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Carotid artery stenting without poststenting balloon dilatation

Atsushi OGATA Noriyuki KATO Tomosato YAMAZAKI Hiromichi KASUYA Go IKEDA Shunichiro MIKI
Makoto SONOBE

Department of Neurosurgery, National Hospital Organization, Mito Medical Center

@Abstract@®
Objective: This study evaluates clinical outcome and magnetic resonance imaging (MRI) findings after
carotid artery stenting (CAS) performed without post-dilatation.
Methods: Between January 2010 and April 2012, a total of 81 consecutive patients (57.6% symptomatic)
underwent 85 CAS procedures performed with an embolic protection device (GuardWire; 25, FilterWire EZ;
60). All stents were deployed without post-dilatation. Periprocedural complications and mid-term outcome
were analyzed.
Results: The stroke rate was 2.4% within 30 days after CAS (asymptomatic; 2.8%, symptomatic; 2.0%).
Cerebral infarction occurred in one (2.8%) asymptomatic patient. Intracranial hemorrhage occurred in
one (2.0%) symptomatic patient. Diffusion-weighted imaging (DWI) obtained after CAS showed a high-
intensity area in 12 (14.1%) of 85 procedures. Ipsilateral stroke after 31 days occurred in one patient
(1.2%). Restenosis occurred in 3.4% of patients. A comparison of the embolic protection devices showed no
difference in stroke occurrence within 30 days and in DWI high-intensity area after CAS procedure.
Conclusions: Our CAS procedure without post-dilatation is feasible, safe, and associated with a low rate of
stroke and restenosis.
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FERMGR S D Z LS EEEE L SN,

WEC IR IR A IHE O IIR Z H IR IE0R 2 40 L
72 CAS 247> T &7z, BILIRZE AW L7z CAS OIHHL
¥ % retrospective (2 L7-.

HREFE

1

ZEHT PN ZE B IR Bk 72 A8 (2R L -C U SH ) IR P RS ) Al o
(carotid endoarterectomy ; CEA) 257N T X 7255
2008 4F 4 A & 0 FHEYR X 7 >~ MHEM (carotid artery
stenting ; CAS) 23RFRINGR & 22 D H R LCTw5b. CEA

il

LT A L, CASICBWTT T — 7 IZMAFRECIT L
T SIS 572010, ERMEGIHEIEZ ) 23w
ZEDRRETHABH. CASOFHOHT, WINOHLE
THEMEREEI L) 52, FICRIRIEIAT D
LTI BT B 72077 ) ADSAENLE LW

FEBEDEREZ KT I ENLE VbR TWS Y,
CAS DM A PHE 2K C I 2 5 72013 R A5

1. R

20104F 1 H25 20124 4 H £ TIZ, 4beB L OB
Jtii% T CAS # ifT L 7= 81 B S5l a g & L. 4
BTk E A L7z, AEEnd 57~88 ik (T4 73 %),
BYET4H) (871%), L1186 (129%) THh 72 ¥iE
Btk 49 61 (57.6%), MEREMENEI 36 B (424%) TdH
-7z (Table 1).
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Table 1 Characteristics of the patients

n=85 [%]
Age (years) mean+=SD (range) 7370 (57-88)
Male 74 [87.1]

Degree of stenosis before procedure % =SD (range)
Degree of residual stenosis immediately after procedure % *=SD (range)

Symptomatic

Vascular risk factors
History of hypertension
History of Diabetes
History of Dyslipidemia
Coronary heart disease

734 +12.0 (50-99)
180=11.7 (0-456)
49 [57.6]

72 [84.7]
25 [29.4]
39 [45.9]
23 [27.1]

2. CAS AEFH

AT OPUMIOREZ, O 3 HUL L2567 A
J>»100 mg/H, 7u¥ K7L V75 mg/H, YaRX%¥
V=)L 200 mg/HD ) b 2/ &85 L7z, CAS IZJEH]
& LT B M ISRERREIR T 70— FI2TiT o 72,
JRFTRREC TAT 2 72 b DA T 1, #% FREIR 7 7 0 — 7
W TIT> 725 DRIBITH -7, ¥ — AFERIC
activated clotting time 300 # LI % HEEIZA ) V2%
HL7z. AT A 70T — 7V aSHBIRI Y iE L
i L ZER B 1l 7728 £ A (embolic protection device ;
EPD) %Rl NFHBIIRIZFHE L 72. EPD I3,
20104E5 H ¥ Tld4ap 166)) T GuardWire (BLF
GW, Medtronic, Santa Rossa, CA, USA) & Hw7z. i
PIBEIE FilterWire EZ (DLF FW, Boston Scientific, Natick,
MA, USA) % 55—#4R & LCRERI L, FW 75 60 1,
GW 29 BITH -7z, GW IITHTID 7 T — 7 Wi
TV 7 M7= PHEN, HPORAEED 25 mm DL
EoRWIRER, WDKK LTz, EPD
DO T I NZEEROE L D /M9, 4-55
mm ED/ SV — ¥ W THLR 21TV, A7 ¥ b2
L7z i L7227 >~ b Wallstent RP 3 X OF Carotid
Wallstent (Boston Scientific, Natick, MA, USA) %% 83 1
(976%) T& 1, Precise (Cordis, Johnson & Johnson,
Miami, FL, USA) 23261 (24%) T& -7z i o
MLFEMA N TLREFRER LT 2K T LT % b D% CAS
HOMIMAE & TEMBDF I SN E L9 12k
72 OMTEH £ CaYRE R Ak L7z, i b Sk
W ikite L 72013 10 BICTH o 7z, i H I MRI LRGSR
% (diffusion weighted imaging ; DWI) % HifT L,
SEAIE O M2 5Pl L 72, AR OB MR AR T A
5 ORI 2 K % i1 32 AR5 L, €0, 1
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AN L7z,

MiRIEHEBIR T 2 — B £ O MRI CREfli 2 47\, Fsk
ZEDEEDL NS b DIIMINAE 5 % AT L7z, FHAR O
IS, RE fE kR 2, HME 4T PR PR %2, North American
Symptomatic Carotid Endarterectomy Trial (NASCET)
BT 80% LA EokAEL L7z,

3. #&E1HE

JEARTRERRBGE 2D W TR EE 30 H DINORZE,
— Pk M FE1E (transient ischemic attack ; TIA),
HHEZE, FELB X ONAEHE H O MRI-DWIIZ BT 55
BB MBUIOWTHGET L7z I S = i
SRS 24 RER DL ERpRE L7z b D & L7z Mk iids
FEIRDS 24 REFIDAICSEAITIH R L2 D DIE TIA & L
7o, F7-, Wt 31 HUREO RN A B X OV FkAE
ZHGT L7 B2, M S IC BT, NASCET
50% L LR Bb AL 0L Lz S5, A7V b
WPIZES X OVFRZE & CAS R DFRATIRZER & OB
%> EPD jll @ ARG HARNI S OV T b MiEt L7z, #eaEt
ZOMRAT 1 Fisher's exact test # Mgk & L THW, p
<005 ZHEAED & HMT L7

fh R

WAL 260 (24%), WHBEZEDS 161 (12%), BHZE
WA 16 (12%) TH Y, LS X OETHIZ
ol TIAWZ 26 (24%) Thorz BEBEHO
DWI @fE 53 1261 (141%) T o7z MG E
JAE A AR A &R AT B &, IR
IHZE 36 B D B, 30 H AN ORMAHIL 16 (28
%) THY, A7 FMHEIC X HHEELEL2DD
Thotz GEBID). firt: DWI FfE 50 2 81 (56%)
RO STz TIA o 72, JEREMERZ T 49 FIC



Table 2 Procedural outcome
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Total (n=85 [%]) A(ngnégt(fizﬁglc S(?:fgogn(y? ju)c p value
Any stroke 2 [24] 1[28] 1 [20] 1.0
Ischemic stroke 1[1.2] 1[28] 0 0.42
Hemorrhagic stroke 1[1.2] 0 1 [2.0] 1.0
Myocardial infarction 0 0 0 1.0
Death 0 0 0 1.0
TIA 2 [24] 0 2 [4.1] 0.51
DWTI high intensity 12 [14.1] 2 [5.6] 10 [20.4] 0.06

DWI : diffusion weighted imaging TIA : transient ischemic attack

Table 3 Comparison of the procedural outcomes between GuardWire- and FilterWire

EZ-treated patients

Total (n=85 [%])

GW FW
p value

(n=25 [%]) (n=60 [%])
Any stroke 2 [24] 2 [8.0] 0 0.084
Ischemic stroke 1[1.2] 1 [4.0] 0 0.29
Hemorrhagic stroke 1[1.2] 1 [4.0] 0 0.29
DWI high intensity 12 [14.1] 2 [8.0] 10 [16.7] 0.50

DWTI : Diffusion weighted imaging

BV, HEEH 30 HLNORRE A EEZE A i % Sk L 72
161 (20%) TH-7z. itk DWI #5580 10 61 (204
%) I BNz TIA X261 (41%) TH-7- (Table
2). TIAZRL722BlONHRIE, FA T4 ThT—
TIVEREICSERIER R L 721 &, CASTR4 HHIZA
7> FIBZER R D ARG 24 BERT LIPS IR L,
MWisEREL DI LR EML7ZBITH L. CAS
12, RS LRI D B, MBS IE R DS
AR L72d oI, BHEANHIMZ R L2 1HOATH - 72,

6% 31 HUARETHRZ21E 361 (35%) THh o7
FHRAE % R L72IEBI O 5 B RRIRASH % 3k L 72 1% 141
(12%) THY GER2), MG BN FHARE T
otz FIBBEIT-7200%, Wtk 84 H THAERMET
&dH 5B DD NASCET 80% 57 & % - 72 161 (12%)
DA TH -7z,

CAS BB OBAIARTIZOWTIE, 10%LLFA% 24
(282%), 10% LA I 30% A i A3 47 B (553%), 30% LA
EAs14 61 (165%) THo7z. A7~ MNHZEEK L7
261, CASE 14 OFRATFIRAE 305 Z L2 1 NASCET
367% & 406%TH Y, L BIZ0%LLETH 7. CAS
BICAT ¥ MRS HRAEZ R L0, 5HITH-
72. ZD9H B CAS EHRDIRAEIRAEEDY 30% Al Td -

FW : FilterWire EZ GW : GuardWire

7eDIF2BITH Y, FRAFRAERDP 0% ED S D3
BlChotz. INOEIKTHE, BATHREICAT v

FNANPAEE X FHREDNSL D o 72 (28% vs 214%
p=003).

R RE % EPD ST 5 &, GW T3z
Hix 2 8%) T, MBEZEAS1HE (4%), BHIEPN L
231BI (4%) THY, itk DWI S 548ud 2 61 (8%)
Th bz, FW T ZRd o7z itk DWIL
Foix 1060 (167%) THBNZZ. GW & FW O
THEE, it DWI S5O HBlOWTIIZOWTE
HREEIADN -7 (Table 3).

EPIZ=R

1. fERBI1 : X7 MAEAZEES]

65 Ml BERBO T Y O — VSRR O 72 hirE
WCABEE 22, FHEIRE A T samp IRk 42 % 45
sz W&o R, AHEBIRE%E (NASCET 68%
ezg) Rz (Fig. 1A). FWE» O IIEERETH - 72
ASMRIIC TR BIHERMBEZE Z RO THB D,
CAS #2479 Z & & L7 HulIMiEIE T AE ) » 100
mg/H, 7Y RZL V75 mg/HE LTz &5k
F T 12 CAS # 47 v, EPD (& GW % H \» /2. Sterling
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(Boston Scientific, Natick, MA, USA) 40 mm X 30 mm
(ZCHIEHR % 1TV, Wallstent RP 10 mm X 20 mm %%
B L7 (Fig. 1B). ¥R A#E L 72, CAS R OFKAT
72313 NASCET 367% CTh-7-. #Mitk4 HHIZAH L
ORI AHBL L, DWI TILARTHIE IR 58 % 72
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© A left common carotid angiogram shows severe stenosis of the internal carotid artery.

© A left common carotid angiogram just after the procedure shows improvement of the stenosis.

© A diffusion-weighted image 3 days after CAS shows a high intensity area representing an acute infarction.
: An MR angiogram 3 days after CAS shows occlusion of the left internal carotid artery.

* A left common carotid angiogram 14 days after CAS shows an intraluminal thrombus in the stent lumen.

© A left common carotid angiogram 6 months after CAS shows disappearance of the intraluminal thrombus.

% (Fig. 1C), MRA (X THENFHBNRRZE A 72072 (Fig.
1D). A7 ¥ MNIIARE & % 2 Pk it 5 5
$te L7, Yy —)v200 mg/HEZEIL, i,
BEEPIRIZ SHIDE & L7z, SIS 7LV by
24 160 mg/H O piilEER L2 7 HEBEH L7z, CAS
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Fig. 2
A : A left common carotid angiogram shows severe stenosis of the internal carotid artery.

B : A left common carotid angiogram just after the procedure shows improvement of the stenosis.
C : A left common carotid angiogram 83 days after CAS shows restenosis.

B4 HH RN E R 2T/ 25, 5 FRED
AONTH, A7y PAICKEEXEZAD 7 (Fig
1E). B/ MREE 3 FIPFTIE 3 HIRksE L, LI 7
A¥1) Y100 mg/HEZ BE FZ L V75 mg/HO 2 #l
P E L7z 67 HEORINEEZ TIEAT > PO
BRIMEIREE LT (Fig. 1F). UnEy5F—va v
ZATVEIRIZIE L 72 (modified Rankin scale 0).

2. fEf 2 : FERMEEIEER)

82 B AANFHBNRIZ TR T 2 7 70— Al
TeVEREZE. AR, R OMEEIPEIGEIC TRE L
7225, PIRHIGTERR IS TRERIZEEPL U 72, P/ M E: I,
7ua¥ N7 LWVT7 mg/H, ¥YBRA¥YV—) 200 mg/H
L LCw/z AENEERZE (NASCET 80%4%%2) (Fig.
2N L CEBMEFFICCASERITH) 2L & LT

EPD X FW % fivs7z. Sterling 40 mm X 30 mm {2 CHi
Pk & 7V, Carotid Wallstent 10 mm % 31 mm %44
L7- (Fig. 2B). f&¥iLnkiz&AmE L7, CAS R ORI
7231X NASCET 226% CTdh -7z, itk DWI CTRifs 538
RO Loz GPHEZR CBREL722%, CAS# 83 H
HICHGFoB), BE oML LR, NEIERSE
P L7z 2000 D EICHERR L 72 & Z APl
AT HE AL V=)V 100 mg/HOARIHE L oo Tz
EAVHIB L 72, I S T AT v PNICHER%E
(NASCET 50%) & 2RIz o7: (Fig. 20).
OB/ MEEEZ 70 E K7LV 75 mg/HE Y B RS
V=V 200 mg/HO 2FIPEHI & L7z F72, ZhUlhust
FEEEE LCT VA basNy 60 mg/H %2 HIE, 20
mg/H% 5 HEBEH L7z, WRHIERIC X 0 ERIE B

JNET Vol.6 No.4 December 2012 249



Ogata A, et al

L, Bkt& -7 (modified Rankin scale 0).
z =B

SHBI RS ASE (R 5 2 B 2R 3 2R MR O b D23
WbV EVDNTWS ) CEA TIRIMAENIEDIER
PRONLORL LT, [, ERFELRLTT—7
EbRETHIENTESL. —HT, CASIIWELS% i
BREEDZLIIWRTH LA, 79— 7 13hETLHI L
MTEX V., ZD728 CEA X~ CAS @ I IZ,
FERMEAIHESE LR TWEEZ SND. KRR
7% C & %carotid revascularization endarterectomy versus
stenting trial (CREST) 1ZBW T3, CAS IFJEMTHINA
H17541% & CEA @ 23% & IARFREITH VI LAVR E
nTwns?,

CASTFH W ICHKEZE F v 7 5 — (transcranial
Doppler ; TCD) TE=% 1 ¥ Z%#{To72Mf3ETix, #
LRI OB NERES (micro-embolic signal : MES) @
BN S S , BRIBMAERO MBI E B# L 72 L w»
bhTwa V. F72, BRI THRIBRIZ AT~ b
TLTI—= 0 2 EHET B0, T ADRENSL WL
ZZHNAH W, AFETIZ CAS OIE#ETH & LT, L
FERRPIE TN A ZER T ICHMER, A7~ MEEEZ{T-
TeBRICIRIR CHEE L TR L, AT ¥ bz I8 REC
JEASE DL ZEDILLATDNRTWS Elbhs. LA L,
K237 7 — 7 Oz RN E 5 2 & TR ZER
PEEPHE 2R 5 2 2 EXL, HifRR <o imng
BRI A TR T T = R MIET AHELEZ O
B E BWES 5 58T CAS 217> T &7 ARBFZEIC
BT % CAS ORI AHIZ, 24% &P eh o7z,

FEABE PRI ZE |3 IE VR ZE I IR T T — 7 DA E
T, CASIZBWT X D EREAIHEZ R LTV E W
b THY ?, CREST Tld CAS OFIMIMA 23,
FERBIEZE TIE 25% 12, JEBMIRZA TIE 55%IZEL T
W2 P ARIEE T O CAS MR AH 45 B 3813 8
BVEINZE T 28%, FEMIEIRZET20%TH Y, & HITK
KTHDHH, FRIEGEPEIRZ B\ TR A HEA MR
Iz Twp tEbh7:. 2oz &id, 30 %Ik
ROBUENE T T — 7 OWFIEZR/NRIZI R, =R
FEDFIANFG L TWA I L2 RTEERZOLNSD.

F72, Bhol2FHA L OAT Y MBI B IEEKE
DOHEAHE XN TS, Open cell type D AT ¥ M
X, closed cell type D AT~ MiZ, free cell area 2%/
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L, T OIMENENDREN AR 5 I LD TE
BEVbNTEY, FERIEIHRZEIC B W CERE G IHED
Bhaholzb MEENTWS Y. ABFETIRIZEALD
SEBIT, closed cell type @ A7 >~ b (Wallstent RP 3 &
O Carotid Wallstent) ZH\WCHBY, I FAHAEDE
IEOMIRIS, HFHLTWALIRENHLEEZOLNS.

LA L, closed cell type @ A7 >~ MiZ, open cell type
DAT ¥ MIHARD EHRDDEGNE SN TWS. CAS
BOFRARIFAAEEDREH NI EE LR TV & O
bH DY, BRILEDEMER closed cell stent O 1T
AEDL LR T VOTIE v bEEsns, Lal,
CAS £ 1 4E TOFIRZAEIF 4~6% WG SN THBY 7,
ARFFENT B THRICHRZENR Z D T v E TR 7%
V.ORBIZETIE, BINRIZAET 5 b 00, FiRRT T
ST R S ARG L LTwa. £l o
TEPREZ VIS 5720 B2 ik2s, BohTnb
LEZONL. Fio, 2NV —VIC K BIREDIIRR AT
> MR EROWEBPER 2RI X 2 SE SISO EE
BHREPREZZBFOVEDTHL L bt Tw
%Y. HRILERDOEWER closed cell stent O I 131 55 BE
NORFAVNS L, T LAFRAE 2R 5 /et d &
%. TO—)T, AKWFETIE CAS HHEDFRAFRAZZR A
30% LAL & 7 o 72 EBIE 30% A DE B b~ TRk
I AT Y PNHEPARICE o7z, CASIHERR
DIRATIRAEZEDY 30% % W2 725120, FRAER AT
> FNAPZER B T DICBRITIR OB LD S Lz
V. 727210, RIDROBHIN X0 ZRMES HHE DS
LUREED H Y, LOREORZRIEZENT 2008w
I D EFOTEBROMEHRETH 5.

BIE, HATIREMIERIET N, AL LT — >
Tursare 74Ny —=7aT sy g OMHEIME
ML %> TWwb. TCDIZX A MES & /85— 7
OyFr7ave 74Ny —7a5 s v a vy CHIELZT
ZHTIEHHE CTERICMES B o7z by 3T
DO NV—=rTaFrya O CAS THRET S
T AOFRICEH L TTARTH L LEEZONL. K
MEIZB VT, GW & FW T3z B X Ui DWI
HETOMBUIOWTHERE I o7z, NV —r 71
77 ¥ a YE RIS & JE K9 % 720 MR L
WD H 05, TN, T4 vy —Ta7ray
VIR % HEWRTS % 2 & 7 K FHERATH) T LATTE BFIR
DB, LR THITINE & ik LIRIER 2 B3 5



FHZ, FTVAOREEZWLTIETTIA VY —T 0
T a YOREERG, TN ZAOF)T 2 KRICA
PTTENTELH DELEEZLNS.

515 CAS IZBW T REZR A 7 & b R fir 2k B
173 ZOMEIZHML T bt Bbhs. L
L, 7L ADZALLTH CASHTI—r %
MAFREFR L CL AIHHETH L UL, 79— 27 ol
ZCELPRFMTLa T N THERERIT) 2 LD EE
ThHhbHLEZOLNS.

s

CAS IZBW TR ZEN L7 THIZ 77— 7 Ok
Har/MRIZL, ZEREASIHEDERHICHFS L Twa L
ZZON5. R, EFEERZEIS L THIGHETH
HEWRD.
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[B89] BIEZ AN L -28BIR X 7 >~ MAEM (carotid artery stenting ; CAS) DEEHRMEE M5, [XH
EFE] 201041 A &0 2012 4E 4 H F Clo P L ORI R 1 THafT L7z CAS IZ 81 BE 8 BITH ), 4xpl
TR A AW L7z, itk 30 H AN OAr, LiiigE, 28 L O H o MRI EEGEF % (DWD) 128
B EAE S OMBL, itk 31 HLEORMMNAE R B X OHRZ IO W THET L7z, [BER] EfErERZ 49 61 (57.6
%), MEE LR Z 36 B (424%) TH o 7o fEH L Fzm AR IR 7N 4 2 1E, GuardWire 7% 25 f1,
FilterWire EZ 2560 1T 5. 30 HLLNORGERIX 2 6] (24%) T, #IEGEEREICHBEL 16 (28%), IE
EVEIRZE \CHHZEIL 2 1 B (2.0%) 122E U7z, (OiigE B X OBETEHIE 2 20 - 7. DWI w85 o 3 12 61 (14.1
%) Thotz. HEHE 3 HURET, FURETE 16 1.2%) THY, Tk 36 (35%), €09 bLiiHH#
#1720 16 (12%) Tholz. 2HEORMERD LT N4 AT, BRHKES, DWI &EES OB
HEAEI o7 (B8] BRIEZEWT LI 37T — 7 OMEZ R/ABRICL, SRS IHEDRBRIZES L

TwaeEZoN, PHERED RIFCTho 72,
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