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. IMAGES IN NEUROLOGY

Hyoid Bone Compression—Induced Repetitive
Occlusion and Recanalization of the Internal
Carotid Artery in a Patient With Ipsilateral
Brain and Retinal Ischemia

61-YEAR-OLD MAN

presented with apha-

siaand right hemipa-

resis. Severe stenosis

of the left internal ca-
rotid artery (1CA) was found 2 years
previously when he presented with
left retinal arterial branch occlusion.
Brain magnetic resonance angiogra-
phy, carotid ultrasonography (US),
and cerebral angiography confirmed
that the stenosis had progressed to
asymptomatic occlusion 1 year be-
fore admission (Figure 1A). Brain
computed tomography revealed an is-
chemic lesion in the left basal gan-
glia (Figure 2A). However, the left

E-g Video available online at

www.archneurol.com

1CA images were confusing; brain
magnetic resonance angiography on
day 7 indicated left ICA recanaliza-
tion, whereas carotid US immedi-
ately after magnetic resonance angi-
ography showed ICA occlusion with
an intraluminal thrombuslike entity
(Figure 2B). Cerebral angiography
showed recanalization with severe
segmental stenosis on day 13
(Figure 1B); the occlusion revealed by
magnetic resonance angiography on
day 18 was recanalized according to
carotid US 1 hour later. Carotid US
on day 20 initially detected left ICA
flow in the supine position that gradu-
ally diminished with an intralumi-
nal thrombuslike entity appearing
over a period of 20 minutes. Flow was
suddenly visualized again after the
patient sat up (video; http//www
.archneurol.com). The left greater
horn of the hyoid bone seemed to
compress the narrowest segment of
the ICA from behind (video), con-
firmed by helical computed tomog-
raphy (Figure 1C). Because second-
ary atherosclerosis at the site of

compression, suspected before sur-
gery, was not observed, the opera-
tive procedure was changed from ca-
rotid endarterectomy to adhesiotomy
from the circumferential tissues and
patch formation of the left ICA. The
hyoid bone removal was given up be-
cause of the technical difficulty. A
pathological examination of the ar-
terial wall tissue showed only fi-
brotic change. The left ICA re-
mained patent after surgery.
Antiplatelet therapy, started before
surgery, was continued. The patient
recovered without sequelae and was
discharged on day 41.

COMMENT

This is the first article describing fre-
quent occlusion and recanalization of
anonatherothrombotic ICA caused by
the hyoid bone, confirmed by neuro-
imaging. To our knowledge, 2 ar-
ticles'? have described stroke and/or
transient ischemic attack in the pres-
ence of ICA compression by the hy-
oid bone, but neither identified a di-
rect relationship between the ICA
compression and ischemia. Carotid
US and helical computed tomogra-
phy were useful for diagnosis in our
patient. Hyoid bone compression
should be recognized as a rare cause
of ICA stenosis.
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Figure 1. Imaging findings on admission. A, Brain computed tomography shows an ischemic lesion in the left basal ganglia. B, Carotid ultrasound shows a
thrombuslike entity in left internal carotid artery.
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Omm

Figure 2. Imaging findings of the left internal carotid artery and hyoid bone. Cerebral angiography
showed occlusion of the internal carotid artery 1 year before admission (A), recanalized, with severe
segmental stenosis on day 13 (B). C, Helical computed tomography shows the greater horn of hyoid bone
compressing the narrowest segment of the left internal carotid artery from behind.
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Plaque Imaging of Carotid Stenosis: An Update and Future Perspective
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Abstract

Not only is the degree of stenosis important for optimal treatment of carotid stenosis, plaque character-
istics, are also important factors to be considered. Various modalities of plaque imaging using ultrasound,
magnetic resonance imaging (MRI), and positron emission tomography (PET) have been introduced to
clinical practice recently. Here, we provide an overview of the recent progress of such modalities in
relation to their clinical significance and future perspective.

Key words : plaque imaging, magneiic resonance imaging (MRI), ultrasound, positron emission tomography (PET), carotid

stenosis
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EZo6N5,

BEOSS—s72HCBT D * % modality i< i
MRI, US (ultrasonography) »32&lT 5 h, CT angiogra-
phy (CTA) % PET (positron emission tomography)
TH FOTESTbHR T %o FFREDETSFI—7D
BRSOV TRS, UTE NENOBREICDOVWTHE

MY %,
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A:MPRAGE: 77 —7 BREESZELTHY, & SCM X3 TH -7z, B : Masson trichrome JEBEX © 75— i35 o
7EB{EHHMBTEE LT3, C: 27Ul 75— Wi HifieZ (k22 3,

AIMPRAGE: 77— 7 BBESE2ELTED, 3 SCM K 1.175TH > /2. B : Masson trichrome $2EH#IA | HMEZ{Lix
LDTHTHY, 77— 7 BZECBREERE 20T, CIY7UMR I 75— 7 I IBIMEZE L EE L A YED B,

Table1 MRIBESEE: 75—

T, HER T, HHEER
(MPRAGE)
£ 5 BfEs S EEE
LRNC &5
HmEHELZY EF~BENES $-EEEES
LRNC
BUgtEAAR FE= FE~BERES
MRS EE EF~EFES BET

LRNC ! lipid rich necrotic core

0. 75—00Bmas

77 —7 OFBENRHEEEEOEES (Amer-
ican Heart Association : AHA) X V&S hi-58
R—REZAVL SR 5, FEIIRTS — 27 Bl T,
AHA T35 BERE [type N~V : lipid rich necrotic
core(LRNC), ¥R, 77— 27 WM, AKER
] 2BWTAILBEEEELONS, £, vulner-

able plaque & it thin-cap fibroatheroma & B & T &
D, REFRACEEOREREEE, ~Jorv7—vky
DRIEMBOBREADOREERD, 77— WHME#
5RETH B, Vulnerable plaque 1375 — 27 FiZi® =
T LIMRMREZED Y R 7EFEEIONTWE,

. MRI

HHEIR MRI Ok e LT, MHES2H2 {HEY
$ % bright blood & & B 1%l L THiH ¥ 5 black
blood 43% 3, FiE CiHIMENEOHETEMISTRET
HY, BEERECHEPROBREETET 2 0HH
E_ANTHBDY, BETRMEBRLAR LDV M5 X
FHEEMET Lk D, FI—sEROTMEIcER
E¥NTWn3,

Y4BT Tk, MPRAGE (magnetization prepared rapid
acquisition with gradient echo) Wiy —s x> 2%
RuT7o—7#RKFH%1T> T3, MPRAGE i
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X1

'Moody & @ magnetic resonance direct thrombus
imaging(MRDTD? L FI#ROBRBETH D, MEFSH
03 L 51 TI (inversion time) 2EL THE
BiEl B L 7 T, MAER TH 5. Yamada 5% i
B EHMmEEES LRNCRT, BEERTHES, T,
HAEKRCRECS R IEEEESOEANHY, B
MefFEH A2V LRNC & T, ERER, T, BFEKED
ZEEHLSBREREETH -2, BREOMIENER X
T, BREHCEFS» SEBES, T, AFER TELR
HESRRTEALD Y, RKLHETERT, BHER,
T, BFEERE bEEEERTEANL- 7 (Fig. 1,
2, Table 1), ¥ 7= Hishikawa % iX, MPRAGE THES
2ET 5777 LHABRENREERNLTE D, CEA
WHIEA O 75 — 7 AD necrotic core D 3 HE
t glycophorin A CHEEIN D /I -7 NHEMDR 2

7 LML T8, MPRAGE BfES%ET 575 —

7 CRIEEE 7 — 7 wH~RELLIT necrotic core D
HEHEMBREL, 77—/ RHENORED FVRET
Dol ZEBHREL TS, ELOHELDHEXTH T
7—7NOBMEEEHT, BHEHRTHESEETS
ZrBHEEIRTWwARID Z s b, T, ERER, D
¥ D MPRAGE TEHES:2E T3 77 —7FER vul-
nerable plaque TH 3 AEENH W Z L B8FEZ 5h 3,
Yamada 5 & MPRAGE T 8\ CilEE D KI8T 228
RN LTC2EU LR BT 375 — I RERBEETS 77—
7 & UCHRABE R FEIRR MR OB L OBEME%
BT L 7e®, TORER, BEREE, PEENEH, BE
BREBOVWTHECBLTHLRES S5 —I/REEETS
FEFNEES 77 — 7 AR L R LU TR MR E
BOFELF L LI LTz, £ ZOhTEETX

Fig.3 v+V4 F&ERA+HAVAERRT I~
MPRAGE (C) TREEE2BT377—-IFE.
TS5 RERA 7UNTVOHFEF v+ 7Fr— R EVERET 2 Z L CERCRET 2 2 8T, HEMBEOETHIER
sl (A, BEYSEH),

&3, BEISPEERBHCBIIEEETI—IR
rr, BEREBRIBYIEBESS7-7RELOBT
HMENEEOEECSWIERE2Td A, L
Thd, 20, BELSPEERERIZBVTHHEE
B/S5—HmERETAEARIRBOERE2 &7
risk 5+ H B Z L BT 5. L MERY ERE
BAERETH>Th, MPRAGE 2B T2 LEWERE
E7S5— 7 REDOFEEVEO TR IERAREL LIFL
IEBTAILTHY, InoOERL S IBEROHESE
BEOsTONAREMBIE TRATATH S Z LBRE S
h3, £7, CEA BB & CEA BHEADERFERN
L oBEkCoOWT, BEa7E2ESabVwbY3
vulnerable plaque RERED risk 2 TF5 L wiik
&1 8 XNTWDE, % TO MRPAGE & CEA f&d
EA L OB L b THET 5 &, vulnerable plaque
it CEA#FET®O MPRAGE CHES2ET3LELS
1, CEA fRBEIRAE® &7 risk &% 6 WL ATHEHEDS
FREN3, Iz MPRAGE CEEES2E95%7
S— 7 REN CEAMBRCERE L E T 5 risk factor
EBAEENLDHD, REZTOEERC OLWITRE %
FoTw3,

IV. contrast-enhanced MRI

EE MR CEGBEES F U =y 4E%8#8 L ultrasmall
superparamagnetic iron oxide (USPIO) #tfwohT
W3, FRY=VAEERERTOT, SREK TR
fibrous cap 25&# & #1, necrotic core IZEE E i,
Z M7z % fibrous cap DEHHS L DEAR L 4D, fibrous
cap DEE 2L VIERBCEIET 3 Z L BTWEEE B B,
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CTA (A) K TERAIDOPAIICHAHRE 2B, Tk a3 — (C) TREHEE~—SBSHED 77 —/7FELZ->TB D (C &H),
FDG-PET & (B) TR 75— 7%4nic FDG ORBEH T3 (B EA),

(A) EEE EREEIRMRLE (NASCET 80%)

(B) E&fE BRRBIRREE (NASCET 95%)

e el
e ARy

WH L bEGENEMIRREETHD, 77— 27AEMEHFEVeI70 77—V %S5 RBEL T3, (A) TEFDG L
HLHETH 20K LT (B) TR FDG OEBEIEH v (BPREH), M-T : Masson trichrome

Ef, APV =0 AEEA % A i dynamic
contrast-enhanced MRI 21T\, 77— 27 ROFEME
PRAELCLREORELXFM I s&EdLEATL
A9 USPIO RFFA I YD a—F4 > 7aEni:
iron oxide THY, w7077 —JEDTFFA IV
BlEEMLTw 707 7 —YRICEDAEN S, Valner-
able plaque i B SO REMIE LTO~w 7 0
T7—VBEELTHWAEZ E0SE, Z0O USPIODEY
RALOBEWC LD 77— ROREORERFET 5,
SEEICIX, HIBE®D USPIO BT, BRAEKRTERFSL
HHahae, LRELERDAASBOI EBRETH
D dynamic study B TE T, BEYPERC L2757 —7%&
ELOBRABCERA SR TS,

V. us

EHIREERE CREBEOZELUSM T TS — 7 RO
FEL a0 —MEEIC L DHBIT 5 Z £ TE B0,
2001 £ RS S iz tromss study®® Tt 223 BIOEE

[REE254E % echolucent, predominantly echolucent,

predominantly echogenic, echogenic @ 4 B 317 T
B4~ PrOBBEEEZHELL ZOBE,

~ echolucent 2 7" 7 — 7 TIIFANEEREH 4.6 (95% CI

1.1to 18.9) L HEIC risk factor & 2oz, D%, 2004
FE w4 s i the Imaging in Carotid Angioplasty
and Risk of Stroke (ICAROS) study'® Ti&, = I—4f
EOEBEE2ED 57 ® gray-scale median (GSM) %
Botr7—oEE>EH L, CAS B OMEERYE:
BEEHERE L T3, GSM & BMERBEOME &
HBEEE2V 771> AL LT Bmode £E® gray scale
EEMEL Tz —EEEHELT 2 55ETH2, £0
BE, MEEREEEIGSMB2BUTOSS5—7 Tl
7T1%THD,GSM #3525 KD EWT I —7 T 1.4%D
EEL2Y, BEETZ7-7 BV THERICCASH
WA R E RN OER o T,

ERRES IFFER AN TWE Y+ V1 K
EHZRWTY - AFEMBEOBRES 2 HTLT
w3 (Fig.3), 77 —7AFEMTRH/IITETHD,
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HKDHT—F o 75— TREENEETDH D, HF2
HRBEEEERTH S Y F VA FIREFEC X 3#HE
TEXMREEL LS TE, HREOBLEMZOED
HHEBTREL B> THY, FS—27HNOFEMEDY T
WEALATCORENTRETH %, TR IDFEET
S—7RBIANEFECHRZ L 2THET 5 Z L7
BErizoTBY, EMkza—w & 3757 REH
DE6RIRENPFEINS,

VI. CT imaging

CT CRMRI COFED & > 277 —7&ROBZHK
ROWTREETHS LFEZL 5N 5255, 3D-CTA 2R
WItRBES T T — 7 RBUROTEZHARDED, &
FKAGREOFHECE A TH 3, Bl TR ECEHIRSUR

CCHWST TV Agatston calcium score 2EEIR S

S5-I RETORKIEFHHBZALLRED bREINT
V> %, Agatston calcium score & i, 1990 ££iT Agatston
52 HEpE L BHIRC BT 3 BKEFEEZCT &4
WTERLERIT7HETH 3, THITHEELE elec-
tron beam CT 3 Wi~V AV CT TH&HL, CTHE
T 130 Hounsfield unit (HU) PAE#HK{EHRELED
THAKILHFED ROI (region of interest) 2%EL, %
OHRTOEBHCTHEIZ &o>T 130~199 HU, 200~299
HU, 300~399 HU, 400 HU L E &5 4 DO scalar &
BFTEFNRFIO slice Tpixel MBI b THEHE
+T 255 TH B, Calcium score B5E i, BIIREE(L
HEDOETE2EL LTV Z e FEEh, EEiRR
BELLSHFREFOLI 2L LTEZ B L, £HRKED
scoring 2T VWBEOLEDREBRIBET 2 L bEHE

_ tBIBRA,

Vi. Radionuclide imaging

FDG (fluorodeoxyglucose) -PET & 75 — 7 D= 7
077 —-YORDAARCEELTBY, F'I7—-7ROR
EOBERFFMCEsLEIZ AT WS (Fig. 4), EE
CEEEERO TS -2 B8 W T, BEREERNO
S—7 AT 5 FDG DI Y RABEhol L5 8]
20, Ta—HE L FDG DRV AL DBERHEL
THRETRa—HEEBEWIEY, D% D vulnerable
plaque TH %1E 5 3 FDG DR Y AHDSEH > T & 3R~
BRTVWES, 2L, v 707 7 —I NS KT
BHERETH FOCBERL ZWRESFEELTED
(Fig.5), R F v R EORKREMFRER T 258HIcL 3

967

v zu7y—YEHEOMEOTTHREREDFIOND
720, BFNEZEC DL TREECHERTREEHER
6&‘50 '

& & 8
EHIRIREERBCBWT, 77 —-72HET52L

ED, HEROBRBEOADBBEHIZITREL, 7
5 — 7 O vulnerability DEERZE /7 —-7RE2 b &

O REBEBHORN ST L kole, SBRLEE

modality 2\ 77— 72 & D, REREROZIR
HES, SARITROBEERFL T Z L BEET
B%, B L LTI, % modality 125\ THREMEMFH
TRESFETH BT L, 7, FEEOBILISH
BELEND,
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FR - RO B ATM (9) | A RINAE DR

HEIRREED TS

—J2HHICEISMIREmE

A7V MNEEfOARER

FUKUDA Kenji. TIARA Koj/ @I GRERHAR Y9 —RIMEN Y

fmpis SR

AMERIEEIC B BATARITE, EM%W&%%%(CEA)c‘:ﬁﬁbﬁﬁlr/l~§ﬁiﬁ(CAS)b‘&6 3B
(= 5T 2000 ERFEFARI NI ALY, FOBGRECREEICE IEEHOINTLS. E, 77
— 7B ERIEAEE S modality ICENBEENTVSY, RETF—~7REIC SRTIRRBIEDE AFRIOHRE
BEIBBOIEF L ARFELAL. FHTRTI—7BEEFLIC, CEAL CAS DABRIEES RDES

HZHBNTS.

Key words
B IRIRAEE
HEhIRABIRIBE (CEA)
BRREAT Y FEHEE(CAS)
L IS5—0BH

BUBHIC

ISR A 2 o B YRR,

FATH IR A ) B #7 (carotid endarterec-
tomy : CEA) & #ifhlig 2 7 >~ b iEtH
(carotid artery stenting : CAS) % &
%. CEA 31950 SERA BTN TH

D, B N CHEV.ISNRZTHTSHS.

F 75 A0V OO NBUERAR
B2, FOAOMEAHEE 3TV
U — )i, CASIX 1990 44U &

fibiURb L ENEL W TITH S
#2004 412 %82 3 h 7z SAPPHIRE
(Stenting and Angioplasty with Pro-
tection in Patients at High Risk for
Endarterectomy) trial "G, CEA O
BRI tHd A CAS O A7 JIAEAHEW]
X IS HRTHEILR
1o D TR OB T IEARMIZRATEELS
roTHESH, 77— 7BHIZES
T-REBIITEO LN TV AL,
B, 7TI—-rBREsIEER

rofs, 2
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modality 12 & » THINTHED, K
LAk I 0 R B 013 DR o> 7 7B D
WA DT T— 7k Wb LA
YR T I — rNRERUINTE
AESTIE, AFBIZEITS CEA & CAS
O T-HEEOBARE, 77— 7 BHO
P L BRI ER,. BLUT T8
Wiiz3k0 < CEA £ CASO 7ot
FHZDWTHERHT 5.

T,

CEA & CAS OjafnER

2000 44 TIRF IR A A F T A
> 2009 AT RN 2004
ETEIMORRpT L FT 4 HRIS
hTHUE 5RO TH - L.
CEA ¥ CASOHBMBEILEXRITILE
L7, CEADEIIZIWL TiE, K
KRS NIANEN LT ¥ T AL
4% R84 (randomized controlled trial :
RCT) & - NASCET (North American
Symptomatic Carotid Endarterectomy
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SR - TR RTAR (9) © I T B AT D THIR

Trial) "™,

Surgery Trial)"".

ECST (European Carotid
ACAS (Asymp-
tomatic Carotid Atherosclerosis
Study)*. ACST (Asymptomatic Ca-
rotid Surgery Trial)® D&Y IED &
PooisxAuzs. FoMEIE. EISIRIE
Lo, MR L T
BopsiuTsh, 20680747
{0 LARIZIARTH B A5 AipthEeIL
Doi, FERUENECRIL. SOLIRAT
WAET, THMIRT F— 7 O 4EEE
ERHEIERASED SNDH (G, v

EHHBMR SN, ST EF AL
N O RVWD. L OHEDS
AL T T — 7 BRI EIZB T
MU TETWDIHRTH S,
CAS OIS W L Tid. 2000 4 (¢
IZCEA L CASIZo0nTOWL 2Hh
ORCT A% # % L7 20044F
SAPPHIRE T g4 fitk 80% L b i
B4k 509 BA ¢, K 21T
CEAMY R 7 ERIZ3513 5 CAS O
FAEAGEW] S L, 2000 O F A KT
£ THZL=FCIiH 22251

dol REEEMH AN T IE0 S CEA & CAS s

CEA : carotid endarterectomy

1. BT IR AR (>70%, NASCET

*) T, ROMEREEBCRAORH -

HARICIA T, FASLUBAGHBERICHRLAWE LBEICSVWTCEA T .

HTENWRENB(TL—FAL

0 GERMEHRGSERE TR, BHROKFCHEVTCEA T e iRenD

(9L —KB).

3 BERMRDRSERTECR, BMOZMFICSVWTCEA T JeMiERE NS

(FL—-FKB).

4 ERUEDREERTEHIVIBEREPFELVLEERTELCEVT, AR 7
5o ORERILPAGHEFEH 5151841, CEAEFTICLREB/LTHL
Vs, A ERPEIRREB LW (7L - K C).

CAS : carotid artery stenting

1. CEA DERETEHOEHMICHL T, CAS IS EFRHOSNB(IL—-FB).
2. CEA NEBETFEHLEVEMNICENTE, CAS EfSZLEERLTDHEVY, .

+5 REPOIRE E L (T L= F C).

&0 CEA ZiGINF (SAPPHIRE study TOMIE:

H 5 KRR
USRI EREAEE
oIRGB R

CEA RBER
80 U L OBEmE

No oA
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LTH RO, FoeFrrgiss
vy A h, CEASY AZRMIHLT
yL—FBf3 X @605, T
WMot 272l CEADMHY
27 B EOREIZS VT, 2006 4
125k X 417z SPACE (Stent-Support-
ed‘Perculaneous Angioplasty of the
Carotid Artery versus Endarterecto-
my)*. EVA-3S (Endarterectomy
Versus Angioplasty in Patients With
Symptomatic Severe Carotid Steno-
sis) " O YA S, CAS DL
WTEY., YL—FCIlDFETHb.
2010 I Bl TIE L SN2 ICSS
{International Carotid Stenting
Study)" & CREST (Carotid Revascu-
larization Endarterectomy versus
Stenting Trial) * ZHILT LR TH
> 72, ICSS 1 50% B4 I o> fgedt #ih
WRskA S BV TR, B, Pk
ZELLMHHEDI L wihb
CASHCENIZHRTH > T
CREST 1255 75 45 T 50% L 1.4
sl SR KA b L <12 60% A 1
o> 4 etk AR IR AR IS BT, —
KLy FAEA > FUHHBoEL. TE
gaf RIS & OF 4 SRR oo i R
13 CEA & CAS T AR &d
o TR UIMEIIE AL CAS T
% (. LRI CEA TE (.
F 75 MW WIR § 315 5 major
stroke TIX CEA ¥ CAS THi l#143
Lo 72 (3 3. METITIEAREO) ] S0
ifiE CAS 2.0%. CEA 2.4%TH I
Tl e d oz BB, CREST T
RCT 2 )\ Bt &% 4= lead~in phase A% X
1+ 54, CAS @K A —on L |



%3 CREST DEXLIER

CAS(n=1,262) CEA(n=1,240) @
p
BHEH(%ESE)
JesfripiiilisEesad 52(4.1%0.6) 29(2.3£0.4) 0.01
major stroke 11(0.9+0.3) 8(0.6+0.2) 0.52
minor stroke 41(3.2+0.5) 21(1.7+0.4) 0.01
DEFERE 12(1.1%0.3) 28(2.3+0.4) 0.03
—RI KR 85(7.2%0.8) 76(6.80.8) 0.5t

~e . £ ver 4 TR I N St B THI £ 0 PASIEERS i PO I I S RN N T CreY
AT L Rom e b0 BRMESmRaR . LIENUR MUL A O A R A )

IRt O & S CAS O i
lidroBliopeo2eMbid.
CEA L CASO @ L5 (2 L T I
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