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Introduction

Atherosclerosis is one of leading causes of death in developed 
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Background and Objectives: Hypercholesterolemia is a key factor in the development of atherosclerosis. We sought to evaluate the re-
lation between hypercholesterolemia and plaque composition in patients with coronary artery disease.
Subjects and Methods: Study subjects consisted of 323 patients (mean 61.5 years, 226 males) who underwent coronary angiography and 
virtual histology-intravascular ultrasound examination. Patients were divided into two groups according to total cholesterol level: hypercho-
lesterolemic group (≥200 mg/dL, n=114) and normocholesterolemic group (<200 mg/dL, n=209).
Results: Hypercholesterolemic patients were younger (59.7±13.3 years vs. 62.6±11.5 years, p=0.036), than normocholesterolemic patients, 
whereas there were no significant differences in other demographics. Hypercholesterolemic patients had higher corrected necrotic core 
volume (1.23±0.85 mm3/mm vs. 1.02±0.80 mm3/mm, p=0.029) as well as percent necrotic core volume (20.5±8.5% vs. 18.0±9.2%, p= 
0.016) than normocholesterolemic patients. At the minimal lumen area site, percent necrotic core area (21.4±10.5% vs. 18.4±11.3%, p= 
0.019) and necrotic core area (1.63±1.09 mm2 vs. 1.40±1.20 mm2, p=0.088) were also higher than normocholesterolemic patients. Multi-
variate linear regression analysis showed that total cholesterol level was an independent factor of percent necrotic core volume in the cul-
prit lesion after being adjusted with age, high density lipoprotein-cholesterol , hypertension, diabetes mellitus, smoking and acute coro-
nary syndrome (beta 0.027, 95% confidence interval 0.02-0.053, p=0.037). 
Conclusion: Hypercholesterolemia was associated with increased necrotic core volume in coronary artery plaque. This study suggests that 
hypercholesterolemia plays a role in making plaque more complex, which is characterized by a large necrotic core, in coronary artery dis-
ease. (Korean Circ J 2013;43:23-28)
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countries. Rupture of vulnerable plaque characterized by large lipid 
contents is a main cause of acute coronary syndrome (ACS) and sud-
den cardiac death.1-4) Accumulation of low density lipoprotein (LDL) 
particles is the initial step in atherogenesis and cholesterol is a ma-
jor component of atherosclerotic plaque.5)6) Inflammation and vas-
cular smooth muscle cell proliferation are also important in athero-
genesis.7)8) Although hypercholesterolemia promotes accumulation 
of LDL particles in intima, tissue characterization of coronary pla-
que according to cholesterol level has not been reported. 

A recently developed virtual histology-intravascular ultrasound 
(VH-IVUS) provides a method of accurate in vivo analysis regarding 
coronary plaque using radiofrequency spectral analysis identifying 
the fibrous, fibro-fatty, dense calcium and necrotic cores in the co-
ronary plaque in coronary artery.9)10) It has been shown to have a 93- 
97% ex vivo and 87-92% in vivo accuracy for specific tissue compo-
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sition.11-13) We sought to evaluate the relation between hyperchole-
sterolemia and in vivo plaque composition in patients with coronary 
artery disease using VH-IVUS analysis.

Subjects and Methods

Study population
A total of 331 consecutive patients who underwent coronary an-

giography (CAG) and VH-IVUS for evaluating ischemic heart disease 
were enrolled in the study. Eight patients whose cholesterol values 
were not available were excluded. Finally, the study population con-
sisted of 323 patients; 178 patients with stable angina pectoris, 31 
patients with unstable angina pectoris, and 114 patients with myo-
cardial infarction. This study was approved by the ethics committee 
of Konyang University Hospital.

Clinical information on patients was obtained by analyzing their 
medical records and blood glucose and lipid analyses were based on 
the fasting values measured before the CAG. In cases regarding 
primary percutaneous coronary intervention (PCI), fasting blood 
was obtained during the morning of the next day for blood chemis-
try. Subjects were divided into two groups according to total choles-
terol values14-16): hypercholesterolemic group (≥200 mg/dL, n=114) 
and normocholesterolemic group (<200 mg/dL, n=209).

Coronary angiography
All patients received aspirin 300 mg and clopidogrel 300-600 mg, 

and an additional 120 IU/kg of unfractionated heparin intravenously 
before CAG and VH-IVUS examination. CAG was done by femoral or 
radial approach using a 5 Fr catheter with a conventional method. 
The culprit lesion was identified by the ventricle wall motion abnor-
malities and the appearance of the angiographic lesion.

Out of 323 study patients, 299 patients underwent PCI whereas 
the remaining 24 patients were treated by medication. PCI was per-
formed by usual pattern via the transradial or transfemoral approach.

Intravascular ultrasound-examination and analysis
Virtual histology-intravascular ultrasound examination was per-

formed with a dedicated VH-IVUS console (Volcano Therapeutics, 
Rancho Cordova, CA, USA) and 20-MHz, 2.9 Fr monorail, electronic 
Eagle Eye Gold IVUS catheter (Volcano Therapeutics, Rancho Cordo-
va, CA, USA) during CAG after intracoronary administration of 100 
to 200 μg nitroglycerin. The IVUS catheter was advanced into the tar-
get lesion after wiring (n=159, 49.2%) or ballooning (n=164, 50.8%), 
and automatic pullback at 0.5 mm/s was done. Later one, the VH-
IVUS image was recorded on a DVD-ROM for off-line analysis.

Both qualitative and quantitative analyses of gray scale IVUS 
were performed according to the criteria of the American College of 

Cardiology’s Clinical Expert Consensus Document on IVUS.17) The pro-
ximal and distal reference were defined as the site with the largest 
lumen proximal and distal to a stenosis but within the same seg-
ment (usually within 10 mm of the stenosis with no major interven-
ing branches), respectively.

Spectral analysis of intravascular ultrasound radiofrequency data
These analyses were done on the target lesion with customized 

software (IVUS Lab.; Volcano Therapeutics, Rancho Cordova, CA, 
USA) by an examiner who was unaware of the gray scale IVUS re-
sults. For both the lumen and the media-adventitia interface, auto-
matic border detection was done at the predefined lesion segment. 
Then, the border detection was manually corrected again in the le-
sion after automatic border detection. The border was determined 
only when the two circulatory doctor’s judgments agreed. When th-
eir opinions differed, another doctor was asked to make a judgment. 
After confirming the border detection, the software automatically 
calculates and shows the results. For each frame, histologic findings 
were expressed in colors (green for fibrous, green-yellow for fibro-
fatty, white for dense calcified, and red for necrotic core area). The 
predictive accuracy of this method with tissue mapping has been 
validated.11-13) The area (mm2) and percent area of each tissue compo-
nent of plaque were analyzed at the minimal lumen area (MLA) site, 
and the volume (mm3) and percent volume of each tissue component 
of plaque were evaluated at the full segment of the culprit lesion. Vo-
lume was divided by lesion length to adjust for the different lesion 
length of each patient and described as corrected volume (mm3/mm).

Statistical analysis
All statistical data were indicated as means and standard devia-

tions for continuous variables and as percentage ratio for categori-
cal variables. The statistical data for the subject groups were process-
ed using Statistical Package for the Social Sciences (SPSS) Statistics 
Program (version 18.0; SPSS Inc., Chicago, IL, USA). The independent 
t-test in continuous variables and the chi-square test in discontin-
uous variables were performed to compare differences in the two 
groups. Pearson correlation coefficient was used to measure the 
association between cholesterol values and tissue compositions. 
Multiple regression analysis with either method was performed to 
evaluate independent predictors of necrotic core volume. A p<0.05 
was considered statistically significant.

Results

Clinical characteristics
Study subjects were divided into two groups; hypercholesterol-

emic and normocholesterolemic group. The hypercholesterolemic 
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group was younger than the normocholesterolemic group (59.7± 
13.3 years vs. 62.6±11.5 years, p=0.036). There were no significant 
differences in gender, prevalence of hypertension, diabetes, smoking 
and prior myocardial infarction, diagnosis, multivessel disease and 
the location of the lesion. In the hypercholesterolemic group, total 
cholesterol (226±64 mg/dL vs. 168±30 mg/dL, p<0.001), triglycer-
ide (202±185 mg/dL vs. 145±77 mg/dL, p<0.001), high density lipo-
protein-cholesterol  (HDL-C) (46.5±11.0 mg/dL vs. 42.5±10.5 mg/dL, 
p=0.002), and low density lipoprotein-cholesterol (LDL-C) (146±34 
mg/dL vs. 109±23 mg/dL, p<0.001) was significantly higher than the 
normocholesterolemic group. Blood glucose, creatinine, and high-
sensitivity C-reactive protein showed no significant differences be-
tween the two groups (Table 1).

Virtual histology-intravascular ultrasound findings
In the gray-scale IVUS finding, there were no significant differ-

ences in lesion length, remodeling index, and volumetric analysis ad-

justed by the lesion length in two groups, but also plaque and lumen 
area at the MLA site (Table 2).

In VH-IVUS analysis over the entire segment of the culprit lesion, 
necrotic core volume was significantly larger in the hypercholeste-
rolemic group (1.23±0.85 mm3/mm vs. 1.02±0.80 mm3/mm, p= 
0.029), and percent dense calcified (10.2±7.0% vs. 8.6±6.2%, p= 
0.041) and percent necrotic core volume (20.5±8.5% vs. 18.0±9.2%, 
p=0.016) were significantly higher in the hypercholesterolemic gr-
oup (Table 3, Fig. 1).

In VH-IVUS analysis at the MLA site, the necrotic core area was 
larger in the hypercholesterolemic group (1.63± 1.09 mm2 vs. 1.40± 
1.20 mm2, p=0.088), but has no statistical significance. However, 
percent necrotic core area was significantly higher in the hypercho-
lesterolemic group (21.4±10.5% vs. 18.4±11.3%, p=0.019) (Table 3).

Correlation analysis between the serum lipid parameter and tissue 
compositions of the culprit lesion revealed that total cholesterol 
was correlated with percent fibro-fatty volume (r=-0.149, p=0.007) 

Table 1. Clinical characteristics of the study subjects

Variables Hypercholesterolemic (n=114) Control (n=209) p

Age, years old 59.7±13.3 62.6±11.5 0.036

Male gender, n (%) 75 (65.8) 151 (72.2) 0.226

Risk factors, n (%)

Hypertension 56 (49.6) 108 (51.7) 0.717

Diabetes 30 (26.5) 62 (29.7) 0.555

Smoking 45 (39.8) 73 (34.9) 0.384

Prior MI 7 (6.1) 14 (6.7) 0.846

Ejection fraction (%) 61.9±10.8 63.0±10.8 0.385

Diagnosis, n (%) 0.638

STEMI 36 (31.6) 78 (37.4)

Ustable angina pectoris 10 (8.8) 21 (10.0)

Stable angina pectoris 68 (59.6) 110 (52.6)

Number of stenosed (>50%) vessel 0.140

1 44 (38.6) 104 (49.8)

2 40 (35.1) 69 (33.0)

3 30 (26.3) 36 (17.2)

LAD/LCX/RCA/Ramus/LM 55/23/26/1/9 127/31/44/1/6 0.134

Total cholesterol (mg/dL) 226±64 168±30 <0.001

Triglyceride (mg/dL) 202±185 145±77 <0.001

HDL-C (mg/dL) 46.5±11.0 42.5±10.5 0.002

LDL-C (mg/dL) 146±34 109±23 <0.001

FBS (mg/dL) 129±58 124±42 0.384

BUN (mg/dL) 16.4±7.8 17.6±7.6 0.213

Creatinine (mg/dL) 1.2±1.3 1.2±0.9 0.755

hs-CRP (mg/L) 5.0±12.0 5.7±17.8 0.752

MI: myocardial infarction, STEMI: ST-segment elevation myocardial infarction, LAD: left anterior descending artery, LCX: left circumflex artery, RCA: right 
coronary artery, LM: left main artery, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol, FBS: fasting blood sugar, 
BUN: blood urea nitrogen, hs-CRP: high sensitivity C-reactive protein
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and percent necrotic core volume (r=0.132, p=0.018) (Table 4).
Multivariate linear regression analysis revealed that the total cho-

lesterol level was an independent factor of percent necrotic core 
volume in the culprit lesion after being adjusted with age, HDL-C, 
hypertension, diabetes mellitus, smoking and ACS (beta 0.027, 95% 
confidence interval 0.02-0.053, p=0.037).

Discussion

The main finding of the present study is that hypercholesterolemia 

was associated with necrotic core volume and percent necrotic core 
volume in the culprit lesion in patients with coronary artery disease.

A recent study showed that diabetes mellitus,18) ACS,19-22) and po-
sitive remodeling23) is related with a high percentage of necrotic vol-
ume. Also, it is well known that hypercholesterolemia is one of the 
major coronary risk factors. However, the role of hypercholesterol-
emia in the progression of atherosclerosis is uncertain. This study 
showed that necrotic core volume and percent necrotic core volume 
in the culprit lesion were higher in hypercholesterolemic patients and 
total cholesterol level was an independent predictor of percent necro-

Table 2. Gray-scale intravascular ultrasound finding

Variables Hypercholesterolemic Control p
Volumetric analysis (mm3/mm)

    EEL volume 15.73±5.17 15.40±5.31 0.661

    Lumen volume 6.20±1.96 6.20±1.99 0.957

    Plaque volume 9.53±3.79 9.23±3.88 0.567

Lesion analysis (mm2)

    EEL area 15.30±5.32 15.13±5.70 0.880

    Lumen area 3.96±1.25 3.91±1.16 0.756

    Plaque area 11.33±4.66 11.26±5.22 0.995

Lesion length (mm) 18.41±8.40 19.00±7.64 0.534

Remodeling index 72.50±7.68 71.57±10.19 0.541

Volumetric data was divided by lesion length to adjust for different lesion lengths. EEL: external elastic lumen

Table 3. Virtual-histology intravascular ultrasound finding

Variables Hypercholesterolemic Control p
Over entire segment (mm3/mm)

Fibrous 3.55±2.07 3.47±2.04 0.732

Fibrofatty 0.81±0.95 0.93±0.94 0.313

Dense calcified 0.55±0.42 0.47±0.44 0.147

Necrotic core 1.23±0.85 1.02±0.80 0.029

Over entire segment (%)

Fibrous 57.96±9.95 59.39±9.82 0.208

Fibrofatty 11.42±7.90 13.97±9.26 0.013

Dense calcified 10.11±6.98 8.60±6.16 0.041

Necrotic core 20.50±8.54 17.98±9.23 0.016

At MLA (mm2)

Fibrous 4.76±2.83 4.77±2.99 0.984

Fibrofatty 1.09±1.50 1.38±1.54 0.110

Dense calcified 0.60±0.54 0.54±0.55 0.371

Necrotic core 1.63±1.09 1.40±1.20 0.088

At MLA (%)

Fibrous 57.96±12.38 58.35±14.28 0.839

Fibrofatty 11.69±10.04 14.85±11.62 0.014

Dense calcified 8.88±8.27 8.44±9.94 0.657

Necrotic core 21.52±10.54 18.40±11.26 0.019

Volumetric data was divided by lesion length to adjust for different lesion lengths. MLA: minimal lumen area
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tic core volume in the culprit lesion. Our study suggests that hyper-
cholesterolemia may be associated with the progression of athero-
sclerosis, especially with regards to lipid accumulation in plaque. 

Large amounts of lipid in plaque are a characteristic of vulnerable 
plaque that causes ACS. Previous studies showed that patients with 
ACS have a high prevalence of plaque rupture and a large amount 
of necrotic core volume in the culprit lesion.19-22) In this study, the 
prevalence of ACS did not show a significant difference, so the rela-
tionship between hypercholesterolemia and ACS was not proved. 

This was mainly because we analyzed the study population accord-
ing to the total cholesterol level, not according to the diagnosis.

High density lipoprotein-cholesterol was higher in the hypercho-
lesterolemic group in this study. HDL-C has antiatherogenic prop-
erties24) and a low level of HDL-C is an independent predictor of the 
risk of coronary heart disease.25) But in the present study, total cho-
lesterol was an independent predictor of necrotic core volume even 
after being adjusted with HDL-C. Our study revealed that both LDL-
C and HDL-C levels were higher in the hypercholesterolemic group, 

A  

B  

Proximal reference

Proximal reference

EEM CSA=15.0
Lumen CSA=8.6

EEM CSA=15.4
Lumen CSA=6.7

EEM CSA=12.4
Lumen CSA=7.6

EEM CSA=15.3
Lumen CSA=9.5

EEM CSA=12.7
Lumen CSA=4.4
Remodeling index=0.93
Area stenosis=46%

EEM CSA=16.3
Lumen CSA=3.5
Remodeling index=1.06
Area stenosis=57%

Lumen volume  101.9 mm3

Vessel volume  248.5 mm3

Plaque volume  146.5 mm3

Segment length  17.4 mm

Lumen volume  73.6 mm3

Vessel volume  225.8 mm3

Plaque volume  152.1 mm3

Segment length  13.3 mm

Fibrous volume  54.2 mm3 62%
Fibro-fatty volume 31.8 mm3 36%
Dense-calcium volume 0.2 mm3 0%
Necrotic-core volume 01.8 mm3 02%

Fibrous volume  62.6 mm3 59%
Fibro-fatty volume 4.1 mm3 4%
Dense-calcium volume 9.8 mm3 9%
Necrotic-core volume 29.7 mm3 28%

Lesion site

Lesion site

Distal reference

Distal reference

Fig. 1. Representative VH-IVUS findings in both groups. A: normocholesterolemic patient (42 years old man with stable angina pectoris) showed small 
amounts of necrotic core volume. B: hypercholesterolemic patient (55 years old man with ST-segment elevation myocardial infarction) showed large 
amounts of necrotic core volume. VH-IVUS: virtual histology-intravascular ultrasound, EEM: external elastic membrane, CSA: cross sectional area. 

Table 4. Correlation between lipid profiles and tissue composition on culprit lesion

Total cholesterol Triglyceride LDL-C HDL-C
r p r p r p r p

% FV -0.047 0.399 0.030 0.601 0.022 0.694 -0.043 0.444

% FFV -0.149 0.007 -0.076 0.181 -0.009 0.869 -0.071 0.207

% DCV 0.094 0.092 -0.048 0.399 -0.018 0.749 0.071 0.211

% NCV 0.132 0.018 0.079 0.162 -0.004 0.938 0.069 0.224

LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, FV: fibrous volume, FFV: fibrofatty volume, DCV: dense calcified 
volume, NCV: necrotic core volume
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but the difference of the LDL-C level between the two groups was 
greater than those of the HDL-C level. This difference may explain 
why total cholesterol level, not HDL-C level, was independently as-
sociated with necrotic core volume.

This study has some limitation. First, this study is a single center, 
cross-sectional study. However, a relatively large number of study 
subjects were prospectively enrolled. Second, medication of the li-
pid lowering agent and other risk factors including diabetes, athero-
sclerotic vascular disease and hypertension were not considered in 
this analysis. However, there was no significant difference between 
the two groups in terms of those variables. Finally, 164 lesions (50.8%) 
from the study population required small sized ballooning in order 
to advance the VH-IVUS catheter, which could impact on plaque 
components. However, it is real clinical practice and it would not sig-
nificantly affect the plaque components unless there was signifi-
cant plaque embolization.

In conclusion, hypercholesterolemia was associated with increased 
necrotic core content in coronary artery plaque. This study suggests 
that hypercholesterolemia plays a role in making plaque more com-
plex, which is characterized by a large necrotic core, in coronary ar-
tery disease.
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