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hinya Minatoguchi, MD, PHD,* Hiroshi Fujita, PHD,† Hisayoshi Fujiwara, MD, PHD*
ifu, Japan

OBJECTIVES This study aims to define tissue characteristics of vulnerable plaques before acute coronary
syndrome (ACS) by use of integrated backscatter intravascular ultrasound (IB-IVUS).

BACKGROUND Tissue characterization of coronary plaques is possible with the use of IB-IVUS.
METHODS The subjects were 140 patients with angina pectoris, and we selected 160 coronary lesions

without significant stenosis for evaluation. Ultrasound signals were obtained by an IVUS
system using a 40-MHz catheter.

RESULTS At the follow-up (30 � 7 months), 12 plaques caused ACS after the initial IVUS
examination. Ten of the 12 plaques had IVUS parameters recorded at baseline. These 10
plaques were classified as vulnerable plaques (VP), and the other plaques were classified as
stable plaques (SP; n � 143). There was no significant difference of vessel area, lumen area,
and plaque area between VP and SP. However, plaque burden (60 � 9% vs. 52 � 9%; p �
0.014), eccentricity (0.70 � 0.10 vs. 0.55 � 0.17; p � 0.013), remodeling index (1.30 � 0.08
vs. 1.16 � 0.16; p � 0.006) and percentage lipid area (72 � 10% vs. 50 � 16%; p � 0.0001)
were greater in VP than in SP. Percentage fibrous area (23 � 6% vs. 47 � 14%; p � 0.0001)
was smaller in VP than in SP. The sensitivities, specificities, and positive predictive values of
percentage fibrous area (90%, 96%, and 69%, respectively) and percentage lipid area (80%,
90%, and 42%, respectively) for classifying VP were evaluated.

CONCLUSIONS Tissue characteristics of VP before ACS were different from those of SP. This suggests that
VP and SP as classified by IB-IVUS are useful in predicting ACS. (J Am Coll Cardiol

ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.09.061
2006;47:734–41) © 2006 by the American College of Cardiology Foundation
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athologic and angioscopic studies have demonstrated that
isruption or erosion of vulnerable plaques and subsequent
hromboses are the most frequent cause of acute coronary
yndromes (ACS) (1,2). Postmortem studies have identified
everal histologic characteristics of these vulnerable plaques,
uch as a high-lipid core area and a thin fibrous cap (3,4).
revious angiographic studies reported that pre-existing
oronary stenosis in patients with first myocardial infarction
s not necessarily severe. The culprit coronary lesion in the
atients with unstable angina showed a relatively minor
tenosis, �50% of the luminal diameter (5,6).

Intravascular ultrasound (IVUS) allows cross-sectional
maging of coronary arteries and provides a more compre-
ensive assessment of the atherosclerotic plaques in vivo.
tudies using IVUS have indicated that the coronary ath-
rosclerosis is underestimated when visually analyzing an-
iography results owing to the coronary compensatory
emodeling and the diffuse nature of coronary atherosclero-
is, which frequently makes the reference vessel appear
ormal angiographically (7). To date, IVUS has contributed
o our understanding of the progression and regression of
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oronary plaque. Glagov et al. (8) demonstrated that com-
ensatory enlargement of the vessel prevents the atheroma
rom encroaching on the lumen, thereby concealing the
resence of a lesion when using angiography. However,
here are no precise data about tissue components of
ulnerable plaque in vivo, because there is no way of
nalyzing the components clinically. It may be difficult to
redict the site of a subsequent occlusion from a conven-
ional IVUS study, because it is difficult to quantitatively
ifferentiate lipid component from fibrous tissue using
onventional IVUS.

Recently, we have developed an integrated backscatter
ntravascular ultrasound (IB-IVUS) system in which two-
imensional (2D) color-coded maps of plaque tissue char-
cterization in coronary arteries were constructed by com-
uter (9). The purpose of the present study is to define the
issue characteristics of vulnerable plaques before ACS using
B-IVUS and to elucidate the feasibility of certain param-
ters for the prediction of ACS in clinical settings.

ETHODS

atients and study design. This study was a follow-up of
ontarget coronary lesions with moderate stenosis (diameter
tenosis 25% to 50%) in patients with stable angina pectoris
ho underwent percutaneous coronary intervention (PCI).

atients were consecutively enrolled from September 2001
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o June 2003. The institutional ethics committee approved
he protocol, and informed consent was obtained from all
atients and their relatives. Patients were excluded if they
ad unstable angina or myocardial infarction within the
revious three months, an ejection fraction of �30%, total
erum cholesterol �240 mg/dl with or without statin
herapy, or severe hypertriglyceridemia (�400 mg/dl). A
otal of 140 patients with stable angina pectoris were
nrolled in the study. Integrated backscatter IVUS was
erformed in each patient in one or two arterial segments
ithout significant stenosis. The nontargeted plaques ana-

yzed had to be more than 20 mm from the target site.
nother coronary artery was analyzed if there was no plaque
ith moderate stenosis in the vessel with the target lesion.

n the follow-up period, the diagnosis of acute myocardial
nfarction was based on elevation at least one positive
iomarker (creatine kinase [CK], CK-MB, CK-MB mass
CK-MBm), or troponin), and at least two measurements of
he same maker were obtained at least 6 h apart. In addition,
he diagnosis required characteristic electrocardiogram
hanges and a history of prolonged acute chest, epigastric,
eck, jaw, or arm pain. Unstable angina was defined as
ither angina with a progressive crescendo pattern or angina
hat occurred at rest. Coronary angiography was performed
ithin 24 h after the onset of ACS and within 12 h after the
atients arrived at our hospital.
B system presets and data acquisition. Conventional
VUS images and ultrasound signals were acquired during
he diastolic phase using a commercially available IVUS
maging system (Clear View; Boston Scientific, Natick,

assachusetts) and an analog-digital converter (Wavepro
60; LeCroy, Chestnut Ridge, New York) to characterize
he coronary arterial tissue using a 40-MHz intravascular
atheter. During routine PCI, we administered an intra-
oronary optimal dose of isosorbide dinitrate before the
easurements for the prevention of coronary spasm. A total

f 18 IB-IVUS images were captured at an interval of 1 mm
sing a motorized pull-back system in each plaque. Then
he segment with the minimum lumen area was evaluated in
ach plaque. We used 256 vector lines per image (1.4
rade/line) and set 20 regions of interest (ROIs) for each
00-�m depth on each vector line (total 5,120 ROIs/

Abbreviations and Acronyms
ACS � acute coronary syndrome
CSA � cross-sectional area
EEM � external elastic membrane
IB � integrated backscatter
IVUS � intravascular ultrasound
LCSA� lumen cross-sectional area
PCI � percutaneous coronary intervention
ROI � region of interest
SP � stable plaques
VP � vulnerable plaques
mage). Integrated backscatter values were calculated as c
content.onlinejacDownloaded from 
reviously described (9). To make the quantitative area
nalysis more accurate, polar coordinates were transformed
nto Cartesian coordinates (64 � 64 pixels), using a com-
uter algorithm previously described, because the size of
ach ROI in the polar coordinates was different (10). We
hen manually selected the intima in the color-coded maps
or calculation of the number of pixels. Our definition of IB
alues for each histologic category was determined by
omparing histologic images, as reported in our previous
tudy (9).

onventional IVUS and IB-IVUS parameters. Each
onventional IVUS and IB-IVUS parameter at baseline was
easured in the plaques and subjected to statistical analysis.
he IVUS measurements were performed by two experi-

nced IVUS readers. In the conventional IVUS analysis,
ross-sectional images were quantified for lumen cross-
ectional area (LCSA), external elastic membrane (EEM)
ross-sectional area (CSA), and plaque (P) � media (M)
ross-sectional area (P�M CSA � EEM CSA � LCSA)
sing the software included with the IVUS system. In the
resent study, the interobserver correlation coefficient was
.98 for EEM, 0.97 for LCSA, and 0.97 for P�M CSA.
he P�M eccentricity rate was calculated as (maximum
�M thickness � minimum P�M thickness)/maximum
�M thickness. The remodeling index was defined as the

atio of EEM CSA at the measured lesion (minimum
uminal site) to reference EEM CSA (the average of the
roximal and distal reference segments). After the color-
oded maps were transformed into Cartesian coordinates,
he percentage fibrous area (fibrous area/plaque area) and
he percentage lipid area (lipid area/plaque area) were
utomatically counted by use of commercially available
omputer software (T3D, Fortner Research, Sterling, Vir-
inia). The validation has been reported previously: The
ntraobserver and interobserver variability of the area of lipid
ool were 4.2 � 2.8% and 5.3 � 3.3%, respectively. The
ntraobserver and interobserver correlation of the area of
ipid pool was r � 0.91 (p � 0.01) and r � 0.90 (p � 0.01),
espectively (11).
tatistical analyses. Laboratory and ultrasound parameters
ere reported as the mean � SD. An unpaired Student
test was used to compare the parameters between vulner-
ble plaques (VP) and stable plaque (SP). Receiver operat-
ng characteristic (ROC) curves were used to determine the
utoffs of IVUS parameters as a marker for classification of
P. For estimation of diagnostic accuracies, the sensitivi-

ies, specificities, positive predictive values, negative predic-
ive values, and accuracies of the IVUS parameters were
alculated at the cutoffs determined by the ROC curves. A
value of �0.05 was considered statistically significant.

ESULTS

haracteristics of the patient with and without ACS. One
undred sixty angina-unrelated coronary lesions in 160

oronary arteries without significant stenosis were evaluated
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n this study. At the follow-up (mean 30 � 7 months), 12
laques caused ACS at an average of 7.6 � 6.1 months after
he initial IVUS examination. Ten of the 12 plaques had
VUS parameters recorded. Two plaques in two patients,
ho suffered ACS but whose culprit lesions had not been

nvestigated, were excluded from the study. In the five
atients who had ACS at one site, the remaining imaged
ite was excluded from comparison, because the behavior of
arious plaques within the same patient are not likely to be
ndependent. Finally, 153 plaques were classified as either
P (n � 10) that caused ACS or SP (n � 143) that did not

ause ACS. There was no significant difference in charac-
eristics, blood lipid levels, or the rate of concomitant
edications at baseline between the patients with ACS and
ithout ACS (Table 1).
uantitative parameters of conventional IVUS and IB-

VUS. Table 2 shows quantitative IVUS findings. There
as no significant difference in the percentage diameter

tenosis between VP (35 � 7%) and SP (31 � 7%). Also,
here was no significant difference in EEM-CSA, LCSA,
nd P�M CSA between VP and SP. However, plaque
urden (60 � 9% vs. 52 � 9%; p � 0.014), eccentricity rate

able 1. Baseline Clinical and Laboratory Characteristics of
atients With or Without ACS

Patients
With ACS

(n � 10)

Patients
Without ACS

(n � 128) p

ender
Men 6 (60) 87 (68) 0.60

ge, yrs 67 � 8 68 � 9 0.89
linical history
Myocardial infarction 1 (10) 18 (14) 0.71
Previous coronary bypass graft 0 (0) 3 (2) 0.62
Hypertension 6 (60) 80 (63) 0.87
Hyperlipidemia 5 (50) 63 (49) 0.96
Current smoker 2 (20) 21 (16) 0.78
Diabetes mellitus type 2 3 (30) 25 (19) 0.42

oronary artery disease
Multiple vessel 5 (50) 53 (65) 0.89

arget plaque location
LAD 5 (50) 60 (47) 0.85
LCX 2 (20) 35 (27) 0.61
RCA 3 (30) 33 (23) 0.77
edication
Aspirin 10 (100) 128 (100) 1.0
Ticlopidine 10 (100) 128 (100) 1.0
Statin 4 (40) 48 (38) 0.87
Nirates 6 (60) 68 (53) 0.67
Calcium-channel blockers 5 (50) 78 (61) 0.50
Beta-blockers 2 (20) 28 (22) 0.89
Insulin 3 (30) 16 (13) 0.12
ACE inhibitors 4 (40) 55 (43) 0.86

lood lipid levels (mg/dl)
Total cholesterol 212 � 48 201 � 34 0.31
Triglycerides 136 � 79 137 � 67 0.94
HDL cholesterol 43 � 5 49 � 12 0.11
LDL cholesterol 134 � 34 125 � 29 0.15

alues are n (%) or mean � SD.
ACE � angiotensin-converting enzyme; ACS � acute coronary syndromes; HDL �
s
igh-density lipoprotein; LAD � left anterior descending coronary artery; LCX � left
ircumflex artery; LDL � low-density lipoprotein; RCA � right coronary artery.

content.onlinejacDownloaded from 
0.70 � 0.10 vs. 0.55 � 0.17; p � 0.013), remodeling index
1.30 � 0.08 vs. 1.16 � 0.16; p � 0.006), and the
ercentage lipid area (72 � 10% vs. 50 � 16%; p � 0.0001)
f VP were greater than those of SP. Furthermore, the
ercentage fibrous area was smaller in VP (23 � 6%) than
n SP (47 � 14%) (p � 0.0001).
arameters of conventional IVUS and IB-IVUS for
redicting ACS. Representative VP and SP are shown in
igures 1 to 3. These figures indicate that VP had greater

ipid area and smaller fibrous area than SP. The optimal
utoffs for the calculation of diagnostic accuracy to classify
P were obtained from the ROC curve (Fig. 4). The
ptimal cutoffs of percentage fibrous area, percentage lipid
rea, remodeling index, eccentricity rate, and plaque burden
ere 25%, 65%, 1.25, 0.65, and 55%, respectively. The
ercentage fibrous area was the most sensitive of all IVUS
arameters for classifying VP (area under curve � 0.98).
mong 10 VP, 9 (90%) had a fibrous area of �25%,
hereas only 6 (4%) SP had a fibrous area of �25%.
ensitivities, specificities, positive predicting values, nega-
ive predictive values, and accuracies for each parameter at
he optimal cutoffs values are shown in Table 3. Multivar-
ate logistic regression analysis did not detect independent
redictors of ACS.

ISCUSSION

ecently, many techniques for the tissue characterization of
laque composition have been developed using mathemat-
cal analyses of ultrasound signals (12–15). We developed an
B-IVUS system for tissue characterization of coronary
laques using fast Fourier transform (9). The present
quipment with an IVUS system and a commercially
vailable digital analog converter made qualitative anal-
sis of images possible without any reconstruction of
ideo recorder images.
requency of occurrence of ACS. According to previous
ndings, progression of coronary artery disease is seen in 7%
o 12% of lesions per year (16–18). In a recent study, the
ate of occurrence of ACS during a follow-up period of
1.8 � 6.4 months was 7.5% per year (19). In the present

able 2. Baseline Intravascular Ultrasound Characteristics

Vulnerable
Plaques

(n � 10)

Stable
Plaques

(n � 143) p

essel area, mm2 13.9 � 2.0 14.2 � 3.5 0.72
umen area, mm2 6.1 � 1.2 6.7 � 2.0 0.31
laque area, mm2 8.0 � 2.0 7.5 � 2.4 0.41
laque burden, % 60 � 9 52 � 9 0.014
iameter stenosis, % 35 � 7 31 � 7 0.10
rea stenosis, % 57 � 8 52 � 9 0.09
ccentricity rate 0.70 � 0.10 0.55 � 0.17 0.013
emodeling index 1.30 � 0.08 1.16 � 0.16 0.006
ibrous area, % 23 � 6 47 � 14 �0.0001
ipid area, % 72 � 10 50 � 16 �0.0001

alues are mean � SD.
tudy, the rate of occurrence of ACS in the follow-up
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eriod of 30 � 7 months was 3.4% per year (12 of 140
atients/2.5 years). Although different criteria were used
o define disease progression, the rate of disease progression
n the present study was less than the previous reports.
urthermore, the lower rate of disease progression in the
resent study may have been due to the frequent use of
MG-Co-A reductase inhibitors (statins), because there is

mple evidence that statins reduce the progression of ath-
rosclerosis (20,21). Actually, a recent study showed that
.8% of coronary lesions required additional PCI of non-
arget lesions because of plaque progression at one year and
hat the majority (86.9%) of these lesions were �60% in
everity (mean stenosis 41.8%) at the time of the initial PCI
22). The progression and stenosis rate in the present study
as similar to that in this previous study. Although the

verage follow-up period was 30 months, it is surprising that
CS developed an average of only 7.6 months after IVUS

igure 1. Images of the culprit lesion causing acute coronary syndrome. (A
esion, in which intravascular ultrasound (IVUS) measurements were record
B) Conventional IVUS image of segment indicated by the arrowhead
onstructed using conventional color gradation, of the segment indicated
arge lipid core (blue) with fibrous cap (green). (D) IB-IVUS image of C
ndicated by the arrowhead in A. This type of color-coded map illustrates
uidewire artifact. Note the large lipid core (blue) with fibrous cap (red o
maging. This result is similar to the time required for the c
content.onlinejacDownloaded from 
evelopment of ACS (4.0 � 3.4 months, range 1 to 8
onths) in a previous report (19). The relatively early

evelopment of ACS after IVUS imaging is likely to
ncrease the predictive values of IVUS for classifying
ulnerable plaques, and the predictive values are likely to
e lower at a later time point. Although the reason for the
arly development of ACS is unknown, the subjects in
he present study were patients with angina pectoris that
nderwent PCI. Such a rapid development of ACS
robably involves diffuse destabilization of coronary
laques, leading to the condition of “pancoronaritis,” as
uggested in recent IVUS and angioscopic studies
23,24).

onventional IVUS and IB-IVUS parameters. There are
everal reports showing the details of the plaques that caused
CS by use of conventional IVUS. It was reported that 30%
f ruptured plaques contained hypoechoic, 31% hypere-

giography of the left coronary artery. (Upper) The arrowhead indicates a
baseline. (Lower) The arrowhead indicates the culprit lesion at follow-up.

(C) Integrated backscatter (IB)-IVUS image of Cartesian coordinates,
arrowhead in A. The asterisk indicates the guidewire artifact. Note the

n coordinates, constructed using another color gradation, of the segment
ifference between lipid pool and fibrous tissue. The asterisk indicates the
te). CL � calcification. Bar � 1 mm.
) An
ed at
in A.
by the
artesia
the d
hoic, and 39% mixed plaque. The site of the original tear in
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he fibrous cap could be identified; 63% of tears appeared to
ave occurred at the shoulder of the plaque and the
emaining 37% in the center of the plaque (25). According
o another report, 70% of patients with ACS had at least
ne atherosclerotic lesion that had rupture criteria in an
rtery distinct from the culprit artery (23). Fujii et al. (26)
eported that ruptured plaques in culprit lesions of ACS
atients had smaller lumens, greater plaque burdens, area
tenosis, and remodeling indices, and more thrombus.
lthough these reports provided important insight into
laques ruptured in ACS, they were studies focusing on
laques after the occurrence of rupture.
There are few data using IVUS to define the feature of

P before the occurrence of ACS. Yamagishi et al. (19) has
hown the morphology of VP before ACS. In that study, 16
f 106 patients had acute coronary events during a follow-up
eriod of 21.8 � 6.4 months. The pre-existing plaques before

igure 2. Images of the culprit lesion causing acute coronary syndrome.
ndicates a lesion, in which IVUS measurements were recorded at base
onventional intravascular ultrasound (IVUS) image of the segment indi
artesian coordinates, constructed using conventional color gradation, o

uidewire artifact. Note the large lipid core (blue) with fibrous cap (green)
radation, of the segment indicated by the arrowhead in A. The asterisk i
red or white). CL � calcification. Bar � 1 mm.
CS had shallow echolucent zones with compensatory plaque a
content.onlinejacDownloaded from 
nlargement. Regarding conventional IVUS parameters, this
tudy showed that the plaque burden of the plaques leading
o ACS exhibited an eccentric pattern that was greater than
hose in the patients without ACS. Another study demon-
trated that the lesion eccentricity index and the remodeling
atio of plaques that caused ACS were greater than those of
laques that were associated with stable angina (27). More-
ver, studies examining the differences between ruptured
laques and nonruptured plaques in the same coronary
rtery demonstrated that the lumen eccentricity index of
uptured plaques was greater than that of nonruptured
laques (28). Regarding IB-IVUS parameters, percentage

ipid areas were greater in VP than in SP. Moreover,
ercentage fibrous areas were smaller in SP than in VP.
revious pathologic studies of VP after ACS have demon-
trated that large lipid cores are recognized histologic
arkers for plaque vulnerability (29). Our findings are in

ngiography of the circumflex coronary artery. (Upper) The arrowhead
(Lower) The arrowhead indicates the culprit lesion at follow-up. (B)
by the arrowhead in A. (C) Integrated backscatter (IB)-IVUS image of
segment indicated by the arrowhead in A. The asterisk indicates the
IB-IVUS image of Cartesian coordinates, constructed using another color
tes the guidewire artifact. Note the large lipid core (blue) with fibrous cap
(A) A
line.

cated
f the
. (D)
ndica
greement with these previous results.
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iagnostic values of IB-IVUS to classify VP. In the
VUS parameters in which there were significant differences
etween SP and VP in the present study, the optimal cutoffs
or classifying VP were determined by use of ROC curves.
he AUC showed that percentage fibrous area was the most
seful parameter to classify VP. To determine cutoffs for
lassifying VP, there is the restriction that plaques may have
aused ACS after the follow-up period. Therefore, we proba-
ly underestimated the number of VP because we could not
dentify the plaques causing ACS after the follow-up period.
sing percentage lipid area of �65% as a cutoff, IB-IVUS
as positive in 8 plaques and negative in 11 plaques. This

esulted in a low positive predictive value of 42% for
redicting ACS. Similar low positive predictive values for
lassifying VP were obtained using plaque burden, remod-
ling index, and eccentricity rate. Therefore, we also em-
loyed second cutoffs for each parameter to increase the

igure 3. Images of the lesion not causing acute coronary syndrome. (A) An
n which intravascular ultrasound (IVUS) measurements were recorded
rrowhead at baseline after the follow-up period. (B) Conventional IVUS im
IB)-IVUS image of Cartesian coordinates, constructed using conventional
ndicates the guidewire artifact. Note the small lipid core (blue) with large fi
sing another color gradation, of the segment indicated by the arrowhead in
ith large fibrous tissue (red or white). CL � calcification. Bar � 1 mm
ositive predictive value rather than to maintain a high s
content.onlinejacDownloaded from 
ensitivity. However, the positive predictive value of each
arameter at the second cutoff did not increase, as shown in
able 3.
Plaque rupture is related to the process in which fibrous

aps over lipid core become fragile. Prior studies reported
hat shear stress and circumferential wall stress play an
mportant role in plaque rupture (30). To differentiate VP
rom SP, the fragile part of the atheromatous plaque is of
ajor interest. For the purpose of detecting fragile parts of

laques, IVUS elastography has been validated to distin-
uish different plaque features in vivo (14). For the predic-
ion of ACS, both tissue characteristics of coronary plaques
nd the mechanical stresses on coronary plaques should be
aken into account.
tudy limitations. First, the subjects of the present study
ere the patients with angina pectoris that required PCI.

n addition, some selection bias was inevitable because we

aphy of the left coronary artery. (Upper) The arrowhead indicates a lesion,
seline. (Lower) the arrowhead indicates the segment indicated by the
f the segment indicated by the arrowhead in A. (C) Integrated backscatter
gradation, of the segment indicated by the arrowhead in A. The asterisk

s tissue (green). (D) IB-IVUS image of Cartesian coordinates, constructed
he asterisk indicates the guidewire artifact. Note the small lipid core (blue)
giogr
at ba
age o
color
brou
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elected one or two plaques in each patient. Therefore,
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he findings of the present study may not be applicable to
he general population. Second, there was a possibility
hat the components and morphologies of plaques may
ave changed during the follow-up period between the

nitial IVUS examination and the development of ACS.
laques could change in size, morphology, or tissue
haracteristics. Serial IVUS observations would be re-
uired to demonstrate changes in plaques, although we
id not believe it is appropriate to perform serial IVUS
ecause it is an invasive method. Third, calcification is a
erfect reflector for ultrasound, causing the acoustic

igure 4. Receiver operating characteristic curves for each intravascular u
elected cutoffs were indicated without underline. Note that area under cur
or classifying the plaques causing acute coronary syndrome.

Table 3. Assessment of IB-IVUS and Conven
Vulnerable Plaques

Sensitivity

Optimal cutoffs
IB-IVUS

% Fibrous area (cutoff �25%) 90 (85–95)
% Lipid area (cutoff �65%) 80 (74–86)

Conventional IVUS
Plaque burden (cutoff �55%) 70 (63–77)
Remodeling index (cutoff �1.25) 80 (74–86)
Eccentricity rate (cutoff �0.65) 70 (63–77)

Secondary selected cutoffs
IB-IVUS

% Lipid area (cutoff �70%) 60 (52–68)
Conventional IVUS

Plaque burden (cutoff �60%) 40 (32–48)
Remodeling index (cutoff �1.30) 30 (23–37)
Eccentricity rate (cutoff �0.70) 50 (42–58)

Data are percentages (95% confidence intervals).

IB � integrated backscatter; IVUS � intravascular ultrasound; N

value.

content.onlinejacDownloaded from 
hadowing typically observed in IVUS images. In addi-
ion, we excluded the area of the artifact due to the
uidewire from the IB-IVUS analyses. Therefore, the
uidewire artifact and calcification hinder a rigorous
alculation of the area of each component. Finally,
ecause the number of plaques causing ACS was small,
ultivariate logistic regression analysis did not detect

ndependent predictors of ACS, and the statistical power
f the ROC curve analysis for the predicting ACS was
ow, particularly when the area under the ROC curve was
.98. Furthermore, plaques defined as SP might cause

und parameter. Optimal cutoffs are indicated by underlining. Secondary
UCs) show that percentage fibrous area was the most sensitive parameter

l IVUS Parameters for Classifying

cificity PPV NPV Accuracy

93–99) 69 (62–76) 99 (97–100) 95 (92–98)
85–95) 42 (34–50) 98 (96–100) 89 (84–94)

55–69) 17 (11–23) 95 (92–98) 63 (55–69)
75–87) 30 (23–37) 97 (94–100) 81 (75–87)
62–76) 18 (12–24) 96 (93–99) 69 (62–76)

89–97) 46 (38–54) 96 (93–99) 91 (86–96)

73–85) 17 (11–23) 93 (89–97) 75 (68–82)
83–93) 20 (14–26) 92 (88–96) 86 (81–91)
73–85) 20 (14–26) 94 (90–98) 76 (69–83)
ltraso
tiona

Spe

96 (
90 (

63 (
81 (
69 (

93 (

79 (
88 (
79 (
PV � negative predictive value; PPV � positive predictive
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CS after the follow-up period, which would lower the
ositive predictive value. Large-scale long-term studies
re required to address this limitation.
onclusions. We reported in detail the prognostic utility
f morphologic and tissue characteristics of VP before ACS.
issue characteristics of VP before ACS were different from

hose of SP. This suggests that VP and SP as classified by
B-IVUS are useful in predicting ACS.
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