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Relation between plaque characteristics on MR imaging and distal protection device
in predicting risks of thromboembolic events during carotid artery stenting
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@Abstract@®
Objective: To evaluate risk in relation to plaque characteristics for estimating thromboembolic events during carotid artery stenting (CAS).
Methods: MR imaging of 64 carotid artery stenotic lesions were reviewed retrospectively in patients for CAS with a balloon protection device
(Guardwire) and filter (Angioguard XP). Magnetization-prepared rapid acquisition with gradient echo (MPRAGE) was used for MR plaque
imaging. Lesions were classified into three types according to the intensities on MPRAGE: high-intensity, intermediate-intensity and iso-
intensity groups. If the plaque displayed signal intensity of 200% compared to sternocleidomastoid muscle intensity, it was categorized as “high
signal intensity.”
Results: Periprocedural adverse events occurred in 10 of 64 procedures (15.6%). Persistent neurological deficit was related to 3 procedures
(5.1%). Transient neurological ischemic events occurred in 4 procedures (6.3%). Thromboembolic events of CAS for high- and intermediate-
intensity plaques on MPRAGE were 21.1% and 16.7%, respectively. Incidence of thromboembolic events for high-intensity plaques (21.1%)
was significantly higher than that for iso-intensity plaque (0%) (P=0.013). Incidence of thromboembolic events for high-intensity plaques
with use of a filter device (21.1%) was significantly higher than that with a balloon protection device (7%) (P=0.013). Although incidence of
neurological ischemic event in CAS with a filter device (26.7%) was significantly higher than that with a balloon protection device (6.1%)
(P=0.026), the morbidity rate was not significantly different between the two groups (0% vs 6.1%).
Conclusions: High-intensity plaque on MPRAGE is related to a high rate of thromboembolic events during CAS. To avoid thromboembolic
complications during CAS, an individual approach is needed for each case.
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Table 1 Patients characteristics

Table 2 Clinical outcome of carotid artery stenting

Patient 59
Lesion 64
Symptomatic 35 54.7%
Asymptomatic 29 45.3%
Intensity of MPRAGE 64
iso intensity 27 42.2%
iso-high intensity 18 28.1%
high intensity 19 29.7%
Guardwire 49 76.6%
Angioguard XP 15 23.4%
Closed cell stent 46 71.9%
Open cell stent 18 28.1%

MPRAGE: magnetization-prepared rapid acquistion with

gradient echo

12 filter devicelZ & b distal protection deviceAMifiF
INTWAB. filter devicellld, MFEMZiTbE e
WHRER D 5 — /T, Kl debrisi3fifife T &
WEWS REABAHET 5. IS, debrisARAE LI
JegatED @77 — 2125 5 CAS TIIEE 2 i e A3
kI 5. A 1320034 LARECASHT T D 7 7 — o %
K2 Wr & U Clnversion recovery (IR¥E) % HW7=T1458
4 M % (Magnetization-prepared rapid acquisition with
gradient echo: MPRAGE) ZMH\W T % 7. AT,
CASIZIF AMPRAGEIZ X 2 FHER T 7 — 7 MR &
MAEZERAE D SEE DAHEY, X 5 llprotection device®DfH
MEZ K B kR ZERIE OB & MG L 720 THS ¥
5.

MR, HiE

20034F-9 HLARE, 4R CHEST & 7z (CAS) T4HWA,
hifGo> 7" 7 — 7 YRR W & L CMRI (MPRAGE®) %
FEiT LR 726400 & /R & U7z, JERMRE L3505, M
JEEPE291 T & > /2. Distal protection device & 4f5liZ
L, 49992576.6%\ZGuardwire (Medtronic, Eden Prairie,
MN, USA) (GW#) %, 15%8% 12 Angioguard XP (Cordis,
Miami, FL, USA) #flifHL 7% (AGEf). 27V Mi3&
THEHERMZ 7 ¥ P &AL, 46054 (71.9%) 12
Closed cell stentZfHiH L, 15%%Z (23.4%) (ZOpen cell
stentZffifH L 7 (Table 1). Y4Bt CAGAMEFHWBEIC %«
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Patients 59
Lesions 64
Adverse event 10 15.6%
Dissection 1 1.6%
Puncture site problem 2 3.1%
Ischemic events 7 10.9%
Subacute occlusion 1 1.6%
RIND 4 6.3%
Retinal artery occlusion 1 1.6%
Infarction 1 1.6%
30 days morbidity 3 4.7%
30 days mortality 0 0.0%
Decrease of mRS (30 days)
3 1 1.7%
2 1 1.7%
1 1 1.7%
0 56 94.9%

mRS: modified Rankin scale

RIND: Reversible ischemic neurological deficits

- 7220074F 1 A LIRIE, JRHIAIZ StentidOpen cell stent
Z{#FH Uprotection deviceldAGZEH L 7z, ifai» 5 i
iM% 2 %l (aspirin 81 mg & cilostazol 200 mg, ticlopidine
200 mg, clopidogrel 75 mgdD\ ¢ ih) 5L, fiidid
ACT300% HEEIZ &G~ ) vLEIT, i35 & T,
ACT150-250% % it ¢ 9 2 & 5 1 Prik [ H ik & fdfT L
7=.
1. MRUC K B 3EENR T 5 — 7 MEARES I

MRIZE i 12 Magnetom Symphony 1.5T MRI (Siemens,
Erlangen, Germany) ZfifH L, F#IKRT 5 — 7 HIRkZ
Wi ICMPRAGEE" % 7z, JH O T A L% v
720 1% & X TE, 7.25 ms s FOV, 200%X200 mm ;
matrix, 256 X256 ; section thickness, 2.5 mmé& LU, [G]#
{ZMultislab 3D time-of-flight (TOF) MR anigiography
IR L 7. MPRAGERIC K 357 EBEOYIER, I
AR OE ZFRED 2 5% 2§ 25 IcmE 7 L HE
L7z, ZORTHRE L, &S558, RIER, FETHD
SHICHMLALZA (Fig. 1), EfE 719N, RIE
18%, FE 52T TH - 72 (Table 1).
2. #%F11EE

JRRG I O MR VA OFAE - (BREEIMEIR & ¢0) &30 H #%
D modified Rankin scale (mRS) % ZFfli 5 H & L 7=.
Morbidity iZ AT OmMRS & 0 1 DL HEKT U286 &
L 72. MPRAGED{S 5 58E D7 L protection device DFH
2K B, BB MM S DREOSHIE & Hoikas U 7z,
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Fig. 1 Source images of MPRAGE of the neck showing high-(A),

intensity (C).
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Fig. 2 Neurological ischemic event rate related to carotid artery
stenting (CAS) in 3 groups classified by intensity
on MPRAGE. Neurological ischemic events related
to CAS for high-intensity plaque on MPRAGE is
significantly higher than that for low-intensity.

3. ¥EtniE

MPRAGE: TOE S OME L, 30H AN O ke ifi
PEAIHEDOHMICEL Ty “RREEIT > 72 (BEAUE
P=0.05). MPRAGE®: TOfE 5O Mi#Id 3 FEf Lk T
HD, type I error EAZHZEL T, HAREAUELP=0.05/3
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Fig. 3 Neurological ischemic event rate in the two different

protection device groups.

1 EAREHERCEENR 2 2 U 7R I 14-& HHE (Table 2)

MM S HEZ R L2 7Bl S 5, TEARRRIEE
KR & 29 2 RIS DRE Z 3191 (4.7%) 1Zad®7z. 1
i3 GW & Wallstent Rp (Boston Scientific, Natick, MA,
USA) 2L BCAS®S HHIZZAT ¥ FAPHZEE R L
TIERFIT &b > 7o AREBZ PR O I%AT % 8 HmRS3T
BEEL 72 1N, fiEtgs 5, HEloRsS R E K
iR, WS 72 o LBk oy sz BREH2E & 32
WrL7zz. &5 161%, 28 TGW & Wallstent Rplc
K BCASHE L2 L FIRE A2 CRERITH 572, Th
5 3flid g S AR AHEBEEIEIR & B U 72,
2. FIERRENEGHE (Table 2)

Hi i LS DFE & 52 U 72 7 filp 4 511 (6.3%) 13AG#%
FHWZHERIT, AR A SRR O 8GE % 588 5 Iz ifiL
HEADHETH > 72, WFhoORER] & Fifimth Tld s <,
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itk 3 K 2> 5 8 BEMFR#E U T Ah SRk o Bl % G2
7o, AflE & REEERRY, TERHBI% 3 HA2 5 2 T
FERTRL 7=,

3. T UMREBRMEEHE (Fig. 2)

MPRAGESEES 75 — 71209 5 CASTIX19% 7 4
Bl (21.1%) (ZHEREIMMES BFAE 2 788 72. MPRAGE%(E
TR B CAS 276 T IS ML A DFE 13 G2 8 72 22 o
7. MPRAGE& f§ 5 7 7 — 7 123t § 5 CASI3,
MPRAGES55 7 7 — 71244 % CASIZ A R
JEMLPESOHE 2 B3 2 HE N E» > 72 21.1% vs 0%,
P=0.013).

4. 77— HROMEREIC K Bdistal protection device
EERMMEHEDERERE (Fig. 3)

MPRAGEEES 77 — 7 1Zxt L C195 145112 GW
EEHL, S5BNCAGEMEHL 2. ZORRAGHHD 5
Bilp 3 (60%), GWHEFHD14f%IH 16 (7 %) (1<HKE
ML PEA BHE % 728 7. MPRAGESE 5 % & ONRAEM 7
T — 21281 5CASTIE, AGH D BNGWIH F iF
IZHARE RIS MMEADPEE2 23 2 HE A E2 - 72
(P=0.013, 0.018). MPRAGEZ{Z5 7 5 — 7 TIZAG,
GW A F 511 L2 i R L5 DRI % 588D 78 0 o 7.

AGHi I Tlx, MPRAGERES 75 — 215§ 3
CASD A, HE5 77— W4 5CASK D AZFITNK
J IV DFRE D F AU 23 4 > 72 (P=0.012). GWE
M CIZMPRAGESE 5 79 — 27 124 5CAS L %13
57T — o k$ B CAS TNk M A DFE O F6 A A 1%
ICHRBE#RD BN 572,

AGHETIZGWHREIZ oA 7S W4 RE MLk & OFRE o 5 1
MEOD, — B MBS DEE T & - 72 72 Hmorbidity
20%Th -7z, —F, GWEETIZ6.1%!Zmorbidity % 78
W7zE0O0D, AG, GWEEDMFEHN Tmorbidity 12 A &2
TR 5 7.

5. no/slow flow & B IM1EA HHE

AGHEISHIR, FHr i filterDPAZEIZ K Uno flowd L
< i3slow flow23 4 U 72 0Efi 23 4 Bl > 7. Z D 4 filvh
3B (75%) (R IALEE A DFRE 2 4 C 72
6. fARER (Fig. 4)

665k 3. 8 fRETD/E P KIKBIIRIE LRI K 5 < B iR
Tz & v, #HATOMRS3 TS - 72, EFEBIREAE X
IR 2 & 88 S O3, SREOMEST L ST A R
B7z7z8, AR HEOEIS & % - 72 (Fig. 4C).
75— 27 IIMPRAGETERFE R #2 LT\ (Fig. 4B).
2 E R T F ol % fE4T L 72, Guiding catheter& L T
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6 Fr Shuttle Sheath (SHUTTLE SL FLEXOR TUOHY
BORST; Cook Inc, Bloomington, IN, USA) % /efaZd®E)
MRICEEE L 72, ~/%Y) V50001U##E: LACTIX339F T
S 72. NHEBIRAEOFEIZ4.8 mm T, £ 6 mmDAGE
I 72, AGZ BB L, pre-dilatation X fiti 17 & 1,
PRECISE (Cordis, Miami, FL, USA) (8 mmf%, 40 mm
) i L7z, Sterling PTA Balloon Catheter (Boston
Scientific, Natick, MA, USA) 5.5 mm X 30 mm% F\C,
6 XUET 3 » i (BHERAEER, 27 v bEhiflds & ONEfr
#B) 1Zpost-dilatation % fiifT L 7z (Fig. 4D). no flowiZ
B I o 7=, BHENENIRIE Tl oy i o PAZE 13 EE
B, figEBEREICAE L. MBRORERIIRIFT
Y, RRENRER RO L 572 FHRETH»5
SHFME30 R L 7=z & 2 A THBRENHD N, T
MOPBRIIRICTH 57, RiEHAEIITH D, HEEI 2
~3FEDADIEETH > 7-. HERHEILFED b > 72,

SEEMRIZ RIS L 72 & 2 A, KBEIEER % H0IZDWIE
EFEPBAEMEICFRY 65 iz (Fig. 4E). [RIEBAL I EG
DOFLAIRE{$ D &5 5812 —3% L T 72 (Fig. 4A). [l
RRICHBIRERCT AT L7z 2 A, A7V PAICHE
WRAEE M H 1, in-stent thrombosisZ%E > 7248, A
TV PNOEITZH < B2 DRI O G E e L
(Fig. 4F). MBEZEQUMENNCHEC T L basyy, =
TRV THREIT > 72, % D% 7= & & REIR O
MBS <, itk 3 HEH 2 A5 54 ITERIZEGE L,
itz 15 H HIZHmT & £ D 5 £\ mRS3ITiREE L 72.

Z %

AREI TIIMPRAGEE TR 52842577 -2 1C
925 CAS T #30 H LA D i R 1ML 14 & OF K D 48 1
NEBIZEN” 572, CASIZBITAMRIO 7 5 — o7 HiIR
PG OA M ICET 2GR S h S, ALY X
AGH W= ZhEdd L EATZEIZ 5\ T, double IR %
V1 7zFast spin echo TIAEFAFIZ &L 5 7' T — 7 Wik &
FERVEAHHEDOHBEZ®E L, TITKD&EFETTro
PR 325 mmbPL EOWZIC o THRICZERIES HRIE
NEVWEREL TS, BAVPHWZMPRAGER: &
BT 7 — 2 WEIRBIN B 2 HRME#RE Sh T3,
MPRAGEEIZIRYE 2 F W7 TIHHEFIC & 5 8% 515 T,
THEF WL DA ERFF L ERBHE NS, MPRAGEX
12X %77 — I IR ORI, Hli OMGRE L PE & O
fiE & B LY American Heart Association® 7" — 2
HEIZ & Btype IV (complicated plaque) ™M1 & ¢ Bi5HE
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Fig. 4 A 66-year-old man who underwent protected carotid artery stenting with a filter device.

A : High intensity lesions shown on FLAIR before the procedure.

* Source image of MPRAGE showing high intensity lesion in the left carotid artery.

B
C : Pre-stenting angiogram showing stenosis of the left internal carotid artery.
D

¢ After carotid artery stenting, the lumen of the left internal carotid artery is successfully

dilated.

m

: Eight and half hours after the procedure, the patient developed aphasia. New multiple small

hyperintensities are shown on the diffusion-weighted MR imaging.

F : In-stent thrombosis is suggested on CT angniography.

LTWw3Z&THhbD. L2 LMPRAGEETHIIES 7 7
— 7 OWBEMEIC OV TR ERS TR TV S,
Moody™'?, Murphy!V 51375 — & N H 1L = IfiLJE,

Lipid rich necrotic coreZ /R L T\ 5 L HEFH L T\ 3
A, Yamada 5 I3RS OE OB O MG & B5 L

Tn3Y, F7ZMPRAGEE CRRES 254575 -2
TIEEM DB MMERZE & OB RS, 1 FM OB
IZRWTE, MBS OHE % 2§ 2 S0 28 mo & i
EN T3, MPRAGESIES 7' 7 — 7 3E5 TH D ik

R MPES PRED RAEAE N ER A L E A S0, fiiiiic
MPRAGE‘& k37— oM EITS Z8iE, F
Fe o RAIATS 7= FHLEERES 25T,

MPRAGE IEJ1§77 A :Xi[‘@‘ 5CASTIZ, AGHE
FHEFIC MR SEIRIE DB R ERICE 2 >72. LA L
morbidity % £ 5 FEIMLPEADFE % 2 L 72 DIEGWHFHIED
ATH-72. MPRAGERFS 77 — 71358 T, AGHE
FAEEIZ I3 filter THEHE L5 4 A > 7zdebrisiZ & 0 12 ZE
IENEM U2 E L 605, filtlc, filter designd I
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BEBIEDERD—DEE % 515, Echo lucent plaque
DEI B e 77— T, FENIZAGD LS &
Concentric filter device® /553, Eccentric filter device
2R, BB IMPEA DHEOSHE AE W EEbh T\ 57,
ZD &k T T — 2 Tldopen cell stentZ LV 72CASD
75 Hclosed cell stentZ VY72 CASIZ Bu i 14 & Df
EOHENE L Eh3Y. A7 7 — 21283 %
CASTIE, MIMEZEMRAEE THi§ 5 ke L CTproximal
protection, closed cell stent® i ™, GWIZ Xk 3 distal
protection AR TH 5. GWEHW=5A121E, S
BIRNOERIEN BRI N2 0D, Wi 75 —2
CRAMTH S, FRBRIBICHAT 20— OFEE
PRNELTBZ LY, MRERIEOTHIZIZAHTS
5. #%yraRICBAL T, ACCF/SCAI/SVMB/SIR/ASITN
clinical expert consensus CIZPFHABINRDIED60-80% D/
L=V ERIRT 2 ZERHERXNA T BY. CASIZE T
% I R i M A R RE &2 PP § % T Bt & L Cdistal
protection® A FH P AEVA-3SY THE X T 3,
Filter device &balloon protection devicefdi R CDCAS
DEFREHRIZE VL OWEE 554", Zhtho
devicelZIZ BT KT NEAET 572, ThoE#HFEL
THHATAZ ENEE L,

SO C 2B EA OHEDO T, T Tk < Bk
%2 64 U 7= ol Wik O i i 1A DFRED 4 il (6.3%)
PRENTH -7, ZO4HlOMERIZAGE AL T
WAhZE, KEBERERELALZ &, KRR B IR
EREZLAEN5Z L, DWHZ K % EfE SO K Z
TR U TERDPHE R Z & Th . ZOBEKDFHMNA
D—2& L CCaplan? & DHEFRA B 5. 1% 5 1R IER A
BUNZEfE Dwashout & HIFR T 2 Z & 2 HEZEDFER & &
D, THRGKREHIZLHEohd L LTS, Kl
T & distal protection device& 3§ D ¥al} 7z, /N &\ debris
A HEHZNEIRICA 5 Z & TRMERZ 2 L 727l
Mnds. LrL, IhZTTIHERMEIZAEL 2885
FHT X, debris®ZERIZINAZ, CASIZ & B {KIME,
BWIRFORER A MDD S Z L2 KD, BRI RER
ERELUZZWRMEBHRINDS. 2512, 27 v M ER
Dplaque protrusiont & 2 MREIMEIR & HIK &F %2 54
7. ARBIT G ERMEDORE MEA OFRE 2 4 C 7z 4 il 3
f5liZplaque protrusion?iind 6Tz, Wi h &
DIFEBA 50 H, MPRAGELETRER2ET%7 7
— Z1Z/ B2CASOBRIZIZ, EFEME D MRS L PEA D iE
I HBLRDETH 5.
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SO OMEST, MiAiOMPRAGEEIZ K 27 7 — o1&
KW PR OERESHREO TFHIZAM TS 5 Z &
PRRE NIz, KO REETFRTHROLEDIZ, 77—
MRS W &, M 2EHE T Tl O BRI 4
B5ZEHNHETHDIEELD.
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[Bry) ZESIRZ 7~ & (CAS) 1265, MRIC &2 HHBRT 5 — 2 PEIRFEM & distal protection deviceDAHEIZ
&%, IMMRIETEDOMHE % ILEMaT3 5. R - FE] XIR1320034 9 ALIBE, YFHChifr & hzCASTHRZEH, fiiai 7
F — 2 MEIRZWHIZMRIOMPRAGE#: (Magnetization-prepared rapid acquisition with gradient echo) # HifT L1%7259/8%
6URZECATH AR & L7z A9R%T76.6%I2 Guardwire Z il L (GWH), 15%% 1Z Angioguard XP%fiHI L 72 (AGHE).
MPRAGEX TOfE 55 2 &5 58, AR, SE5HO 3T L EBMET Lz [BR] FfoaHERIZI10F
i (15.6%) 1R, 05 BREMAEANHEL 7 6 (10.9%) 12RO 72, WEIYESDEED 7 Fld, fEA R FRRBE TR
2 UZMREMADRET 3B (4.7%) <, WitEoEinaiHER 46 6.3%) Th-o7%. MPRAGETHEFES#EL %19
Bt 4 W% (21.1%) 12, RAEME 2 U 22BNE18FIF 35 (16.7%) 12 MMAEADHE %R 7. MPRAGETERES 4275
75— 22T HCASTR, HEFEET 277 — 2 ICHNABICRE IS DHE 4 B3 2 HE 22 - 72 (P=0.013). [#
fE] MPRAGETHERES2H T2 7 7 — 713§ 2CASIIME A 5. Ffilfilter device® HVY 3 B3 7 7 — & MEIREHAl
X DEEIZIT, CASOEISZE IS 5 BEN B 5.
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