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Background and Objectives: The differences in plaque characteristics between non-culprit lesions (NCL) in acute coronary syndrome
(ACS) patients (ACS-NCL) and target lesions (TL) in stable angina (SA) patients (SA-TL) are not well understood. We used a virtual histolo-
gy-intravascular ultrasound (VH-IVUS) to compare the plague components between ACS-NCL and SA-TL.

Subjects and Methods: We compared VH-IVUS findings between 290 ACS-NCL and 276 SA-TL. VH-IVUS classified the color-coded tis-
sue into four major components: green (fibrotic); yellow-green (fibro-fatty); white {dense calcium (DC)}; and red {necrotic core (NC)}.
Thin-cap fibroatheroma (TCFA) was defined as a NC >10% of the plaque area in at least 3 consecutive frames without overlying fibrous
tissue in the presence of =40% plaque burden.

Results: Although the plaque burden was significantly smaller (52+13% vs. 54+14%, p=0.044), ACS-NCL had a greater %NC area
(17.9£11.6% vs. 14.3%8.7%, p<0.001) and %DC area (9.7£9.8% vs. 8.1+8.0%, p=0.032) compared with SA-TL at the minimum lumen site.
By volumetric analysis, ACS-NCL had a greater %NC volume (15.8+9.200 vs. 13.947.4%, p=0.006) compared with SA-TL TCFA was observed
more frequently in ACS-NCL compared with SA-TL (27.6% vs. 18.1%, p=0.032). Independent predictors of TCFA by multivariate analysis were
ACS {odds ratio (OR): 2.204, 95% Cl: 1.321-3.434, p=0.021} and high-sensitivity C-reactive protein (OR: 1.101; 95% Cl 1.058-1.204, p=0.035).
Conclusion: Although the plague burden was significantly smaller, ACL-NCL had more vulnerable plague components compared with SA-
TL, and ACS and high-sensitivity C-reactive protein were the independent predictors of TCFA. (Korean Circ J 2013;43:607-614)
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Introduction broatheroma (TCFA) assessed by VH-IVUS in patients with acute
coronary syndrome (ACS), compared with those with stable angina

The virtual histology-intravascular ultrasound (VH-IVUS) provides ~ (SA)."
detailed qualitative and quantitative information, and it can iden- However, no study has compared the plaque characteristics be-
tify four specific plaque components. Several studies have demon-  tween non-culprit lesions (NCLs) in ACS patients (ACS-NCL) and
strated larger amounts of necrotic core (NC) and more thin-cap fi-  target lesions (TLs) in SA patients (SA-TL). Therefore, the purpose of
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608 Plague Components in Non-Culprit Lesions in ACS

the present study was to attempt to compare gray-scale and VH-
IVUS findings between ACS-NCL and SA-TL.

Subjects and Methods

Patient population

A total of 566 consecutive patients who had undergone gray-
scale and VH-IVUS in NCL in ACS patients and in TL in SA patients
between January, 2008 and September, 2011 were identified from
the Chonnam National University Hospital VH-IVUS registry data-
base. We compared VH-IVUS findings between 290 ACS-NCL and
276 SA-TL. The presence of SA was determined according to the Ca-
nadian Cardiovascular Society classification. Unstable angina and
non-ST segment elevation myocardial infarction are considered to
be closely related conditions whose pathogenesis and clinical pre-
sentations are similar, but of differing severity (i.e., they differ pri-
marily in whether the ischemia is severe enough to cause suffici-
ent myocardial damage to release detectable quantities of a mar-
ker of myocardial injury, most commonly troponin |, troponin T, or
the MB isoenzyme of creatine phosphokinase). Once it has been
established that no biochemical marker of myocardial necrosis has
been released, the patient with an ACS may be considered to have
experienced unstable angina, whereas the diagnosis of non-ST
segment elevation myocardial infarction is established if a marker
of myocardial injury has been released.” ST-segment elevation myo-
cardial infarction is a clinical syndrome defined by characteristic
symptoms of myocardial ischemia, in association with persistent
electrocardiographic ST-elevation and the subsequent release of bio-
markers of myocardial necrosis. Diagnostic ST-elevation in the abs-
ence of left ventricular hypertrophy or left bundle-branch block is
defined by the European Society of Cardiology/American College
of Cardiology Foundation/American Heart Association/World Heart
Federation Task Force for the Universal Definition of Myocardial In-
farction as a new ST-elevation at the J point in at least 2 contiguous
leads of =2 mm (0.2 mV) in men or =1.5 mm (0.15 mV) in women
in leads V 2-3, and/or of =1 mm (0.1 mV) in other contiguous chest
leads or the limb leads.® We excluded patients with Thrombolysis in
Myocardial Infarction (TIMI) 0-1 flow, coronary artery bypass graft
lesion, chronic total occlusion, restenosis after stenting, important
systemic disease such as systemic lupus erythematosus, amyloido-
sis, sarcoidosis, human immunodeficiency virus infection, and ma-
lignancies, and so on, or serum creatinine >2.5 mg/dL. NCL in ACS
patients was defined as plaques viewed on an angiogram that had
not been treated. TL in SA patients was defined as a coronary lesion
whose diameter stenosis by quantitative coronary angiography
(QCA) was greatest if the patient had multivessel disease. In the
present study, we included all TLs, including both treated lesions
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and non-treated lesions, in SA patients. Plagques with more than a
30% diameter stenosis as compared with the reference diameter by
IVUS were included in our study. Each plague was separated by at
least 5 mm from the edge of any other plaque or implanted stent
edge. The protocol was approved by the institutional review board.
Hospital records of all patients were reviewed to obtain clinical de-
mographics and medical history.

Laboratory analysis

Peripheral blood samples were obtained before coronary angi-
ography using direct venipuncture. The blood samples were centri-
fuged, and serum was removed and stored at -70°C until the assay
could be performed. The serum levels of total cholesterol, triglycer-
ide, low-density lipoprotein cholesterol, and high-density lipopro-
tein cholesterol were measured using standard enzymatic methods.
High-sensitivity C-reactive protein was analyzed turbidimetrically
with sheep antibodies against the human C-reactive protein; this
has been validated against the Dade-Behring method.” Serum N-
terminal pro-B-type natriuretic peptide was measured using an
electrochemiluminescence sandwich immunoassay method with an
Elecsys 2010 analyzer (Roche Diagnostics, Mannheim, Germany).

Coronary angiographic findings

Coronary angiogram was analyzed with validated a QCA system
(Phillips H5000 or Allura DCI program, Philips Medical Systems,
Eindhoven, the Netherlands). With the outer diameter of the con-
trast-filled catheter as the calibration standard, the reference diam-
eter and minimal lumen diameter were measured in diastolic
frames from orthogonal projections. Perfusion was evaluated ac-
cording to TIMI criteria.?

Intravascular ultrasound imaging and analysis

Gray-scale and VH-IVUS data were analyzed by 2 independent
observers. The levels of reproducibility for external elastic membrane
(EEM), lumen, and plague plus media (P&M) cross-sectional areas
(CSAs) using the Spearman rank-order correlation coefficients were
0.96, 0.97, and 0.97, respectively. Similarly, for plaque components
by VH-IVUS, reproducibility for the fibrous (FT), fibro-fatty (FF), dense
calcium (DC), and NC volume measurements using the Spearman
rank-order correlation coefficients were 0.93, 0.94, 0.93, and 0.93,
respectively.

Quantitative volumetric gray-scale and VH-IVUS analyses were
performed across the entire lesion segment, and cross-sectional
analyses were performed at the minimum lumen sites and at the
largest NC sites. We analyzed the IVUS images and measured the
diseased segment (normal to normal). Conventional quantitative
volumetric gray-scale IVUS analysis was performed according to
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the American College of Cardiology Clinical Expert Consensus Doc-
ument on Standards for the Acquisition, Measurement and Report-
ing of Intravascular Ultrasound Studies.” Measurements were made
at every 1-mm interval in the region of interest, which was defined
as the segment between the most normal looking distal to proximal

Table 1. Baseline characteristics
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reference sites within 5 mm, proximally and distally, to the lesion.
References were single slices with the largest lumen and smallest
plague CSAs within 10 mm proximally and distally. Hypoechoic pla-
que was less bright than the adventitia. Hyperechoic noncalcified
plague was as bright as or brighter than the adventitia without ac-

ACS-NCL (n=290) SA-TL (n=276) p

Age (years) 61.4£10.1 60.9+10.4 0.489
Male gender (%) 182 (62.8) 190 (68.8) 0.128
Clinical presentation (%) <0.001

Stable angina pectoris 0(0.0) 276 (100.0)

Unstable angina pectoris 232 (80.0) 0(0.0)

NSTEMI 25 (8.6) 0(0.0)

STEMI 33(11.4) 0(0.0)
Diabetes mellitus (%) 73 (25.2) 89 (32.2) 0.063
Hypertension (%) 165 (56.9) 172 (62.3) 0.189
Current smoking status (%) 80 (27.6) 68 (24.6) 0.586

Number of cigarettes (pack-years) 38.6%12.4 37.8=11.4 0.356
Family history of coronary artery disease (%) 11 (3.8) 6(2.2) 0.259
Prior myocardial infarction (%) 10 (3.4) 14 (5.1) 0.338
Previous PCI (%) 19 (6.6) 18 (6.5) 0988
Ejection fraction (%) 63.7£8.0 65.3%7.3 0.0m
White blood cells (10} /mm?) 76127 69119 0.001
Hemoglobin (g/dL) 13.5£1.6 13.6£1.5 0.307
Platelet count (10°/mm?) 231£68 226%72 0.370
Glucose (mg/dL) 135+47 136+40 0.781
Creatinine (mg/dL) 09+0.4 09+0.3 0.969
Fibrinogen (mg/dL) 277168 258165 0.001
Creatine kinase-MB (U/L) 95+19.2 46+26 <0.001
Cardiac specific troponin-I (ng/mL) 3.36+19.38 0.03+0.02 <0.001
hs-CRP (mg/dL) 0.2710.59 0.22+0.64 0.029
NT-pro-BNP (ng/mL) 2481522 192+429 0.176
Total cholesterol (mg/dL) 179%42 17142 0.016
Triglyceride (mg/dL) 107£65 105+73 0.712
Low-density lipoprotein cholesterol (mg/dL) 114438 106137 0.015
High-density lipoprotein cholesterol (mg/dL) 50421 48+11 0.180
Apolipoprotein A1 (mg/dL) 128+22 129+22 0.698
Apolipoprotein B (mg/dL) 90+27 86126 0.036
Lipoprotien (a) (mg/dL) 33+34 30427 0.191
Previous medications

Aspirin 73 (25.2) 74 (26.8) 0.657

Clopidogrel 44 (15.2) 47 (17.0) 0.548

ACEI/ARB 116 (40.0) 116 (42.0) 0.624

Statins 75 (25.9) 75(27.2) 0.724

ACS: acute coronary syndrome, NCL: non-culprit lesion, SA: stable angina, TL: target lesion, NSTEMI: non-ST-segment elevation myocardial infarction, STE-
MI: ST-segment elevation myocardial infarction, PCl: percutaneous coronary intervention, hs-CRP: high-sensitivity C-reactive protein, NT-pro-BNP: N-ter-
minal pro-B type natriuretic peptide, ACEl: angiotensin converting enzyme inhibitor, ARB: angiotensin receptor blocker
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oustic shadowing, and hyperechoic calcified plaque was brighter
than the adventitia with acoustic shadowing. When there was no
dominant plaque composition, the plaque was classified as mixed.
Volumetric data were generated by the software using Simpson's
method. EEM and lumen CSAs were measured. P&M CSA was cal-
culated as EEM minus lumen CSA. Plaque burden was calculated as
P&M divided by EEM CSA. VH-IVUS analysis classified the color-
coded tissue into four major components: green (FT); yellow-green
(FF); white (DC); and red (NC).""*"? VH-IVUS analysis was reported
as a percentage of plaque area or volume. We defined TCFA as a NC
=>10% of the plaque area in at least 3 consecutive frames without
overlying fibrous tissue in the presence of >40% plaque burden.”

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) for Windows,
version 15.0 (SPSS Inc,, Chicago, IL, USA) was used for all analyses.
Continuous variables were presented as the mean value®1SD;
comparisons were conducted by a Student's t-test or nonparametric
Wilcoxon test if the normality assumption was violated. Discrete
variables were presented as percentages and relative frequencies.
Comparisons were conducted by chi-square statistics or Fisher's
exact test as appropriate. Multivariate analysis was performed to
determine the independent predictors of TCFA. All variables with
p<0.1 in the univariate analysis were entered into the multivariate
analysis. A p of <0.05 was considered statistically significant.

Results

Baseline characteristics
The baseline characteristics are summarized in Table 1. Patients
with ACS had lower left ventricular ejection fraction, higher white

Table 2. Coronary angiographic findings
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blood cell count, higher fibrinogen, higher high-sensitivity C-reac-
tive protein, higher low-density lipoprotein cholesterol, and higher
apolipoprotein B levels compared with those with SA. There were
no significant differences in previous medications between both
groups.

Coronary angiographic findings

Coronary angiographic findings are as summarized in Table 2. Th-
ere were no significant differences in target vessel, TIMI flow grade,
reference vessel diameter, or minimal lumen diameter between both
groups. ACS-NCL had lower diameter stenosis compared with SA-TL.

Gray-scale intravascular ultrasound results

Gray-scale IVUS results are summarized in Table 3. Plaque burden
was significantly smaller at the proximal reference and at the mini-
mum lumen site and at the largest NC site in ACS-NCL compared
with SA-TL. Plague morphology was significantly different between
both groups. No significant differences were observed in volumetric
parameters between both groups.

Virtual histology-intravascular ultrasound results

At the minimum lumen site, %NC and %DC areas were signifi-
cantly greater. In contrast, absolute FF, and the %FT and %FF areas
were significantly smaller in ACS-NCL compared with SA-TL (Fig. 1).
At the largest NC site, although there were no significant differences
in the absolute plaque areas, the %NC area was significantly greater
in ACS-NCL compared with SA-TL (Fig. 2). Although there were no
significant differences in the absolute plague volumes, %NC volume
was significantly greater in ACS-NCL compared with SA-TL (Fig. 3).
TCFA was observed more frequently in ACS-NCL compared with SA-
TL (27.6% vs. 18.19%, p=0.032).

ACS-NCL (n=290) SA-TL (n=276) p

IVUS target vessel (%) 0.382

Left anterior descending artery 154 (53.1) 138 (50.0)

Left circumflex artery 61 (21.0) 58 (21.0)

Right coronary artery 75 (25.9) 80 (29.0)
TIMI flow grade (%) 0.921

0 0(0.0) 0(0.0)

1 0(0.0) 0(0.0)

2 23 (7.9) 20(7.2)

3 267 (92.1) 256 (92.8)
Reference diameter (mm) 3.16+0.52 3.16+0.56 0.892
MLD (mm) 1.82£1.20 1.48+0.68 0.256
Diameter stenosis (%) 59+16 64116 0.020

ACS: acute coronary syndrome, NCL: non-culprit lesion, SA: stable angina, TL: target lesion, TIMI: Thrombolysis in Myocardial Infarction, MLD: minimal lu-

men diameter
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Table 3. Gray-scale intravascular ultrasound findings

ACS-NCL (n=290) SA-TL (n=276) p
Proximal reference
EEM CSA (mm?) 21.447.2 21.0£6.2 0.535
Lumen CSA (mm?) 133147 12,7140 0.070
P&M CSA (mm?) 8.0£3.4 8.313.1 0.269
Plaque burden (%) 3748 39+8 0.002
Minimum lumen site
EEM CSA (mm?) 19.248.0 18.8+7.0 0.515
Lumen CSA (mm?) 9.6%5.5 8.815.0 0.096
P&M CSA (mm?) 9.6£3.8 9.9+39 0.324
Plaque burden (%) 52+13 54+14 0.044
Distal reference
EEM CSA (mm?) 19.4+8.5 18.9+7.8 0.536
Lumen CSA (mm?) 11.9%53 11.6£4.8 0.519
P&M CSA (mm?) 75140 74138 0.766
Plaque burden (%) 38+8 3819 0.807
Largest necrotic core site
EEM CSA (mm?) 20.5%7.8 20.2+6.6 0.594
Lumen CSA (mm?) 10.5+5.5 9.8+48 0.088
P&M CSA (mm?) 10.0£3.7 10.4%3.6 0.178
Plaque burden (%) 5012 53+14 0.046
Lesion length (mm) 140+13.3 14.1+£125 0932
Plague morphology (%) 0.035
Hypoechoic 197 (67.9) 189 (68.5)
Hyperechoic non-calcified 15 (5.2) 3(1.1)
Hyperechoic calcified 7 (2.4) 5(1.8)
Mixed 71 (24.5) 79 (28.6)
Volumetric analysis
EEM volume (mm?) 2284201 2374206 0.580
Lumen volume (mm?®) 119497 119499 0912
Plaque volume (mm?) 109£109 118+114 0.360

ACS: acute coronary syndrome, NCL: non-culprit lesion, SA: stable angina, TL: target lesion, EEM: external elastic membrane, CSA: cross-sectional area,

P&M: plague plus media

Independent predictors of thin-cap fibroatheroma
Multivariate analysis was performed to identify the independent

Discussion

predictors of TCFA and the results are summarized in Table 4. The
following variables were tested (all with p<0.10 in univariate analy-
sis), including clinical presentation (ACS vs. SA), diabetes mellitus,
white blood cell count, fibrinogen, high-sensitivity C-reactive pro-
tein, low-density lipoprotein cholesterol, and minimum lumen site
plaque burden. Independent predictors of TCFA by multivariate anal-
ysis were ACS {odds ratio (OR): 2.204, 95% Cl: 1.321-3.434, p=
0.021} and high-sensitivity C-reactive protein (OR: 1.101; 95% ClI
1.058-1.204, p=0.035).

www.e-kgej.org

The present VH-IVUS study demonstrated that 1) ACS-NCL had a
greater %NC area and %DC area compared with SA-TL at the mini-
mum lumen site, although the plaque burden was significantly
smaller in ACL NCL, 2) ACS-NCL had a greater %NC volume and
more TCFA compared with SA-TL, and 3) independent predictors of
TCFA included ACS and high-sensitivity C-reactive protein.

Previous studies have reported the most important mechanism
leading to an ACS as plaque rupture with subsequent thrombus
formation.” Plaque components may play a pivotal role in the pla-
que disruption and thrombosis that leads to acute coronary ev-

http://dx.doi.org/10.4070/kcj.2013.43.9.607
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(mm?) Minimum lumen site absolute plaque area (%) Minimum lumen site relative plaque area
8 [ ACS-NCL (n=290) 100 [ ACS-NCL (n=290)
p=0.060 [ SA-TL (n=276) p=0.010 [ SA-TL (n=276)
6 80 -
60 -
4 629
59.8)
40 - <0.001
- B p=0028 p=0.145 p=0028 032 F
20| p 0.808 20 I
14
0 0.7 109 . | 1]09 0 122 97%31
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Fig. 1. Plague component analysis between ACS-NCL (non-culprit lesion in patients with acute coronary syndrome) and SA-TL (target lesion in patients
with stable angina) at the minimum lumen sites. Results are displayed for (A) absolute and (B) relative quantifications. FT: fibrotic, FF: fibro-fatty, DC: dense

calcium, NC: necrotic core.

(mm?) Largest necrotic core site absolute plaque area (%) Largest necrotic core site relative plaque area
8 [ ACS-NCL (=290) 100 [ [ ACS-NCL (1=290)
[ SA-TL (n=276) [ SA-TL (n=276)
6 p=0.076 80 - p=0240
60 -
4 55.456.7
27 p=0938 a0 P p=0039
R p=0103  p=0124 p=0210  P=0734
20 - 228
i o ' o oo B
0 06 0.7 07107 0 102111 74
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Fig. 2. Plaque component analysis between ACS-NCL (non-culprit lesion in patients with acute coronary syndrome) and SA-TL (target lesion in patients
with stable angina) at the largest necrotic core sites. Results are displayed for (A) absolute and (B) relative quantifications. FT: fibrotic, FF: fibro-fatty, DC:

dense calcium, NC: necrotic core.

(mm?) Absolute plague volume
100 0096 [ ACS-NCL (n=290)
[ SA-TL (n=276)
80 -
60 -
40 -
401 _ p=0648
3438 p=0075 o901
20 -
o % 62163 10710.1
FT FF DC NC

A

(%) Relative palque volume
100 ] ACS-NCL (n=290)
oo | 50050 [ SATL (n=276)
6o 632
40 61.5)
p=0.154 p=0006
20 p=0.088
o 13714 92% 158139
B NC

Fig. 3. Volumetric plaque component analysis between ACS-NCL (non-culprit lesion in patients with acute coronary syndrome) and SA-TL (target lesion in
patients with stable angina). Results are displayed for (A) absolute and (B) relative quantifications. FT: fibrotic, FF: fibro-fatty, DC: dense calcium, NC: ne-

crotic core.

ents.""® Several VH-IVUS studies have reported that ACS patients
in their culprit site had more NC-containing lesions and more TCFA
compared with SA patients in their target site." Additionally, some
studies have reported that patients with ACS-NCL had more vulner-
able plague characteristics compared with NCL in those with non-
ACS.""® Kunimasa et al."” reported that ACS patients had computed
tomography-low-density plagues more frequently in their non-cul-
prit coronary arteries than did non-ACS patients, and the minimum
computed tomography density within the plaque was significantly

http://dx.doi.org/10.4070/kc}.2013.43.9.607
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lower in ACS patients than that in non-ACS patients. Kato et al.
reported that NCL in the ACS subjects, as compared with non-ACS,
had a larger lipid volume, a thinner fibrous cap, and a higher preva-
lence of TCFA, and more frequent thrombus and macrophage. There-
fore, ACS patients have vulnerable plaque in their NCL as well as at
their culprit sites.

To date, no studies have compared plaque characteristics be-
tween ACS-NCL and SA-TL. In the present study, ACS-NCL had gr-
eater NC components and more TCFA compared with SA-TL, and

www.e-kcj.org
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Table 4. Independent predictors of thin-cap fibroatheroma
Odds ratio 950 confidence interval p

Clinical presentation (ACS vs. SA) 2.204 1.321-3.434 0.021
High-sensitivity C-reactive protein 1.101 1.058-1.204 0.035
Diabetes mellitus 2.086 1.109-3.567 0.110
White blood cell count 1.067 1.013-1.036 0.135
Fibrinogen 1.056 0.954-1.167 0.169
Minimum lumen site plaque burden 1.009 0.992-1.060 0.545
Low density lipoprotein-cholesterol 1.006 0.990-1.017 0.566

ACS: acute coronary syndrome, SA: stable angina

ACS was the one of the independent predictors of TCFA. The PROS-
PECT study," using 3-vessel gray-scale and VH-IVUS in ACS pati-
ents, demonstrated that 46.7% of ACS patients had VH-TCFA in their
NCL Kato et al." reported that the prevalence of TCFA by optical co-
herence tomography in NCL was 64.7% in ACS patients and 14.9%
in non-ACS patients. Kubo et al.” reported that the prevalence of
TCFA by optical coherence tomography in NCL was 38.5% in ACS
patients and 6.3% in non-ACS patients. Jang et al 2"
TCFA was observed more frequently in ST-segment elevation myo-

reported that

cardial infarction (72%) and non-ST-segment elevation myocardial
infarction/unstable angina (50%) than in SA (20%) at their culprit
sites. In the present study, TCFA was observed more frequently in
ACS-NCL than SA-TL (27.6% vs. 18.1%). ACS is a consequence of the
simultaneous development of vulnerable plaques in the whole co-
ronary artery system and also a pan-vascular process with a higher
prevalence of vulnerable plaques in NCL""® Therefore, ACS devel-
opment is associated with the formation of vulnerable plaque both
in the culprit site and NCL.

In the present study, high-sensitivity C-reactive protein was the
independent predictor of TCFA. Several studies have demonstrated
the relationship between C-reactive protein and the prevalence of
TCFA# Burke et al.*? reported the relationship between C-reac-
tive protein and the number of TCFAs in patients who experienced
sudden death associated with severe coronary artery disease. Our
group reported that TCFA within culprit lesions was observed most
frequently in patients with the highest high-sensitivity C-reactive
protein tertile, and there existed a correlation between high-sensi-
tivity C-reactive protein level vs. NC components and TCFA.* In-
creased inflammatory response can cause atherosclerosis, which can
destabilize the lesion and evoke clinical cardiovascular disease.?**”)
C-reactive protein may directly participate in atherogenesis and the
development of vulnerable plaque, regardless of clinical presenta-
tion (ACS vs. SA). Therefore, ACS treatment should focus not only
on stabilizing the culprit lesion but also on the systemic stabiliza-
tion of NCL

There are several limitations in this study to be mentioned. First,

www.e-kgej.org

the analyses were retrospective and subject to the limitations inher-
ent in this type of clinical investigation. Second, gray-scale and VH-
IVUS imaging were performed at the discretion of the individual
operators, leading to potential selection bias. Third, we did not at-
tempt to differentiate between atherosclerotic plaque and throm-
bus, because VH-IVUS could not determine the presence of throm-
bus. This may obscure the identification of TCFA. Fourth, heavily cal-
cified plagues may induce an artifact regarding the codification of
plaques by VH-IVUS, resulting in an increase in NC content. This re-
mains a potential limitation of the present VH study. Fifth, the ma-
jority of patients in the ACS group suffered from unstable angina
pectoris (80%) and most of the baseline characteristics were similar
between the SA and ACS groups. Therefore, we may not have found
significant differences in the plaque characteristics between ACS
and SA patients.

In conclusion, ACL-NCL had a more vulnerable plague compo-
nent compared with SA-TL, although the plaque burden was signi-
ficantly smaller in ACL-NCL, and ACS and high-sensitivity C-reac-
tive protein were the independent predictors of TCFA. These results
support the notion that plaque vulnerability is a pan-vascular pro-
cess in ACS patients. These findings suggest that aggressive medical
therapy with statins or other anti-inflammatory therapy should be
considered if there are additional atherosclerotic lesions in NCL as
well as at culprit site in ACS patients.
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