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A volumetric intracoronary ultrasonographic
study of coronary bifurcation lesions
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Abstract. — OBJECTIVE: To evaluate the plaque
distribution and composition pattern in the left
main coronary artery (LMCA) disease using intra-
coronary ultrasound.

PATIENTS AND METHODS: Intravascular ul-
trasound data of 50 patients from the January
2010 to December 2015 with significant LMCA
bifurcation lesions, with angiographic diameter
stenosis >50%, and requiring revascularization,
were evaluated. Plaque burden and percentage
of necrotic core (% NC) at the minimal lumen ar-
ea site and maximal % NC site were measured
in different segments. The segments that were
included in the study are as follows: segment
1: proximal LMCA, segment 2: left anterior de-
scending (LAD) ostium, segment 3: left circum-
flex branch (LCX) ostium, segment 4: proximal
LAD, segment 5: proximal LCX. According to its
relationship with the bifurcation ridge, the blood
vessel wall was divided into the contralateral bi-
furcation ridge blood vessel wall and bifurcation
ridge blood vessel wall.

RESULTS: Plaque burden results showed that
the plaque eccentricity index of segment 2 and
segment 3 was significantly higher than that of
the other segments at sites of the minimal lumen
area and maximal % NC with a statistically sig-
nificant difference (p<0.05). Plaque eccentric-
ity index of contralateral bifurcation ridge was
significantly higher than that of the bifurcation
ridge, and the difference was statistically signif-
icant (p<0.05). Analysis of plaque composition
showed the fibrous tissue percentage of seg-
ment 2 and segment 3 was significantly higher
than the other segments that at the sites of min-
imal lumen area and the maximal % NC site. The
fibrous percentage of the contralateral bifurca-
tion ridge was significantly lower than that of the
bifurcation ridge.

CONCLUSIONS: Intravascular ultrasound is
an effective way for detecting the distribution
and composition of the atherosclerotic plaque
at the left main coronary artery bifurcation and
is of great significance to adjuvant intervention-
al therapy.
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Introduction

Left main coronary artery is the main blood
supply to the left heart muscle. It is divided into
the left anterior descending artery and left circu-
mflex artery, forming a y-shaped arterial bifurca-
tion. When blood flows through the bifurcation,
there will be a change in the hemodynamics me-
chanism. This change leads to more easily forma-
tion of atherosclerotic plaques in this area, cau-
sing arterial stenosis and further leads to the left
main bifurcation lesions'. Interventional therapy
is currently the main approach to treat the coro-
nary stenosis caused by coronary atherosclerotic
plaques®. The appropriate intervention strategy
is required for the identification of plaque cha-
racteristics. Conventional coronary angiography
cannot accurately assess the position and plaques
characteristic®. So, in recent years, rapidly develo-
ped intravascular ultrasound (IVUS) technology
performed in the implementation of plaque cha-
racteristic determination®’. Further, intervention
can be guided according to the characteristics®’.
So, with this in mind, we have evaluated the ap-
plication of intravascular ultrasound in left main
coronary artery disease, which assesses the cha-
racteristics of the plaques in order to carry out
further treatments.

Patients and Methods

Patients diagnosed with coronary artery dise-
ase and completed coronary angiography in the
Department of Cardiology at Changzhou TCM
Hospital (Jiangsu Province, China) were taken as
study samples. All the patients were selected from
January 2010 to December 2015. Total sample
size comprised of 50 patients, including 32 males
and 18 females. This investigation was approved
by the Ethics Committee of Changzhou TCM Ho-
spital (Jiangsu Province, China). Signed written
informed consents were obtained from all partici-
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pants before the study. The inclusion criteria were:
(1) patients first diagnosed with stable angina or
acute coronary syndrome; (2) in-hospital coro-
nary angiography revealed left main-LAD/LCX
bifurcation lesions (stenosis >50%); (3) patient
and the family members signed an agreement on
IVUS examination. The exclusion criteria were:
(1) ultrasound images obtained cannot be accura-
tely measured or analyzed; (2) the left main coro-
nary artery was too short to be examined.

IVUS examination: first of all, the femoral
artery was conventionally punctured and IVUS
catheter was placed. The IVUS catheter (Boston
Scientific Corporation, Boston, MA, USA) Atlan-
tisTM (3.0 Fr, 40 MHz) was used for the proce-
dure. The probe used was of monorail mechani-
cal rotation type with automatic retraction at the
speed of 0.5 mm/s with image acquisition speed
of 30 frames/s. The operating system was Gala-
xyIM (Boston Scientific (Boston, MA, USA).
IVUS catheter was placed onto the lesion, image
acquisition system was connected, and Real-time
imaging and recording were performed.

Ultrasound image analysis: LMCA lesions were
divided into 5 segments according to the distan-
ce to the bifurcation site: proximal LMCA, seg-
ment 2: left anterior descending (LAD) ostium,
segment 3: left circumflex branch (LCX) ostium,
segment 4: proximal LAD, segment 5: proximal
LCX (Figure 1). According to the relationship
with the bifurcation, the vessel wall was divi-
ded into the bifurcation ridge vessel wall and the
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contralateral bifurcation ridge vessel wall. The
cross-sectional area of the external elastic mem-
brane and the lumen were measured at the site of
minimum lumen area of each segment. The pla-
que area, plaque burden, and plaque eccentricity
index were measured by the following formulas:

* Plaque area = external elastic membrane
cross-sectional area — lumen cross-sectional
area.

* Plaque burden = plaque area/external elastic
membrane cross-sectional area.

* Plaque eccentricity index = maximum plaque
and media thickness/minimum plaque and me-
dia thickness.

Measurement of the intra-plaque tissue structu-
re: the area of fibrous tissue, fibrous lipid, calcified
tissue and necrotic core at the minimum lumen
area and the maximum necrotic core were measu-
red; the percentage of the total area was calcula-
ted according to the area percentage of each part.

Statistical Analysis

SPSS 17.0 (SPSS Inc., Chicago, IL, USA) was
used for the statistical analysis. Measurement data
were expressed as mean =+ standard deviation.
Two independent samples t-test were used for the
comparison between the two groups. Enumera-
tion data were expressed as the number of cases
(percentage), x2-test was performed for the com-
parison between the two groups. p-value<0.05 for
the difference was considered as statistically si-
gnificant results.

contralateral
bifurcation ridge

bifurcation
ridge

Figure 1. A schematic diagram of LMCA bifurcation lesion (the left figure was divided into 5 segments; the right figure was

divided into 2 areas).
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Figure 2. Analysis of the plaque at the minimum lumen area site and the maximal % NC site in the all the five segments of
LMCA bifurcation. 4, Plaque burden; B, Plaque eccentricity index. Intravascular ultrasound showed that the plaque burden
and plaque eccentricity index of segment 2 and 3 of the LMCA bifurcation were significantly higher than that of the other
segments at the minimum lumen area site and the maximal % NC site.

Results

Clinical Data

50 patients were included in this study, which
includes 32 males (64%), 18 females (36%) with
the average age of 67.2+7.9 years. The disease
history and Medina classification of all selected
patients were listed in Table I.

Analysis of LMCA bifurcation plaque bur-
den: the analytic result of the all the five seg-
ments revealed the plaque burden at the site of
minimum lumen area was as followed: segment

Table I. Clinical data of study object.

1 (55.1£3.7)%, segment 2 (76.2+5.2)%, segment
3 (73.7£5.7)%, segment 4 (62.2+3.6)%, segment
5 (63.1£3.4)%. The multiple comparison resul-
ts showed that the plaque burden of segment 2
and 3 was significantly higher than that of the
other segments and the difference was statisti-
cally significant (p-value <0.05). The plaque
eccentricity index of all the five segments was:
segment 1 (5.3£1.2), segment 2 (9.1£2.5), seg-
ment 3 (8.8+1.8), segment 4 (6.1£1.5), segment
5 (6.5+1.7). The multiple comparison results
showed that the plaque eccentricity index of

mean * standard deviation/number of cases (%)

Age, years

Gender, number of cases (%)

Male

Female

Hypertension history,number of cases (%)
Diabetes history, number of cases (%)
Hyperlipidemia, number of cases (%)
Stable angina, number of cases (%)

Acute coronary syndrome, number of cases (%)
Angle of bifurcation, degree

Medina classification, number of cases (%)
(0,0,1)

(0,1,0)

0,1,1)

(1,0,0)

(1,0,1)

(1,1,0)

(L,L,1)

67.247.9

32 (64)
18 (36)
45 (90)
21 (42)
40 (80)
37 (74)
13 (26)
55.2+19.4

24

8 (16)
3(0)
3(6)
48
11 (22)
19 (38)
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Figure 3. Comparison of LMCA bifurcation ridge and contralateral bifurcation ridge at minimum lumen area site and ma-
ximal % NC site. A, Plaque burden; B, Plaque eccentricity index. Intravascular ultrasound showed the plaque burden and the
plaque eccentricity index of the LMCA contralateral bifurcation ridge was significantly higher than at of the LMCA bifurca-
tion ridge at the minimal lumen area site and the maximal % NC site.

segment 2 and 3 were significantly higher than
that of the other segments and the difference
was statistically significant (p-value <0.05). The
plaque burden of all five segments at the maxi-
mal percentage of necrotic core (% NC) site was:
segment 1 (45.1£2.5)%, segment 2 (98.3+6.1)%,
segment 3 (95.7£5.7)%, segment 4 (53.2+2.8)%,
segment 5 (55.24+3.3)%. The multiple compari-
son results showed that the plaque burden of seg-
ment 2 and 3 was significantly higher than that
of the other segments and the difference was sta-
tistically significant (p-value <0.05). The plaque
eccentricity index of all the five segments was:
segment 1 (5.1+0.9), segment 2 (9.3+£2.7), seg-
ment 3 (9.0£1.9), segment 4 (6.4£1.6), segment
5 (6.6£1.8). The multiple comparison results
showed that the plaque eccentricity index of seg-
ment 2 and 3 were significantly higher than that
of the other segments and the difference was sta-
tistically significant (p-value <0.05) (Figure 2).
In left main bifurcation lesions, at the minimum
lumen area site, the plaque burden of the contra-
lateral bifurcation ridge was significantly higher
than the plaque burden of the bifurcation ridge
(83.4£5.4 vs. 53.3+3.4). The multiple comparison
results showed statistically significant p-value
of <0.05. The plaque eccentricity index of the
contralateral bifurcation ridge was significant-
ly higher than the plaque eccentricity index of
the bifurcation ridge (8.6+1.5 vs. 5.3£F0.8). The
multiple comparison results showed statistically
significant p-value of <0.05. At the maximal %
NC site, the plaque burden of the contralateral

bifurcation ridge was also significantly higher
than the plaque burden of the bifurcation ridge
(105.2+6.2 vs. 64.1+4.4). The multiple compari-
son results showed statistically significant p-va-
lue of <0.05. The plaque eccentricity index of the
contralateral bifurcation ridge was significantly
higher than the plaque eccentricity index of the
bifurcation ridge (10.2+3.1 vs. 6.2+1.8). The
multiple comparison results showed statistically
significant p-value of <0.05 (Figure 3).

Analysis of LMCA bifurcation plaque tissue
structure: at the minimum lumen area site from
the segment 1 to 5, the fibrous tissue percenta-
ge was: 63.943.5, 48.3+2.2, 49.5+£2.5, 58.943.1,
60.1£3.2, respectively. At the minimum lumen
area site from the segment 1 to 5, the fibrous lipid
tissue percentage was 11.1£1.2, 8.1x1.1, 8.7+1.2,
9.8+0.9, 10.8+1.1, respectively. At the minimum
lumen area site from the segment 1 to 5, the cal-
cified tissue percentage was: 10.1£1.1, 19.4+2.1,
18.1+1.8, 15.2+1.3, 14.5+1.1, respectively; the ne-
crotic core percentage was 15.2+1.4, 25.4+2.0,
24.542.1, 17.1£1.5, 16.5+1.6, respectively. Mul-
tiple comparison results showed that the fibrous
tissue percentage of segment 2 and 3 was signifi-
cantly lower than that of the other segments. The
% NC was significantly higher than that of the
other segments, the differences were statistically
significant (p<0.05). The fibrous tissue percen-
tage of contralateral bifurcation ridge plaques
was 50.1+2.3, fibrous lipid tissue percentage was
8.9+1.1, calcified tissue percentage was 18.8+1.8,
% NC was 23.8+1.9. The fibrous tissue percentage
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of bifurcation ridge plaques was 61.2+3.1, fibrous
lipid tissue percentage was 10.2+1.1, calcified
tissue percentage was 14.3£1.1, and % NC was
15.5+1.2. The contralateral bifurcation ridge had
lower fibrous tissue percentage and higher % NC
than the bifurcation ridge. The differences were
statistically significant (p<0.05) (Figures 4 and
5). At the maximal % NC site from segment 1
to 5, the fibrous tissue percentage was: 53.6+3.3,
39.3+1.8, 40.1£2.0, 49.842.1, 50.4+2.5, respecti-
vely. At the maximal % NC site from segment 1
to 5, fibrous lipid tissue percentage was 6.6+0.7,
3.7+0.5, 4.0£0.8, 5.0+£0.9, 6.0+£0.9, respecti-
vely. At the maximal % NC site from segment
1 to 5, calcified tissue percentage was: 13.2+1.4,
22.6+2.5, 21.6£1.9, 18.3£1.5, 17.4+1.7, respecti-
vely. At the maximal % NC site from segment 1
to 5, the necrotic core percentage was 28.1+2.3,
38.543.7, 37.743.8, 30.3+3.1, 29.6+2.2, respecti-

A

1
— 804 E !4
X 32 s
< E3 3
0}
)
[7)]
(2]
L
(/)]
>
o
| -
o)
4= |

minimu maximal
lumen area NC site

O

calcified tissue (%)

maximal
lumen area NC site

minimum

vely. Multiple comparison results showed that
the fibrous tissue percentage of segment 2 and
3 was significantly lower than that of the other
segments and the % NC was significantly higher
than that of the other segments. The differences
were statistically significant (p<0.05). Analytical
results of contralateral bifurcation ridge plaques
were: fibrous tissue percentage was 41.1+2.2, fi-
brous lipid tissue percentage was 4.2+0.9, calci-
fied tissue percentage was 21.6+1.9, % NC was
34.3£2.7. The analytical results of bifurcation
ridge plaques were: fibrous tissue percentage
was 51.6£2.6, fibrous lipid tissue percentage was
6.0+0.6, calcified tissue percentage was 14.2+1.1,
% NC was 29.2+2.2. The contralateral bifurca-
tion ridge had lower fibrous tissue percentage
and higher % NC than the bifurcation ridge; the
differences were statistically significant (p<0.05)
(Figures 4 and 5).
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Figure 4. Analysis of plaque tissue structure of the 5 segments in the LMCA bifurcation at the minimum lumen area site
and the maximal % NC site. A, Fibrous tissue; B, Fibrous lipid tissue; C, Calcified tissue; D, Necrotic core. Intravascular ul-
trasound showed, at the minimum lumen area site and the maximal % NC site, the fibrous percentage of segment 2 and 3 in
left main bifurcation was significantly lower than that of the other segments, the % NC was significantly higher than that of

the other segments.
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Figure 5. Analysis of plaque tissue of the left main bifurcation ridge and the left main contralateral bifurcation ridge at the
minimum lumen area site and the maximal % NC site. 4, Fibrous tissue; B, Fibrous lipid tissue; C, Calcified tissue; D, Necrotic
core. Intravascular ultrasound showed, at the minimum lumen area site and the maximal % NC site, the fibrous percentage of
the contralateral bifurcation ridge was significantly lower than that of the bifurcation ridge, the % NC was significantly higher

than that of the bifurcation ridge.

Discussion

The atherosclerotic plaques occur more fre-
quently at the site of arterial bifurcation. The
reason is due to changes in blood flow patterns.
A simple axial blood flow through the arterial bi-
furcation produces turbulence, which further im-
pacts on the blood vessel wall and leads to lower
the shear stress along the main blood branch. The
shear stress at the lateral wall of side branch and
the distal end was high, while it was low at the
side branch ostium, proximal part, and the con-
tralateral bifurcation ridge. The shear stress at
the bifurcation ridge was the highest". The dif-
ference in shear stress directly affects the distri-
bution and characteristics of atherosclerotic pla-
ques in the coronary artery bifurcation and the
plaque always distributes from low shear stress
to high shear stress''2. The plaques at a higher

shear stress site are usually derived from pla-
ques at a lower shear stress site. In this study, we
found that the plaques at the bifurcation lesion
of ostium and proximal end had heavier burdens
than at the distal end; plaques at the contralateral
bifurcation ridge had heavier burdens than at the
bifurcation ridge. These results were found to be
similar to the results of previous studies'>!*. The
difference in the distribution of plaque and shear
stress can affect the endothelial function'*'®. The
endothelium under the shear stress can produce
histamine, prostacyclin, and other substances',
which causing the dilation of blood vessels, inhi-
bition of platelet aggregation, synthesis, secre-
tion of fibrinolytic activators, and the inhibition
of thrombosis. Many antithrombotics secreted by
the endothelium are shear stress-dependent'® and
shear stress can affect the differentiation, matura-
tion, and aggregation of adipocytes'’. However, in

1099



Q.-H. Li, Q. Zhang, X.-L. Li, J.-F. Yin, H.-G. Ji

the low shear stress area, the endothelium showed
limited function, which is easy to cause the for-
mation and rupture of atherosclerotic plaques'®".
The rupture of unstable plaques is the main me-
chanism of acute coronary artery syndrome and
introduces the sudden cardiac death®. Previous
researches?** found that the main morphologi-
cal features before the rupture of plaque were the
thinning of the fiber cap, larger necrotic core and
the large amounts of fat necrotic tissue in the core.
We found that the plaques, which were located at
the sites of bifurcation ostium and the proximal
end of the bifurcation lesion, had lower fibrous
tissue components, higher % NC, suggesting hi-
gher vulnerability to rupture, which is consistent
with previous studies and clinical findings. In pa-
tients with acute coronary syndromes, a majority
of patients had stenosis or occlusion at the ostium
or proximal end of the main branch bifurcation®.
Clearing plaques at bifurcation sites may contri-
bute to further interventional therapy**>.

Our work was a single-center study with a
small sample size. Therefore, there will be a need
for further research with multi-center, large sam-
ple, randomized control studies to confirm the
results.

Conclusions

This study demonstrated that [VUS performed
in interventional therapy can clear the characteri-
stics and composition of coronary atherosclerotic
plaque; therefore, it clarifies the stability of the
plaque since the instability of plaque is a major
factor in cardiovascular incidents. Therefore, this
work demonstrated the necessity of IVUS appli-
cation in interventional therapies. According to
our results, we can initially determine the cha-
racteristics of plaques at different LMCA bifurca-
tion sites, which can provide a primary guidance
for interventional therapy if there is no condition
to perform IVUS.
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