Cardiovasc Interv and Ther (2016) 31:42-50
DOI 10.1007/s12928-015-0345-1

—
@ CrossMark

ORIGINAL ARTICLE

Tissue characteristics of non-culprit plaque in patients with acute
coronary syndrome vs. stable angina: a color-coded intravascular

ultrasound study

Mitsumasa Sudo' - Takafumi Hiro' - Tadateru Takayama' - Korehito Tida' -
Toshihiko Nishida' - Daisuke Fukamachi' - Taro Kawano' - Yoshiharu Higuchi' -

Atsushi Hirayama'

Received: 3 February 2015/ Accepted: 4 July 2015/ Published online: 19 July 2015
© Japanese Association of Cardiovascular Intervention and Therapeutics 2015

Abstract Patients with acute coronary syndrome (ACS)
are thought to have multiple vulnerable coronary plaques.
We analyzed non-culprit plaques in patients with ACS vs.
stable angina pectoris (SAP) by means of color-coded
intravascular ultrasound (iMap-IVUS). Patients who
underwent percutaneous coronary intervention were divi-
ded into an ACS group (n = 39) and an SAP group
(n = 35). Non-culprit lesions were imaged by 40-MHz
iMap-IVUS, and the plaque characteristics were compared
between the two groups. Plaque volume was similar
between the two groups. The fibrotic volume (%FV) was
less in the ACS group than in the SAP group (70.2 £ 10.4
vs. 76.5 £ 7.2 %, respectively, P < 0.01), whereas the
lipidic volume and necrotic volume (%NV) were greater in
the ACS group (8.2 £ 0.4 vs. 6.3 £04 %, P <0.01;
151 £79 vs. 99+48 %, P <0.01). An inverse
correlation was found between %FV and total plaque
volume (ACS group: r = —0.52, P < 0.01; SAP group:
r=—0.31, P =0.01), and a positive correlation was
found between %NV and total plaque volume (ACS group:
r=0.56, P<0.01; SAP group: r =041, P <0.01).
Furthermore, the slope of the regression line showing the
relation between plaque volume and necrotic volume was
significantly steeper for the ACS group than for the SAP
group (P < 0.05). Non-culprit lesions are particularly
vulnerable in ACS patients. Non-culprit lesions are par-
ticularly vulnerable in ACS patients. Furthermore, the
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stronger correlation between plaque volume and %NV was
observed in ACS patients than in SAP patients.

Keywords Intravascular ultrasonography -
Atherosclerotic plaque - Acute coronary syndrome - Stable
angina - Coronary artery disease

Introduction

Acute coronary syndrome (ACS) is commonly caused by
rupture of vulnerable plaque and subsequent thrombotic
occlusion. It has been suggested that patients with ACS are
likely to have multiple vulnerable plaques because plaque
rupture is frequently observed not only at the culprit lesion
but also at non-culprit lesions or vessels [1-3]. Under-
standing the tissue characteristics of non-culprit plaques in
patients with ACS may be important for preventing sub-
sequent cardiovascular events.

Vulnerable plaque has been defined by multiple patho-
logical factors, such as a thin cap with a large lipid core,
acute inflammation, endothelial denudation with superficial
platelet aggregation, plaque fissuring, superficial calcifica-
tion, a glistening yellow appearance, intraplaque hemor-
rhage, vessel stenosis of more than 90 %, endothelial
dysfunction, and high risk for rupture. Tissue characteris-
tics of plaque can now be identified in vivo by means of
various intracoronary imaging modalities such as color-
coded intravascular ultrasound (color IVUS), optical
coherence tomography (OCT), and coronary angioscopy
[4]. Color IVUS, in particular, can characterize the tissue
components of coronary plaque. There are currently three
types of color IVUS tissue characterization systems: virtual
histology (VH)-IVUS, integrated backscatter (IB)-IVUS,
and iMAP-IVUS. Previous studies performed by means of
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these various systems have revealed significantly high lipid
content and a large necrotic area in the culprit lesions
associated with ACS [5-8]. However, the features of non-
culprit lesions in ACS patients have not been confirmed
with the use of the most novel color IVUS system, iMAP,
which characterizes tissue by an advanced neuro-learning
pattern recognition system for assessing spectral similarity
of radiofrequency IVUS signals. An ex vivo validation
study showed accuracies at the highest levels of confidence
of 97, 98, 95, and 98 % for necrotic, lipidic, fibrotic, and
calcified regions, respectively [9]. Therefore, we used
iMAP to identify and compare the tissue characteristics of
non-culprit lesions in patients with ACS and in patients
with stable angina pectoris (SAP).

Materials and methods
Study patients

This study was a single-center observational study that
included 74 patients who underwent percutaneous coronary
intervention (PCI) for ACS or SAP between April 2011 and
September 2011 at Nihon University Itabashi Hospital.
They were divided into two groups: an ACS group
(n = 39) and an SAP group (n = 35). ACS included acute
myocardial infarction (33 patients, 84.6 %) and unstable
angina pectoris (6 patients, 15.4 %). Acute myocardial
infarction was diagnosed on the basis of biomarker eleva-
tion [e.g., creatine kinase (CK), CK-MB isoform, or tro-
ponin T elevation], an ST-T-specific change in the
electrocardiogram, and a history of precordial chest pain.
Unstable angina pectoris was defined as angina with
worsening or at-rest chest pain with a specific electrocar-
diogram change [10, 11]. All patients included had an
angiographically determined coronary diameter stenosis of
at least 75 % (relative to the diameter of adjacent normal
coronary artery). The lesions studied were selected retro-
spectively by statistical matching of IVUS-derived plaque
volumes between the two groups. Patients with advanced
kidney disease or undergoing hemodialysis, those with
familial hyperlipidemia, severe liver disease, or hyperthy-
roidism, and those who had undergone coronary bypass
surgery or had significant left main coronary disease were
excluded from the study. We analyzed 85 non-culprit
lesions in culprit vessels (40 lesions in ACS patients and 45
lesions in SAP patients). The study was conducted
according to the Declaration of Helsinki and with the
approval of the institutional review boards. Written
informed consent for entry of this study was obtained from
all patients included.

IVUS procedure

All patients received unfractionated heparin (5000 U)
intraarterially before the percutaneous coronary intervention
(PCI). We gained access via the radial or femoral artery. For
ethical reasons, the culprit lesion was first treated by
implantation of a bare metal stent or drug-eluting stent, and
IVUS was performed only for the culprit vessel. After PCI,
we analyzed non-culprit lesions of at least 5 mm in length in
the culprit vessel and that were detected at least 5 mm from
the site of the culprit lesion. We examined lesions in which
the maximum cross-sectional plaque area represented more
than 25 % of total vessel area. The length of 5 mm was
chosen so that the lumen at its narrowest point would be
centered over the lesion. Plaques having a calcification with
an angular span of more than 90° were excluded. All plaque
segments that met the above-mentioned criteria were selec-
ted. After intracoronary administration of nitroglycerin, the
lesions were imaged and tissue-characterized by 40 MHz
IVUS (Atlantis™ SR Pro 40 MHz Catheter) with the use of
an iLAB™ console and iMAP™ system (Boston Scientific
Co. Ltd, Fremont, CA, USA) during continuous pullback at
0.5 mm/s.

The area or percentage of each tissue component was
measured and calculated with the use of QIvus 2.0 quan-
titative analysis software (Medis Medical Imaging Systems
bv, Leiden, The Netherlands). The external elastic mem-
brane (EEM) area and lumen area were first measured. The
plaque area was calculated as the EEM area minus the
lumen area. Plaque burden was calculated as the plaque
area divided by the EEM area. The volume of each com-
ponent was then calculated from cross-sections of 0.5 mm
each covering the entire 5-mm lesion.

In iMAP analysis, components of the plaques were
classified as fibrotic (depicted in green), lipidic (yellow),
necrotic (pink), and calcified (blue). The percentage of
each tissue component [(%FV) % fibrotic volume; (%LV)
% lipidic volume; (%NV) % necrotic volume; and (%CV)
% calcified volume] was calculated as the volume of each
divided by the total plaque volume. The IVUS and iMAP
evaluations were done by two physicians experienced in
IVUS and iMAP analyses (T.N. and M.S.). The areas
behind calcifications with an angular span of less than 90°
span or coronary guidewire were not measured for each
tissue component, although the EEM area was measured by
trace extrapolation around the drop-out area.

Statistical analysis

Discrete variables are presented as numbers and per-
centages. Continuous variables are presented as
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mean £ SD. Between-group differences in mean values
were analyzed by unpaired Student’s ¢ test or Wilcoxon
rank-sum test. Between-group differences in discrete
variables were analyzed by Chi-square test or Fisher’s
exact test. Correlation was determined by the Pearson
correlation coefficient. Differences in slopes of the
regression line pertaining to each plaque component
between the ACS group and SAP group were assessed by
analysis of covariance (ANCOVA). Multiple logistics
regression analysis was performed to identify the deter-
minants of ACS. P < 0.05 (two-sided) was accepted as
statistically significant. All statistical analyses were
performed with JMP 9 version 9.0.0 (SAS Institute Inc,
Cary, NC, USA).

Results
Patient characteristics

Patients’ baseline clinical characteristics are shown per
group in Table 1. Only the prevalence of prior myocardial
infarction, the serum triglyceride level, and the spectrum
of concomitant drugs differed between the groups. Prior
myocardial infarction was significantly more prevalent in
the SAP group than in the ACS group. The triglyceride
level was significantly higher in the SAP group than in
the ACS group, although the mean value was around
140 mg/dl and thus in good control. Use of ARB/ACE-I,
statins, nitrate, aspirin, and thienopyridine was more
common in the SAP group than in the ACS group.
Although statins were used by more patients in the SAP
group than in ACS group, the LDL cholesterol level was
comparable between the two groups. The target coronary
vessels in which non-culprit lesions were observed were
also comparable. In addition, the proportion of imaged
segments that were proximal or distal to the PCI site was
comparable.

Gray-scale IVUS measurements

In the total 74 patients, 85 non-culprit lesions were ana-
lyzed by means of IVUS. Plaque volume at non-culprit
lesions was matched between the two groups (ACS; 40
lesions, SAP; 45 lesions). Minimal lumen area (MLA) and
EEM area at the MLA within the imaged non-culprit
lesions of the ACS group vs. SAP group were as follows:
MLA,75 £ 05vs. 7.1 £0.5 mmz, P = 0.53; EEM area,
15.7 &£ 0.7 vs. 14.7 &= 0.7 mrnz, P = 0.32). Plaque burden
at the MLA was also similar (46.6 £+ 1.8 vs. 47.5 + 1.7 %,
respectively, P = 0.73). Furthermore, gray-scale IVUS-
derived volume data were also comparable (Table 2).
Plaque volumes matched in the 5-mm non-culprit lesions.
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EEM volume (vessel volume), lumen volume, and % pla-
que volume were also similar.

Color IVUS measurements

Representative iMAP images from patients with SAP and
ACS are shown in Fig. 1. As shown in these images, the
non-culprit lesions in patients with ACS vs. the non-
culprit lesions in patients with SAP contained more
necrotic and lipidic tissues. The percentages of each
tissue component within the total plaque volume mea-
sured by iMAP are shown in Fig. 2. The absolute volume
of each tissue component is shown in Table 3. Although
fibrotic volume was similar between the two groups,
lipidic and necrotic volumes were greater in the ACS
group than in the SAP group. %FV was significantly
greater in the SAP group than in the ACS group
(76.5 £ 7.2 vs. 70.2 £ 10.4 %, respectively, P < 0.01).
However, %LV and %NV were significantly greater in
the ACS group than in the SAP group (%LV: 8.2 £ 0.4
vs. 6.3+ 04 %, respectively, P <0.01; %NV:
151 £ 79 vs. 99 +£48 %, P <0.01), whereas %CV
was similar between the two groups (1.4 £ 0.2 vs.
1.1 & 0.1 %, respectively, P = 0.29).

Correlation between each tissue component volume and
plaque volume is shown in Fig. 3. Fibrotic, lipidic, and
necrotic volumes correlated significantly with plaque vol-
ume. The slopes of the regression lines showing the rela-
tion between plaque volume and fibrotic volume were
significantly steeper for the SAP group than for the ACS
group (P < 0.05 by ANCOVA). To the contrary, the slope
of the regression line showing the relation between plaque
volume and necrotic volume was significantly steeper for
the ACS group than for the SAP group (P < 0.05 by
ANCOVA).

Correlations between % volume of each tissue com-
ponent and plaque volume are shown in Fig. 4. %FV
correlated inversely and significantly with plaque volume.
%LV and %NV correlated positively and significantly
with plaque volume. The slopes of the regression lines
showing the relations between plaque volume and %FV
and plaque volume and %NV were significantly steeper
for the ACS group than for the SAP group (P < 0.05 by
ANCOVA).

Multivariate analysis

Results of multiple logistic regression analysis for the
determinants of ACS are shown in Table 4. Ten variables
with a P value <0.05 in univariate analysis were entered
into multivariate analysis, and the triglyceride level, %NV,
and the use of aspirin were shown to be significant deter-
minants of ACS.



Tissue characteristics of non-culprit plaque in patients with acute coronary syndrome vs. stable... 45
:tat?lleetilm:ztflZrclltrnci};:irs;t?cislt’l(ci, ACS group (n = 39) SAP group (n = 35) P value
per study group Male (%) 30 (76.9 %) 33 (94.3 %) 0.05
Age (years) 68.7 + 134 674 +95 0.57
Diabetes mellitus (%) 15 (38.5 %) 16 (45.7 %) 0.53
Dyslipidemia (%) 26 (66.7 %) 25 (71.4 %) 0.66
Hypertension (%) 31 (79.5 %) 30 (85.7 %) 0.48
Hyperuricemia (%) 9 (23.1 %) 10 (28.6 %) 0.59
Smoking (%) 26 (66.7 %) 25 (71.4 %) 0.66
Prior myocardial infarction (%) 3 (7.7 %) 13 (37.1 %) <0.01
Prior stroke (%) 2 (5.1 %) 4 (114 %) 0.41
Laboratory values
Hemoglobin Alc (NSGP) (%) 6.3 + 0.68 64+ 1.6 0.62
Total cholesterol (mg/dl) 175.8 £ 5.7 180.2 + 6.0 0.59
LDL cholesterol (mg/dl) 1089 £ 52 1043 £5.5 0.55
HDL cholesterol (mg/dl) 428 £23 482 £ 25 0.12
LDL/HDL 28 +1.2 234+09 0.06
Triglycerides (mg/dl) 91.1 + 104 142.7 £ 11.0 <0.01
MDA-LDL cholesterol (mg/dl) 1222 + 84 110.5 £ 9.5 0.36
Uric acid (mg/dl) 58+£02 6.1 £0.3 0.40
Creatinine (mg/dl) 0.95 + 0.43 091 £+ 0.23 0.72
eGFR (ml/min/1.73 m?) 65.5 + 3.0 66.5 + 3.2 0.82
Medications
Beta-blocker 8 (22.2 %) 8 (23.5 %) 0.90
Ca-blocker 13 (36.1 %) 13 (38.2 %) 0.85
ARB/ACE-I 11 (28.2 %) 20 (57.1 %) 0.01
Statin 5 (13.9 %) 21 (61.8 %) <0.01
Nitrate 4 (11.1 %) 12 (353 %) 0.02
DPP-4 inhibitor 4 (11.1 %) 2 (6.1 %) 0.68
Pioglitazone 2 (5.6 %) 2 (5.9 %) 1.00
Sulfonylurea 5 (13.9 %) 6 (17.7 %) 0.67
Biguanide 4 (11.1 %) 0 (0 %) 0.12
Alpha-GI 2 (5.7 %) 4 (11.8 %) 0.42
Insulin 1 (2.8 %) 1 (29 %) 1.00
Aspirin 5 (13.9 %) 29 (85.3 %) <0.01
Thienopyridine 4 (11.1 %) 14 (41.2 %) <0.01
Target lesion site
Left anterior descending artery 18 (45 %) 19 (42.2 %) 0.15
Left circumflex artery 5(12.5 %) 13 (28.9 %)
Right coronary artery 17 (42.5 %) 13 (28.9 %)
Observed non-culprit lesion segment
Proximal 19 (47.5 %) 23 (51.1 %) 0.74
Distal 21 (52.5 %) 22 (48.9 %)

Data are presented as the number (%) of patients or mean &+ SD

PCI percutaneous coronary intervention, MI myocardial infarction, LDL low-density lipoprotein, HDL
high-density lipoprotein, MDA—-LDL malondialdehyde-modified low-density lipoprotein, ARB angiotensin
II receptor blocker, ACE-I angiotensin II-converting enzyme inhibitor, DPP-4 inhibitor dipeptidyl pepti-

dase-4 inhibitor
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Table 2 Gray-scale IVUS ACS group (n = 39) SAP group (1 = 35) P value
measurements
Vessel volume (mm3) 80.4 £ 22.5 76.1 £ 22.1 0.38
Plaque volume (mm?) 37.2 £ 10.2 348 £ 11.3 0.31
Lumen volume (mm?) 80.4 £ 22.5 76.1 £ 22.1 0.38
% Plaque volume (%) 474 £ 1.8 464 + 1.7 0.69
% Plaque volume defined as plaque volume divided into vessel volume
SAP patient

ACS patient

Fig. 1 Representative images from a patient with SAP and a patient
with ACS. Left panels are coronary angiograms. The red lines
correspond to the cross-sections of non-culprit lesion imaged by gray-
scale IVUS (middle panels) and color IVUS (right panels). The upper

Discussion

The major finding of the present study was that non-culprit
plaques were more lipidic and necrotic and less fibrotic in
patients with ACS than in patients with SAP, although
plaque volume and MLA were similar between the two
groups. Moreover, %FV, %LV and %NV correlated posi-
tively or negatively with total plaque volume in both

@ Springer

row images are from an SAP patient, and a large fibrous tissue
component (green) is seen in the iMAP image. The lower row images
are from an ACS patient, and the necrotic and lipidic components
within the plaque are much larger than those in the SAP patient

groups. Multivariate analysis showed %NV to be a sig-
nificant determinant of ACS.

Patients with a history of ACS, in comparison to patients
with stable coronary artery disease, have a higher sec-
ondary risk of future cardiovascular events. This tendency
is recognized even in the Japanese, who have a lower risk
of atherosclerotic cardiovascular events compared to that
of their Western counterparts [12, 13]. It is reasonable to
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100

p<0.01

M ACS group M SAP group

% Fibrotic volume

% Lipidic volume % Necrotic volume  %Calcified volume

Fig. 2 Graph of the tissue components in the ACS group vs. SAP
group. % Fibrotic volume was significantly greater in SAP than in
ACS, whereas % lipidic and % necrotic volumes were significantly
greater in ACS than in SAP. % Calcified volume was comparable
between the two groups

speculate that this is due in part to a difference in plaque
characteristics in the non-culprit, non-target, or residual
segment of the coronary artery branch between ACS and
SAP.

Differences in tissue characteristics of non-culprit
coronary atherosclerotic plaques between ACS and SAP
patients have been thus far been demonstrated by means of
other vascular imaging modalities. Ando et al. showed, by
means of IB-IVUS, that non-culprit lesions were more
lipidic in ACS patients than in patients with SAP [5]. Liu,
et al. showed, by mean of VH-IVUS, that non-culprit
lesions were more lipidic and less fibrotic in ACS patients
than in SAP patients [8]. In addition, Thieme, et al.
showed, by means of coronary angioscopy, that yellow
plaques, considered to be lipid-rich, were more prevalent in
ACS patients than in SAP patients [14]. Our study, which

Table 3 iMAP-IVUS
measurements

ACS group (n = 39) SAP group (n = 35) P value
Fibrotic volume (mm®) 257 + 64 26.5 + 8.2 0.61
Lipidic volume (mm3) 32+ 1.8 23+ 14 0.02
Necrotic volume (mm3) 6.1 £4.7 3.7+£26 <0.01
Calcified volume (mm3) 0.51 £ 0.41 0.36 £ 0.27 0.16

Fig. 3 Correlation between (a) (b)lO 7

plaque volume and the absolute 50 1 r=0.95,p<0.01 .
volume of each tissue — y=0.69x +2.43,R?=0.90 ° &84 1=076 p<0.01

component. a Fibrotic volume, E 40 1 * E y= 0.13’){ -1.79, R>= 0.58 .=

b lipidic volume and ¢ necrotic = > 6 . ’
volume were significantly g 30 g *INS
correlated with plaque volume. % —g 4 .

The slopes of the regression line = 20 A z .

of relationships of fibrotic % Z r=0.77,p<0.01 b= 5 ¢ TR g .
volume-plaque volume were £ 107 y=048x+7.83,R2=059 & . _,'_"-’r =0.76,p <0.01
significantly steeper in SAP =3 ¢ y=0.10x - 0.99, Rz = 0.57
group than in ACS group. On 0 T 0 T T

the other hand, the slopes of the 10 30

regression line of relationships
of necrotic volume—plaque

~
()
~

Plaque volume (mm?)

50 10 30 50
Plaque volume (mm?)

volume were significant steeper .
in ACS group than in SAP 20 ¢
group. Asterisk comparison of a .
slopes between SAP vs. ACS, g r=0.73,p<0.01 L ‘gfs group
P < 0.05 by ANCOVA = y=0.34x - 6.39,R*=0.54 p group
) — ACS group
§ 10 4 * SAP group
s}
>
2
g r=0.72,p<0.01
2 0 o y=0.17x - 2.17,R2=0.52
10 30 50

Plaque volume (mm?)
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Fig. 4 Correlation between (a) r=-0.31,p=0.01 (b) r=10.40,p <0.01
plaque volume and percent y =83.3-0.20x, R2=0.10 16 {1 y=3.66+0.12x, R2=0.16 *
volume of each tissue 85 - . . .
component. a % Fibrotic Q .
volume provided a significant g g 12 1
inverse correlation with plaque —g 65 - g
volume, b % lipidic volume and > o 8 A
¢ % necrotic volume were '% g_
significantly correlated with £ 451 1=.052,p=0.01 a4
plaque voh.lme..The slopes of = y=90.2-0.54x, R2= 028 * X +.r=037,p<0.01
the regression line of B 0 y =3.44+0.08x, R2=0.13
relationships of % fibrotic 25 T T ' '
volume—plaque volume and % 10 30 50 10 30 50
necrotic volume—plaque volume Plaque volume (mm?) Plaque volume (mm?)
were significantly steeper in (c)
ACS group than in SAP group. 50 A
Asterisk comparison of slopes o
A T B s ot
02 by S 30 4 y=-1.1140.44x, R*= 0.32 P group
o — ACS group
S 20 A % SAP group
3
2104 r'=0.41,p<0.01
° e ¢ y =3.85+0.18x, R?=0.17
0 T T
10 30 50
Plaque volume (mm?)
Tabl.e 4. Umvar.laFe and . Univariate Multivariate P value
multivariate logistic regression
analysis for determinants of Odds ratio 95 % CI 0dds ratio 95 % CI
ACS
Triglycerides 0.987 0.978-0.995 0.984 0.967-0.998 0.022
%FV 0.917 0.861-0.969 1.254 0.957-1.716 0.105
DLV 1.269 1.079-1.530 0.920 0.525-1.567 0.759
9NV 1.153 1.063-1.275 1.623 1.146-2.528 0.005
Prior MI 0.141 0.001-0.495 1.400 0.127-17.228 0.781
Statin 0.100 0.028-0.302 0.282 0.039-1.892 0.190
ARB/ACE-I 0.295 0.109-0.761 0.453 0.083-2.342 0.341
Nitrate 0.229 0.058-0.753 1.212 0.142-12.063 0.860
Aspirin 0.028 0.006-0.097 0.067 0.006-0.464 0.005
Thienopyridine 0.179 0.045-0.577 1.217 0.186-8.438 0.806

95 % CI 95 % confidence interval, %FV % fibrotic volume, %LV % lipidic volume, %NV % necrotic
volume, MI myocardial infarction, ARB angiotensin II receptor blocker, ACE-I angiotensin II-converting

enzyme inhibitor

was based on the latest modality, iMAP, and performed
under statistical matching of plaque volume as well as
MLA between the ACS and SAP patients, reinforced these
earlier findings.

Our study also provided insight into the relation between
total plaque volume and the percentage volume of each tissue
component. Although total plaque volume was similar
between the two groups, %NV and %LV correlated posi-
tively with total plaque volume, whereas %FV correlated
inversely with total plaque volume. In addition, the slopes of
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the regression lines showing the relations between plaque
volume and %FV and plaque volume and %NV were sig-
nificantly steeper for the ACS group than for the SAP group.
The PROSPECT trial, which was based on VH-IVUS,
showed that VH-IVUS-derived thin cap fibroatheromas
(VH-TCFA), with a minimum lumen area of <4 mmz, and a
large plaque burden (>70 %), had a greater likelihood of
causing a future event within 3 years [15]. Dohi, et al.
reported a positive correlation between the extent of lipid-
rich plaque measured by near-infrared spectroscopy and
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IVUS-derived plaque burden [16]. These findings suggest
that the coronary plaque volume as well as necrotic or lipidic
tissue burden together determine the likely course of the
cardiovascular disease. The difference in the slopes of the
regression lines representing the relations between plaque
volume and the plaque tissue characteristics has an important
implications: first, that the larger plaque volume, the greater
the vulnerability, especially in ACS patients, and second,
that simply assessing the plaque volume by other modalities
including gray-scale IVUS remains useful for evaluating
plaque vulnerability. To the contrary, the more modest slope
and the lower values in the SAP group suggest that plaque is
less vulnerable over the entire range of plaque volume in
SAP patients.

A history of smoking seemed to be more common in our
study patients than in previously reported study groups [17,
18]. We included both current and former smoking when we
calculated the prevalence of smoking. Kato et al. reported a
prevalence of almost 60 % smoking, including current and
former smoking, in ACS and non-ACS patients [19].
Therefore, our study patients seem to represent patients
commonly seen in clinical practice. In addition, the use of
statins differed significantly between our two groups, and we
had to consider whether this difference influenced our study
results. However, our multivariate analysis showed that the
use of statins was not a significant determinant of ACS. So
we felt that, although the use of statins might differ from that
of previously reported clinical trials, it is safe to assume that
statin use did not affect the results of our study.

Determinants of ACS

We found %NV derived by iMAP, the triglyceride level, and
the use of aspirin to be significantly associated with ACS.
Ando et al., using IB-IVUS, showed that non-culprit coro-
nary lesions in ACS patients were associated with lipid-rich
plaque. Their findings seemed to differ from ours, which
suggested the importance of the necrotic volume rather than
the lipid volume. However, the definitions of necrotic tissues
and lipidic tissues differed between the two studies, with
some overlap in the characterization of necrotic vs. lipidic [9,
20]. Thus, the study conclusions were not as discrepant as
they might have appeared initially.

The lower triglyceride level and the less frequent use of
aspirin that we found to be associated with ACS could be
related to a difference in ACS and SAP patients’ clinical
status upon hospital admission. ACS patients usually
undergo emergency PCI and have been in a fasting state for
a longer time and have not been given medications prior to
admission. SAP patients usually undergo elective PCI and
have been given medications. This could be related to the
lower triglyceride levels in our ACS patients than in our
SAP patients. Another factor we should consider might be

that the concomitant drugs for cardiovascular disease might
be different between SAP and ACS patients at the time of
catheterization. These factors should also be considered in
both univariate and multivariate analyses. Especially, use
of aspirin, which was shown by multivariate analysis to be
a major determinant, is a clinically effective for preventing
secondary thrombus-related cardiovascular events, so the
administration of aspirin might be less likely in de novo
ACS patients at the admission.

Clinical implications

Our findings have important clinical implications. First,
visual evidence was provided to help us understand the
importance of vigorous management of plaque vulnera-
bility especially in ACS patients. Second, assessment of
plaque volume alone, in the absence of tissue characteri-
zation, can pinpoint plaque vulnerability in ACS patients.
Third, detection of a necrotic core by iMAP might be
important in predicting a future ACS event.

Limitations

This study was performed in a small number of patients at a
single center. Ultrasound-based iMAP analysis was inad-
equate for plaques with a very large superficial calcified
core, so patients with such plaques were excluded from the
study. Thus, patients with very severe atherosclerosis were
not examined in this study. Moreover, only culprit vessels
were analyzed because non-culprit vessels were excluded
for ethical reasons.

Conclusion

The present study showed non-culprit lesions in ACS
patients to be more vulnerable than non-culprit lesions in
SAP patients. Furthermore, the vulnerability in ACS patients
was significantly correlated with plaque volume, suggesting
that total plaque volume is a direct representation of plaque
vulnerability in ACS patients. In addition, the necrotic tissue
content was mainly associated with the incidence of ACS.
Overall, our findings indicate that vigorous medical man-
agement aimed at reducing plaque vulnerability is necessary
for secondary prevention, especially in ACS patients.
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