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were damaged during plaque excision. From the remaining
207 nonmobile plaques, 20 symptomatic plaques were
randomly extracted for histologic comparison. After the
histologic ¢xaminaton, the study excluded 3 of the 20
nonmobile plaque specimens because they were too dam-
aged. The remaining 35 plaque specimens, comprising 18
mobile plaques and 17 nonmobile plaques, were used in
this study.

Clinical data. We reviewed clinical data of the 35
patents with excised plaques. Their symptoms at admission
were classified into four categories: amaurosis fugax, tran-
sient ischemic attack (TIA), transient symptom associated
with infarction (TSI), and stroke. Amaurosis fugax was
defined as a transient ipsilateral blindness or visual field
defect. TIA was defined as a transient neurologic symptom
that lasts <24 hours without any evidence of brain infarc-
tion confirmed by diffusion-weighted images (DWI) in
magnetic resonance imaging. TSI was defined as a transient
neurologic symptom that lasts <24 hours with evidence of
brain infarction, which is supposed to have higher in-
hospital recurrent ischemic rate than TIA.'® Stroke was
confirmed by positive findings in the territory of the ipsi-
lateral carotid artery on DWI. Progressive symptoms were
also recorded when the patient experienced a recurrence
and worsening of neurologic symproms after admission,
with an increase of ischemic lesions confirmed by DWI.

The degree of carotid stenosis was measured by digital
subtraction angiography according to the method used in
the North American Carotid Surgery Trial.*! The other
clinical data recorded were age, sex, treatment for hyper-
tension, treatment for diabetes, treatment for hyperlipid-
emia, smoking within the preceding year, statin administra-
tion, and aspirin administration. Median intervals from the
last ischemic event to CEA and then from the last ultra-
sound imaging to CEA were also examined.

Ultrasound imaging. All patients underwent preop-
erative carotid ultrasound scanning =1 month before CEAs
using a commercially available, real-time 2-dimensional de-
vice equipped with a 7.5-MHz transducer. B-mode
scans, B-mode scans with color Doppler imaging, and
pulsed-Doppler scans were routinely performed. If a stroke
physician suspected the presence of mobile plaques on
duplex ultrasound imaging, the images would be recorded
as video files. Two skilled stroke physicians, who had no
previous knowledge of the patient’s clinical information,
including a coauthor (K.N.), reviewed video files and made
a final diagnosis of mobile plaques. The findings of the
mobile plaques were defined and classified as follows:

1. Mobile components that are localized at the surface of
the plaque and that rise and fall in a manner inconsistent
with or exceeding arterial pulsatile wall motion (jellyfish
sign’2),

2. Mobile components inside the plaque that change
slowly and irregularly like viscous liquid (liquefaction
sign),

3. Movementslocalized within an ulcer’s inner surface (Fig
1; Video 1, online only), and
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Carotid
bifurcation

Fig 1. A, A longirudinal duplex ultrasound image of a mobile
plaque demonstrates an ulcerated plaque in the extracranial inter-
nal carotid artery. B, A schema representing the mobile compo-
nent in the plague: an ulcer’s inner surface rose and fell according
to the pulsation, as indicated with arrews, which was defined as
“movements localized within an ulcer’s inner surface” (sce also
Video 1, online only). ICA4, Internal carotid artery; IJV, internal
jugular vein.

4. Movements of protuberances (Fig 2; Video 2, online
only).

Plaque excision. General anesthesia was initated, and
CEA was performed using an operating microscope and
somatosensory evoked potential monitoring to selectively
place the shunt. For some cases with a mobile plaque, each
surrounding artery (including the common, external, and
internal carotid arteries) was clamped as soon as it was
exposed to minimize the risk of distal embolism caused by
the manipulation of the internal carotid artery. Upon cross-
clamping, the common carotid artery was incised with
scalpels to determine the dissection plane, usually made at
the level of the internal elastic membrane, under the oper-
ating microscope. A microdissector was inserted meticu-
lously, not to disturb the cleavage plane, until the distal end
of the plaque and the patent lumen of the distal internal
carotid artery were ascertained. The distal and proximal
edges of the plaque were cut and finally pulled out from the
orifice of the external carotid artery. In this way, most of the
carotid plaque could be removed en bloc with minimum
surgical trauma. If a cut penetrated the surface of the
specimen to the lumen, it could be judged in the histologic
examination that the cleavage resulted from surgical
trauma, not plaque rupture.
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Carotid
bifurcation

Fig 2. A, Alongitudinal duplex ultrasound image demonstrates a
massive mobile plaque almost occluding the internal carotid artery
(ICA) and a protuberance from the distal end of the plaque. B, A
schema representing the shaking movement of the protuberance
(arrows): the original video also revealed a mobile component
inside the plaque that changed slowly and irregularly like viscous
liquid (liquefaction sign, sce also Video 2, online only). ECA,
External carotid artery.

Histopathology. The excised plaques were immedi-
ately fixed in Histochoice fixative (Amresco, Cleveland,
Ohio) for 48 hours and decalcified by ethylenediaminetet-
raacetic acid (EDTA). To preserve the immunoreactivity,
we used Histochoice for fixation and EDTA for decalcifi-
cation of specimens before embedding in paratfin blocks.*3
Each plaque was sectioned transversely at the carotid bifur-
cation, and further sections were taken at 5-mm intervals
along the length of internal carotid arteries for embedding
in paraffin.'* Adjacent 5-um transverse sections were
stained with hematoxylin and cosin, clastin van Gieson,
Masson trichrome, and von Kossa. When a certain section
scemed near the plaque rupture site, additional subserial
slices were performed to avoid skipping focal instability.
For immunohistochemistry analyses, we performed immu-
nostaining for T cell (CD3, DAKO, Glostrup, Denmark),
macrophages (CD68, DAKO). Immunostaining with gly-
cophorin A (CD235a, DAKO) was also performed to de-
tect intraplaque hemorrhage.*® An experienced cardiovas-
cular pathologist (H.I.) histologically examined all sections
without any knowledge of clinical details and findings of
carotid ultrasound imaging.

The histologic features of plaques assessed in this study
were minimum cap thickness, prevalence of the ruprure of
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fibrous cap and ulceration, necrotic core size, quantity of
inflammatory cells (including macrophages and lympho-
cytes), degree of intraplaque hemorrhage, and prevalence
of mural thrombus. Minimum cap thickness was defined as
the thinnest part of the fibrous cap in total cross-sections of
each plaque measured by a manometer attached to the
microscope.’® Plaque rupture, a break in the fibrous cap,
was recorded when there was clear interaction between the
lipid core and the lumen, usually at a point of thinning and
inflammation and when the break in the cap did not scem to
have been created during surgery (Fig 3, A). A necrotic
core was defined as an amorphous material containing
cholesterol crystals (Fig 3, B).’”

To measure the area of necrotic core, we sampled three
cross-sections: on the carotid bifurcation, 5 mm distal to
the bifurcation, and 10 mm distal to the bifurcadon. On
cach cross-section, the necrotic core and the entire plaque
area were measured by WinROOF 5.0 morphometry soft-
ware (Mitani Co, Kanazawa, Japan), and the ratio of the
mean cross-sectional area of the necrotic core to that of
the entire plaque area was calculated. We also measured the
actual area of the fibrous cap for mobile and nonmobile
plaques on the three cross-sections, and the median value of
the fibrous cap area in cach plaque was calculated.

A “recent” intraplaque hemorrhage was recorded when
an area of erythrocytes within the plaque caused disruption
of plaque architecture, whereas an “old” intraplaque hem-
orrhage was recorded when evidence showed organized
hemorrhage with the accumulation of hemosiderin-laden
macrophages or iron deposits on plaque connective tis-
suc.'® Old intraplaque hemorrhage was also recorded when
the ratio of the glycophorin A-positive area to the whole
plaque area was >40%. Plaque inflammation with macro-
phage and lymphocyte infiltration was recorded according
to the number of CD68-negative or CD3-positive cells:
infiltration of >20 inflammatory cells in the fibrous cap was
defined as positive inflammation to the fibrous cap. Mural
thrombus was defined as a fibrin organization of the endo-
thelium or the fibrous cap of plaques (Fig 3, C).

Statistical analysis. Patients with mobile plaques and
those with nonmobile plaques were compared for baseline
characteristics, the prevalence of progressive symptoms,
and plaque histologic features using a ¢ test, the Wilcoxon
rank sum test, or the Fisher exact test, as appropriate.
Two-sided values of P < .05 were considered significant.
Statistical analysis was performed with JMP 7.12 software
(SAS Institute, Cary, NC).

RESULTS

Patients displaying mobile plaques and nonmobile
plaques exhibited no significant difference in age, sex,
diabetes mellitus, hyperlipidemia, smoking, coronary artery
disease, administration of statins, administration of aspirin,
or degree of stenosis (Table I). All statins were adminis-
trated with the usual doses (atorvastatin <20 mg, pravasta-
tin =20 mg, or pitavastatin =2 mg), and no patients
received high-dose statin therapy. Hypertension was ob-
served more frequently in patients with nonmobile plaques.
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Fig 3. An example of histologic features of a mobile plague

(the same plaque as shown in Fig 1). A, A photomicro-

graph of the carotid bifurcation (Masson’s trichrome staining, original magnification X1) demonstrates complete
disruption of the fibrous cap (arrowhead). B, Another cross-section (Masson’s trichrome staining, original magnifica-
tion X 1) demonstrates a large necrotic core with a fresh intraplaque hemorrhage (aszerisk), which was covered with thin
fibrous cap (arrow). C, A photomicrograph (Masson’s trichrome staining, original magnification X2) shows intramural

fibrin deposit, indicating mural thrombus (double arrow).

Table I. Clinical characteristics at the time of carotid endarter

ectomy of study patients

Mobile plagues Nonmobile plagues

Characteristics (n=18) (n=17) P
Age, mean (SD), year 70.8 (11.5) 66.2 (8.7) .19
Female, No. (%) 3(16.7) 1(5.9) .60
Stenosis, mean (SD), % 73.2(24.4) 76.5 (15.2) .63
Risk factors, No. (%)

Hypertension 11 (61.1) 17 (100) .01

Diabetes mellitus 4(22.2) 7 (41.2) 29

Hyperlipidemia 11 (61.1) 12 (70.6) 72

Smoking 9 (50.0) 13 (76.5) 16
Medications, No. (%)

Statin 7 (38.9) 7 (41.2) 1.00

Aspirin 10 (55.6) 13 (76.5) .29
Interval to CEA, median (IQR) days

From last ischemic event 12.5 (7.5-26.75) 33 (13.5-70.5) .01

From last ultrasound study 3 (1-8.25) 9 (3.5-21.5) .03
MRI-DWI positive, No. (%) 14 (77.8) 14 (82.4) 1.00

DWI, Diffision-weighted image; IOR, interquartile range; MR, magnetic resonance imaging; SD, standard deviation.

The median interval from the last ischemic event to
CEA was 12.5 days (maximum, 41 days) in patents with
mobile plaques, and the interval between the onset of
symptoms and CEA, as well as that between ultrasound
imaging and CEA, was significantly longer in patients with
nonmobile plaques. No patients in this study had atrial
fibrillation or other embolic sources. The incidence of the
acute cerebral infarction detected with preoperative DWI
did not show significant difference between mobile and
nonmobile plaques (77.8% vs 82.4%, P> 99).

Clinical symptoms. The first ischemic symptoms
among the 18 patients with mobile plaques were cerebral
infarct in 11 padents, TSI in 5, TIA in 1, and amaurosis
fugax without positive DWI finding in 1. Symptoms among
17 patients with nonmobile plagues included cerebral in-
farcrin 6, TSI in 6, TTA in 3, and amaurosis fugax without
positive DWI finding in 2. Progressive symptoms after
admission were observed in six patients {33.3%) with mo-
bile plaques, whereas no progression was seen in the pa-
tents with nonmobile plaques (P = .02).

Histologic features. All histologic features in mobile
plaques and nonmobile plaques are summarized in Table IT.
The ratio of the mean cross-sectional area of the necrotic
core to that of the entire plaque area was significantly
larger in mobile plaques than in nonmobile plaques (mean,
0.660 vs 0.417, P < .0001).

Plaque ruptures were scen in 83% of mobile plaques.
The median minimum cap thickness was 80 pm, which is
smaller than that considered to be the critical value of
minimum cap thickness for cap rupture.'® There were no
significant differences in the prevalence of cap rupture (83%
vs 82%) or median minimum cap thickness (80 vs 100 pm)
between mobile plaques and nonmobile plaques. The me-
dian area of the fibrous cap was, however, significantdy
smaller in the mobile plaques than in nonmobile plaques
(9200 vs 15,900 pm?; P = .02).

Although mural thrombus was more prevalent in mo-
bile plaques (89%) than in nonmobile plaques (59%), the
difference was not significant (P = .060). There was also no
significant difference between mobile and nonmobile
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Table II. Histologic features of mobile and nonmobile plaques

Mobile plagues

Nonmobile plagues

Feature (n=18) (n=17) iy
Fibrous cap

Plaque rupture, No. (%) 15 (83) 14 (82) >.99

Minimum cap thickness, median (IQR) um 80 (60-162.5) 100 (60-250) .33

Fibrous cap area, median (IQR) um? 9200 (6300-13,100) 15,900 (9000-21,800) .02
Mural thrombus, No. (%) 16 (89) 9 (59) .06
Ratio of necrotic core area, mean (SD) 0.660 (0.098) 0.417 (0.176) <.0001
Inflammation of fibrous cap, No. (%)

Macrophages 17 (94) 16 (94) 1.00

Lymphocytes 12 (67) 12 (71) 1.00
Intraplaque hemorrhage, No. (%)

Fresh 11 (61) 9 (53) 74

Previous 11 (61) 10 (59) 1.00

IQR, Interquartile range; SD, standard deviation.

plaques in the prevalence of cap inflammation or intra-
plaque hemorrhage.

DISCUSSION

One of our results showed that progressive symptoms
occurred more frequently in patients with mobile plaques
than those with nonmobile plaques. This result is in line
with unstable neurologic presentations depicted in previ-
ous case reports of symptomatic mobile plaques.®® A re-
cent study also concluded that the jellyfish sign, which is an
ultrasonographic appearance of mobile plaques, was an
important predictive factor for repeated ischemic stroke.!?
These findings, along with our results, promoted us to
confirm the hypothesis that some histologic differences
may exist between mobile and nonmobile plaques, even if
both are symptomatic plaques.

There are several reports about mobile plaques in large
arteries, including the carotid artery,?®'%2° and some
reports have described the histology of mobile plagues.
Nakajima et al® reported the pathologic findings of a mo-
bile plaque in the brachiocephalic artery that caused fatal
recurrent strokes and pointed out that plaque disruption
was a cause of the mobility. Arning et al® also found a mural
thrombus in the histology of a mobile carotid plaque. Our
results are compatible with previous pathologic reports
about mobile plaques. However, the features of plaque
rupture and mural thrombus may not be sufficient to
describe the specific histopathology of a mobile plaque,
because according to our result, the prevalence of plaque
disruption or mural thrombus of mobile plaques is not
significantly higher than that of nonmobile plaques. The
findings of the present study suggest that the existence of a
large, soft, lipid-rich necrotic core is also important for the
mechanism of plaque mobility.

This speculation conforms with the results on intravas-
cular ultrasound elastography, a recenty developed tech-
nique to assess the elasticity of plaque tissuc using intravas-
cular ultrasound imaging by measuring the “strain” or
small movement of plaque tissue under an applied
force.**** The authors of those studies demonstrated that

the strain could distinguish lipid-rich components from
hard and fibrous components. Mobile structures on carotid
plaques may be caused not only by the mural thrombus
formed by a fibrous cap ruprure but also by a large, lipid-
rich necrotic core exposed into the blood lumen.

Several pathologic reviews have reinforced the evidence
that a large necrotic core is one of the important features
of so-called vulnerable plaque.®®?” Studies on aortic
plaques,®®*” an in vivo study on magnetic resonance imag-
ing,*" and histologic studies of carotid plaque’®®! have
also shown that a large necrotic core was strongly associated
with thrombosis, fibrous cap rupture, fibrous cap thinning,
or neurologic symptoms. Morcover, when the large lipid-
rich necrotic core is exposed to blood lumen by plaque
rupture, the mural thrombus or debris from the lipid core
may become a persistent source of embolism, which may
result in an unstable ischemic stroke. On the other hand,
Redgrave et al'® showed that thinning of the fibrous cap
covering the necrotic core is another important factor for
plaque vulnerability. These authors advocared critical cap
thickness (minimum cap thickness <200 pum and a repre-
sentative cap thickness <500 pum) as a marker for ruptured
plaque.

Using these criteria, the fibrous cap of both groups in
our study is extremely thin. One possible reason that we did
not find a significant difference in minimum fibrous cap
thickness in the two plaques is that mobile and nonmobile
plaques had an almost equally high prevalence of cap rup-
ture. Given that the actual fibrous cap area was smaller in
mobile plaques than in nonmobile plaques (Table IT), it is
possible that the overall thickness of fibrous caps in mobile
plaques is smaller than that in nonmobile plaques.

To our knowledge, only one recent study demon-
strated the histologic features of mobile carotid plaques,
although it did notinclude a controlled group in histologic
assessment. Kume ct al'? examined histologic features of
15 plaques with ultrasonographic jellyfish sign, and the
results showed that the proportional area of the fibrous cap
correlated negatively with jellyfish-positive plaque surface
movement rate. Our results regarding the fibrous cap area
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coincides with their results. They could not, however,
document significant correlation between atheromatous
lesion area and the plaque motion rate, which is inconsis-
tent with our results. This may be attributed to the differ-
ences in a patient population, in definitions of ultrasono-
graphic and histopathologic findings, and in research
designs between the two studies. The large necrotic core
can still be one of the representative features of mobile
plaques because the present results were conducted in a
controlled study.

Our study has some limitations. First, the number of
the cases we studied was small, and not all of the nonmobile
plaques were examined. Larger studies are necessary to
confirm higher prevalence of mural thrombus and thinner
fibrous cap in mobile plagues.

Second, because nonmobile plaques had a longer du-
ration until CEA, stabilization of the plaque, which can
occur within approximately 90 days after the presenting
neurologic symptom,332 could have led us to underesti-
mate some of the histologic factors of nonmobile plaques.
However, one study showed that the prevalence of a large
lipid core and mural thrombus was not influenced by the
span of time since the last ischemic events.*! Spagnoli et
al®? also revealed that a fresh thrombus can present several
months after the first cerebrovascular event.

Third, we only studied symptomatic plaques and did
not include asymptomatic plaques. Our study, therefore,
did not answer the question of whether mobile plaques are
more “vulnerable” than nonmobile plaques as long as the
word “vulnerable” means the tendency for fibrous cap
rupture and the potential of subsequent embolic stroke.
That was not, however, the purpose of this study. Further
studies including both symptomatic and asymptomatic pa-
tients might be essential to determining whether mobile
plaques are more “vulnerable” than nonmobile plaques.

A higher prevalence of mobile plaques is shown in this
report (9.3% of excised plaque) than in previous study.*
The most recent study demonstrated an even higher prev-
alence (19%) of mobile plaques.’® This high prevalence of
mobile plaques may be explained by the evolution of the
duplex ultrasound imaging system and sheds light on the
clinical importance of mobile plaques.

CONCLUSIONS

In this study, we have clarified the histologic difference
between mobile and nonmobile symptomatic carotid
plaques. This result may partly explain unstable neurologic
presentations of patents with mobile carotid plaques and
may add information to the debate regarding the manage-
ment of mobile plaques. Further studies on the histopa-
thology and natural history of the mobile carotid plaque are
needed to establish the most effective acute management
for symptomatic mobile plaques.
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BLDiEL LTHRWONE. EERD
IMT EEE TS E B Ol
FURZFEBHRETHI LR
b, FCROEEHIZE Cardiovascular
Health Study (CHS), Atheroscle-
rosis Risk in Communities Study

KENRS

H® HaiksLUREMBEDET



(ARIC), Rotterdam Study7Zx&, &%
L e RBERRESII 82 F A TH
WHENRTEA2Y ZHE IMT &0
EAXRY FOBEIZDOWTORZED 2
FTF VAT, SHEIRIMT 34E#5,
BRI THIE L THOHEEOHI Y X
7 \IRTEEINR IMT @ 1SD #h1T 1.26
£ (95%CI, 1.21-1.30), 0.lmmiEinc
11545 (95%CI, 1.12-1.17), MZEHD
Y A7 IHRSEEIR IMT @ 1SD #inc
1.3245(95%CI, 1.27-1.38), 0.lmmi%
IT11845(95%CI, 1.16-1.21) I k&
L, WIEARY FORBEZTFRHTES
TEREN-(HO) .

T, IMT IS ¥ &% REEYREC

l 1SD CCA IMT Mutml%mﬁﬁﬁ%ﬁ@/\

Eﬁ;,.b:g Sl

: Atheroscler051s Risk in Communmes Study (ARIC)

Cardtovascu!ar Health Study(CHS)
Rotterdam Study

.'Malmb Diet and_ Cancér Study subcohort(MDCS)
’ Caro‘nd Atherosclerosns Progressmn Study(CAPS)

‘TOTAL N

Ehso CCA- lMTf@bﬂlua‘ab‘%B‘w$¢%ﬁ®l\*f—H:l: B
/\'b" H:I: 95%&:?5[?“1 ‘

qnw~¢h%1al
[1.28-1.43]

HRE .»
Cardiovascular Health Study(CHS)

Athérosclerosis Risk in Commurutxes Study (AR} ) -1.35

Rotterdam Study

- Malmo Diet and Cancer Study subcohort(MDCS) 1.31
. Carotid Atherosclerosis Progressuon Study (CAPS) 1.16

TOTAL:

MO 8- HAITHIEL 78 &0 IMT 81 £ DR - st S OB

X B BIREGERIF OMEHZIT D
ERESNTWA, i, 5 (HMG-
CoA BTTREFEIIEH) 12 & HBEHRAHL
DERBIHERBHEHRICOVTS

OEEIENP S ENTWE. 72
2L, ZThHomFEiEvTnd biE
THHESNTWBEAYF o5 E%i3
LB Z TV, bOETIIEER

129 [1.15-1.44]
[1.12-1.53]
[1.03-1.32]

[1.27-1.38]

hm1my7s
[1.08128] - 5

hztam
S 090 1 4

——
30,162 &>

12 13 14 186

14,165 -

5,479 e

5,163

5052 | —— 0

34,335 <>

09 1 11 12 13 14 16

(XX#10 £H3IH)
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BOAZF /L BRERZRTFEEOR)
B4 HEH 5 Japan Statin Treatment : (
Against Recurrent Stroke (J-STARS) ..« CCA e e
AT ThE. COFRTOER . ot o
RIMT 0Z b2 EBEHLTEY, 4%
DREFIEIFSNS.

IMT OREHEIZDOWTE, FHEE—
SNEEEER, TT— I REREE
DI bECES % HE L7z max IMT
BB <, ECIEH 2%, 0.1mm
¥ COMELHI%V. Mean IMT i
max IMT & ZOWH A F Lem OEL
CIMT#MEL, ZOFHEE2S T e
DTHBY, WEIEL, BAWEH H® IMTEHEEA
DIEDY ZFHET 2DIEHTH 5. CCA:$ATREHNR, BIF:SHBINGF (SHBIARAUESE), ICA:POTEBIRR -

'CCA Mean IMT*

« “Mean Max IMT= < © o<
L leORFAN 12

1.0+
. ,0_9»_
08 ERETS -0
0.7 1
06 o ERETS -2
8 : p=0.85 ) [ S )
w 05 T T T T T V ) T T T T
s ‘ : _ | ; SRR P ;
S 1.0 . ’
»n 50-79% stenosis 50-79% stenosis
094 ‘ ]
. ———
0.8 4 80-90% stenosis o
07+ o
0.6 , - ' 80-90% stenosis v
: . p=0.93 - p=0.11
05 T T " T T T ™ T T T .. 7 I
-0 1 2:°.3 4. 5 6 0 1 2 3. 4 5 6(%)
SE L e ’
H® IEENROT S — VIEE L FHIBEEORIE (3t 8 £ WBIM)
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Mean max IMT 3SR, SHEIRTE,
WHEEIROLA, SERL - EfrEIBE DR
BEQFHTH S (KO).

BRETIRIMT 2 HElFHlIC& 5V 7
by TARESR, FEERICE AN
IUF L% L2y, 0.lmm BLTF®
BE2BEHFRTELIILRENRT
w5,

3. PEIHREDE
BOIRTE(LASE L & R BT 2 L P
R LRRERE= 75— 7 54
Lh. —BHICE IimnzBL5ELRY
HTBbOLERENTVE, 75—
7 OB TR IR L7 2% & BEIIR
BT S. -

BEESS — 7, ’b\b‘@}:)ziﬁﬁ ‘
79— 7L, PEERErOBR

TLERET &3y U FARES
REOHEREF THHZ LAHONT
V3 (E@) . BERRECIEEES

7 =7 R, SHET T~ e

i, R T — 2 JRE T K
B b, MR E OISR PR
TED. SLIGEE, VI VICEE
ZHRHAAT @ﬁ@?ﬁfi?ﬁ (gray scale
median) % integrated backséatterﬁﬁﬁ‘
(IBS analysis) % F\» 7= 5 B B BESPATG
BAFVGR TS, bbbz IBS
AT % IV T 7T — o MR SR U,
79 — 7 OIBSIE & FREAEA He
B L7, IBS EREIRE L BERE
CMEIZBNT, S ARL
WEL ) bEERRL, PREORS,
BRI EEREREL ) 20

IBSERMEETHHZ L ERLEY. &
NOEEMFEMICLY, REELRE
LTV ERE7I— 7" 2 X hBE
ICEHE L, SHEORENREDY A
M, PIERIEEAT (CEA)- A5V v &
B & OBEF S OBIRNSG RIS H
S EEZLND (BO).

F/z, B TIE, Kanai i, A48
EMT v FUIEERCCIEREDRNE
BEEZLLZ, 79— ZROWREFE
BRI PRRAED RS L IRE DS % 40T

A: MRIEAGAEENS
EAREIRIC A BER A1 5
B A LB OEHREE EAED

CHB ARETS— 7 OEGEHE

TERTHIEFRBLHERELLY. 8
FEREEH TR, 79— 7 o#Em
E vasa vasorum ZEMEL, ZOMf
FUAFHMET 2 RAD R ERTWE Y,
L2 HBEERETOHEMBE DR
LS.

ZOEH, ML T 7 — JEREE
R TEHEICOWCTOEHRIEETDHY,
NEG—7%TT — 7 PREMHRE D NE
EREOBBREIBN EFHMOLNT
w5 12, 13).

BRI TS — - \c £ SBEE£80, MEEOEREEL5 Nt

C:RMERFARE
D JRIESFOIRITFRR
LipidrichE 75 — 7 %#588% /=
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& ICEBIREANES,  BAEERA
BLaBicoh, BEEOREEEIS
(BTSN TWAE. HEEDRE
WD BFAT 1 1A AR 1T X B S ASR:
bR THOEENTHS. BN
RECH L CESIRBE RIRE % £
BNCATH T E CEDBHIIZCEAR AT
¥ M EEHE LONBIAAEFTD B
RRET A LATED. ERETE
NASCET T 70% Bl EoRzEdsHh
&, SRR ERET B 1.

PARROFHISER Cl A, IE
ECHLHENDY, EOFETHEH
SRTRBPIERZL) LEFDH S
(E@). 772 UBERCRILHE,
WAREEBNHE LY, BEREE
B ARAGRZE & Y MEOBIZEHH
BEBabd 50, REIGEHNE
BEEIC J BFHE bR T 55 THB.
AU Hﬂﬁﬁfﬁ‘éﬁ 150em/sec BLE
% & NASCET #T50% BLE, - 200cm/
sec Bl 72 & 70% B EAAEA DL 1.

75— 2 PSR T B IR D
FIRE LT, BIMRREECREIRIIEREE
THOLNBHNFEOERLIEERR (<
Au=HA V) HH5(HO). hbid
REXZAFCIBVWTVWAIZDEDT
SO 7, BEEREIFFEICE
FT®5.
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FEREENSHDISME

SRENiRE S PRE

THFEET

SUMMARY

RER—1T

EEIREER (T3—) FIEEBHNTIRETHD, UTZILIALEICTN, BETSHS
ZENSLKDRUMBITAIRETH D, MRREZELIT TR, BIEFEFHIREEDY X0
T7 09— EITABEICHUCHEREREED—DOTH . BIfEELDEES L TE
ARRE, 75—I0hL<HMSNTWNS. BEMRERRSMEFRREEDY X EED, H7
HNEABAHICHED DB HEELFMANETHD. £BEIRUEDCDHD
surrogate endpoint S UTEZEEZEDHTVT, EEIRTII—ZBVWTHBERICKINE
FRREDUEZEL UEREDSUVLDVTVS. SMEEE, RERBENSEZINLTV
BDENHT, BERII—DEZGFSEFIFTTIEI DI ENFEEIND.

KEY WORDS

cIMT, 75—, EEiRRE, REMELR, BEX SmE

iZL®IC

DA BV THILE D AREIEE . 2000 % (R
124F) (CHEHS U 5 K IER B BRI A L
13 30U EOHRAEED 47.5%. ZHED 43.8% 28
WL MM 40mmHg BL b, % 7 (EBEH mE 90
mmHg Bk, %2 EREERASTH ), BIEED
BB LI TH 4.000 TATH S BILE AR
EORADERET Ths 2 L ZRMOEETHY,
$7: BIUEIREBRAE LR S ¢ ZOBEBIREA
bE7 W EREORE L 4 5. BEHRBEE(T3—)
RIEEDSSERIBET S EHTE BIRELORE
M % FETRETH S, /0F. BMEHHC LD 5
BIRAEERTY, 550 IRHES¢5 2 LA TE 2
TEHEARIE S N AMEN DO VTE D, BILEGRD
=5 v 7 ELTOERBRELEL 50 5.

1.

BHIREE L, AR S BE, i, SO 3@ 5 % -
TV, BEERRETEINBEL PEL 5T TEHT S
ZLEETERG. 07z, BROWE gL H b
72b O ENFREESM (intima-media complex : IMC!
LU FOEIZAFIEE (intima-media thickness :
IMT) ELTCEHBIT 22 BI bR TwaE. DT D
WA TR CTIRRENIEHM L. &R (far
wall) THET S I LA SN TV BT IMT Dl
DR B{ROMEEL LTS TRFLETH Y. BEK
E—LrMEEOLTHELTELLZTEEIZTS D
L. BEOERERTII3cm BEIITLII LS THLN
b, BERE-ALBEOLTHENEELRIILBENEN
WIZHIH SN AERE LT, BEWESREEN T 56
LD HEEESREEDIEZ I AL D L ST WS, EER
EVLELEERE LT BRI I — A EEE T VHz
Doy =77a—7%HeTRET 525 7~10 MHz

Doytrt Ryosuke, NAGATSUKA Kazuvuki/E ST IFBR ML L > 7 — WM BAERR
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A ..‘> e
(near wall) :

{7 EE - :
(far wall)

1. IMT, mEE

IMT i3 far wall THIET 5 2 L AYE F L, IERISIERT A 2 5105 5.

BEOY =7 70—7THLN5HiEL 0.1 mm Tdh
L. WEEZBEOT 4 ATV A ORIEEE, BRI
300 MisEAEE T B 720, WEKEL 3cm WIEIZT 5
TETIWMFHED 0. Imm &40 74 ATV AL BHH
HEoskzhikcgs (B1).

IMT @FHIlEE LT, max-IMT & mean-IMT 43
WHEND I ERE VD, ENENERE QNS LDT
BEECDT 5 EDPRLETH D, max-IMT 1lH 7
T—=7 2 HFORDFEVESE 1 EHIT 5 HETH
B, & ATHSHBIR O 5 AT BE O max-IMT (EH D
<L kg & DIEICE LR D LB L7CREECH 5720
AL TB L EMERITH Y, BRI LD R 7Y —
SV T B0 R TETH LY. —T, mean-
IMT £ 2 SR IMT OFESflicd by, aHly 7 %
M2 FikR b E O Kawamori B2 & ) i &7z
IMT ##filiiiA33 5. Kawamori & O FFEE— Rk 7
=7 DFESEHEH Lem OFF 3 HF & AR KT
F—=r D3, BE 6 IMETHTEHETH 5.
mean-IMT WX HBIFHN Y 7 bR EOFMIC X W FE LR
FH2SHTREC, SHRELL T O BALE TR RETH D,
AN X 2 IMT, 77— 7 BERROFM % 2Tk L
TRAEMTH A, 65 L LoEkE TSR, NS
BIRO max-IMT 252124 1. 18 mm LL L2 % % &0
M A XY P2 2D L) R, BEBIIRO IMT
WOTBZERE T 117 mm, A #ECIE 1.22 mm, 1E
oy b= AHETIE1.02mm & 1.2mm ML B

26(1204) M vol. 18 no. 12 2011

BANY NEBESEDHLEVIRE S DS, IMT &5
MECEEG IS Y, 24 B oI E, Ik
JE & IMT IBE & OEOHBIBGEY S 5 2 & sh
T3, IMT EEICFRICE, ) 2 7 51, BB
FHECOSHEHTEL2HHRBETH L, HIYZET
TR ETH Y, FHll oy bRV EERLT
BLLEVDS.

2. sy

SHERE D 1.lmm U LOEARE L OGSk T5—27 &
FEFXL TS, 1.1lmmULET7S5—2 350w dk
L, BEETEEHICR->TH IMT 52 OEZF# 2
BIEMEDoll LM HELEREINZLDOTH
57 Lo T, 1.1mm & 0 IEWEG 2503 R B Y 7
WIEICAE T 5 VWA BRTIRR Y., F5—70RNS
Wiz 5HECTS—2 27" hH Y, EHEIRSIHE
Z LIS 1.5 em MR TRET AN SBINRZE 4 551,
TDHWLZIEOLNBE T 7 -7 OESOHBME Lzd
DTHBH. 1.1~5.0 ZBEHIRMEIL, 5.1~10.0 & P52
FEBpRAEAL, 10.1 DL L& @EBIRMILIC ST 5. F72
T =7 OWIRBWIC LD 7T — 7 ONFFEEIRE, Mease:
EHEMNTEZLEEZONTEY, & IHRRHHE & B
Barb L b TWaIEEE LT a—ErHIFoh
. To—REEIGACRERE, SRR, RRUE L 3T
BT ENE L, R MARRHINE, SR A



2. 75-7
ErGIRIEEE, $EE SEELRT.

w SEIEIAKIEEHEL TV EENTNS (B2).
FHRE, TEMEREIREERED )R 7 2D H 5
72, EERCBZEET L

i
3. mmmwee
TIT— U IREL D LR
b, —RAIRAEE D 50% R A L. MICEE)H
EEEsnTwb, FEERSRIIA S CERME EEE
PIZTT ., HREKIEERT (carotid endarterectomy :
CEA) BLUART ¥ NEEH (carotid artery stenting :
CAS) LS NBMMTEEROEEZELSL) 2T
HETHAH. MITHEROBICEZ RO S ) 2 TOEBRENE
2B 64 A LA —@MERE M3 1E (transient ische-
mic attack : TIA) F7Z3RHEEL X LAEERET
HYH, BEEEEIINEI CEMBEEZELZLLI LIS
Ve, 8% 64 A LTS TIA 7213 EL2 &2 LR
BrhoTwnY EHEEHREICEL T 0% LD
PRAESEBI T 6% LA T D BEM & BHE TFMA % Shi:
BEEREONFHGERE L ) DRERFETFHHREIT
MTwdiuvbhTwd, —F EEREHREIIHR
WA TMATHEMOBNEL R XN/ RORFEED

L LTOFEL LEE

1 & | £EERENSHIEME

ERIZLD, BERREEIELE L TE I LA %
W 2. REONFIEE T OFARE o &R
PRIEFIIEMR0.34% L EDDTHRV L W) 7= 528
HCThB 0", EE M SABY IR 52 %8 T O /4By I 1T F R AT
DBICIZDWTIE—ED RFEDHE SN TRV OABUIR
Thd ZIHIIEEEMRRECLRESBEE N 7%
(transcranial doppler ultrasonography : TCD) T/ g
F{E% (microembolic signals : MES) 23 X 72551

TUEBERBEENF L Vo 2 H]EY. Efox

I—HRPBREET 7 — 7 OBEIE N — FAT6.43
& BEETI—712M2 T MES SEE I/ 54E
N = FHAY10.6] L MEFRREEFEELEL VIR
EULH 0. BERMEOSHEIXT T — 7 HIREEE 2T
Bl HhbETTCD E= s Dz BI%H) 2k
MIHBEBEIRICHKZIL D, £/ FHHETIZIE North
American Symptomatic Carotid Endarterectomy Trial
(NASCET) I L 2 BEFEOFMAH VSN L5 EH
Zups, BER TN 2546, &MONSESRESR

WCKERICEHITE 2w 2 edd b, oL 2
a2 ) 7o OISR L L DR ol 4
A5 ENEFT LV, FEEOHEEIZITAVASET
EREEEIREINTLEN, bivbhORiz Tl
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| Vmax A 3112 omis Vmin A
. ¥m mean A947 cm/s Pl A . 084

3. BRI

RAhCENNS % ¥ ko NASCET 148 42 ¢l

1336 cm's

Ved A 1346 cm.:"s‘ “Vm‘_pez‘ik‘:&Z‘]DS cnils
Rl A 057 SD A 231 ‘

RIEREICERI T & v c‘:fﬁ?r%é

TIT, MR OHEME T O A5 5 &, IUAR U 35 558 000 B 200 em/s B 1T
NASCET70% L LOSR%ENH B W TE 5.

Koga ™78t L C v % DU U35 185 10037 3 15 % 200
cm/s BLETdH UL, NASCET T 70% b L o sk s
AT v HEZ T2 (B3).

R R——

SHBPIR = 2 — TR MBI B 2981 & LTl
HEPRE (pulsatility index : PI), $EHi4R% (resistance
index : RI) %% %", #Hxid PI= (Vs-Vd)/TAMX
(Vs @ DU e S MR 2R BE, Vi o 3558 o 300 o o7t 8
TAMX : BRSPS IMFERE), RI= (Vs-Vd)/Vs & 7% o5
TWwo, RMMERIIATE < 25 & PIEIE EH L, €<
%% & PUEIME T3 5. L% 236 o KM & i
WO T, PI fgtiﬂiﬁb‘ﬁ'%ﬁ?'f PIEDFFMIIIE, K
MU Tl . Bk, KEMRBISIAR &7 &
MUMOELL HET p7-0EEEAET 2. RIMED PLE
Bk, AWM R b & LR 575 PLIE!
LAAOTEHCR L, RIMEE 1O %8 U< ik
2 toward F 7213 away D EE L p—FROHRD R 75
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MEE A HNDIGEIEIS SN A TH B AT PI
BERLBHETHSD. PLICHT 5B OHE TR
PEMIBIIR B 5 ¢ TCD TOEEZENEINR O PIEAE
D, FMIEESIE L 2> Twd EWIERD
7 Db UM B IR AL 3 2 22 R 2E < B
HILIZ BV TEHEIR T 2 — TOREBIR < N EBIR O
PIMEZSHIRTEAL & 23 & 35 7 7 0 — A IAR 1 i i 58
ERBRDDPEIDIIONT, LR THRAIM AT L.
ZOFERE, BT 7o — AR EREZE L ) b A
IREBIRPI (£ v X 3.3, p=0.001), MNEEIR PI
(v X1 6.9, p<0.001) 2 EWMETH Y, MBIRMALD
HEREIT 2HETH L EE LTS,

5. mek L ABBRREAOY
IERIESREIZL S IMT, 79— 7 B HRIZonT
DWENRDHVDOVWTWES, CaFiPisBMETIZ AAA
study (Amlodipine vs. ARB atherosclerosis study) 128
WTT 2BV YEETHBEICIMT 25BHi L7 (-0.046



Jv kO
(mm) n.s.
16
1.4
121

FESREDIRD IMT
o
@

¥ & | £ERENSHDIEME

miylVp% ACE PEEEE
p<0.05 p<0.05
|

0.6}
04 0.904+0.20 mm 0.81%£0.14 mm
0.2 0.95+0.26 mm 0.79+0.16 mm 0.74+0.11 mm
0
N=2514> 12 HhB% R—=ASA42 12 nB% R=ASA42 12 HB%

4 BREZEICLD IMTEHEHE

Oy E7203 ACE HERTHO IMT Bfsi s 2 bu— VL KL 7.
127 ARICIEa YNy B, ACE HERBETHEIC IMT BHEMEFED T V5.

mm) &) HEY, mEEERE CEIIRE B RO
LNTZRILERER 825 Pl a5 & Lz7 AV Y (5~
10mg/H) B L 75 L RO L SRR
IBHT TN =T OFEHIRIMT % 3EMO 7 + 10—
T THIRICHIE L7 PREVENT #B8: (Prospective
Randomized Evaluation of the Vascular Effects of
Norvasc Trial) I2BWT, 72u P ETIE, -0.012
mm (—0.004 mm/4) IMT OB EEZRDIZE VD
WEHH B, ARB & HERFEAL L OBETIE A v 7
Ty TR 124 BERICET S -2 237 H-0.41

IMT 25 —0.072 mm B#, 24» ABICE TS5 -2 a7
23=0.77, IMT A5-0.132 mm B#iE" L7z & v ) i,

Ty 2 Th IMT 24 -0.078 mm B (B 4)® L7
EVI)WEDDH L. F7z, M D BERREEICL S
HEWR 77— 27 ORFENEL, ZOFEEFHE %Y
ERFMDBI bR TVBEH, (kD 2D FEICE DL
IMT SR REBERERIHBE L L) RIS — 2
DR OKMENEHERT B S EDTRET, H72 2 IR
DIEEE LD D 2URESH LY. HvFHvsy v 7
AU VENT XY FEHIRESTE D SN E VI HED B
D, MITEC #B (Media Intima Thickness Evaluation
with Candesartan cilexetil) TitH ¥ FH¥ I ¥ VT

=0.029 mm M/ L7220, ZoXH, HEHERT I —i3
BIRFEIL, WEEFDOY R 7 MDA STELNC L BE
WS EDOFMIC LA CEX A EHEREETH L L%
AbNhb.

BbYIC

B BE Lo REOHRA DL 2, EHkza—o
BRSO W Tl 7, BT 2 8% L 5 2 BRI Lo 3F
filigk & L CHBRT I — 3B EICRETE, Z<aHo
BYIREETL A & BRI A, RABMAF RS, EH RSO
Al & B bIz B, WILERE 257 5 — I SHk
TO—-2BIhITEEBEOTL. O, SR
ERER 2 RO 7B B MEAME, WAL Tw2 A
720,

X ik

D HABMESERBMERET 1 F5 4 Y EREES &
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