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Endovascular treatment for acute stroke: appropriate treatment
strategy using multi modal device

Satoshi TATESHIMA" Nobyuki SAKAI?
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2) Department of Neurosurgery and Stroke Center, Kobe City Medical Center General Hospital

@Abstract@
The intravenous (IV) administration of recombinant tissue plasminogen activator (rt-PA), which is
supported by the highest level of scientific evidence, continues to be the gold standard for the treatment
of acute ischemic stroke following a major vessel occlusion. Nevertheless, not all patients are eligible to
receive IV rt-PA, and rates of recanalization remain greatly variable depending on the site of occlusion.
The advent of endovascular treatment appeared as a very attractive alternative for those who had failed, or
were ineligible for, IV rtPA. In addition to the pre-existing endovascular treatment modalities such as local
fibrinolytic therapy and balloon angioplasty / stenting, mechanical thrombectomy has been incorporated
in the treatment options to restore cerebral perfusion to the downstream region. Merci® Retriever and
Penumbra System® were approved by the United States Food and Drug Administration (FDA), for the
treatment of acute ischemic stroke in 2004 and 2008, respectively. Likewise, Merci® Retriever and Penumbra®
received an approval by the Japanese Ministry of Health, Labor and Welfare in 2010 and 2011, respectively.
The endovascular treatment of acute ischemic stroke has ushered in a new age of multiple-devices,
whereby the selection of an appropriate device becomes vital. In this article, the authors present clinical
cases, in which Merci® Retriever (a device that applies force to the distal base of the thrombus), Penumbra
System® (a device that applies force to the proximal base of the thrombus), stent-retriever (a device meant
to be placed across the thrombus), direct angioplasty and permanent stent placement, and local fibrinolytic
injections were utilized. The theoretical advantages and disadvantages of these devices and treatment
modalities were also discussed in the clinical case presentations. The poor overall outcome associated with
non-recanalized major vessel occlusion is well recognized. Proper indication and successful recanalization
of the occluded vessel are the keys to achieve the good clinical outcome. Newer generation devices are
not necessarily associated with a higher recanalization rate. It is appropriate device selection based on the
functional mechanism and the type of the occlusion that enables a higher rate of recanalization.
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OFREES (LLF iv rt-PA) 12 & 2 MARE i % Skl
EL, ZO#LASHNTZEHR, v rt-PA 5N
TDRIEAG S Nl o 72 BFIT L, BRIz a1
&% (mechanical thrombectomy) ASTEHEEMNG O HIZHL
AANSEND X257 ERBIIROEFITIE
<, WEHBIR & HEFIEEIIR OIS, FiEORBNEIR, ok
M EY IR, R R EIR O % 50k £ Toke (Al-2,
Mi1-2, P1-2) 2&ENb. L7ch o> T, [ URMERE)
IRPAZET S, T omfL & Lo PAZE Tl Zark O AAg
WCIIKEREIVEL S Y, 51, Mgtk
WOTEMTH DI EWbIroTED, iv rit-PANDK
ISPEZZTCTlE %L, ZNENOMEREIC X - Tholi e
MENERED R >TL 57,

2004 4£121% Merci® Retrieval System (Concentric Medical,
Mountain view, CA, USA), 2008 4£121d Penumbra System®
(Penumbra, Alameda, CA, USA) 25K E ik 7 (Food
and Drug Administration : FDA) ®&EZHESL , e
DOFEMAIMAREIUZ X 2 AT FHENARIC BV THULN &
#HEH-TWD ™, F/2, 2009 4FEHL D, KBV TIX
Solitaire™ AB 3 & T Solitaire™ FR (ev3 Neurovascular,
Irvine, CA, USA) ZlfH L2 AT ¥ MERE AT 210
BB T S A AABHHEND L HI12% Y, o FERms
ZERLTWD W, KETO Solitaire™ FR @ FDA &
PRI, 20104E1 A X b SWIFT (Solitaire™ FR With
the Intention For Thrombectomy) Trial 25 47 b 1 7-.
SWIFT & Merci® # MR & L72IELERBTH D,
2011 4F 2 JICIZ P @IE BB D 00 % i & 72 5 Ciat
W hT—s 2fdohize L, T—9ReEWE=
5 ) v I RESHREH T O A T L7z, FDA O
AR B IR ES, Solitaire™ FR 23K E T o 2P & 1
PERRAEHERRIC B VTR & &l %2 Rz 3 2 &3 HhE:
Z\, 2011 4FE12iE TREVO2® (Concentric Medical, Mountain
view, CA, USA), ReStore™ (Reverse Medical, Irvine,
CA USA) EDAT Y MIDTINA A%, FDA DK
R CRAR B A BlIG S 2 FRETH S 0. Zhb
% DFINA ADHAET B 2 LT, MAFNIERO BRI
LELIWIEND T LR D.

ARIRIZBWT D 2010 4E1C Merci® 25K S, 3T
ZDOBREFBEZHRAERTNS, FHE20
Penumbra System® & 2011 4EIZKH &Nz, w47 0%
T — 7 Vb O ERESE R FTENE  (Local intra-arterial
fibrinolysis : LIF) % /35— 12 X 5 M (direct
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percutaneous transluminal angioplasty : direct PTA) 7
EOFIBINER DL L, TTICHEBO A 7T — T vl
ITHEREPGAET LR M, FNL 257,
V) BEDSHERIC B SN L 912D, Merc® O
WAGRIZDOWTIFRBIE &5 2 B 1D TR 2 LA A %
Sz G5BL TN AT 7O L) AU EN,
T G BIRFER 9 A ARMEDE N IMATHET N R
IZoWTIE, BOKKED SR E gl g & 53 ICENIC
BASNLUREMNEYD 5. SMERIMAT RIS LT
BEOT A ADEHWRRIC R 2 &, TNEhDTINA
AN RN T — & I HGE S 5 O L FRES, B
DOk, TERg, MHEZ RS 5 2 EARE R
5. WY 7T NA A BRI RS DDA R 72 AT FFEE % 0]
REICT 525, A#Y) 7 773 A4 A IR []5E - 72 R A H
BIMEREGZ 726 L, BFOBREHEOT T S
EoTLEH)WHEMEND 2 2. AR CIIFMEZ K
L7=IRHREMBI720 TlE % <, FEHBEFIIOWTH 2
ORERZHEI L, BRORMIZORENDL 7354 2%
ROFENZDVTIIS S,

BEEAMzRYRT /N1 AD%RE|IEFDER
AN

FRZE IS U Tl Ze 734 A %5837, & L < I3#lAs
bEbHE—HRE LT, ZNENOMEREF IR TTN
A R GHERT D EPRUTHS. 12 HIZHZER
BEOBMNIT /N A %8Rl L C AR 2 i mi s %
TN AT, Merci® MEBITH 5. 20HIE, HIZEH
BOINNE T % Penumbra® 72 EDOWH |57/ AT,
FEALA B E A & AR ZER & BV T T L. 3DHIE
PHEERAPNICEE T %5 734 AT, Solitaire™ 72 & D A
7 MUY MY —oN—, 4D B IZBERZ 2 BRI B
CTNA AT, T34 A% L%\ direct PTA &3
o A B 72 2% Wingspan™  (Stryker, Kalamazoo, ML,
USA) REEMRA O/ — PRI A7 > M e ED AT
Y MNEENEOHIEICASL., mEIL, ¥4 7ahT—T
VARG L7 Ui o LIF 2Nz, 5 20%R%57
INA A/ GEHREOF I E R %, G55 5 ORRERE SR
BN HFRIZL7: (Table 1).

REBIAEET 1 1 31D Merci® &L epZhfl

ANTFHBERBOPEDH YD T —7 7 1) Y ZIRH LT
7275, INR 2 B CHE R CE T o 7o E. 280K
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Table 1 Pros & Cons of Endovascular Revascularization Technology
Mereci Penumbra Stent-retrievers Direct PTA/Stenting IA lytic

- Works for soft & firm | - Works best for softer | - Higher revascularization | - Higher revascularization | - Higher revascularization

clots clots rate rate rate
Pros + Proven safety in failed| - Single lesion passage | * Shorter procedure + Shorter procedure + Shorter procedure

IV rt-PA - No need to find the time time time

- Visualization of distal | distal end of occlusion. - Works for atherosclerotic
anatomy disease

+ Multiple lesion passage | *+ No visualization of - Limited clinical data | - Need anti-thrombotic, | * 6hrs time window
(2-3 retrievals for distal anatomy + Traumatic, mechanical| anti-platelet + Higher hemorrhage
revascularization) + Navigation capability spasm management, rate

Cons (054, 041 catheters) mandate to stenting | - Not ideal for
+ Not ideal for firm - Potential risk of vessel| organized clots
clots except 054 damage
catheter

- Clot volume does not | - Shorter procedure - Immediate flow - Experienced - Randomized clinical

affect the procedure time (054 catheter) restoration procedure, following trial data (Urokinase)
Debatable| time. - Faster learning curve | LIF

- Good navigation - Visualization of distal | - No clinical evidence

capability. anatomy

A

Fig. 1

A : Initial left ICA angiogram shows a semi-occlusive lesion in the proximal M1 segment of the left MCA, presumably a
cardiac origin embolus. The relatively straight anatomy distal to the occlusion was favorable for the safe placement

of a clot retrieval device such as a Merci® retriever.

B : A V25 Soft Merci® retriever was deployed distal to the embolus.
C : After one pass, TIMI 3 / AOL 3 revascularization was achieved.

DA RIS TIAE L, F8HE 3 WF IR T iv rt-PA %
27z, 20k, HHEBOBEBENSINZ L, MEN
HEEIT) 2Lk o7 (Fig. 1A-0). MEHRF TIIA
FORIHEIIR O M1 AR 5 53R T £ TH O 2 A5E
ROz HENEIIRIE L2 EoFrb 2 <, B
7 B OERMEFER DR b7z, ISR 5 |k
TERLELZHELT 5.
D iv rt-PA RICH OB % <, BEAED? 5 b &
BALMAR DR T & o TV B WHEMED B 5.
2) WK TI i o4 72 M1 RO EAT TH
5.

3) EREMMOMBERIIZNIIERE L BV, 4
I i 2 O R IR BY IR oAk D FEATIXIERRO T, R4
WZEAIME DR TE 5.

4) M2 & @ AmiE ISR DTRA TR R Wn

C OFEFNIFHLLO NFHBIIRDIEATHIR L, 7NV — U

EFA FHT—T VERHEBRICHEL S 2500

7273, NI Merci® % a2 H MM 2 i
BRI SAAIE - Tz, SEREN O M AT AT
THAHZ LT Mercl® ICEFTHHH, B L A 5%
FeW s | % 3k B i ClE, A EERASEAIMA 1 L
AFENTLE ) ks 4. EBEOEH TIE Merc®
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V25 Soft IR, FEREMEBICHE L7z, jl&kizxw
5K Y ETNA Z%G| &L T ET, 1 HDRRTES
FBEE (TICI 3) A7z, i & IiAe 2 e m s %
&) Mercl® O EmDVZER L12BITH 5.

EFIARST 2 : K1 I Penumbra® %z UL\ Ic
vl

HEEPRIRFFENE O H K INBIR PAZE OFEBY.  BERIE, R0
IE, EIEOEIERFEE 2T TBY, LEMEICTT —
77 ) BRI L TS, 4 AERT IR O G i
DD D % . 580 3 FHIDINIZ iv rt-PA 2177275,
National Institute of Health Stroke Scale (NIHSS) %% 16
M5 21 EAL L, MEWNREO@EIN DS ) &k L7z
I LA SEBY IR 5 17 5B AR O B AR A2 28 &
R, ZOENMEBICIZZ EOMMEZ RO T2, AF
KIRBIIR I 1% M1 3R 5 M2 Bl 3 % 25k %
B7- (Fig. 2A-G).

1) iv rt-PA RISEERAVEAL L TH 0, HHBIRIRZE NN
BIMEICL EOMBREZRD LI LD, HEN
FERII IR L iR L7z b o e E 2 5
n5.

2) FBHIRIGZ & BHZENIRE O )7 % BT
VBN B 5.

3) AP KIMEIR M1 AR E S FTHEJEILTHY,
FZEER A & F OEALERD M2 12 Tk B & o
JEEHEITZ LT 5.,

4) BHZFNBEIRREALZS L D%R .

C OFEBITIZODETEZER, L IEh O BUKIKE
R EWERE Y, FAERO AR AERZE ORI AR
M SN, TNDSPHZENIIRE L 72 2 & THRIMENIR
RO BIMFERE £ L7z & E R 72 rt-PA 581K
AEALL 72013, HEBolteds s 3 h, BENAZER
ELTURML7272072E 26N 20729, rt-PA
VRS S 5 80 L\ IR ZER O M FEPEAYE <, Penumbra®
WG e BIAE R Th % LIl L7z, £72,
ASEB)TIE ML EROREAT D Tl <, PAZEIRZSH 5B
D M2 705 M1 & L CHBHEIIRIZ2NT T, SFEIRDEST
ZLTwz, 20X zIMEETT Merc® % & #E1IT
TAHE, MEAREZ#ETLTLIEWERIIE L THMIC
FGNPMEb ORI LRIz EHENINE OB)
NRAEAL & JE 125 Merci® O 2B ET 5 DD TIE RN
A%, MO PEIRRL B IRIFZ % & Z I L Penumbra®
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DR % Jebr L7z

Hi A0\ FH B IR Bk 2 0 42 50 A B o0 il AR > — R #
Penumbra® 054 % 7—7 V& FIWTHGI L, i ZEmp;
IEHTNA A %l S8 5 22 & PR L7z 2Rk
234 A1 SpiderFX® 6 mm (ev3 Endovascular, Plymouth,
MN, USA) % i J§ L, Sterling 4 X 20 mm (Stryker,
Kalamazoo, MI, USA) 7NV — ¥ 71 7 — 7V CHI LR,
Precise 9 x 30 mm (Cordis, Miami, FL, USA) % %4,
Sterling 6 X 20 mm 7NV — ¥ A1 57— F IV CTHEILE L 7-.
5| &% & Penumbra® 054 & Penumbra® 032 1 77— 7 )V
DA D & HENHZERENEHED, 97 750OW5]
DRI (TICI 2B) Z:ERH L7z, ML o %R
054 T, M2#13 032 THRHIENIX L7z, ZohikEzHw
%2 & T, HENHHMT N AAT ¥ FERE L
BRI E DR A E D@ T 5 2 L A7% <, Single
lesion-passage & 9 B[ 57/34 ZDOF 2 im0 I &
WTET

AEBINREY 3 © MEHYEAIME (AL U IoAER|

BICVESEMERE, O EMBIORERE: 2 F0 . 22Roh
P & SRS TIE L 72, SRE SHFRILL Ll L ¢
WBHEMPS rt-PA I35 ENT, MENHHFREZITH
2o 7z MG CIIMIE, M3E, NEEIIRIC)LHZ
BIRAEAL 2 728D, FFBNFHBIIR O L A2 - 72
HiRAE AR OFAGES & O @ALONFHBINRZ 5, HoRN
BRI R CHEIR S B Y FIRDERF D Ba
MZETIZ R L, e omMInE M 37z (Fig. 3A-
D).

1) DEMENC X 5.0 E MR

2) BEIBICEIIRAEALZALASH 0, MBI /NS

W,
3) BRI EB 2> & v K IRBIIR o 7318358 & CEAE
AN,

4) FRIY FIRTH Y, ST E DAATNS.

C OFER TR IMAE WA HL 2> & Merci®, Penumbra®
DELLTHHRBETE L EHW L MR
Penumbra® ##&R$ 5 Z L 12% - 7275, O3
oHhbH FT, AEEHEFATH L LD,
Penumbra® O /K 5. Cd % PHIEIRZ E L D THRA DA 5
BWE FHREZFIBT AL VI REDMASL. ) —D
VA R FHENIR OB IRTEILIC L D, Merci® O FHUIA
R 7% 8Fr 2NV — Y A B AT — 7 V& 78500
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)

Pre-treatment right common carotid artery angiogram shows a severe
eccentric stenosis in the right carotid bulb. Also, there was a large clot in
the carotid bulb just proximal to the stenosis.

Fig. 2
A:

: A Spider embolic protection device was advanced over a 14 micro

guidewire, and placed distal to the stenosis.

* A large portion of the large clot burden in the carotid bulb was aspirated

via a Penumbra® 054 reperfusion catheter in order to prevent a migration
of the clot during the subsequent angioplasty and stenting.

> Once the clot burden was removed, carotid angioplasty and stenting were

performed with the use of Sterling angioplasty balloon 4 X 20 and Precise
stent 9 x 30.

: Once the lesion in the carotid bulb was treated, a Penumbra® 054 reperfusion

catheter was advanced into the right M1 segment over a Penumbra
032 reperfusion catheter. A selective angiogram from the Penumbra 032
catheter shows complete occlusion of the anterior division of the right
middle cerebral artery presumably due to an artery-to-artery embolus
from the carotid bulb lesion.

: The embolus was aspirated via the Penumbra® 054 and 032 reperfusion

catheters.

: The final angiogram shows successful revascularization (TICI 2B).

DOMFEERT 2 T e ER 2 &, BB, EBRFY Tt 7z, MR 2GS 5 &, SRICHE L TR
FROEA LTBY, @BPTERMMEFICHELTY->TL TR RINEIIRIC Penumbra® 71 77— 7 VASKA L,
% ) WHEEAMR N LW L 72 2 LSBT SN, ZOENED R WAL LEDTLEI S LIRS

FEBEOEHRIT IV — 2 A R RIEBIRICEEL, < 72 ZOEEET Merci® 12 X % ZERE NI A © O]
Z 5 Penumbra® 041 # 5 — 7 )V & BHZEIRE AL E £ I # 272705, FDF F Penumbra® 041 /1 57— 7 )L IZ
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. Fig. 3

£ BB R B 72, BRI O —ERIZ ML T & 7228,
BRI | RE T B 2 Lo 7. MY ik
TICI 2B OBl 2 147275, FREGIEART, EEO

EERRT IR

Penumbra® |2 & 2 AR ZEAR WG 6 13 PAZE M £ 12
WWTFNA ARG B ENEETH L. AEFIEHE
13 Penumbra® 054 7 7 — 7 VDEAF THhH o722 &
5, MEHRKEZETH - 72 Penubra® 041 2 L 72,
L22L, 041 TIEHS2ICHEMERE LD /3L, I
BN e o TR BRI N IDMED B 2 L3 h o
7o AIERTIRIRDAE RN 2 Y mAL IR AR 721
RUT Mercl®” ICEETRETH o2 EZ TN,

ERREET 4 - A7 REYD N —)N—7ZH
UNTERE

PRI FEAE D /2 PO BNENIRPAZEDREBY.  AEDRITAT IR
PR JGET, OB OB D 5. 1 BT RS
FhizZFTBh, =779 VIRHZHIELTWw.
FEERF DAY, FATOBEED S, rt-PA #5137
bW edposz. UL, BHEBHTCIIBIEHPH 3D T
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. A : Initial common carotid artery cerebral angiogram, anterior-posterior view,

shows a semi-occlusive lesion in the left middle cerebral artery bifurcation

extending down to the internal carotid artery.

| B : A Penumbra® 041 reperfusion catheter was blindly advanced into the
hidden anterior cerebral artery. This unintentional maneuver caused the
clot burden to migrate deeper into the post bifurcation branches.

C : The final angiogram, anterior-posterior view, demonstrates successful
revascularization of primary lesion centered in the proximal M1 segment.

D : The final angiogram, lateral view, demonstrates multiple distal emboli in
the anterior and middle cerebral arteries (arrowheads).

NS, MENBBREOBINA D 5 &N L7z &
TIE, MBHAEEA~ /ML % B < e RINEDIR M2 @ 2 8BS
PHZEL Tz, ZERIIAFICHRELICEVIAATEY, Hik:
ZZDORIBFTHEL TV EEZ SNz @
Uinld M3 E < ICE TEL T/ (Fig. 4A-C).

1) DEVEERYEZ S5,

2) M2 OFIZERRZETH Y, FEhedr MR <, PR

i AV P L.
3) 1B OMEREGFETFM OB S, FEARRELL 72
By &\ M RS O BTG I O YR AME 2 22w

C OFEFNI RN O MBS <, ZEED M3 i
L ETRATVZ720, Merci® % ERHNMIHEE T S
CENWEEE E 27 FD LD Y4 121E Penumbra®
2 X % PZEEALD © OWH RERAH R TH 555, T O
BICLE i R IR EY IR 75U 4 6 D FEAe % R 1 % 2 &
T, Wi L CEERE RS ST LT ) fabtidssd -
7o MRTERSEENEDO IR 2 X 22 &5, HikL
D FERRFRBULETY P IFE L TR TR S 5. £ 2 T,
TR AR LR LD, ERPNICHET S & T
PEUATTE B AT v MY b)) —/3— ReCruit™25
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D

A : Initial left common carotid artery cerebral angiogram shows a complete occlusion of the left middle cerebral artery

just distal to a small temporal branch.

B : A ReCruit™, stent-shaped foreign-body retrieval catheter, was advanced into the occlusion, then the stent segment
(between two arrowheads) was opened. While the stent segment was opened to engage the clot burden, the
ReCruit™ was pulled back out of the patient body. There were small fragmented clots on the device.

C : Immediate post-clot retrieval angiogram shows successful revascularization (TICI 2B).

x 10 mm (Reverse Medical, Irvine, CA, USA) %z BRL
72, EBROERRIESFr NV — N EFTA B T—F
% TR BRI E L, ReCruit™ o A7~ M
KINENROIERINIZHED 2. AT~ b 23R L CER%
L, ZOFFWSLN LTINS ZAENIN— AT E A
FHF—F G & ANz 1 oRATHBLE (TICI 2B)
ZAERL, FEREEE LD AR & SRR L 7.

EBRES 5 1 A7V bBIU MU —/X—(&
BED ? EEZEDIES

iE BN AR L2 T ABENER 72 5 72 15 D AM4ET,
ZEROAT RS CHE L 72, BRI {5 Clapkisic
EfE5, MR IMEHR TP RREINR M1 Hos5ea%
20, IMAEPWHROBILAH 5 &R L7z, BuiEr:
FERIE 2 58 { Bl 72T WS, HoRBX BN AR 757 i %
DEATDEAY T, PZEEMINE ORI S TH 72
Z D5, Merc” 12 & 5 FblEGE#RZ1T- 72 (Fig. BA-
D). ZOYBERINHEE > 72 Merci® X6 & vy, 2 [0
AR TERETFRME (TICL 3) %EW L7 \IS 7
FERRITHHMAICE SN, HRWER (Candida Albicans
Pseudohyphae) DHEEZW %1572

MR 2 HUMZ 27 > Y B ) = N—=HH ST
), Merci® % Penumbra® 20D 7 /34 A2 LT, &
OTEVWHHER (TICI2B & 3) #EKLTVE. 4
BITKRERARIETH AT~ MY b)) —N—58A &

N, L OIERITHHSNL Z e FHENS. LaL,
AT v MY M) =N AT L CTAT Vb
MWIZH T A TNNA A THLZ b xEZ L, —HITL
= SEA I SEAR e AIEGN AR 2 7 kD &9 b
57\, JEHE O e O ZEAR TR B RAS SR O M 1L 28
T, HEEROREAD 25 TRRII I HICE
KTHbH., FON4E:, A5 M) M) —N—13FHEL
ol GRU LD RRERZERT 52 LIl hoT
ELTY, A7 MUY MY —N—IfFHET, W
HISAE DI Merci® 12 & 2 —SRE RN 2 A, &
NAHMEBE 72 5 1% Penumbra® 054 12 X % —3 5| % ;XA
L2DTHHY.

EGIIREY 6 : REHIEEENMER R Z1T 2
T RER

B 7 B PRIE X U HEATIE D JEE & 45 PRI TIE L
72 40 RO BV BERRIE, SIRIMEE, BIIRAEALAE O BEA:
A3 O YU % 2D PR b, A ZE S8 R [
AT rt-PA OFHEIIT DN A - 7225, MRIZ TS
HeRF VT T HBDT20, MENERDEIEL D 5
ORI L7z, A HGR TlE A v R IMENIR M1 5812 # 10
I REOMBRTER % M ) R AR AN & 37z, T
HIRINBIIR Al FBORIIARTH Y, ZOEITHAIE
ThbILnb, WKLY bEFNENRILIC X 55K
%%k Et->72 (Fig. 6A-C).
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Fig. 5

Fig. 6

A : Initial right internal carotid artery cerebral angiogram shows complete
occlusion of the right middle cerebral artery at the mid M1 segment.

B : A Concentric 18L micro catheter was advanced across the occlusion
into the anterior division of the middle cerebral artery, and the clot was
retrieved with the use of a Merci® X6 clot retriever. This procedure was
repeated for the inferior division.

C : After the two attempts, successful revascularization was achieved (TICI 3).
In each clot retrieval attempt, a clot was found on the Merci® retriever.

D : GrocottMethanamine Sliver Stain of the harvested clot specimen shows
Candida albicanspseudohyphae, confirming the diagnosis.

A : A selective angiogram from a Concentric DAC 4.3 catheter in the high cervical internal carotid artery shows a flow
limiting stenosis and thrombus formation in the M1 segment of the left middle cerebral artery.
B : An X-Celerator exchange wire 300cm was advanced across the lesion. This manipulation opened a small channel in

the thrombus within the lesion.

C : After two angioplasties with Gateway balloons 20 X 9mm and 25 X 9 mm, the arterial tree of the left middle

cerebral artery was clearly opacified.

1) BESFNEIIRMALIC X 2 oRE IR A

2) PRAEA MR 2 B .

3) LRI T T RO L.

SN OBHFENME TR X 7~ MEEMICE LT
&, TORERRLE 7 BERIR T — & D3\, ASEB]
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TIXEFR DGR AHEZE (deep watershed infarct) %22
LTEY, ETHEOMBIERENZ RO/ &b, &
HEWEHBENME R OEISH»H 5 & HML 7
X-Celerator™14 300 cm (ev3 Neurovascular, Irvine, CA,
USA) % 8ezimZem 2t s, Gateway 20 X 9mm &
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25 x 9mm (Stryker, Kalamazoo, MI, USA) [T/ N
V— TR B X ORZAERA O AT % 17 5
7o, PAEREOIRDS B, MEWHGE LW S 2% AT
RORBOLholz. Tz, T CTICIEEBEBIAEEZ 2D
TV Z s, BT v MEBIATD ) 7.

TEIRE RO YRS & 78D 7275,
IVHDYNEY) F—2a yRELT
FRAEAENTIEREL S 7zl % &) ) HI2Do W,
—EDRRIIE SN TV ARV, &irg DR RERIZ D
W RIS R FIRT SR S B A%, AREFI D X 5 12k
FEINZE TSR BE R A AR R AR N % 2412479 &
EDVAWRETH V), MAEFRE D JFArE) TR/ NV — 12
X B MR LII NS K2 2180 WA bbb L EZ 5.

REGINRST 7 © 2 HIEERR T MR BT
17D TRE
VIni & 0 AEHESEIIRAFEENCRZE L TB Y, BHFNL

AROSEAIEIZ I

Fig. 7

A :1Initial left vertebral artery
angiogram, AP view, shows nearly
occlusion of intracranial right
vertebral artery, left vertebral
artery occluded at cervical portion
(arrow).

B : Cross the lesion with microcatheter
and regular guidewire, and replace
supportive long guidewire (Choice
PT 0.014-300).

C : Angioplasty with gateway 2.0 x
9 mm.

D : Stent(Driver 25X 15 mm) deployment.

E : The final angiogram demonstrates
successful revascularization.

HEB BRI R BEARZED D B T LAV o TV 72 69 7%, I3
P WERRE L ) ANODBE S0, o3 CkE
DHWEFRR, RSV Z 2. SRR KRB L
FEL TS, CTHaghIcHOE L L7z SiE, B
HEW OWALED S Y 9 TITHUMLIMIEE % & D S
. MRI/DWI T Hr i 2 #2813 7 A2 o 7245, MRA
THMEFEIIRDPIED B D7z, FERERF ] AR W] T
rt-PA OFHEIATDT, MEHE2To72L 25, LMk
BENRIGFHECHZE, AT BRI T/INRBEIR DU L
TIZIZMZEL TBY, DI o &IMATAREERS & O
FHESBIIRICHAT LT /e, BRISEERA> S L ENEE)
RANDMATAD Y, b &b EPREVH 722 LA - T
WA Z e, PuleRERAT A U7 s B Ak
7D EVERZE L S L7z (Fig. TA).

1) BHFENBIIRREILIC X 2 HET BIRDASE.

2) BRIEIA DEMEPAZE.

3) PURcH) AT 72 BRI AT
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SR

Fig. 8

A : Initial left internal carotid artery angiogram, lateral view, shows distal emboli in two branches of the left middle

cerebral artery (arrow heads).

B : A super-selective angiogram from the micro catheter placed just proximal to the occlusion. A total of 7mg of rt-PA

was injected into the lesions.

C : The final angiogram demonstrates successful revascularization.

SVEIOTHZE NI R A 7~ MY EE, FHE
HPZEED CHERMEIZREH STV wAs, RIERITLlE
Putel i T ICPAZEZ k72 L, B3 2 etk %
B2 s, BUEMIMATRHEDBIEA S % &KW L
72. Excelcior SL10 (Stryker, Kalamazoo, MI, USA) &
Silver Speed10 (ev3 Neurovascular, Irvine, CA, USA) %
Beze RS m Iz, ZFED H % long wire TH %
Choice PT 0.014-300 (Boston Scientific, Natic, MA, USA)
W2 L 72 (Fig. 7B). #i\T, Gateway 20 X 9 mm
(Stryker, Kalamazoo, MI, USA) TR %175 72
A (Fig. 7C), HLiRIIAT4C, EEMRM 2 SV — 3k
A5~ N Tdh 5D Driver 25 X 15 mm (Medtronic AVF,
Santa Rosa, CA, USA) IZTAF » MM 24T - 7= (Fig.
D). BRZEWRAEOIHRITI BT, MEH LS 2742
BT LS 70 <, mALIME~NOZER S RO - 72 (Fig.
TE). Mtk b Pl Mok L, 5 HE 7 Vs b
N DEFERATo 72, T DOBRAEER DI 2% < NHEH
ZREE L7z

BYIRAEA LIRS 2 i & 5 2 SMERZEICR LTI, i
EAMRRHIEA T~ MRERDPLIE LD EDD
LEERD.

EPIARST 8 | KO FIMEAFAREDELE (LIF)
1T o TeRZhe

B PRISEIL B OB TR & L 72/ NEHBIIR O R E)
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MRFGLRS LT, TAERTICA T~ b & W28 247 -
7BERAS D B . AREERES W Tl R e R gt
MW Z &5, BHOH T —F VI X B MEREE
BAT L7z, AR T#, BIESRICBRL L9 & LAz
Kihh R 7z720, 3 CICHMERM 217> 72 bk
JHEIIR M2 75 M3 SISO Z B, EEEOR
FEMIE & B L 72 (Fig. 8A-C).

1) AR U728 L WIS 2SRER L 72 25 0E & %

Z bz,
2) ENEBRICIZAT Y MR ELTH Y, IMiesE
KA TFNA 22X B AT~ MR 28T 72w,

3) EBRFIRISH T D HMOMEHPHEL T 5.

ZOIERITIE~YA 7 ah T —FT Vv E W/ LIF % 5%
WL FrLviikersdée L - TH Y, @AE o
PHEETH B 2 &b, MRS SURAT R &HIT
L7, ZLC, BEENAT Y NOEEZ T L7-0, &
DR AL W O FEDIRETH B LR T2,

BZEmEDHEIIIIA 7 ahF—FVEEEL, &
7mg D rt-PA ZEET A 2 L THELEZ A HEE
BX ) ARERIZEE L, 90 HEICIZseamE L 7.
W R K E O BRR B T3 & F &F % 7351 AR A
AERTRET D 5745, MURIEFEE QB33 FDA @
HRBEZIF TR, FRGEIRERR & B I CHESR L T
BLIRTIE WA, ARIEBNE LIF 2179 k4 thAi - <
BY, KREHE (t-PA BIREG M AR R %
BRTHIERL, RlRBHEZENLL. &b, K



FHTIiZ, rt-PA % Urokinase OFiEIZAE I LTV AW
A%, LIF O FRIXERRBRICER S TB Y, F2maE
HRIR AT A K54 > 2009 Tl [FEAE 6 FE [ LIS %
xZBGGEWTRET, CT I\ THIZEREA e\ F 7213 B2 BT L
I E o> T2 RIREIIRZEICR 35 LIF &7 L —
FB (79 Lo fhoons) ], B X OIS NGRS
a8 2009 TUE [FERERER 2SHAME 22 SR MR 2 BT, 56
ERS 6 IRE R DAL W6 AT 0] B 22 TR IR Eh AR P 28 (8 1ot
LCld, FERTRERBRBEIC BV TIE UK 2 W72 )R
BEEDER SIS (FL—FB)] L&hTwa,

HHhIC

TR 70> 7 PR B E & S B LA 70 o 72 B R P ZE
FHREIARTHY, hFEFTOLLOMFICLY, #Hb)
RIS BN DWW CGRIRL 7RI T, PHREYET
572 DIIITIRE E ) S 55 8 ) P EROERIZ
%5 2 EDhho TS, REGTR L7z X9 IC2PEINE)
IRFAZEDIHIRIIZHTH D, H—DBBETT R TON
% - IRREIEY) AL T & v, BRI AT G
TR DT INA ADVRFEDTINA A L) fnBiAhd
LLIELWDIFTIERL, ENENOT /A ADOVERFE
A3 DRI 5 &9 Dehiie b KU 7 HIWi L e & 7
L. AEEDS, B LR & 2 72 ARFR D 20k 00 1 i 4
R OEHRICET 5 2 L 2T 5.
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B ER B RPAZE IS X 2 2R IMAPER RIS LT, DB ETFT VALV EREOMBTIAI /=7
V7 7 F~—%— (recombinant tissue plasminogen activator : rt-PA) O#EIR¥%S (LT iv rt-PA) 12 X A 1fife
BIRHENIEARTH B 2 LI3EDL Y s, ZORE2 SN EHR, iv rt-PA BRI O BIE2S 5 h
ol BEICH L, MENEBERICHGEII#HIOATwE, INETIHORTELRBBRERD (local
fibrinolytic therapy) /¥ — Y IMERIBMN; - A7 ¥ MFEM ZIGH T 2 EFR ML, H L OERIBHTR S ik
B A A (mechanical thrombectomy) 2STREEEREE O HFIZHAAN SN D L I 12 -7z, KETIE MERCI
) M) —N—=2%2004 4E12, Penumbra ¥ A 7 A% 2008 4R KE A N#H TS (Food and Drug Administration : FDA)
DOKBRATF L7225, HARTIEZENZ1 2010 4F, 2011 SR ISHIR W THRRR S 1, AH&HY 7% mechanical thrombectomy
DR DFEAFA 7.

COBITIE, 1) BSEREOBEMICT /NS 22 E L Tl ZEk 2 MR nIN 3 % 781 2 (Merci® 23t#), 2)
MIZERRZ DAL E T W51 754 A (Penumbra® 230F), 3) PZERENICHET A AT MY M) =
— (Solitaire™ TREVO »fX2), 4) PIZERZE % #1912 P < direct PTA & stenting (Wingspan™, &Ik H
DN — HERI A5~ M7 &), 5) Local intra-arterial fibrinolysis (LIF) %##8/L, 50D R L7/, X/
EREORE L REERN Lz, B ICHBEESRL 2 LD TE Ldh o 2N ERBIRAERZ O TFRIIART
HY, WY HBEICHWIZIED W TEIRL REG T, HHEOROF IS RIF 2R 2 /R R KNDOERIIR S
ZENDbhoTnE., BUMEIRMZEOHREIIZHTH Y, H—ORBECHBETTRTOWRE - WEIHE) 2
FUUTTET, WO T N, AP TN A LIRS v, ENEND TN ADVERBRT S ZF ORI 5E
L&) Hdsfe b KU bWkt & 72 5.
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