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Abstract — Plaque rupture is regarded as one of main
causes of actite coronary syndromes. To prevent plaque
rupture and . guide a pharmacological tréatment, it is
important to image the weak (fragile) part of atheroscleotic
plaque. Our prehmmary expenments revealed the
feasibility of ‘stain- ‘image “using' IVUS 'to’ dxscnrmnate
betweei: different’ types of plaque: In this paper; for the

purpose of obtaining miore fine and stable assessmenits
of vulierablé plaque under ‘interventional’ condltrons we
propose a strain® power -image-as an index of tissiie
deformability by analyzmg the time-varying strain
profilés obtained from'the IVUS data. We also conducted
in vivo test with a new acquisition device that allows us to
captire “a large™ “Scale *of* RF~ 'data. "And’ its’ results
demonstrated * that' ‘g straifi power imaging has the
potential to e’\"ialu’até'_the 'irulnq'erability of plaques "~ -

I INTRODUCT[ON

srnent of, vulnerable coronary plaque i an
-procex ire for preventlon of the dcute ischemnic
syndromes’ due'td plaque ipture: In order to assess any
risk factors of ‘plaqite’ riipture’ such as” the™ Tipid tich
plaque and the vulnerablhty of fibrous -cap, the
mtravascular . elastlclty imaging .. by, ‘intravascular
ultrasound- (IVUS) is-anuseful techmque différent-from
the conventional IVUS echograms beddtise the plaque
compositions such as llpld fibrosis and calcification can
be viscerally assessed by thg,” differénice " of tissue
stiffness[1].. We. also. prevxously reported the usefulness
of intravasculafélasticity (stram) imaging based on our
method which;had a high! abrhty to precisely detect
strain over a large dynamic range from’ RF data acquired
during interventidnal procedures [2].

However, the spatral resolution and accuracy of the
intravascular -'strain “imaginig™ betame' “Blurred W
catheter rotation ‘induced by heart beat 'was severe. Then,

0-7803-8412-1/04/§20.00 (c)2004 IEEE. ~

‘ stram should

364

'for the purpose of obtarmng more f‘me and accurate

assessments of any. plaques under mtervennonal
condxtlons we newly propose the strain power imaging
by analyzmg the time-varying strain profiles: For each
point or region of intérest (ROI) on the mstantaneous
stfain images obtamed between consecutive pa1rs of
echograms, straifi proﬁles as a function of time dre
obtainéd by two dunensronally tracking the' ROI. Next,
the stram power around heart beat frequency is
calculated from the power spectrum of the strain profiles
over a smgle cardiac cycle The usefulness ‘of the
method ‘was evaluated by using large amount of
echogram frame data acquired during interventional
procedure In- this paper, a concept of strain power
imaging is proposed and somie results using RF data
acquired during interventional procedure are presented.

I1. PRINCIPLE OF STRAIN POWER IMAGING

Plaque rapture is related to a ﬁagrhty of the thin
fibrous cap over lipid core: These fragile parts of -
vulnerable plaque are expected to be more deforthable
under variation of blood pressure and imaged as high
strain area.-In order to detect vulnerable location by
evaluatmg ithe deformabrlrty of plague we . propose
stram power image by IVUS. -

Since. ‘the: change of. artery. drameter due to- blood
rpressure “induces local * deformation: (strain)s of . the
; hich- cortesponds to elasucxty,-
nmmate the plaque type. However, the
strain magmtude at any’ ROL' penodrcally changes
accordmg to- time-varymg blood pressure due to heart
beat and  the instantaneous strain image represents
chﬁ'erent pattem at ‘each phase of cardiac’ cycle.
Therefore the ariatomically-correct. region- of: plaque
cannot be identified because of time-varying - strain

2004 IEEE International Ultrasonics, Ferroglectrics,
and Frequency Control Joint 50th Anniversary Conference



distribution. Therefore, time-invariant intravascular
strain imaging independently of heart beat is required
for accurate identification of plaque expansion.

On the other hand, the spatial resolution and the

£,(r,6,t), power spectrogram p(r,8,t;27f) can be

accuracy of intravascular strain imaging also- become *
blurred if the undesired catheter and artery. rotations:

induced by heart beat is severe dunng interventional
operation. Therefore, these rotations must be
compensated laterally in meéasuring the  radial
displacement for accurate radial strain estimate. v

In order to overcome the above two restriction, that is,
the time-varying ‘strain profile and the catheter and

obtained as follows:

y 2

_0/~ o,
p(r,6,627f) = [ E,(r0,t+e ™ ar|  (2)
PR 10/2

‘where: 5 is the time duration of Fourier transform and

should be determined by referring a single cardiac cycle

‘time penod (about: 1 sec). Since this power spectrogram

artery rotations, we propose a concept of the -strain: -
power imaging based on two-dimensional (2~D) search -

of any ROI in this study. This concept is bneﬂy
explained below.

We previously proposed a technique for estxmatmg
strain distribution, which is referred to as the combined
autocorrelation method (CAM) [3]. CAM cotsists of
two-step estimation, that is, coarse and fine estxmatton

using the outputs of a quadrature detector between ‘

consecutive pairs of echograms. Consequently, CAM
has a potential for rapid and accurate' estimate radlal
strain over a wide dynamic range. For compensatm the
rotations, CAM was modified for coping: with cat.heter
and artery rotations, that is, the discrepancy of compared
two scan-lines is compensated by the 2-Dr conrelatxon
search-in the radial and lateral directions. As a result
aceurate- radial displacement -distribution v, (r, 8, £) at
time t can be- measured and mstantaneous strain
dxstnbuuon £ (r 0 3% between ad_]acent two ﬁ'ames

can be also estunated w1thout mﬂuence of catheter and
artery rotations as follows:

(6,0

g,(r,0,t)= Y
©oor

o

A§ mentioried above, this strain proﬁle‘ E, (i",'G’ ) is
nme-varymg according to ‘heart beat, and” “the strain
mapping' also- changes penodlcall "m sarpe dynarmc
range. For identifying the expansmn “of:
mdependently of', periodic - change of strain, ‘power
spectrogram of the traced instantaneous strain- profile at
any ROI is intfoduced. Strain proﬁle at'any- ROI mamly
includes heart beat frequency component (about 1 Hz)
Therefore, -at any tims, the magnitude of power
“spectrum . around ’ héart beat’ frequency should - be
time-invariant. Note that the strain proﬁle at any ROI
should be traced by using the 2-D search because the
ROI moves to different position from the initial. one
according- to heart beat. For the traced: strain -profile

has. a ‘time:invariant main peak. around heart beat
frequency. as, mentxoned above, we can obtain the
tlme-mvanant strain power image by mapping the
power around heart beat frequency f, at any ROI as
follows:

o e o
P(r,8, t)’é_‘ J;v(r, 0,627 _)af , 3)

where Af is the duratlon ﬁ'equency for strain power
imaging, Consequently, we can obtain ‘high-resolution
and . stable strain images at low ﬂuctuatron of strain

pattern mdependently of cardlac cycle. and identify the
€xpansion of ‘plaque accurately and precisely.

III. In Vivo EXAMINATION oF CORONARY ARTERIES

For evaluatmg the feasrbxhty of the. proposed stram
power nnagmg, a prototype of the imaging system was
developed for in vivo IVUS examination of coronary
arteries. The system consists of a IVUS catheter with a
center frequency of 40 MHz (Terumo Co. Ltd, Japan)
and the custom-made A/D converter with huge deep
memory (1.6GB). as shown in Fig.1. The successive
frame. data which consrsts of 1024 RF scan lines, were
acquu'ed by this'A/D converter ata ﬂame rate of 30 Hz
and a samphng rate of 240 ‘MHz and 12 bits. The

Interventlon _.> IVUS dfagnosis eq uiprnent
 Catheter (40 MHz) . (Tenimo Co. Lid.)
l R'stgnals .

A/D (240MHZ, 12b1ts, 1 GGB) »
S Acqulre 600 frames ..

l, 0 sec)

Strain i unagmg on PC (off hne)

Fig.1; Elasncrty nnagmg system Wlth IVUS for
clinical exarmnatlon

. » . . . 2004 IEEE International Ultrasonics, Ferroelectrics,
0-7803-8412:1/04/320,00 (c)2004 IEEE. - - 365 and Frequency Control Joint 50th Asniversary, Conference




rveiitional “proce
‘conducted _for, several patlents suffering. from _the
coronary’ plaques " After. acquiring RF data from' the
IVUS catheter using the, custom-made A/D converter

during interventional procedures many frames of
instaritaneous strain image were calculated by’ applying

the modified CAM for consecutive pairs‘of echograms. -
Based on all instantaneous ‘strai images; strain profile.
during a cardiac cycle at each ROI was obtaingd by

tracing the ROI throughout consecutive instantaneous
strain images during - a .cardiac. cycle using 2-D
displacement vector calculated by the 2-D correlation
search. Strain profiles were Fourier. transformed by
q.(2), and the strain powers at all ROI calculated by
eq.(3) were mapped as strain power image. By repeating
the above:: prOcessmg ‘at every key frame of
instantaneous: strain; image, muluple strain.. power
images can be-obtained.

Figure 2 shows the- B—mode 1mage of the complex
plaque type: of the left coronary artery with fibro-cellular
plaque and calcification. The area of fibro-cellular
plaque is 1aid from 12 to 4 o’clock and the, calcification
can'be seenas the high-intensity area with a shadow at 6
o'clock: Flgure 3(a) and (b) show the instantdneous
radial strain images obtained at the transition. phase from
diastole to systole and-. at the diastolic- phase. . These
images were displayed by color-coding of the absolute
value of ‘straifi between 0:and 1.5 %, which correspond
to blue -.(hard) and - red (soft), respectlvely, and
supenmposed on the B-mode image. The above strain
threshold eliminated some artifdct due myocardium and
areas of blood. Consequently, the boufidary between
lumen. and.,artenal wall appears more:, clearly than
, -B-mode image. And the calc1ﬁcat10n in-these, images
can be observed a$ the. lower. strain area than the
fibro-cellular area. However, the: strain distribution at
the transition phase shown in Fig.3(a) is different from
that at the diastolic phase shown in Fig.3(b) because
strain distribution varies according to cardiac motion.
Even if the optimum dynamic range for individual each
strain image is selected, the same patterns cannot be
always:: displayed because the- vessel wall generally
exhibits nonlinear elasti¢ity.

0-7803-8412-1/04/$20.00 (c)2004 IEEE.

Fig.2: B-mode image‘j of the left coronary artery
with the complex type plaques of fibro-cellular
plaque and calcification.

0%
Fig.3: Instantaneous strain images during a
cardiac, cycle. (a) is obtained at the transition
phase from diastole to systole and (b) is obtained
at the diastolic phase

@ ®)

"ROIs marked
lc1ﬁcat10n) in

, plotted as. a
Alphough the

entlrely larger- than that of the calcxﬁcanon the same
level of both proﬁles can be locally observed. Figure
3(a) and (b) were obtainéd at the phases mdlcated as
“Fig.3(a)” and “Fig.3(b)” in Fig.4(a), respecﬁvely ‘
Figure. 4(b) indjcates the power. spectrum of - strain
profile shown in Fig.4(2). The fibro-cellular plaque cdn
be . clearly separated from the’ calcxﬁcanon as . the

* differénce of strain power around heart beat rate of 1Hz.

366

Figure 5 shows. the strain power image; which locally
maps the strain power around heart beat rate of 1 Hz
shown in Fig.4(b). We can evaluate the deformability of
the soft fibro-cellular plaque and the hard calcification,
and clearly identify the expansion area of calcification
independently of heart beat in strain power imaging.

2004 IEEE Interrational Ultrasonics, Ferroelectrics,
and Frequency Control Joint 50th Anniversary Conference
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®

F1g 4: (a)Stram profile and (b)its power spectrum

at ROIA and B marked in F1g 2.

Fmally, Frg 6 shows the example of in vivo test for
vulnérable coronary plaque.- From the B-mode image

shown ift Fig.6(a), the - existence ‘of vulnerable. olaaue

was predrcted from 10 to 3 o’clock. Fig.6( b) mdncates
the stram power image. As nredrcted in B-z

. .
PLOPEE s July

sIram- pOWer 1maging 1S almost: tume-tiivariant and' the
minerable placue can be observed as the soft area

High .\

coronary plaque (a) mdrcates the B-mo e and
Ab) shows the strain: power rmage '

mdependently of heart’ beat monon These resultsr
revealed: that the strain power imaging is useful for
stably ‘discriminating different types of plaque without
the influence of cardiac moﬁon _during intervention.

- IV. CONCLUSIONS

In thrs paper, a strain, power imaging based on. the
elastrclty 1mag1ng using - IVUS was proposed for
diagnosing. the plaque types of coronary.arteries. A
measurement system for clinical examination was -
developed dnd in vivo tests: during interventional
procedure were conducted for several patients.. Results
demonstrate - that - different types of plaque ‘can be
drscnmmated ‘without- the mﬂuence of cardlac motron
by strain power imaging. -

" In - future’ work, wé must acqurre mote chmcal data
and mvestrgate the statistical elassification of plaques by.
strain power imaging: Moreover, strain power “imdge
must be-compared with its hrstology for vahdatmg the
usefulness of the proposed method
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CLINICAL RESEARCH

Coronary Artery Disease

Angioscopic Follow—Up Stud of

Coronary Ruptured Plaques in Nonculprit Lesions

Masamichi Takano, MD, Shigenobu Inami, MD, Fumiyuki Ishibashi, MD, Kentaro Okamatsu, MD,
Koji Sermlya, MD Takayoshi Ohba, MD, Shunta Sakai, MD, Kyoxchl Mizuno, MD, PHD, FACC

C/sza, ]apmz

OBIJECTIVES

Changes of ruptured plaques in noriculprit lesions were evaluated using coronary angioscopy.
BACKGROUND The concept of multiple coronary plaque ruptures has been ckmblxshed However, no detailed
Lo follow-up studies of ruptured plaques in nonculprit lesions have yet been reported.
METHODS Forty-eight thrombi in 50 ruptured coronary plaques in nomulpnt lesions in 30 patients were
‘ identified by angioscopy. The percent diameter stenosis (%DS) at the target plaques on
quantitative’ coronary angiographic 'malysxs and the serum C-reactive protein (CRP) level
S were measured.. '
RESULTS

The mean angioscopic follow-up penod was 13 = 9 months. Thirty-five superimposed thrombi
still remained at follow—up, and the predominant thrombus color u‘uwcd from red (56%) at
baseline to pinkish-white (83%) at follow-up. The healing rate mexeased according to the
angioscopic follow-up period (23% at <12 months vs. 55% at >12 months, p = 0. 044) The
%DS at the healed plaque increased from baseline to follow-up (12.3 = 5. 8% vs. 22.7 * 11.6%,
respectively; p = 0.0004). The serum CRP level in patients with healed plaques (n = 10) was
lower than that in those without healed plaques (n = 19; 0.07 + 0.03 mg/d! vs. 0.15 = Q.11
- mg/dl, respectively; p = 0.007).

" CONCLUSIONS The present study demonstrated that: 1) mptuned plaques in nonculprit lesions tend to heal
slowly with a progression of angiographic stenosis; and 2) the serum CRP level might reflect

the disease activity of the plaque ruptures.

(J Am Coll C:u'dxol 2005;45:652-8) © 2005 by

the American College of Cardiology Foundation

Atherosclerotrc coronary plaque rupture (or eros:on) and
subsequent _thrombus formation in the culprit lesion are
recognized to be the major motivating factors in acute
coronary syndrome (ACS) (1-5). Intravaseular ultrasound
(IVUS) studies recently reported: that a plaque rupture
occurs not only i in culprit Jesions but also in other athero-

sclerotrc plaques in patrents with ACS, stable angma pec— ‘

See page 659

toris (SAP), and’ srlent myocardral 1schem1a (6—-9) The
concept. of “pancoronaritis” or “multifocal plaque rupture”
has been established. In the clinical setting, ruptured plaque
in' the culprit lesion is usually treated with percutaneous

coronary intervention (PCI), and the natural course of .

ruptured- plaque without PCI has not yet beer:
Previous pathologic studies have shown that healed plaques
after 2 subclinical rupture tend to result in'increased nar-
rowing of the coronary lumen (10 11) Nevertheless,

without) luminal narrowin
acute. coronary events in livi

From the: Depamncnt of Internal Medicine, Chiba-Hokusoh Hospual Nippon
Medical School, Chiba, Japan.

Manuscript received June 3, 2004; revxsed manuscnpt received September 8, 2004,

accepted September 13, 2004.

up- A

Serum C-reactive protein (CRP), a predictor of acute
myocardial infarction (MI), is expressed in human athero-
sclerotic lesions, and most CRPs show an increased expres-
sion at sites of plaque rupture (12-14). The serial changes in
the serim CRP level in patients with multiple plaque

~ ruptures have also not yet been elucidated.

. Coronary arigioscopy can provide direct images of the
endolummal surface and detailed information on plaque
rupture (or healing), as well as on the existence and age of
a thrombus. The purpose of this study was to investigate the
natural course of ruptured plaques in- nonculpnt lesions in
living patrents

METHODS D -
Patient. populatron. Between Septemnber 1998 and
December 2003, 327 patients were analyzed by coronary
angioscopy. Thirty consecutive patients in whom two or
three de novo native coronary arteries were evaluated by
repeat angroscoplc procedures and who had ruptured
' lesions were enrolled in this study.
roved by our institutional
om all study patients before

Thefpatient demographics were
chan: review. Stable angina pectoris
was defined as a posmve stress test and no change in the
frequency, duration, or intensity of symptoms lasting <4
weeks. Unstable angina pectoris (UAP) was new-onset
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Abbreviations and Acronyms ‘
ACS = acute coronary syndrome
CRP = C-reactive protein
%DS = percent diameter stenosis
IVUS = intravascular ultrasound
LAD = left anterior descénding coronary artery
LCx = left circunflex artery
MI = myocardial infarction
PCI = percutaneous coronary intervention
QCA = guantitative coronary angiogram
RCA = right coronary artcxy‘
SAP = stable angina pectoris
UAP = unstable angina pectoris

severe-angina, accelerated angina, or rest angina. Acute or
recent M1 occurred within =6 weeks, and a previous M1 >6
weeks. Patients with UAP, acute MI, and recent MI were
categorized as ACS. Blood sampling was collected in the

f'tstmg state, immediately before -each angioscopic proce-'

dure, except for CRP in patients with ACS. In ACS, the

serum CRP level four weeks after onset was selected as the |

baseline level because of exclusion of the effects of myocar-
dial necrosis.

A culprit lesion was identified by the combination of the
electrocardiographic findings, left ventricle wall motion
abnormalities (left ventriculography or echocardiography),

scintigraphic defects, and anglograpluc lesion morphology.

Angiographic analysis. All angiograms were analyzed with
a computer-assisted, automated edge -detection algorithm
(CMS, MEDIS, Nuenen, The Nether]'mds) by an angiog-
rapher. blinded to the: clinjcal  and: .angioscopic findings,
using a standard: guahtatlve definition- and quantitative
coronary angiographic (QCA) measurements. The variabil-
ity of the QCA measurements was:- ana]yzed répeat mea-
surements-of the taiget- plaques The variation in minimal
lumen diameter was 0.09-% 0.09 min arid'that in %DS was

2.8 = 2.1%. A follow "up‘ angiogram: Wis obtained at the
same angle as that in‘the baseline smdy :

Angioscopic imaging. The. coronary angioscopic proce-
dure has been previously reported (15). The proximal
segments to the culpnt lesion were observed by an 'oscopy

the other coronary arteries- were exammed after PCI Tbe

angioscopic and fluoroscopic images durmg the angloscoplc
observations were recorded -on digital wdeotape for later

Takano efal. = 653
Angioscopy of Nonculprit Plaqlles .

analy51s The exact position of the angloscoplc catheter at:
the site of the target plaque was recorded’on an anglooram
to ensure a reliable comparison.

" Definition and. .analysis of angmscoprc ﬁndmgs. A rap-
“tured plaque was defined as a complex plaque and/or a

supenmposed thrombus. A complex plaque was'considered
to be present when the surface of the lesion had an irregular
appearance, including 4 fissure, flip, and ulceration. Based
on the surface color, the plaque was classified as either
yellow. or white. A fissure was defined as a_torn intima
without floating into the lumen; a flap: was. a disrupted
fragment floating .into_the lumen; ‘andSwuléerition was a
crater-like lesion'suggesting a gap in the vessel wall (Fig. 1).
A thrombus was defined as a coalescent ‘red ‘or pinkish-
white, superficial, or protruding mass adhering to the vessel
surface, but clearly a separate structure that remained
despite being flushed with saline solution. Complete plaque
healing was defined as a covering by the neointima and the
disappéarance of thrombus and complex plaque.

The intra-observer agreement on angioscopic images was
measured by having an observer repeat assessment of 20
images (presented in random order) after one week. The
mter—observer agreement was measured by comparing the
assessment of 100 images by the two observers blinded to
the clinical background. The intra-observer agreements for
the evaluated angioscopic items (complex plaque, yellow
pldque, and thiombus) were 95%, 95%, and 100%; respec-
tively. The inter-observer agreements of those items were
93%, 98%, and 97%, respectively. The kappa values for
intra-observer agreement of them were 0.94, 0.99, and 0.95,
respectively. The kappa values for inter-observer agreement
of them were 0.95, 0.96, and 0.94, respectively, When there
was any discordance between the two observers, a third
investigator read the i images, and a conserisus was obtained.
Percutaneous” coronary intervention and clinical follow-
up: The PCI was performed- for only the culprit lesions
using a stent. Two kinds of antiplafelet acrents—-nclopldme
(200 mg/day) or cilostazole (200 mg/day), added to aspxrm
(81 to 200 mg/day)—were administered for at least six

‘months: Glycoprotein IIb/Illa inhibitors have not been

approved for. clinical. use in Japan. Repeat’ PCI, bypass ,
surgery, ACS, and’ death were all considered to be major,
outéome events -

Statistical analysis.. Statistical analys1s was performed with

StatView 5.0 (SAS Institute, Cary, North Carolina). Cat-.

egoncal vanables are presented as frequencies and compared

Figure 1. A_ngloscopxc images of nonculpnt ruprured p].lque= (A) Yellow plaque with a fissure (arrow) and red rhrombm (B) Yellow pl.lque with a flap -
(arrow): (C) Yel]ow plaque \nth Aan ultermon (arrow) and red thrombu; (D) Yellow plique with a pinkish-whire thrombus (arrow).
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Table 1. Patient Characteristics at Baseline (n

Age (yrs)
Gender, male o
Risk factors for atherosclerosis * ...
Diabetes mellitus »
Hypertension
Hyperlipidemia
Cigarette smoking
Obesity
Family history
Diagnosis for ischemic heait dxscase o
Acute coronary syndrome: i
Previous myocardml infarction -
Stable angina pectoris
Location of PCT vessel

30)

10 (33%)

Right coronary artery

Left descending artery 12 (40%)

Left circumflex artery 8 (27%)
Number of diseased vessel(s)

1 14 (47%)

2 15 (50%)

3 1(3%)
Serum LDL-C level (mg/dl) 151 = 31
Serum CRP level (mg/dl) 0.22 £0.22
Number of ruptured plaques in nonculprit lesions

1 : B 19 (63%)

2 4 (13%)

3 5 (179%)

4 2 (7%)

Data are presented as the mean value * SD or number (%%) of patients. .
CRP = C-reactive protein; LDL-C = low-density lipoprotein cholesterol; PCI =

p:rcumncous comm.\'y intervention.

by the Fisher exact test. Continuous quantitative_data are
presented as the mean value * SD. Continuous data were
compared by the unpaired Student # test between the
different categories and by the paired Student # test between
the baseline and. follow-up.: Univariate logistic regression
analysis was tested to determine clinical pred;ctors for the
healing of nonculpnt ruptured plaques Variables that
'u:hle\'ed a-significance of levels in. a univariate logistic
regression analysis. were then selected for testing. in a
multw'lmte logistic regression analysis. A p value of <0.05
was considered to be statistically significant. .

RESULTS

cs at baseline. The clinical character-
t baseline are summarized in Table: 1.
was performed in 73 arteries (2.4 arter-
oronary arteries (RCA), 26 left ariterior
arteries (LAD), and 22 left circumflex

: tics at baseline. A total of 50 riptured
plaques were found in 36 arteries (19 in RCA, 8 in LAD, 9
in LCx). The lésion characteristics of the ruptured plaques
are summarized ifi Table 2. The number of ruptured plaques
in nonculprit lesions ranged from one to four per patient. .
(1.67/patient) and- 0.68/artery. The %DS of rupmrgd
plaques was 16. 3+ 9,7%. Twenty-five (50%) of 50 plaques
were recognized as complex lesions on. the angiograms.

JACC Vol. 45, Na. 5, 2005
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Table 2. Lesion Cha:racteri'sﬁcs at Baseline B

n =50
27 (54%)
13 (26%)
10 (20%)
3.07 £ 0.58
2.63 £ 0.58
16.3 £9.7
11 (229%)
Hazmcss or filling dcfcct“‘ 12 (24%%)
Ulceration 2 (4%)
No complexity 25 (50%)
Angioscopic fin
Thrombus 48 (96%)
Red 28 (56%)
Pinkish-whi 20 (40%%)
Plaque .
Yellow plaque 46 (92%)
Fissure 22 (44%)
Flap, 9 (18%)
Ulceration 6 (1296)

Data are presented as'the mean value % SD or number (36) of lesions.

Forty-eight ruptured plaques (96%) were accompanied by
superimposed thrombi, and-56% were red thrombi: No
superimposed thrombi could be detected in each plaque
with a fissure and flap. There were-13 plaques in which the
underlying ruptures were not visualized due to the super- -
imposed thrombi. Forty-six ruptured plaques (92%) were
d1atrnosed to be yellow plaques.

Table 3 Lcswn Charactenstxcs at Follow—Up

Nonhealed-

Hea]ed
Plaqites Plaques
. : _ (n =15) - (= 35)
Distribution of ruptured plagues S
Right coronary artery . 8 (539%) 19 (54%)
- Left-anterior: dcscendmg axtcxy . 6 (40%) 7 (20%%)
Left circumflex aitery - 1 (7%) 9 (26%)
Angxograp}uc measurements . LT
‘Refefence dramcter {mm) 3.05 = 0.45 3.07 = 0.64
Minimal limén diametér (mm) 253 * 0.59 2.62 = 0.63
Percent diamiéter stenosis 22.7.x116 191 % 12.0
Angiograpiic morphology ' ’ Co
Wall irregularity . : 2 (13%) 9 (26%‘)/
Haziness or filling defect 1 (7%) - 8(23%) .
Ulccratlon ‘ ' 1 (7%) 1(3%)
No complemty o 11 (73%) 17 (519%)
Angioscopic findings :
Thrombus 0 35 (100%)
" Red —_ 6 (17%)
Pxnhsh-whﬂe —_ 29 (%)
Plaquc : -
Yellow plaquc 7 (47%) 34 (979)
. Fissure- 0 16 (46%%)
Flap 0 4(119)
U]cenmon 0

2 (6%)

Dam are prescntcd as the' numb:r (%) of lesions or mean value = SD.
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F"’ure 2, Heahng of nonculprit plaque in acute coronary sy ndrome (ACS). (A) Coronary .mgmumm of the left circumflex artery (LCx) ini a patient with
ACS.(B)A pm}ueh-whxre thrombus on the yellow phquc was observed in the mld-pnmon of the LCx ar baseline (white arrowhead in A). (C) A 12-month
. follow—up coronary Angmgmm in the same patient. (D) Thé thrombus dleappeared and a smooth white infima was found (white arrowhead in C). In the

quantitative coronary angiogram measuremenrs, %DS at the angioscopic image site (white arrowhead in A and C) increased fram 34.5% at baseline ro

43.1% ar fol]ow-up

Lesion charactensncs at follow-up. I‘ol]ow-up 'mgxos-
copy was performed 13 * 9 months after "the - baseline
studies’to document the changes in the nonculprit ruptured
plagues that had been previously identified. At follow-up,
35 thrombi still remained on the same plaques at baseline
(Table 3). The frequency of red thrombi decreased to 17%,
and pinkish-white thrombi became: predominant. Fifteen
ruptured plaques in 11 patients healed completely (Fig. 2),
and’ the’overall kealing rate of the plagué was 30%. The
frequency of yellow plaques in the healed plaques was 47%.

The healing rate of the plaque increased according to the

follow-up period (23% [9 of 39] at =12 monikhs vs. 55% [6
of 11] at >12 months, p = 0.044) (Fig. 3). .
. Or QCA analysis; the %DS of the healed, plaques at
follow-up was greater than that at baseline (22:7

12:3 = 5.8%; p = 0.0004), whereas that of nonhealed plaque'

was not significantly different between that at fo]low—up and
baseline (19.1 % 12.0% vs. 18.0 * 10.6%; p = 0.6). .

Clinical characteristics at follow-up. In 29 patients, all
plaques in the same patient could be categorized as either
healed or not. One patient who had both two healed plaques
and one residual ruptured plaque was excluded from' the
following analysis. The clinical characteristics at follow-up
in patients with healed plaques (n = 10) and in- those
without healed plaques (n = 19) are summarized in Table 4.

The frequency of statin use in patients with healed plaques

was higher than that in those without healed plaques (P

0.009). In patients with healed plaques, the seram. CRP
level did not change significantly from 0.24 + 0.34 mg/dl at
baseline to'0.07 % 0.03 mg/dl at follow-up (p = 0.16). The
serum CRP level in patients with healed plaque was lower

than that in "those without healed plaques 0.07 =
0.03 mg/dl vs. 0.15 %= 0.11 mg/d}; p =.0.007).

The results of univariate logistic regression analyses
indicated that the serum CRP level at-follow-up and statin
use wete predictors for plaque healing in nonculpnt lesions
(Table 5). Multivariate “logistic' regression analysis was
performed, in which the serurn CRP: level at follow-up and:
statin use were the-independent variables: Two clinical
variables were not statistieally significant (serum CRP level
at follow-up: p = 0.12, odds ratio 1.21; 95% confidence
interval 0.99 to 1.62; statin use: p = 0. 19 odds ratio 0.27,
95% confidence mterval 0.04 to 1. 83)

P=0.044

)

stz e oz

mt&-’coﬂc‘ follow-up period {montha). -

F‘vure 3. Rehnomhxp berween the angioscopic follow-up“period and
healing rate of the-nonculprit ruptured plaques. The healing rite of
mprurcd phquu of £12 months and >12 months were 23% and 55%,
res pcch\ . The hedhng; rate increas sed ‘umrdmtr to ‘the An«rm:mplc
follow-up penod
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Table 4. Patient Characteristics at Follow-Up

Patients With Patients Without
Healed Plaques Healed Plaques
) . (n=10) .(n=19) p Value
Serum LDL-C level (mg/dl) 109 + 28 S 128 +31 o 0.13
Changes in serum LDL-C level (mg/dl) —-51 £50 -24 =37 0.15
Serumn CRP: level (mg/dl) 0.07 = 0.03 0.15+0.11 0.007
Medmtlon .
Antiplatelet’ 10 (100%) 19 (100%) >0.99
Warfarin 0 1 (59) . 0.46
Angjotensin-converting enzyme inhibitor 5 (50%) 6(32%) 0.33
Angiotensin receptor blocker 3 (30%) 5(26%) 0.83
Beta-blocker - : 2 (20%) 6 (32%) 0.51 |
Statin 7 (70%) 4(21%) 0.009

Data are presented as the mean value £ SD or number (36) uf patients. Thc Fisher exact test was used for categorical dara,

Abbrcvmnons as in Table 1

Clinical events " All patients underwent successful PCI for
culprit lesions at baseline. The clincal follow-up period was
38 = 16 months. Five patients underwent repeat PCI for

restenosis at three to six months after baseline. A new onset’

of effort angina (SAP) occurred in one patient 25 months

after baseline. In this pa’aent a healed phque confirmed. by

angioscopy 'showed progression on an angiogram; and PCl
was performed. All patients were free from bypass surgery,
ACS, and death during the clinical follow-up perlod

DISCUSSION

~ Multiple coronary p]aque ruptures, mc]udmc culpnt p]aque
and. other plaques, can occur in patients with various
ischemic heart disease (6-10). At the present time, ruptured
plaque in the culprit lesion is commonly treated by PCI.

This follow-up study clarified the changes in ruptured

plaques in nonculprit lesions.
Change of thrombus color and plaque healing. A prevx-—

ous IVUS study- reported the frequencies of thrombus ‘in-

nonculprit ruptured plaques in AGS and in non-ACS to be

32% and 8%, respectively (8). In this angioscopic study, 48"

(96%) of 50. ruptured plaques were associated with super-

imposed thrombi. Coronary angioscopy m1ght be superior .

to IVUS regarding its ablhty to differentiate:plaque from
thrombus. Moreover, angmscopy can show the thrombus
color, which allows us to estimate the age and ‘corhponents
of the thrombus. In this study, the predominant thrombus

color changed from red at baseline-to pmklsh-white at,

follow-up. A red thrombus on angioscopy is considered to

bea fresh one and is mainly composed of red blood cellsand

Table 5. Prédictors for the Heiling of Nonculpnt Ruptured
Plaques

P Odds .y n - s

Value Ratio " 5% CI°*
Serum LDL-C level at follow-up. 0057 1.03 .. 0.99-1.06
Changes in seram LDL-C level 0.151 101 1.00-1.04
Serum CRP level at follow—up 0.004 128 1.06-1.68
Statin use ' . : 0.010 041 - 0.02-0.60

CI = confidence mtcrval cthcr abbreviations s in Table 1,

fibrin. In the process of thrombus organization, a red
thrombus changes into a pinkish-white one with platelets
and fibrin formatlon (3,16). Our observations on the
changes in thrombus color might show the process of
thrombus organization.

In our study, the angioscopic follow-up. period varied.
However, the frequency of disappearance of thrombus and
healed plaque increased gradually according to the
follow-up period. The frequency of yellow plaques in-the
healed plaques was lower than that at baseline. In several
cases, the plaque color changed from yellow to white during
the healing process. Similar to the healing of culprit plaques
after PCI, a white neointima on angioscopy may cover the
nonculpnt ruptured plaques and also play a role in the repair
process (17). Surprisingly, several thrombi were still found
on the ruptured plaque after 12 months of follow—up These
results may suggest that ruptured plaques heal very slowly A
previous patholog1c study demonstrated: that repetitive rup-

-tures occur in'the healed plaques (10), Perhaps part of the

thrombi form after recurrent ruptures, and repetitive rup-
tures could not be excluded in our study.
Change in angxographlc stenosis. The %DS of the healed
plaques increased 51gn1ﬁcanﬂy from baseline to follow-up A
postmortem study i in patients with sudden cardiac death
reported ‘that. the area within the internal elastic lamina is
less in healed plaque aftera subclinical rupture than in acute
ruptured plaque (10). Furthermore, a cellular proliferation
of smooth muscle cells is higher at healed plaque than at
ruptured plaque (10). These facts suggest that plaque
healing results in an increased plaque burden and negative
remodehng

-Our past combination study using anvloscopy and IVUS
revealed that nondisrupted white plaque and negative re-
modeling are often found in the culprit lesions of SAP (18).
Probably, in several cases of SAP, stenosis of the coronary
lumens developed, and clinical symptoms have appeared in
the process of plaque healing after previous ruptures. The

. precise mechanism of angiographic progression was not

clarified in this angioscopic study, although progression of
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the healed plaques might have resulted -from negative. .

remodeling and cell infiltration into the plages. =
Serum CRP level. The serum CRPlevel predicts the

of MI or stroke better than total and low-density l'ipoprot'é;iﬁ“ o
cholesterol levels (12). A previous angiographic study re-

vealed the presence of multiple complex-stenosis in ACS

patients, and such stenosis was found to correlate with"

elevated CRP levels (19). In our‘study; the serum CRP level
in patients with healed plaques did not significantly decreasé

from baseline to fdllow—up. The serum CRP level in -

patients with healed plaques was lower than that in those
without healed plaques, thus suggesting that the serdm
CRP level should reflect the disease activity of the plaque
ruptures. : .

Pharmacologic intervention with statin therapy has been
shown to reduce the serum CRP level: We previously

reported that statin therapy reduces the sérum CRP ievel

and angioscopic complexity of the ‘plaques (the existenice of
the thrombus and the irregularity of the plaque) in noncul-

prit lesions (20). Our present data show that frequéncy of .

administration of a statin in patients with healed plaques
was significantly- higher than that in those without healed
plaques. Moreover; the:seram CRP level in patients with’

healed plaques was lower than that in those without hedled

plaques. Our results from univariate logistic regression
analyses indicated ' that both statiri therapy and sérum, CRP'
level at follow-up are: considered predictors of healing in
nonculprit ruptured plaques. However, a multivariate Jogis-

tic regression analysis showed that neither stafin thefapy nor -

serum CRP level at follow-up is-an independent predictor of.

pl‘a,qggﬂhea.ling. These results should be explained so that.

these two. factors correlate to each other. ] o

Clinical’ events. In this study, no patients had any- ACS
everits during’ the 38-mdnth follow-up without PCI-for
nonculprit ruptured plaques. A previous angiographic study
in ACS patients with complex coronary Jesions. demon-
strated" a poor clinical prognosis, particularly:in. terms of

recurcent ACS episodes (21). On the other hend, sn IVUS

study of multiple coronary ruptures. fevealed no recurence
of ACS during 10-month clinical follow-up (6). In the same
study, the stenosis of ruptured plaques in ndnculprit lesions

was less severe than that in culprit lesions (35% vs. 70%, -

respectively). In our study, the %DS was only 16.3% ini
ruptured plaques. of baseline and’ 19.1% in nonhealed.
plaques of follow-up. A quantitative eross-sectional analysis
by IVUS revealed that ruptured plaques at nonculprit
lesions have larger lumens than do culprit lesions (6,8). Such
evidence indicates that a plaque rupture itself does not
always result in acute ischemic events. Qur follow-up study
suggeéts»‘ -that even thoug}h')fhere’ 'ar'_é‘?: residual n_thqred
plaques'and thrombi, the associated lesions do not lead to
the development. of ACS in cases with large coronary
lumens. P o

However, an important _ciuestibn remains.’ Angiographic

studies have showni:that preexisting stenoses-of the culprit-

lesions were previously mild to ‘modeérate (22,23). It is

_ Takario etal. 657
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. im:p’.o"s'siblé,_to,'.explain that th@_;,dz:gréef’c)ﬁ stenosis on the
+ “angiogram cin help determine whether the patient develops
"ACS or the plaque ruptures remain asymptomatic. When
‘patients have a systemic or local increased potential of
~ thrombogenicity, ruptured- plaques:in lesions with mild to
~“moderate stenosis may’ lead to-ACS.(24). Several IVUS"

studies have demonstrated that calprit lesions of ACS have

. .a greater plaque burden than do riptured plaques in

nonculprit lesions (6~8). In the event of a plaque rupture, a
large plaque is considered to contribute to accelerated local
thrombogenicity and the development of thrombosis be-
cause of the exposure of 2 large amount of its contents, such
as tissue factor and collagen (25). Conversely, at the
nonculprit pliques in smaller sized plaques, even though
thrombi still remain, growth of the thrombi may be limited.
Therefore, both the degree of stenosis and plaque size,
which are unable to be validated by an‘angiogram, may thus
be determinant factors in the clinical course of ruptured
plaques. : . A
Atherosclerosis is a progressive disease. Repetitive coro-
nary plaque ruptures on the healed plaques can occur, and

"theén the degree of luminal na:rbigving should progress (10).

A significant degree of stenosis thus appéars to be associated
with the cause acute thrombotic ‘events (26). Further
follow-up studies are needed to examine the development of -
severe stenosis and acute coronary events. . ., .
Study limitations. The number of analyzed pliques and
patients represent a limitation of this study. Coronary
arigioscopy was not performed in all segments of coronary
arteries in all patients. Some ‘selection bias is- therefore
inevitable, ‘beginning. with the- selection- of “patients to

undergo cardiac. catheterization- and - angioscopy: The

follow-up angioscopic examination, which-was perforrned at
a single time point, .also-has soie limitations.. N
Conclusions. This follow-up- study. docimented: that
pldque rupturés in" nonculprit lesions tend: to. heal slowly
with-a progression of luminal stenosis, and.the serum CRP
level might reflect the disease activity of the plaque ruptures.
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