

The mean vessel cross-sectional area (CSA), lumen CSA, P+M CSA,

P+M burden were calculated. P+M CSA was defined as (vessel

CSA - lumen CSA). The P+M burden percent (%) was calculated as:

(P+M CSA/vessel CSA) ×100. In addition, compositional parameters
such as dense calcium (DC) CSA (reported in square millimetres

[mm2]) and %, fibrous tissue (FT) CSA (mm2) and %, fibro-fatty

Introduction
Atherosclerotic plaques are prone to develop at specific locations

such as coronary artery bifurcations and ostial locations.1,2

Percutaneous coronary intervention of bifurcation lesions still

remain a challenging lesion subset.3 The distinctive lesion

characteristics and adaptive arterial remodelling at bifurcation sites

may occur because of geometric variation and additional factors

such as shear stress, and vessel structure.4-6

The ability to visualise and quantify the different components of

atherosclerosis provides important information not only on the

mechanism of coronary artery disease, but also on potential future

therapeutic interventions to alter the disease process and optimise

interventional outcome. A new spectral analysis of the intravascular

ultrasound (IVUS) radiofrequency data (RFD) may be a useful tool7,8

because it allows detailed assessment of plaque composition, with a

high predictive accuracy of 93.1% to 96.7% in fibrous tissue, fibro-

fatty, dense calcium, and necrotic core regions with sensitivities and

specificities ranging from 72% to 99%.9 In addition, recent studies

have demonstrated that IVUS RFD can discern tissue

characteristics of patients with coronary artery disease in-vivo, and

this imaging tool is useful in understanding the pathophysiology of

the disease process.10-12

The compositional characteristics of coronary bifurcations have not

been evaluated on the basis of their locations. Thus, the current

study was designed to evaluate the geometric and compositional

characteristics of atherosclerotic plaques in the proximal, distal and

at the bifurcation segments of coronary bifurcation sites and to

describe the distinguishing characteristics of atherosclerotic

plaques in relation to their anatomic locations.

Methods

Study subjects

To evaluate the compositional characteristics of atherosclerotic

plaque in coronary atherosclerosis, subjects who underwent IVUS-

RFD analysis, virtual histology (VH) were prospectively enrolled in a

multicenter, international, global VH registry. This protocol was

approved by the local ethics committee. Written informed consent

was obtained from every patient. For this study, we analysed the
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(FF) CSA (mm2) and %, necrotic core (NC) CSA (mm2) and % were

calculated. The percentage of each compositional parameter was

calculated as: [(CSA of each compositional parameter /P+M CSA)

×100]. The intraobserver and interobserver variability of geometric
and compositional parameters of IVUS RFD analysis demonstrated

acceptable reproducibilities by our groups.13

Statistical analysis

Discrete variables are presented as counts and percentages.

Continuous variables were summarised as mean±SD. The Pearson

χ2 or Fisher exact test, Student t test, and Wilcoxon rank-sum tests
were performed, as indicated. The one-way repeated measures

analysis of variance was used to compare the geometric and

compositional characteristics of plaque for the proximal, at the

bifurcation, and the distal segments of bifurcation sites. The

Mauchly test of sphericity also was done. If the sphericity

assumption was not met, the sphericity assumption was corrected

by Greenhouse-Geisser method. Post hoc tests were performed by

multiple comparisons for the means of all paired combinations of

the three repeated measures condition, which were adjusted using

the Bonferroni method. Statistical significance was accepted as p less

than 0.05.

Results

Baseline characteristics of subjects

The IVUS RFD analysis of total 955 subjects enrolled to global VH

registry was analysed. The data of IVUS RFD analysis in the sites

underwent previous percutaneous coronary intervention within

10 mm of major bifurcations (N=264), in saphenous vein graft,

diagonal branch, obtuse marginal branch (N=22), the sites with

small bifurcation or no bifurcation site (N=204), the sites with

another intervening major side branch (N=110), the sites with

inadequate data analysis due to poor image quality or heavy

calcified sites (N=52) and the sites with inadequate data analysis

due to inadequate length of bifurcation segment (N=64) were

excluded from the study. Further, two left main-left circumflex

bifurcation sites were excluded from the final analysis due to the

very small number.

Finally, 237 subjects, 256 major bifurcation sites (left main (LM)

and left anterior descending artery (LAD)=41, LAD and diagonal

artery=128, left circumflex artery (LCX) and obtuse marginal artery

(OM)=34, right coronary artery (RCA) and acute marginal artery

(AM)=53) were analysed. Two different major bifurcation sites were

evaluated in 19 subjects.

The baseline characteristics of the study subjects are shown in

Table 1. The subjects’ mean age was 61.0±11.3 years and 77.2%

of subjects were male. The study subjects were presented as stable

angina in 145 subjects (61.2%) and acute coronary syndrome in 92

(38.8%). Thirty-five (14.8%) bifurcation lesions (P+M burden

> 75%) were included in this study.

Clinical research

Figure 1. The schematic depiction of proximal, at the bifurcation (the point

of the bifurcation), and distal segments of bifurcations (upper panel). Gray

intravascular ultrasound (IVUS) (middle panel) and virtual histology (VH)-

IVUS (lower panel) of each VH frame were analysed. The numbers of

frames corresponding to 5 mm proximal and distal to the bifurcation sites

were analysed. At the bifurcation segment the numbers of frames were

analysed for each segment length because the numbers of frames at the

bifurcation segment depends on the vessel size of branch vessel.

Table 1. Baseline characteristics of the study subjects (N=237)

and bifurcation sites (N=256).

Variable Value

Age, years 61.0±11.3

Male 183 (77.2)

Diabetes 49 (20.7)

Hypertension 142 (59.9)

Smoking

Never 110 (46.4)

Ex 55 (23.2)

Current 72 (30.4)

Clinical presentation

Stable angina 145 (61.2)

Acute coronary syndrome 92 (38.8)

Total cholesterol, mg/dL 182.9±46.6

Triglycerides, mg/dL 91.0±89.0

HDL-cholesterol, mg/dL 47.5±15.4

LDL-cholesterol, mg/dL 108.7±38.0

Bifurcation site

LM-LAD 41 (16.0)

LAD-diagonal 128 (50.0)

LCX-OM 34 (13.3)

RCA-AM 53 (20.7)

Bifurcation lesion 

(P+M burden >75%) 35 (14.8)

Data are expressed as number (%) or mean±SD. HDL: high density

lipoprotein; LDL: low density lipoprotein; LM: left main coronary artery;

LAD: left anterior descending artery; LCX: left circumflex artery; OM:

obtuse marginal artery; RCA: right coronary artery; AM: acute marginal

artery; P+M: plaque plus media 
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The baseline characterisation of LM and non-LM

bifurcations

Eight subjects were evaluated in both LM-LAD and non-LM

bifurcation sites. The subjects with LM-LAD bifurcation sites had

a tendency to have diabetes (p=0.08) and a significantly high

proportion were taking beta-blockers (p=0.03). The other baseline

characteristics of subjects with LM-LAD bifurcation sites (N=41)

and non-LM bifurcation sites (N=204) were not significantly

different between two groups.

The geometric and compositional characteristics

of LM-LAD and non-LM bifurcation sites

Tables 2 and 3 show the geometric and compositional characteristics

of proximal, at the bifurcation, and distal segments of LM-LAD and

non-LM bifurcation sites. The P+M burden was larger in the distal

segments of LM-LAD bifurcation sites than in the proximal and at the

bifurcation segments (Table 2, Figure 2A). The % NC and % DC at

the bifurcation and distal segments of LM-LAD bifurcation sites was

significantly greater than in the proximal segments (Table 2, Figures

2B, C). In contrast, P+M burden, % NC and % DC in the proximal

segments of non-LM bifurcation sites was significantly greater than

at the bifurcation and distal segments (Table 3, Figures 2A, B, C).

Among non-LM bifurcation sites, P+M burden of the proximal

segments at the LAD-diagonal and RCA-AM bifurcation sites were

significantly larger than those of at the bifurcation or distal segments

(Figure 2A). Of interest, % NC of proximal segments at the LAD-

diagonal, LCX-OM, and RCA-AM bifurcation sites were significantly

greater than those of at the bifurcation or distal segments (Figure

2B). However, % DC was only greater in the proximal segments at

the RCA-AM bifurcation sites than those of at the bifurcation and

distal segments (Figure 2C).

Table 2. Geometric and compositional characteristics in LM-LAD bifurcation sites (n=41).

Variable Proximal At the bifurcation Distal ANOVA P/B P/D B/D

Geometrical parameters

Vessel CSA, mm2 26.83±5.44 25.65±6.44 18.51±4.30 <0.001 NS <0.001 <0.001

Lumen CSA, mm2 16.05±4.55 15.37±5.73 9.85±3.03 <0.001 NS <0.001 <0.001

P+M CSA, mm2 10.78±3.64 10.28±3.00 8.66±3.20 <0.001 NS <0.001 <0.001

P+M burden, % 40.40±11.76 41.15±11.01 46.55±12.08 <0.001 NS 0.002 0.001

Compositional parameters

DC CSA, mm2 0.22±0.26 0.37±0.36 0.36±0.36 0.007 0.004 0.076 NS

DC, % 1.89±2.10 3.31±2.87 3.73±3.28 <0.001 <0.001 0.002 NS

FT CSA, mm2 3.52±2.18 3.43±1.63 2.71±1.78 0.006 NS 0.023 0.003

FT, % 29.88±10.66 31.81±8.87 28.58±10.91 NS

FF CSA, mm2 0.89±0.80 1.07±0.81 0.64±0.58 <0.001 0.055 0.003 <0.001

FF, % 13.81±8.66 14.60±7.87 9.94±6.83 <0.001 NS 0.004 <0.001

NC CSA, mm2 0.61±0.77 0.76±0.70 0.70±0.64 NS

NC, % 4.89±4.78 6.75±5.09 7.36±6.01 0.006 0.001 0.026 NS

Media CSA, mm2 4.80±0.53 4.14±0.57 3.91±0.55 <0.001 <0.001 <0.001 0.009

Media, % 49.54±17.02 43.53±13.85 50.38±17.96 0.004 0.003 NS <0.001

Data are expressed as mean±SD.  LM: left main coronary artery; LAD: left anterior descending artery; ANOVA: analysis of variance; CSA: cross-sectional area;

P/B: proximal segment vs. at the bifurcation segment; P/D: proximal segment vs. distal segment; B/D: at the bifurcation segment vs. distal segment; P+M:

plaque plus media; DC: dense calcium; FT: fibrous tissue; FF: fibro-fatty; NC: necrotic core; NS: not significant.

Table 3. Geometric and compositional characteristics in non-LM bifurcation sites (n=215).

Variable Proximal At the bifurcation Distal ANOVA P/B P/D B/D

Geometrical parameters

Vessel CSA, mm2 17.82±4.68 17.85±4.63 13.75±4.05 <0.001 NS <0.001 <0.001

Lumen CSA, mm2 9.12±3.65 9.86±3.72 7.31±2.70 <0.001 <0.001 <0.001 <0.001

P+M CSA, mm2 8.71±2.89 7.99±2.64 6.44±2.42 <0.001 <0.001 <0.001 <0.001

P+M burden, % 49.41±12.12 45.34±11.21 46.80±10.68 <0.001 <0.001 0.009 NS

Compositional parameters

DC CSA, mm2 0.42±0.46 0.30±0.34 0.25±0.29 <0.001 <0.001 <0.001 NS

DC, % 4.57±4.67 3.38±3.44 3.55±3.74 <0.001 <0.001 0.006 NS

FT CSA, mm2 2.91±1.73 2.61±1.47 1.89±1.30 <0.001 0.004 <0.001 <0.001

FT, % 31.07±10.20 30.46±9.74 26.25±10.94 <0.001 NS <0.001 <0.001

FF CSA, mm2 0.91±0.78 1.03±0.85 0.65±0.64 <0.001 0.029 <0.001 <0.001

FF, % 9.83±6.93 12.02±7.44 8.22±6.47 <0.001 <0.001 <0.001 <0.001

NC CSA, mm2 0.77±0.74 0.57±0.55 0.45±0.45 <0.001 <0.001 <0.001 0.002

NC, % 8.08±6.21 6.47±5.11 6.28±5.05 <0.001 <0.001 <0.001 NS

Media CSA, mm2 3.70±0.52 3.49±0.46 3.25±0.59 <0.001 <0.001 <0.001 <0.001

Media, % 46.45±14.60 47.68±14.38 55.70±17.00 <0.001 NS <0.001 <0.001

Data are expressed as mean±SD.  LM: left main coronary artery; ANOVA: analysis of variance; CSA: cross-sectional area; P/B: proximal segment vs. at the
bifurcation segment; P/D: proximal segment vs. distal segment; B/D: at the bifurcation segment vs distal segment; P+M: plaque plus media; DC: dense calcium;
FT: fibrous tissue;  FF: fibro-fatty; NC: necrotic core; NS: not significant.
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The comparative analysis of compositional

characteristics between LM-LAD and non-LM

bifurcation sites

Table 4 shows the comparison of compositional characteristics

between LM-LAD and non-LM bifurcation sites. The non-LM

bifurcation sites had a significantly greater proportion of dense

calcium and necrotic core compared with those of the LM-LAD

bifurcation sites in the proximal segments of bifurcation sites (all

p<0.001).

Clinical research

Figure 2 A. The comparison of plaque+media burden (%) among the

proximal, at the bifurcation, and distal segments of left main-left

anterior descend artery, non-left main bifurcations. B. The

comparison of percent necrotic core among the proximal, at the

bifurcation, and distal segments of left main-left anterior descend

artery, non-left main bifurcations. C. The comparison of percent

dense calcium among the proximal, at the bifurcation, and distal

segments of left main-left anterior descend artery, non-left main

bifurcations. Values are mean±SEM. LM-LAD: left main-left anterior

descend artery; non-LM: non-left main; LAD-D: left anterior

descending artery-diagonal; LCX-OM: left circumflex artery-obtuse

marginal artery; RCA-AM: right coronary artery-acute marginal artery;

*P<0.05, +P<0.01, ‡P<0.001.
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Table 4. The comparison of compositional characteristics between

LM-LAD and non-LM bifurcation sites.

Segment LM-LAD Non-LM p Value
bifurcation bifurcation
(n=41) (n=215)

Proximal 

DC, % 1.89±2.10 4.57±4.67 <0.001

FT, % 29.88±10.66 31.07±10.20 0.50

FF, % 13.81±8.67 9.83±6.93 0.008

NC, % 4.89±4.78 8.08±6.20 <0.001

Media, % 49.54±17.02 46.45±14.60 0.23

At the bifurcation 

DC, % 3.31±2.87 3.38±3.44 0.90

FT, % 31.81±8.87 30.46±9.74 0.41

FF, % 14.60±7.87 12.02±7.44 0.045

NC, % 6.75±5.09 6.47±5.11 0.75

Media, % 43.53±13.85 47.68±14.38 0.90

Distal 

DC, % 3.73±3.28 3.55±3.74 0.78

FT, % 28.58±10.91 26.25±10.94 0.21

FF, % 9.94±6.83 8.22±6.47 0.12

NC, % 7.36±6.01 6.28±5.05 0.22

Media, % 50.38±17.96 55.70±17.00 0.70

Data are expressed as mean±SD. LM: left main artery; LAD: left anterior
descending artery; DC: dense calcium; FT: fibrous tissue; FF: fibro-fatty;
NC: necrotic core

Discussion
The current study demonstrates the geometric and compositional

characteristics of coronary atherosclerotic plaques at bifurcations

sites in humans and shows that LM-LAD bifurcation sites have

greater necrotic core and dense calcium at the bifurcation and

distal segments of the bifurcation sites compared to proximal

segments. In contrast, bifurcation sites of non-LM coronary arteries

showed greater necrotic core in the proximal segments. Second,

among the non-LM bifurcation sites, the % necrotic core of proximal

segments at the LAD-diagonal, LCX-OM, and RCA-AM bifurcation

sites were significantly greater than those of at the bifurcation or

distal segments. However, dense calcium was only greater in the

proximal segments at the RCA-AM bifurcation sites than those of at

the bifurcation and distal segments. These results might be

attributed to different anatomic locations and other factors such as

shear stress and the vessel structure of the bifurcation sites. The

current study suggests that there is a heterogeneous, non-uniform

distribution of atherosclerotic plaques between LM-LAD and non-

LM bifurcation sites.
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It is well known that vulnerable plaques and ruptured or prone-to-

rupture plaques are non-uniformly distributed along the coronary

arteries.10,14-17 However, little is known about in vivo data describing

the compositional tissue characteristics of atherosclerosis in the

coronary bifurcations on the basis of their anatomic locations. Thus,

the current study may have implications on the imaging-guided

approach for the detection of the heterogeneous distribution of

vulnerable plaque at the complex coronary lesions such as

bifurcation sites as well as its potential therapeutic approach for

coronary artery disease.

Left main-LAD bifurcations

Previous histologic and IVUS studies of the LM coronary artery

bifurcation have demonstrated that atherosclerotic plaques are

localised exclusively on the non-flow-dividing walls (opposite to

carina) of the LAD and LCX.4,6,18 Valgimigli et al19 recently reported

that the amount of necrotic core was minimal in left main stem but

peaked in the first 6 mm coronary segment from the carina of LM

bifurcations and then progressively decreased distally by IVUS-VH

study. In addition, Rodriguez-Granillo et al20 reported that ostial LAD

atherosclerotic plaques present larger plaque burden, eccentricity,

and plaque thickness than distal LM coronary plaques. In this

study, a larger calcified and necrotic core content by IVUS-RFD

analysis was found distal to the LCX take-off in the ostial LAD.

In the current study, the segments at the bifurcation and distal to

the bifurcations of the LM-LAD had greater % necrotic core and

dense calcium compared with the proximal segments. In addition,

the P+M burden of the distal segment in the LM-LAD bifurcations

was significantly greater than those of the proximal and at the

bifurcation segments. It has been known that the LM has the most

elastic tissue of the coronary vessels and the amount of elastic

tissue was diminished distally in the coronary tree. These

histological properties make LM unique among all coronary arteries

in the pathogenesis of atherosclerosis.21,22 These factors may

explain the differential tissue characteristics between LM-LAD and

non-LM bifurcations. Our study extends previous observations and

demonstrates the differential distribution of the component of the

plaque in LM-LAD bifurcation sites.

Non-left main bifurcations

Badak et al23 reported the results of IVUS analysis in the LAD-

diagonal and LCX-OM bifurcations. Volumetric analysis showed that

vessel CSA, lumen CSA and P+M CSA were larger (P<0.001) in the

proximal segment than in the distal segment, and the P+M burden

was similar between these segments. The data from the current

study extends this previous observational study, and reports the

tissue characterisation of these sites. Moreover, in the current study

we reported that the% necrotic core and dense calcium in the

proximal segment of non-LM bifurcations were greater than those of

at the bifurcation and distal segments.

In the current study, the % necrotic core in the proximal segments

were greater than those of at the bifurcation and distal segments in

all non-LM bifurcations. However, the % dense calcium in the

proximal segments were greater than those of at the bifurcation and

distal segments only in the RCA-AM bifurcation sites. Our results

are also consistent with recent published data which showed the

proximal segments of bifurcations had been identified as a region

more likely to contain thin fibrous cap and a greater proportion of

necrotic core.24

Clinical implications

A large body of evidence has demonstrated a significant

relationship between early atheroma development and low or

oscillatory shear forces resulting from vessel bifurcations.2,20,25-27

Our data suggest that the different anatomic locations and shear

forces at the LM-LAD and non-LM bifurcation sites might lead to the

formation of atheroma at different sites in proximal, at the

bifurcation and distal segments.

Post mortem data suggest also that plaque composition itself plays

a pivotal role in determining plaque vulnerability.28 Our results,

which show different geometric and compositional characteristics

between LM-LAD bifurcations and non-LM bifurcations, suggest

LM-LAD and non-LM bifurcation sites may have a different pattern

of plaque rupture.

Bifurcation coronary lesions remain a challenging lesion subset for

interventional procedures even in the era of drug-eluting stent.3

Baseline plaque accumulation has been reported to be related to

the long-term outcome of interventional procedures.29 Nakazawa et

al30 suggested, on the basis of their pathologic data, that lesions

with penetration of necrotic core by drug-eluting stent struts may be

associated with late stent thrombosis. The importance of

characterising the plaque components is underscored by recent

studies that have demonstrated that necrotic core-rich lesions

assessed by IVUS-RFD analysis were an important predictor of the

risk of distal embolisation after stent deployment in patients with

myocardial infarction and in patents with elective percutaneous

coronary intervention.31,32

In the current study, heterogeneous, non-uniform atherosclerotic

tissue characteristics were observed in coronary bifurcation sites,

and this observation may suggest, at least in part, the less favourable

outcome after intervention for bifurcation lesions as compared with

the result of intervention for non-bifurcation lesions. Furthermore,

our results suggest that more effective interventions such as

imaging guided therapeutic approach will be needed for the

treatment of lesions at coronary bifurcation sites.

Study limitations

Our study has several limitations. We did not evaluate major

bifurcation sites in relation to their anatomic locations in the same

subjects. However, the baseline characteristics did not differ

between subjects with LM and non-LM bifurcation sites (data are

not shown), we believe that there is no bias in enrolling patients to

global VH registry in subjects with LM-LAD bifurcation sites and with

non-LM bifurcation sites. In addition, we did not evaluate the effects

of side branch locations in terms of the orientation of side branch

toward the myocardial or epicardial surface and the obliquity of the

side branch take-off and did not analyse the characteristics of flow-

dividing and non-flow dividing sides of the bifurcation site.

Regarding this topic, previous studies using IVUS and multislice

computed tomography demonstrated that plaque was more
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accumulated in low wall shear stress regions (the opposite wall to

the carina, the inner wall of a curved vessel).23,33 Further study for

this topic using IVUS-RFD analysis will be needed in the future.

Because most of coronary artery bifurcations enrolled in this study

have been shown as mild atherosclerosis, further study to evaluate

the tissue characteristics in coronary artery bifurcation lesions,

which are indicated to perform coronary interventions, are

warranted in the future.

In conclusion, the current study demonstrates that tissue

characteristics of plaque differ significantly at coronary bifurcation

sites according to their segments (proximal, at the bifurcation, distal

segments) and anatomical locations (LM-LAD vs. non-LM

bifurcations). These results might be derived from different morphology,

anatomic locations (possible angle dependency), and additional

factors such as shear stress and vessel structure (elastic vs.

muscular) of bifurcation sites. The further investigation for the clinical

efficacy of imaging guided therapy on complex coronary plaques

such as bifurcation sites are warranted in the future.
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