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Abstract: Objective: This study aims to examine the plaque properties of stable coronary heart disease patients with
coronary intermediate lesion by virtual histology-intravascular ultrasound imaging (VH-IVUS). Methods: From Feb.
2015 to Dec. 2016, patients in our hospital with stable coronary heart disease were identified as coronary interme-
diate lesion by receiving coronary angiography examination. The screening patients were further received VH-IVUS
to evaluate the plaque character. Results: A total of 265 coronary intermediate lesion patients were included in the
study. The average age is 66.93+9.75. Among the cases, thin-cap fibroatheroma (TCFA) is 127; thick-cap fibroath-
eroma (ThCFA) is 93; pathological intimal thickening (PIT) is 41; fibrotic plaque (FT) is 4; fibrocalcific plaque (FC)
is 0. Compared with ThCFA, TCFA had more cases of diabetes and hyperlipidemia. Compared with ThCFA and PIT,
TCFA patients had coronary artery atheromatous plaque more than 10% of necrotic core of plaque area, increased
high density calcified components, more cases with the minimal lumen area <4.0 mm?Z. Conclusion: The dominated
plague type of coronary intermediate lesion is TCFA/ThCFA. TCFA combined with plague load and clinical symptom
might be regarded as the basis for the evaluating the unstable condition of stable coronary heart disease patients.
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Introduction

The occurrence and development of athe-
rosclerosis is throughout the individual from
young to old age of the growth process [1]. On
the individual, the development of coronary
atherosclerotic plaque is a long process and
spanning for several years to several decades.
As the patient’s age, gender, health status, pain
sensitivity, disease progression, collateral cir-
culation degree, clinical manifestations of ath-
erosclerosis were diversified. The mortality rate
for coronary heart disease in developed coun-
tries accounts for 50% of the total mortality
rate and 25% in developing countries [2]. Vir-
tual histology-intravascular ultrasound imaging
(VH-IVUS) can accurately detect the diameter
of the vessel and provides more accurate and
reproducible coronary artery disease informa-
tion than coronary angiography. Coronary criti-
cal lesions usually refer to coronary angiogra-

phy under the visual stenosis of 40% to 70%
of the lesions [3]. The evaluation results for
different surgeons or the same surgeon at dif-
ferent times are different. Intervention strate-
gies for critical lesions have been a hot topic in
the discussion of coronary intervention. The
aim of this study was to investigate the charac-
ter of the critical lesion of coronary artery, with
a view to providing a basis for its intervention
strategy.

Materials and methods
Patients

This study included 3396 patients with stable
coronary heart disease and they were received
coronary angiography examination from Feb.
2015 to Dec. 2016 in our hospital. 1530 cases
of them accepted percutaneous coronary inter-
vention (PCI) treatment. The coronary angiogra-
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Figure 1. Plague analysis of a male patient. A: Coronary arteriography showed the critical lesions in the middle of left
anterior descending coronary artery. B: VH-IVUC and data presentation for the critical lesions; the dark green area,
fibrous tissue; the light green area; red area, the necrotic core (necrotic core).

phy indications include chest pain (boring),
coronary artery stenosis indicated by the elec-
trocardiogram, positive sport tablet examina-
tion and coronary CT. For coronary intermediate
lesion, the inclusion criterion is visually steno-
sis degree accounting for 40%~70% of the
lesions under coronary angiography [3]. The
exclusion criteria: poor quality and retracement
of IVUS, VH-IVUS cannot confirm the lesions.
All patients have signed the informed consent
forms about coronary angiography and VH-
IVUS. Hypertension diagnostic criteria refer to
the Chinese Hypertension Prevention Guide
(Revised version 2013); diabetes diagnostic
criteria refer to the Chinese type 2 diabetes
prevention (version 2013); hyperlipidemia diag-
nosis refers to Chinese hyperlipidemia treat-
ment guidelines.

After admission, the fasting venous blood was
taken into EDTA anticoagulant tube and used
for the detection of total cholesterol, low den-
sity lipoprotein, high density lipoprotein, urea
nitrogen, creatinine, uric acid, brain natriu-
retic, etc. with biochemical tests in the Abbott
C1600 automatic biochemical analyzer (Ame-
rican Abbott).

Coronary angiography and VH-IVUS

Before coronary angiography, all patients had
conventional oral 100 mg aspirin enteric-coat-
ed tablets, 300 mg clopidogrel hydrogen sul-
fate. Coronary angiography examined the num-
ber of right coronary artery (RCA), left circumflex
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(LCX) and left anterior descending (LAD). Basing
on the examination, patients with severe coro-
nary artery bifurcation, left coronary artery
lesion, coronary artery critical lesion and par-
tial stent implantation or coronary occlusion
stent implantation were received VH-IVUS using
a Volcano S5™ ultrasound apparatus with 3.2F,
20 MHz phased array Eagle Eye® Gold VUS
ultrasonic probe. During the VH-IVUS proce-
dure, 200 pg of nitroglycerin was pre-injected
into coronary artery and 6000 U heparin was
intravenous injection; guidelines catheter deliv-
ery 0.014 inch guide wire arrived at the distal
end of the coronary artery. IVUS catheter re-
traction was withdrawn at 1.0 mm/s speed to
access the VH-IVUS images. All images are
retained and stored in the video workstation for
analysis. For analysis of chronic stable angina
pectoris coronary critical disease, the patients
with poor quality and poor withdrawing of
IVUS, VH-IVUS cannot clearly confirm the criti-
cal coronary artery disease were excluded.
Eventually, 265 cases were selected, including
121 males and 144 females and the average
age of 66.93+9.75 years old.

Statistical analysis

Data analysis used the SPSS 19.0 software.
Measurement data are presented as x+s and
the comparison between groups used t test;
count data are presented as percentage and
the comparison among groups are analyzed by
chi-square test. P value less than 0.05 was rec-
ognized as statistical significance.
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Figure 2. Plaque classification diagram. A: Thin-cap fibroatheroma (TCFA) plaques. B: Thick-cap fibroatheroma (ThC-
FA) plaque. C: Pathological intimal thickening (PIT) plaques. D: Fibrotic (FT) plaque. E: Fibrocalcific Plaque (FC)

plaques.

Results

Classification of coronary artery atheromatous
plaque

Plaque character of coronary artery disease
lesions from VH-IVUS examination results was
analyzed with echoPlaque4 software (US, IN-
DEC). Figure 1 showed one the typical case of
critical lesions of coronary atherosclerosis cor-
onary artery disease lesions. The dark green
area is fibrous tissue; the light green area is
fiber Fibro-fatty tissue; red area is the necrotic
core (necrotic core), which constituted by a
large number of dead cells and lipid composi-
tion; the white area is dense calcium, which is
deposited by a large number of calcium salt
crystals.

Coronary atherosclerotic plaques IVUS classifi-
cation [4]: 1) thin-cap fibroatheroma (TCFA)
plague, plaque necrosis/calcification compo-
nents close to the plaque surface appear at
least three consecutive cross sections, and
coronary atherosclerotic plaque necrosis core
area accounted for more than 10% of plaque
area (Figure 2A); 2) thick-cap fibroatheroma
(ThCFA) plaque, plaque necrosis/calcification
components away from the plague surface at
least 3 consecutive cross-sectional out and
coronary atherosclerotic plague necrosis of the
core area <10% (Figure 2B); 3) pathological inti-
mal thickening (PIT), plaque are dominant with
fibrous plague and fiber fatty plaques with
fibrous fatty plaque area >15% and calcified
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area <10% (Figure 2C); 4) fibrotic plaque (FT),
plaque are dominant with fibrous plaque with
fibrous fatty plaque area <15% and calcified
area <10% (Figure 2D); 5) fibrocalcific Plaque
(FC) plaques, calcified area >10% (Figure 2E).

Results of coronary atherosclerotic plaques
classification of all cases

Basing on the plaques classification, TCFA
accounted for the largest proportion (127/265,
47.92%) and ThCF, PIT, Fibrous plaques and
fibrous-calcified atherosclerotic plaque were
respectively (93/265, 35.09%), (41/265,
15.47%), (4/265, 1.51%), zero. Compared with
ThCFA group, TCFA group had more cases of
diabetes mellitus and dyslipidemia. The differ-
ence of gender, age, characteristics, cardiac
function grade, laboratory index, coronary
artery lesion and coronary stent implantation
ratio between these two groups was not statis-
tically significant. PIT group had less men cases
and more hyperlipidemia cases (Table 1).

Compared with ThCFA group, TCFA group
accounted for more than >10% coronary ath-
erosclerotic plague necrosis core area of
plague area and had increased high-density
calcification and more cases of the smallest
lumen area <4.0 mm? cases. The ThCFA group
had increased fibrous tissue and fibrous adi-
pose tissue. Compared with ThCFA group and
TCFA group, PIT group accounted for 15.47%
and had smaller plaque load and plaque area;
its plague was dominant with fiber fatty patch
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Table 1. Clinical data of coronary intermediate lesion patients

TCFA (n=127) ThCFA (n=93) PIT (n=41)
Age 68.15+9.89 66.46+9.34 64.37+10.27
Male [cases (%)] 61 (48.03)"° 43 (46.24)"° 15 (36.59)
Smoke [cases (%)] 28 (22.05) 26 (27.96) 8 (19.51)
Diabetes [cases (%)] 35 (27.56) 2 19 (20.43)"¢ 7 (17.07)
Hypertension [cases (%)] 90 (70.87) 69 (74.19) 31(75.61)
Hyperlipemia [cases (%)] 21 (16.54) ™= 9 (9.68)"° 14 (34.15)""Pc
NYHA class I~Il [cases (%)] 121 (95.28) 88 (94.62) 39(95.12)
NYHA class llI~IV [cases (%)] 6 (4.72) 5 (5.38) 2 (4.87)
Cerebrovascular events [cases (%)] 12 (9.45) 7 (7.53) 5(12.2)
Total cholesterol (mmol/I) 4.35+1.09 4.48+1.16 4.41+1.27
High-density lipoprotein-C (mmol/I1) 1.10+0.29 1.1+0.30 1.124+0.29
Low-density lipoprotein-C (mmol/I) 2.66+0.86 2.71+0.9 2.52+0.87
Triglyceride (mmol/I) 1.59+0.96 1.64+1.22 1.4+1.0
Urea nitrogen (mmol/I) 5.52+1.94 4,73+3.2 5.87+2.7
Creatinine (mmol/I1) 66.14+23.9 54.4+35.65 70.43+25.84
Uric Acid (mmol/I) 334.59+122.66 330.55+116.81 313.7£174.17
Brain natriuretic peptide (ng/L) 249 (143,487) 241 (53,630) 341 (155,720)

“P<0.05, ""P<0.01; *TCFA VS. ThCFA, "TCFA VS. PIT; °ThCFA VS. PIT. TCFA, thin-cap fibroatheroma; ThCFA, thick-cap fibroath-

eroma; PIT, pathological intimal thickening.

Table 2. Coronary arteriography and VH-IVUS

TCFA (n=127) ThCFA (n=93) PIT (n=41)
Coronary artery disease
Anterior descending left coronary artery [cases (%)] 76 (59.8) 56 (60.21) 22 (53.66)
Circumflex left coronary artery [cases (%)] 23 (18.11) 9 (9.68) 8(19.51)
Right coronary artery 28 (22.05) 28 (30.11) 11 (26.83)
Coronary artery stent implantation [cases (%)] 34 (26.77) 20 (21.51) 9 (21.95)
VH-IVUS
Plaque burden (%) 63.1449.13 64.06+£7.43 59.1+12.38"0¢
Plaque area (mm?) 10.14+3.7 10.81+3.38 8.81+3.49"b¢
Vascular cross-sectional area (mm?) 15.89+4.96 16.73+4.3 14.64+4.57"¢
Minimum lumen area (mm?) 5.75+1.98 5.92+1.6 5.83+2.12
Minimum lumen area less than 4.0 mm? [cases (%)] 22 (17.32)"2 8 (8.6) 6 (14.63)"°
Fibrous tissue area (%) 50.89+13.08 59.04+10.49"2 59.11+12.1*°
Fiber adipose tissue area (%) 11.43+10.79 14.83+8.61™2  27.46+15.57""P¢
Necrotic core area (%) 26.98+11.85™" 21.79+9.04""¢ 10.81+9.41
High density calcified area (%) 10.74£8.77 4.3345.63 4.0345.58

“P<0.05, “"P<0.01; ®TCFA VS. ThCFA, "TCFA VS. PIT; °ThCFA VS. PIT. TCFA, thin-cap fibroatheroma; ThCFA, thick-cap fibroath-

eroma; PIT, pathological intimal thickening.

and had less high density calcification (Table
2).

Discussion
On the individual, the occurrence and develop-

ment of the coronary artery plaque is a long
process and spanning for several years to sev-
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eral decades, during which intermittent devel-
opment may accelerate. Clinically, the cur-
rent coronary CT and coronary angiography is
usually not a routine physical examination of
the project and patients were examined only
when chest tightness (pain). Thus the coronary
atherosclerotic plague evolution is gradually
explored in recent years.

Int J Clin Exp Med 2017;10(9):13625-13631
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VH-IVUS technology is an interventional diag-
nosis method that basing on traditional gray-
type intravascular ultrasound catheter and is
used to distinguish different types of athero-
sclerotic plaque to detect the progression of
atherosclerotic plaques. VH-IVUS can now ide-
ntify four major plaque tissue components of
coronary atherosclerosis including fibrous pla-
ques, fibrous fat patches, necrotic cores and
calcification. Considering the composition and
distribution, the plaque are clinical divided into
six types, including thin-cap fibrous atheroscle-
rotic plaques, thick-cap fibrous atherosclerotic
plaques, pathological endometrial thickening,
fibrous plaques, fibrous-calcium atherosclerot-
ic plaques, and fibrous atherosclerotic plaques.

VH-IVUS can further objectively evaluate the
character of coronary plaques and is important
for the development of intervention strategies
[5]. VH-IVUS has some limitations, such as cor-
onary artery disease coronary artery stenosis
produced by the hemodynamic significance
cannot be judged use a single IVUS boundary
value. It should be combined with other factors
to assess, including lesion length, eccentricity,
reference to the diameter of the vessel and the
lesion dominated by the blood vessels [6].

Studies have shown that the plague load of
coronary arteriosclerosis and the severity of
coronary stenosis by IVUS detection are inde-
pendent risk factors for acute coronary syn-
drome (ACS) patients [7]. VH-IVUS of ACS pati-
ents showed that TCFA mainly locates at the
proximal anterior descending branch, near the
middle of circumflex branch and near the mid-
dle of right coronary. Plague rupture is more
likely to occur in the anterior descending proxi-
mal. TCFA in ACS criminal blood vessels and
non-criminals accounted for the proportion of
blood vessels were 55.0% and 36.6%, stable
coronary heart disease in the proportion of
blood vessels accounted for 14.4%, suggest-
ing that TCFA is a decisive factor in coronary
atherosclerotic plaque instability [8]. It has
also been found that VH-IVUS of ACS patients
with non-ST-elevation, necrotic core of coro-
nary artery lesions significantly increased [9].
PROSPECT study suggests that ACS patients
with non-criminal blood vessels, TCFA plaques,
IVUS examinations showing that the coronary
plaque load exceeds 70% and the vascular
window <4 mm? are three risk factors for coro-
nary artery events occurrence in 3 years [10].
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Cardiovascular events recurrence of ACS pati-
ents with non-criminal blood vessels is posi-
tively correlated with plaque rupture and lumen
area, plaque load, as well as with coronary
artery proximal site. The plaque nature of the
heavy plaque load is not consistent with the
nature of the high-risk vulnerable plaque [11].

The coronary artery lesions in patients with
stable coronary artery disease mostly locate
at left coronary artery anterior descending
artery. TCFA accounts for 47.92% of all cases
and this group of patients characterized by
diabetes mellitus, hyperlipidemia cases, and
increased high-density calcification and the
smallest lumen area <4.0 mm?2. This reflects
the changes in the composition of atheroscle-
rotic plaques. Patient with symptoms and coro-
nary angiography and the diagnosis of stable
angina commonly has TCFA as main feature.
Classification of the most narrow plaque prop-
erties of critical coronary artery lesions, TCFA
accounted for nearly half of the proportion, fol-
lowed by ThCF, the total proportion of the two
more than 80%, plus PIT type, more than 98%.
This means, one of the salient features of ath-
erosclerotic plaque at the critical lesion of
stable angina is the process of several athero-
sclerotic plague remodeling. The reasons for
coronary plaque rupture before the formation
of coronary artery stenosis are the formation of
coronary artery thrombosis owning to the pre-
domination of blood clots factors and plaque
“healing” owning to anti-thrombotic factors,
both of which lead to coronary atherosclerotic
plaque into the remodeling process and the
atherosclerotic plaque nature changes with the
dynamic process. In a word, atherosclerotic
plaque rupture stimulates the inflammatory
response, local thrombosis/thrombosis dissi-
pation, fibrosis scars, calcification, and necro-
sis of the core and a series of repair healing
and is followed by acceleration of reconstruc-
tion of coronary plaques and increase in coro-
nary stenosis.

Studies have shown that among classification
of plaque type by VH-IVUS, TCFA, ThCFA and PIT
are faster progress and have relatively stable
fibrous plaques and fibrosis calcified plaque.
TCFA can also change to ThCFA and fibrous
plaques [12]. It is more worthy of attention that
coronary plaque loads is persistent and serves
as a predisposed indicator for cardiovascular
events [13, 14]. However, there is still no evi-
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dence that the assessment of individual plaque
properties can better predict cardiovascular
events.

We found that in patients with stable coronary
heart disease, TFCA is more than ThCF type,
coronary plague more active, nearly half of
unstable plaques are in an unstable period.
Stable coronary heart disease patients being
with a stable state of coronary plaques just like
PIT type account for only in a few. The propor-
tion of TFCA in patients with stable coronary
heart disease is half but less than that of
the TFCA type of acute coronary syndrome.
Therefore, the plaque instability process of cor-
onary artery stability disease patients with
chest tightness (pain) symptoms requires more
attention. This provides the possible founda-
tion for drug treatment for such patients to alter
atherosclerotic plaque composition, stabiliza-
tion and reversal of plaques.

On the stability of coronary heart disease, coro-
nary intervention has been in controversial
state. Coronary intervention guidelines pointed
out that intensive drug treatment causes a
large range of myocardial ischemia and pre-
selection of coronary stent or coronary artery
bypass treatment of its potential benefits
greater than the risk of those who can choose
the appropriate treatment strategy according
to the characteristics of the lesion. It is sug-
gested that the degree of stenosis of coronary
artery lesion should be used as the basis
for decision-making. Lesion diameter narrow
>90% can be directly intervened; when the
lesion diameter narrow <90%, it is recommend-
ed only for the corresponding ischemic evi-
dence, or blood flow reserve score <0.8 lesions
should be directly intervened basing on the
China percutaneous coronary intervention
treatment guidelines. The further analysis of
stability of coronary heart disease through
VH-IVUS makes us understand the criticality
of coronary lesions, and also adds reference
value for the decision-making of coronary inter-
vention. Our observation of TCFA patients,
mean lesion vascular luminal surface is less
than ThCFA and the smallest lumen area <4.0
mm? accounted for 17.3% supporting that for
TCFA patients, small lumen area, repeated
angina pectoris, drug poor treatment can be
positively considered line coronary stent im-
plantation; TCFA with poor anti-angina drug’s
efficacy, unstable plaque and repeated angina
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pectoris still positively consider coronary stent
implantation.

This study is a study of the smaller sample of
single center, and the results still need to be
confirmed by large sample studies. This study
was only VH-IVUS examination for target blood
vessels lesion of stable coronary heart disease.
We will further follow-up dynamic observation
of the development of coronary artery disease
in these patients and understand VH-IVUS
criminal plaque characteristics in this type
patient with acute coronary syndromes. Our
observation provides more guidance signifi-
cance for the choice of intensive drug therapy
or early intervention therapy.
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