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Impact of Plaque Characteristics Analyzed by Intravascular
Ultrasound on Long-Term Clinical Outcomes

Sung-Hwan Kim, MD, Myeong-Ki Hong, MD, PhD*, Duk-Woo Park, MD,
Seung-Whan Lee, MD, PhD, Young-Hak Kim, MD, PhD, Cheol Whan Lee, MD, PhD,

Jae-Joong Kim, MD, PhD, Seong-Wook Park, MD, PhD, and Seung-Jung Park, MD, PhD

Limited data are available on long-term outcomes for vulnerable plaque analyzed by
intravascular ultrasound (IVUS). The aim of this study was to investigate long-term
clinical outcomes in 183 patients (79 with stable angina pectoris and 104 with acute
coronary syndromes) who underwent preintervention 3-vessel IVUS and single-vessel stent
implantation. Critical events, defined as any cause of death and acute coronary syndromes
during follow-up, were evaluated. Plaque characteristics were analyzed in the target vessel
and nontarget vessels. Vulnerable plaques were arbitrarily defined as plaques with rupture,
lipid core, dissection, or thrombus. The mean follow-up period was 50 � 20 months.
Critical events developed in 12 patients (7%; 6 acute coronary syndromes, 6 deaths). The
critical event–free rate was not different according to the presence of vulnerable plaques in
the target lesion (95% vs 95%, p � 0.86). However, in the nontarget vessels, the long-term
critical event–free rate was significantly lower in patients with vulnerable plaques (88% vs
96%, p � 0.04). On multivariate Cox regression analysis, the multiplicity of vulnerable
plaques in the nontarget vessels (hazard ratio 2.2, 95% confidence interval 1.4 to 3.4, p �
0.001) was the only independent predictor of long-term critical events. Acute coronary
syndromes (odds ratio 5.4, 95% confidence interval 2.1 to 14.3, p � 0.001) and diabetes
mellitus (odds ratio 5.2, 95% confidence interval 1.9 to 13.8, p � 0.001) were significantly
associated with the multiplicity of vulnerable plaques. In conclusion, the multiplicity of
vulnerable plaques in nontarget vessels was the most important predictor of future critical
cardiac events in this 3-vessel IVUS study. © 2009 Elsevier Inc. All rights reserved. (Am

J Cardiol 2009;103:1221–1226)
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The concept of vulnerable plaque was developed on the
asis of postmortem observations in patients with acute
oronary syndromes. These autopsy studies reported that
cute coronary syndromes are caused by spontaneous
laque rupture or erosion and subsequent thrombosis.1,2 The
evelopment of imaging techniques can allow the observa-
ion of plaque in vivo. Of these, intravascular ultrasound
IVUS) provides detailed, high-quality images of coronary
rteries and can detect plaque rupture, and it is easily ap-
licable compared with other invasive imaging techniques,
uch as optical coherent tomography and angioscopy. We
reviously reported the prevalent site and difference as
linical presentations of plaque ruptures on 3-vessel
VUS.3,4 Despite numerous clinical data, it is still insuffi-
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ient to identify lesions that are at increased risk for throm-
osis and subsequent cardiac events. Therefore, we inves-
igated the long-term clinical outcomes of vulnerable
laques detected by 3-vessel IVUS.

ethods

A prospective but nonconsecutive series of 235 patients
ho were scheduled for coronary intervention underwent
reintervention 3-vessel IVUS. Baseline clinical character-
stics of patients without IVUS, with 1- or 2-vessel IVUS,
nd with 3-vessel IVUS have been previously reported.4

atients with histories of myocardial infarctions, long le-
ions (length �30 mm), total occlusions, and severe angu-
ations or calcifications in any major epicardial artery were
xcluded.4 Of these 235 patients, 183 patients with single-
essel stent implantation were selected to assess the natural
istories of lesions in nonintervened vessels. Most patients
ere implanted with bare-metal stents (142 of 183). The

tudy population consisted of 79 patients with stable angina
ectoris and 104 patients with acute coronary syndromes.
he target lesion for stent implantation was determined by

he combination of left ventricular wall motion abnormali-
ies, electrocardiographic findings, angiographic lesion mor-
hology, and scintigraphic defects. Serum samples at index
ntervention were collected just before IVUS, and low-
ensity lipoprotein cholesterol was checked again during

ollow-up (generally 1 year after the index intervention).

www.AJConline.org
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The detailed IVUS analysis method has been previously
eported.4 In brief, IVUS on all 3 major epicardial arteries
as performed before any intervention. Vulnerable plaques
ere arbitrarily considered as plaques containing the fol-

owing unstable features: rupture, lipid core, dissection, or
hrombus. Plaque rupture was defined as a plaque contain-
ng a cavity that communicated with the lumen with an
verlying residual fibrous cap fragment on IVUS.5 A dis-
ection was a longitudinal tear in the plaque parallel to the
essel wall. A lipid core was defined as plaque containing
n echolucent zone, which was usually shallow in the vessel

able 1
aseline clinical characteristics

ariable All
(n � 18

ge (yrs) 58 � 1
en 131 (72%
cute coronary syndromes 104 (57%
ypertension 81 (45%
iabetes mellitus 36 (20%
mokers 71 (39%
se of statins 92 (51%
se of angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers

85 (47%

-reactive protein �0.6 mg/dl 37 (21%
aseline LDL �100 mg/dl 113 (65%
aseline LDL (mg/dl) 112 � 3
ollow up LDL (mg/dl) 92 � 3
hange in LDL (mg/dl) �20 � 4
ritical events 12 (7%
ajor adverse cardiac events 30 (16%

Data are expressed as mean � SD or as number (percentage).
LDL � low-density lipoprotein.

able 2
uantitative intravascular ultrasound measurements of target lesions

ariable
(n �

roximal reference segment
External elastic membrane cross-sectional area (mm2) 14.9
Luminal cross-sectional area (mm2) 9.0
esion segment
External elastic membrane cross-sectional area (mm2) 14.3
Luminal cross sectional area (mm2) 2.2
Plaque burden (%) 84
Remodeling index 1.03
Positive remodeling 5
Arc of calcium (°) 40
Calcified plaque 55
istal reference segment
External elastic membrane cross-sectional area (mm2) 12.8
Luminal cross sectional area (mm2) 7.9

Data are expressed as mean � SD or as number (percentage).
all.6–8 The identification of thrombus required �2 of the r
ollowing: distinct hypoechoic mass, brightly speckled plaque,
hanneling within the plaque, evacuated plaque cavity, or
etached mobile mass.5 The number of vulnerable plaques
as investigated for multiplicity, and patients were arbi-

rarily classified by the number of vulnerable plaques (0, 1
r 2, and �3). Plaques with plaque burden �40% were
elected for this study. The qualitative assessment of plaque
haracteristics required independent review and agreement
y 2 interventional cardiologists. Quantitative IVUS analy-
is was performed using computed planimetry at the target
esion and proximal and distal reference segments. The

Vulnerable Plaque in Nontarget
Vessel

p Value

No Yes
(n � 137) (n � 46)

57 � 11 60 � 11 0.13
95 (69%) 36 (78%) 0.25
69 (50%) 35 (76%) �0.01
55 (40%) 26 (57%) 0.06
21 (15%) 15 (33%) 0.01
53 (39%) 18 (39%) 0.99
68 (50%) 24 (53%) 0.70
59 (43%) 26 (58%) 0.09

23 (17%) 14 (31%) 0.05
90 (69%) 23 (55%) 0.10
112 � 31 107 � 35 0.40

94 � 31 88 � 27 0.27
�19 � 41 �22 � 42 0.70

6 (4%) 6 (13%) 0.04
19 (14%) 11 (24%) 0.11

Vulnerable Plaque in Nontarget
Vessel

p Value

No Yes
(n � 137) (n � 46)

14.7 � 3.4 15.5 � 4.4 0.22
8.7 � 2.2 9.3 � 2.4 0.27

14.2 � 3.8 14.8 � 4.2 0.41
2.2 � 0.3 2.2 � 0.4 0.97
84 � 4 85 � 4 0.32

1.03 � 0.17 1.05 � 0.13 0.51
56% 64% 0.30

42 � 68 34 � 58 0.50
42 (31%) 13 (28%) 0.74

12.8 � 3.3 12.8 � 3.8 0.96
8.0 � 2.2 7.7 � 2.5 0.50
3)

1
)
)
)
)
)
)
)

)
)
2
0
1

)
)

All
183)

� 3.7
� 2.3

� 4.0
� 0.4
� 5
� 0.16
8%
� 66
(30%)

� 3.5
� 2.4
eference segments were the most normal looking cross sec-
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1223Coronary Artery Disease/Long-Term Outcome of Vulnerable Plaque
ions within 5 mm proximal and distal to the lesion but before
ny side branch. Quantitative measurements included external
lastic membrane, lumen, plaque cross-sectional area, and
he arc of calcium. Calcified plaque was considered as
laque that appeared as bright echoes that obstructed the
enetration of ultrasound.9 A remodeling index was calcu-
ated as the lesion external elastic membrane area divided
y the mean reference external elastic membrane area. Pos-
tive remodeling was defined as a remodeling index �1.0.9

The primary end points were the composite of acute
oronary syndromes and death from any cause, and these
ere considered critical events. All events were based on

linical diagnoses. Medical records were reviewed to obtain
nformation on clinical demographics and medical history.
o validate follow-up data, information about death was
btained from the registry of the National Health Insurance
orporation, with the use of a unique personal identification
umber. Acute coronary syndromes included clinical pre-
entation of acute myocardial infarction and unstable angina
ectoris. Acute myocardial infarction was defined as con-
inuous chest pain at rest with abnormal levels of cardiac
nzymes (creatinine kinase-MB or troponin T), as previ-
usly reported.4 Major adverse cardiovascular events were
ssessed as a secondary outcome and defined as the com-
osite of death, acute coronary syndromes, any revascular-
zation by percutaneous coronary intervention or bypass
raft, and stroke.

Categorical variables were compared using the chi-
quare test for equality of proportions and are presented as
aw numbers and percentages. Continuous variables were
ompared using Student’s t test and are presented as

igure 1. Representative images showing a critical event in a nontarget ve
rtery, and his left anterior descending coronary artery showed intermedi
dentical images; the solid circle is suggestive of a lipid core and the dash
rom the left anterior descending coronary artery, which showed tight sten
dentical images).
ean � SD. Kaplan-Meier analysis was used to determine p
he event-free survival rate, and differences between groups
ere analyzed using the log-rank test. Predictors of the time

o an event were investigated by means of univariate and
ultivariate Cox regression. In addition, multivariate logis-

ic regression analysis was performed to assess independent
isk factors for the multiplicity of vulnerable plaques. A p
alue �0.05 was considered statistically significant. Stata
E version 10.0 for Windows (StataCorp LP, College Sta-

ion, Texas) was used for analysis.

esults

Baseline clinical characteristics and quantitative IVUS
easurements are listed according to the presence of vul-

erable plaques in the nontarget vessels in Tables 1 and 2.
he patients with vulnerable plaques in nontarget vessels
ere more likely to present with acute coronary syndromes

76% vs 50%, p � 0.002) and had a higher prevalence of
iabetes mellitus (33% vs 15%, p � 0.01). Critical events,
ncluding acute coronary syndromes and deaths, occurred in
ore patients with vulnerable plaques in nontarget vessels

han those without vulnerable plaques in nontarget vessels
13% vs 4%, p � 0.04). In qualitative IVUS analysis, a total
f 216 vulnerable plaques were found in 134 of 183 pa-
ients, and 1.2 � 1.1 (range 0 to 5) vulnerable plaques were
ound in each patient. In the target vessel, 148 vulnerable
laques were found in 133 patients, and 0.8 � 0.6 (range 0
o 3) vulnerable plaques were found in each patient. In
ontarget vessels, 68 vulnerable plaques were found in 46
atients, and 0.4 � 0.8 (range 0 to 4) vulnerable plaques
ere found in each patient. According to the initial clinical

e patient was treated with single-stent implantation in the right coronary
osis on angiography (A). IVUS showed a large lipid pool (B and C are
le is the lumen). Six months later, acute myocardial infarction developed
th ruptured plaque (dashed arrow in D and solid arrow in F; E and F are
ssel. Th
ate sten
ed circ
osis wi
resentation, 11 of 79 patients (14%) with stable angina
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ectoris and 35 of 104 patients (34%) with acute coronary
yndromes had vulnerable plaques in the nontarget vessels
p � 0.002). The frequency of calcified plaque in the target
esion was not significantly different between acute coro-
ary syndromes and stable angina pectoris as an initial
resentation (28% vs 33%, p � 0.4).

Of 68 vulnerable plaques in the nontarget vessels, the
umber of ruptures, lipid cores, dissections, and thrombi
ere 17, 39, 2, and 10, respectively. Critical events devel-

igure 2. Kaplan-Meier curves for major adverse cardiovascular events (M
nd stroke and critical events (B) according to the presence of vulnerable

igure 3. Kaplan-Meier curves for major adverse cardiovascular events (M
nd stroke and critical events (B) according to the presence of vulnerable

igure 4. Kaplan-Meier curves for critical events according to the multi-
licity of vulnerable plaque (VP) in the nontarget vessels.
ped in 12 patients (7%; 2 acute stent thromboses, 1 sub- b
cute stent thrombosis, 2 acute myocardial infarctions in
ontarget vessels, 1 unstable angina pectoris in a nontarget
essel, and 6 deaths that could not be specified as target or
ontarget vessel), and all patients were treated with bare-
etal stents in the initial procedures. A case of a critical

vent in a nontarget vessel is shown in Figure 1. The
resence of vulnerable plaques in the target lesion did not
ignificantly influence critical events or major adverse car-
iovascular events (Figure 2). However, the long-term crit-
cal event–free rate was significantly lower in patients with
ulnerable plaques in nontarget vessels (88% vs 96%, p �
.04; Figure 3). There was a lower tendency toward major
dverse cardiovascular event–free rate in the same subjects,
ut statistical significance was not reached (76% vs 87%,
� 0.13; Figure 3). According to the number of vulnerable

laques in nontarget vessels, the patients were classified as
ollows: 0 (in 137 patients), 1 or 2 (in 39 patients), and �3
in 7 patients). For the multiplicity of vulnerable plaques,
he critical event–free rate was also significantly different,
nd the multiplicity of vulnerable plaques resulted in poor
utcomes (95% vs 94% vs 54%, respectively, p �0.0001;
igure 4). Multivariate Cox regression analysis showed that

he multiplicity of vulnerable plaque in the nontarget vessels
as the only independent risk factor for long-term critical

vents (hazard ratio 2.2, 95% confidence interval 1.4 to 3.4,
� 0.001). In the multivariate logistic regression analysis,

resentation with acute coronary syndromes (odds ratio 5.4,
5% confidence interval 2.1 to 14.3, p � 0.001), and dia-

A), composed of death, acute coronary syndromes, any revascularizations,
(VP) in the target lesion.

A), composed of death, acute coronary syndromes, any revascularizations,
(VP) in the nontarget vessels.
ACE) (
ACE) (
etes mellitus (odds ratio 5.2, 95% confidence interval 1.9
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1225Coronary Artery Disease/Long-Term Outcome of Vulnerable Plaque
o 13.8, p � 0.001) remained as independent risk factors for
he multiplicity of vulnerable plaques in nontarget vessels.

iscussion

In this 3-vessel IVUS study with a mean follow-up
eriod of 50 � 20 months, the presence of vulnerable
laques in the target lesions did not significantly influence
ong-term clinical outcomes. However, the multiplicity of
ulnerable plaques in nontarget vessels was the only inde-
endent predictor of long-term critical outcomes such as
eath and acute coronary syndromes. The multiplicity of
ulnerable plaques was significantly prevalent in patients
ith acute coronary syndromes or diabetes mellitus.
To date, it is still insufficient to identify lesions with

orphologic characteristics of vulnerable plaque in daily
linical practice.10 Although plaque rupture has been known
o precede lesions, acute coronary syndromes can unexpect-
dly occur without plaque rupture,2 and plaque rupture can
e even found in patients with stable angina pectoris.4

lthough several morphologic characteristics of plaques by
VUS have been suggested to identify possible candidates
or vulnerable plaque, including dissection, thrombus, and
ipid core,5,8,11 there have been no long-term follow-up data
bout them. Therefore, such characteristics as well as rup-
ure were investigated in the present study, and vulnerable
laque defined as such characteristics predicted poor out-
omes. Another follow-up study has been reported, showing
hat no clinical event–related ruptured plaque in nontarget
essels occurred, and half of ruptured plaques had even
ealed during about 2 years of follow-up.12 Although this
as a prospective and serial follow-up IVUS study, small

ize (only 14 patients) and a short follow-up period mainly
ontributed to the results, which are discordant with the
esults of our study. Also, the different definition of vulner-
ble plaque might have caused this discordance.

In addition, most studies have focused on the impact of
ulnerable plaque, especially ruptured plaque, in the target
esion, which would be usually treated by percutaneous
oronary intervention.4,13 However, many adverse cardiac
vents occur from the nontarget vessels after percutaneous
oronary intervention, 3 or 5 times after 2 years compared
ith events from the target lesion.14 Vulnerable plaque in

he nontarget vessels was reported as a predictor for adverse
ardiac events, compared with vulnerable plaque in the
arget lesion, although it was on angiographic evaluation.15

ulnerable plaque in the target lesion would be treated on
ite, and acute coronary syndromes are associated with
he widespread inflammation of the coronary vasculature,
o-called pancoronaritis.16,17 Glaser et al18 reported that
he multiplicity of diseased vessels was a major predictor
f plaque progression (adjusted odds ratio 1.7 for 2-ves-
el disease, adjusted odds ratio 3.3 for 3-vessel disease).
hese results support the idea that future cardiac events
re affected by the entire coronary disease burden rather
han the vulnerability of the local culprit lesion. There-
ore, it is reasonable to accept our result that the multi-
licity of vulnerable plaques in the nontarget vessels was
ore predictive of future adverse events, especially death

nd acute coronary syndromes, than vulnerable plaque in

he target lesion.
Although our results provide profound understanding
f the long-term fate of vulnerable plaque, it is difficult to
erform 3-vessel IVUS in all patients with coronary
isease in daily clinical practice. Thus, it is clinically
seful to find risk factors for the multiplicity of vulner-
ble plaque. Initial presentation with acute coronary syn-
romes and diabetes mellitus were found to be risk fac-
ors in the present study.

Clinical outcomes were assessed retrospectively in the
resent study, although it was based on a prospective
ohort. Thus, we could not exactly differentiate the
auses of death for some patients. In the study popula-
ion, subjects who underwent only single-vessel stent
mplantation were investigated to assess the natural clin-
cal outcomes of nonintervened vessels. Therefore, our
tudy population might be a lower risk group than the
eneral population of patients who undergo percutaneous
oronary intervention.
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