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In-Vivo Coronary Plaque Composition in Patients with Acute Coronary Syndrome:

A Virtual Histology Intravascular Ultrasound Study

Jang-Ho Bae, MD, Taek-Geun Kwon, MD, Ki-Hong Kim, MD,
Dae-Woo Hyun, MD, Ki-Young Kim, MD and Dong-Sik Kim, RT
Divison of Cardiology, Heart Center, College of Medicine, Konyang University, Dagjeon, Korea

ABSTRACT

Background and Objectives : Rupture-prone plaque, characterized by a large necrotic core, thin fibrous cap and
large number of inflammatory cells, is known to be associated with acute coronary syndrome (ACS) from several
autopsy and animal studies. We sought to assess in-vivo lesion characteristics of culprit lesions in patients with ACS.
Subjects and Methods : One hundred consecutive patients (mean age 60.4 years, 70 males), who underwent
percutaneous coronary intervention, were analyzed for intravascular ultrasound (IVUS) radiofrequency information
using [VUS-virtual histology (VH) software. Results : Patients with ACS (n=44, mean 59.7 years, 34 males) had
a lower prevalence of hypertension (45.5% vs. 67.9%, p=0.024), higher level of high-sensitivity C-reactive protein
(0.36 20.36 mg/dL vs. 0.22£0.27, p=0.043), longer lesion length (22.6 8.6 mm vs. 19.316.9 mm, p=0.036),
and more plaque rupture (63.6% vs. 10.7%, p<0.001) than those without ACS (mean 61.0 years 36 males). The
lesion analysis, at a minimal luminal area, revealed that patients with ACS had a larger plaque area (12.5%5.8
mm? vs. 10.3 4.8 mm?, p=0.043) and necrotic core (1.7 = 1.4mm’ vs. 1.1 0.9 mm?, p=0.013) than those patients
without ACS. Volumetric analysis over the lesion length showed that patients with ACS had larger plaque volume
(9.974.0 mm’/mm vs. 8.373.4 mm’/mm, p=0.031) and necrotic core volume (1.3+ 1.0 mm’/mm vs. 0.8 =
0.6 mm’/mm, p=0.002) than those without ACS. The necrotic core volume was associated with the presence of
ACS (3 =0.662, p=0.041) by the IVUS-VH findings. Conclusion : The results of this study suggest that the overall
necrotic core volume, not the necrotic core area at the minimal luminal area, is associated with the clinical pre-

sentation of ACS. (Korean Circulation ] 2007;37:437—442)
KEY WORDS : Histopathology ; Coronary disease ; Intravascular ultrasonography.
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Fig. 1. Cross-sectional images of virtual histology (VH) and gray-scale intravascular ultrasound (IVUS) from distal to proximal within a same
lesion in A (patient with stable angina) and B (patient with acute coronary syndrome). VH-IVUS images in patient with acute coronary
syndrome (B) shows large plaque area and large amount of necrotic core area throughout the entire lesion length.
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Table 1. Clinical characteristics of the study subjects

Table 2. Intravascular ultrasound-virtual histology findings

Variables SA ACS p SA ACS p
Patients, n 56 44 - Plaque rupture, n (%) 6(10.7) 28 (63.6) <0.001
Male, n (%) 36 (64.3) 34 (77.3) 0.159 Volumetric analysis*
Age (years) 61.0£10.1 59.7*t12.1 0.568 Plaque volume (mm®/mm) 8.26+t34 9911+4.0 0.031
Hypertension, n (%) 38 (67.9) 20 (45.5) 0.024 Plaque burden (%) 55.68+8.8 58.15£8.0 0.150
Diabetes, n (%) 19 (33.9) 11 (25.0) 0.333 Fibrous volume (mm®/mm) 30119 3.79%+2.1 0.054
Smoking, n (%) 18 (32.1) 21 (47.7) 0.113 Fibrofatty volume (mm’/mm) 0.780.9 0.83+0.8 0.784
Hyperlipidemia, n (%) 27 (48.2) 18 (41.9) 0.529 Dense}calcified volume 034+£03 048£05 0.097
FBS (mg/dL) 115+33 127148 0132 N(eIzTcli:t{cnlr:r)e volume 0.80+0.6 129410 0.002
Cardiogenic shock, n (%) 0(0) 2 (4.5) 0.107 (mm’/mm)
Peak CK (IU/L) 881£46 1222+1849 <0.001 Lesion analysis
Peak CK-MB (ng/mL) 1.8+1.2 126.9+129.4 <0.000 Remodeling index 0.94£0.18 0.99+0.18 0.177
Peak Tn-I (ng/mL) 02=£05 11.84+10.7  <0.000 Lesion length (mm) 1931+6.9 22.62+8.6 0.036
Hs-CRP (mg/dL) 0.22£0.27 036036  0.043 Minimal luminal diameter 206£0.3 210£0.2 0.401
Prior ML, n (%) 5(8.9) 1(2.3) 0.164 (mm)
Ejection fraction (%) 650195  589+112  0.004 Lumen area (mm’) 391%14  391£10 0971
Diagnosis, n (%) <0.001 Plaque area (mm?) 10.33+4.8 12.51+=5.8 0.043
STEMI 0(0) 25 (56.8) Plaque burden (%) 70.361+10.0 73.18£10.9 0.184
NSTEMI 0(0) 5(11.4) Fibrous area (mm?) 442+27 563*£34 0.052
Unstable angina 0(0) 14 (31.8) Fibrofatty area (mm®) 1.31£1.5 131215 0.990
Stable angina 56 (100) 0(0) Dense calcified area (mm?) 03804 0.53%£0.5 0.083
Multivessel disease, n (%) 29 (51.8) 22(50.0) 0859 Necrotic core area (mm?) 113409 17114 0013

Location, n (%) 0.134
(LAD/LCX/RCA/ 28/13/10/4/1 24/4/14/2/0
LM/Ramus)

SA: stable angina, ACS: acute coronary syndrome, FBS: fasting bl-

ood glucose, CK: creatine kinase, Tn-1: troponin-I, Hs-CRP: high

sensitivity C-reactive protein, MI: myocardial infarction, STEMI:

ST segment elevation myocardial infarction, LAD: left anterior

desc-ending coronary artery, LCX: left circumflex coronary artery,

RCA: right coronary artery, LM: left main coronary artery
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SA: stable angina, ACS: acute coronary syndrome. Each volume
was divided by the lesion length to compensate the different lesion
length according to the patients

Table 3. The independent [IVUS-VH factor of acute coronary syndrome

95% Confidence
Beta .
interval
Necrotic core volume 0.662 0.016-0.811 0.041
(mm’/mm)

Plaque volume -0.426 -0.145-0.032 0.211
(mm’/mm)

Lesion length (mm) 0.163 -0.002-0.023 0.103

-0.020-0.089 0.212
-0.376-0.091 0.227

Lesion plaque area (mm?) 0.369

Lesion necrotic core area -0.337
(mm?)

Relevant baseline clinical and IVUS-VH characteristics were included
in this model. These characteristics included plaque volume, necro-
tic core volume, lesion length, lesion plaque area, and lesion necrotic
core area. [VUS-VH! intravascular ultrasound-virtual histology
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