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Fig. 1

Representative findings of tomographic ultrasound imaging
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MATARAE TIE—RAr s & D IZ 3D BE WP &
A SHERE E BARAT (E B X ORHliE TA, SK).
MRI B4 AT D7z, BE WA 1L GE-Yokogawa
Medical Systems #1:#2 Volson730Export (Tokyo) # fif
ML, 7a—71213—30 8x8 cm A (10 MHz) dD/N—
E= v 7 A 3D4D P # probe (GE Healthcare) #
iz OST—=FTI9H B E— Fik), Tbb,
B 2 EAGL, SERMRALE L, 3D Y u—T % &
BTN Bl Ly BERE, [REE 2 N2 20 25 IR
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B WA OBVERIGH H# T £ CORER % H5%E L
720

3D EE PRI BRI ISR 0 H R (RIZE B X
D OS2 Y W IEE X ) R (it -
72 Z ) RS SR 0 LT 1 mm RO
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graphic ultrasound imaging) {42515 5414 (Fig. 1),
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T T L & [RIRR OO Wr e C AR RERT LA S AL, [/ —f&

The left upper picture shows a longitudinal view of the right carotid artery. The vertical white lines at 1-mm intervals indi-
cate interception points on the long axis to obtain transverse axial views (short-axis views)in pictures -5 to 2 (the number is

printed in the left upper corner in each image) .
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WL, PR A LEIR & B L AR S CAEZERE O
RENTGE L L, — B8O EER (—
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W~82 %) Thole 0 LIMEVESMEBRKTT
R 2 10 B, BRE S AEDS 8 B, BEIRIG 2% 6
Bl > 720 M A PHE CTIEMMEH /TIA A35 6. 1§
MR EDY 4 Bl - 726

2. 3DEBEZRKEICELS TUIFRR (Table1)

3D BEWHTIT BN AT DI, WL ERIE TR
T EMSHEIIR O (IR 1215 6.9 53 (5 90~ 12 47)
THolzo Fllifg TN & /- SHBEIRIE A2 1L 59%
~98% &R L T\ 7z, IRAEFOWIETF — 7 1EN
SHBDRASAGE AN EE 2 vhuls & L 22 BERPERRZE T 9
ZTIIII LRI YY) © BRAFT 2 NBEARAE L T
B NTze TT =27 DORTIZTRIA 1] (case 10),
N6, MAEF4GHH, wIiLdboffs
NEARE =L DTH ol HEOMAADLETIE
I D SEHEE / S EE O URATAS 6 B, 111 2L O HH i
[ R DIRTES 4B, 2 TOMEDRET 55D
310 (case 11) Bhovc, mEEEZREL/z6HDH
bEEREEIL 16 (case 10) IZEIE XL (Fig. 2).
Z O OHFT BRI EEHN T & o 7oA oy
72 72 DI JE B O IR ORI SR % 729 2 L3k
Do 7o FMOMERIE smooth 259 ) & 26 . (B
AR SN Do 72,

3. MRI-BBFTR (Table1)
WEDREEESHTIRETZ 262, FET%
SBINZFRD, WEN b — L EEI N —H. &
YW—TERESTORETLHD% 1 (case 11) 12

A M08 % : SUIRAE DTGB 547 % SDRTE ek D4

— 353 —

D7z,

4. HEEREORIBMEBFIFT R (Table 1)
AHA OEISFHEC IV B2 16, Mg v B¢, Ve
BB THIE L oTz0 WIS LD KD HEMENE
Mk chHO SN (THID34), KD > 72 iR B RHENE
HHAE & AR AR PR ATRAE L T A B 7z (Fig. 3)o
Z DO E L case 1, 2 & B\ T METE LR 2% 5
Motz IRWT 1B (case 1) ZBxENRH I 7 2%
BEO—#HxHEOTWIA, BEE-—~3+L—%L
TV o720 AR thick 2% 7 B, thin
4N A BT, SIEEMI ORI IIREDEZ 2
HNEFNIRED i, AIKILIZOWTIEBRR v L
N b DAY 6 B, ML 3 B, AT 4 Fic
Holz,

5. TUIFTR. MRI-BB i R. RIBMEHEFAATR

D3ttt (Table 1, Table 2)

TUI TH B L7 1Ib 5] (case 1~4) & MRI-BB C
Kb EERETHLNIFEE TR L, A
JRE o 7DV L DDHEIZEL { (p<0.05),
MRARARAE, JEM 2 MHEE R S LI L IdA BTz,
—J7, 1Ib Bl 9 & case 5~9 (X MRI-BB Jf R, C&:(E
el MRS LTI OV D O9H
BIZ% < (p<0.05). IREMAE, AL A S NTC,
WINOIRE D TULFT R CIIAE—Th o 725
MRI-BB 7 L& 11 fFH 10 2585 — 12 Hi i S 7z,

Fig.2 Case with type Ib plaque (case 10)

TUI (A) indicates isoechoic and hyperechoic plaque associated partially with an acoustic shadow (white arrow). On

MRI-BB (B) findings, an area of isointensity can be seen.

Histopathology (C) shows dense fibrous tissue with a large

amount of calcification and a small lipid core (black arrowheads). The acoustic shadow concealed dense fibrous tissue

(arrow head) .
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Fig.3 Representative findings of dense and fine fibrous tissues

Parts of consecutive short-axis views stained with hematoxylin-eosin (upper row) and Elastica van Gieson (lower row)
stains show the difference between dense (black arrow) and fine fibrous tissues.

Table 2  Statistical analysis of the relationship between carotid ultrasonography and histopathological findings

(a)

Histopathological findings Type IIb plaque (n=6) Other types (n=5) p-value
Large amount of fibrosis 6/6 1/5 0.02
Calcification 5/6 2/5 ns
(b)

Histopathological findings Type IIIb plaque (n=4) Other types (n=7) p-value
Predominance of fine fibrosis 2/4 0/7 ns
Large lipid core 4/4 2/7 0.05
Thin fibrous cap 3/4 2/7 ns

(a) Type IIb plaque vs. histopathological findings
ns : not significant (Fisher exact test)

(b) Type IIIb plaque vs. histopathological findings
ns : not significant (Fisher exact test)

MRI-BBr R CHEES X E L7206 (case 1,2) I
PR o 7 HRED)A <« AIERMEDBN 2 RE Th o
72 F72. HEORAE L REO ISR
A TRBEREPEBEI LR > THWEDOADH DL
HY . TUI BT L CHIBEC I L 7R EEZE L & 136
BEL Tz (Fig. 4), 1K - 5% - BOMEORET S
1 61X MRI-BB CHiRBEZ R L, MEREA 12 I3

AR A D ICAIKIEE ., e E O RS W IRE
Tholze B, BHEEELOME & BMEERED
JEH & DBLRIZEA S 2T h o 72

6. EGIRT

Case 2 (Fig. 4) : TUI At & CIRZ 1T &89 1M
FETH), 79— ORI M EITH > 7255, KE
WA TR EELLIEE S5, MRI-BB

(6)
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Fig. 4 Case with type ITIb plaque (case 2)
TUI (A) indicates hypoechoic plaque, but a slightly echogenic area (white arrow) can be seen in the center of the
lesion. MRI-BB (B) depicts an area of hyperintensity. Histopathology (C) shows a large amount of fine fibrous tissue
with a lipid core (black arrow) surrounded by dense fibrous tissue. On TUI findings, hypoechogenicity, seen on both lat-

eral sides of the lesion, suggests an oblique artifact.

Fig. 5a Case with type IIIb plaque (case 4)

TUI (A) indicates relatively isoechoic plaque in the bilateral hypoechoic areas. MRI-BB (B) depicts an area of isoin-
tensity. Hypoechoic areas, seen on TUI, appear to partally count of an oblique artifact partially.

RCREET BRI S, MR Tl A
W, BEI T OSWRETH o7z, TUI THIE S
M 7ARHEBEZE I I BE (S 3R L AT L & 13 Tl
L CRDH LN,

Case 4 (Fig. 5-a, 5-b) : TUI AT R CTHRZ T 2K
IZE~EEETHY ., 7T — 7 ORNL b B & e
EN7zo MRI-BB it B Clz RSB 5 EICHT &
. HRREEIFT IR E 2 7 H LD IRERAE
WET o7z, TUI THIE SN 7REREZALIIH
MR X b < L TR b7z,

Case 10 (Fig.2) : TUI AT R CId3%. mHEEDRIE
L. BEEEEZE BEEEDSH L NIZAD»S
7T =27 ORI b B & & 7z MRI-BB T i
TIZEEHICZEEETEICHE IS Twiz2s, BT
DR —MEDERER S N7z AR ET ] Tl A IRAL,

=

BEREDOL WRETH o7z, HEEE TRINL
AT B IRERAE D LAY o T 7z,

Z =

EES — EEIREE OB, OB SRR
EDERT, Ny FI A FCIHBEMIZ) TV A
LIZIREDOTEEEH GBIE T T — 7 IR ik
B (e, BROE®E) 28520 TEY7,
FRICHEIE 75 — 7 OME. BAkD O T2 T2 H
HIEEWR T, — ki, EHEERLIIRE 7. 1
i, BEFEIMASTERG. —EROMMETERL % . SR
(LI % . B IE — SR D MAHE P
7. TEBEEAE) BEESMLIAIKUEE 2R
LERTWAYY, L L, BEEBREDODENIZE
5 E IS ERARE B, BEREA DML &

(7))
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Fig. 5b  Histopathological findings (case 4)

£69% H3F

The left upper picture (A) shows the appearance of the specimen (asterix indicates the carotid bifurcation). Histopa-
thology (B, C, D) shows a large portion of the lipid core, with inflammatory cell infiltration (C) and cholesterin crystals (D)

beneath the dense fibrous tissues.

T—F 777 FOHEENH SN T B DE),

ERABEICOWTIEERGEED 70 —7 (1.5
MHz Pl &) 2SEET, RIFFETIE 10 MHz O 7’0 —
T % R\ 720 & ORGSR R L RS BE DN 0.17
mm & 7% 0, E— ALK 2 1% 0.17 mm Ll FEER
TWILL2 SOOI EEE %2 2 o FHHTIZ DV T,
fER D 2D BEWEDOYG A W) 72 A5 A E Ol g
HEEZRLOIHLBEORFEELEL LTV
D LW FRE G % [ 2155 3D BE kTl
BIIRE®E S0 Z 6 S 2 &b EEr g X
H-Y BhE) ZBREEICASICHRVE LRSS E
BTEDo ZONTHERML D EHES N, EBIZA
WFgE b AR LS 6.9 4 (545~124) T,
MBI A TEEOWHATRET 22 L TE
72 L2l HERAMIFCK AR TEEL, £
7oy BEBES-HEIRS BB H L6 Lk
Whit, 2O L) %FITIE 88 em kD7 10— 7 H
FIEHLWEEbn s,

Fo, BEERECIIEAY T —F 7727 A

(CC : common carotid, IC : internal carotid, EC : external carotid)

ENTNBWE, K MEORLZBEREOK
ST 25, PR MBS MEEIC Nz . ot
WOTENERE (SR 3 EEEE %> T case
10D L) ICHFTOBAPBETELELD .
BT DOFINEE R b F 725855 5 2 L IdEEL v,
AT TR H % R X A B LT 2o 1278,
FEICAKIL L 72RECTIHBIZETE Vv, E51(2,
SRS — A ZEAT USRI X Kl s h
B FOIZ% B IZONTREHIEHII L. E— A4
EATTABEREE L 725 &4 EEIZEE L2
W BHLT —F 7 72 MY, o ETTEEE %
) ARFE IR, 2FEICEE S Wb Lok
AN OFEENLE L b ZDM, € — 2 DIER
e, B LETI-OFEDEHTE WY,
DEoFEESZE T 2. CEAMTRIOEE — %
BIREZ & 3D B E R CHIZ, SEii L. MRI-BB
ECHEONFRE & B2, PEREEEARORTHAL
MR & il L C 3D BEWRED BT, ST,
BRMEEE L. RIS, MPICEE S NR
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HIIBAEERECIRE 7T ThHO b, £DEHET
fibrous plaque < lipid-rich plaque & R 2 AL T\ %
b DDO®P [ F OB SATIBO TERTH o 72,
AW TIE NS OEALH HO HE G & HEIZ

3+~— D AR EERIL L oo ZOMER, WED

KPR Ho 5 +DE), IREa 7
3+~ E—E LTV ah o7,
RHFZETH 2 7T — 7 O EE 53R & Pk

PERRZE & L CHEZ . Bl oBlg s/ Td
Bo L7203 T, Bll§ RIS S LA D IR
FINSOMICEZELTIID S Z &if%&w#

g, COMESEY HWiz, ZOMKE. &

ﬁ%ﬁﬁﬁ*’ﬁ%éﬂto%wﬁﬁi\B~Am
HAST A EITRE, FRBEREGE & ¥ — AT A HIEERE

1L QMR OME (HIEEASHTEE, FREE X b OH R
m) 26, gHET —F 777 Z L OBITHEL
tT EVED Eve Thb b IR - IR Lz R

A LI EE | A Y 3 B R T —F 7 7 7 b

ARHRTVOT, ZOFHMEIEETEE, REEOH D) Ty
IMENH DL, ZOT—F 777 hxpike LT
LR L) IEMICBISR T L EMGEEEHIRET
HoEBbhb, FAEkIC, 2DEEREEZH T
O—74%BEsE, P—ARERLESEL L1291
. BE A WG T A EDREE B —
MRI-BBETIR D L)% T7—F 777 MPELS
Clidhwicn, FTORRIREEL LS,

FEEE DI C 11 8 & g S, Ao SRR /
ORI L SN2 b D561 % < MRk %
PR D & BN PR DMEAL O [ 2 SEI LA A
b, REaT7oEEL 16 REa7T2+) Zk
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Abstract

To elucidate the usefulness of newly developed three-dimensional ultrasonography (3D-US) with tomographic ultrasound
imaging (TUI) in the morphological diagnosis of carotid lesions, 3D-US was carried out in 11 consecutive patients with severe
carotid stenosis (average age, 72.7 years) before carotid endarterectomy. TUI was performed easily within 5 to 12 minutes
(average, 7 min) regardless of the technical skill of the operator, and was compared with the findings of the high-resolution
magnetic resonance imaging black-blood (MRI-BB) method, and with the histopathological findings. Based on echogenicity
and texture, a short-axis slice Tul image, corresponding to the same histological slice of the carotid specimen, showed type Ib
plaque (iso-/hyperechoic with an acoustic shadow) in 1 case, type IIb plaque (echogenic with partial hyperechogenicity) in 6
cases, and type IIIb plaque (echolucent with partial isoechogenicity) in 4. All appeared to be heterogeneous on Tul images,
but MRI-BB depicted a homogeneous signal area in 10. On histopathological findings, the carotid lesion consisted mainly of
dense or fine fibrous tissue with a lipid core including a cholesterol cleft, foam cells, necrotic tissue and inflammatory cells, as
well as hemorrhage, calcification and superimposed thrombi. Compared with 3D-US findings, semi-quantitative analysis
showed that type I1b plaque had a markedly large amount of dense fibrous tissue (p<0.05, statistically significant compared with
other types) with calcification, while type IlIb plaque had a large lipid core (p=<0.05, statistically significant compared with
other types) with fine fibrous tissue and a thin fibrous cap. Extensive calcification in type Ib plaque showed hyperechogenicity
with an acoustic shadow, which concealed backward tissue changes. Furthermore, an oblique artifact, seen in the lateral vessel
wall on a short-axis slice image, showed pseudo-hypoechogenicity due to the lack of a reflex wave. There was no evidence of
an artifact using the MRI-BB technique either, but the texture was not as fully depicted, compared with 3D-US. In conclusion,
3D-US was useful for diagnosing carotid lesions, since it could detect histopathological changes corresponding to the same slice
of the endarterectomized specimen, in addition to its noninvasive, time-saving, easy-to-use, and real-time characteristics,

although the possibility of an oblique artifact should be considered.
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