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Visiting Assistant Professor, Brain Imaging LAB, New York State Psychiatric
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New York University, Tandon School of Engineering, Electrical Engineering
At

Temple University, Electrical Engineering BtA}

JT. Corp (HEEE), AZEQ0] AIKXIL|O]

TR B 7|2 Y, Future [T Research Lab, 3i2| @4~ BIAL RSkl QIE

The Center for Advanced Technology in Telecommunications and
Distributed Information Systems, New York (;2 CATT SH414), S
Control, Sensor, Network, and Perception (CSNAP) Lab, Temple University,
oG mE]

A E&7|=8, Future IT Research Lab, Data Analytics group, &3
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Jacques Moret

Department of Interventional Neuroradiology,
Bicétre University Hospital, France

Professional
Situation

Medical Societies

1975 Medical Doctor

1974-1977  Fellowship in Radiology

1975 Fellow, Department of Neuroradiology, Loma Linda University, USA
1977 Board of Radiology, René Descartes University, Paris, France

1993 Habilitation to Conduct Researches (HDR)

1989-1994  Full Professor of Radiology, Baylor College Of Medicine, Houston, Texas, USA

1994-2010  Former Chairman, Department of Interventional Neuroradiology, at The
Foundation Rothschild Hospital, Paris, France

2011-2015  Former Chairman, Department of Interventional Neuroradiology, At
Beaujon University Hospital Clichy, Paris, France

2015-Present Honorary Chairman Department Of Interventional Neuroradiology At
Bicétre University Hospital Le Kremlin Bicétre, Paris, France
Professor of Neuroradiology, University Paris VII, Faculty Of Medicine
“Bichat-Beaujon”, Paris, France

Member of The "Societe Francaise de Neuroradiologie"

Member (Former) of The "European Society of Neuroradiology"

Member (Former) of The "The American Society of Neuroradiology"

Member of the ESMINT “European Society of Minimally Invasive Neurological Therapy”
Founding Member of the "ABC-W.LN." (Working Group In Interventional Neuroradiology)
Member (Former) of the "Cardiovascular and Interventional Radiological Society of Europe”
Member of the "Societe de Neurochirurgie de Langue Francaise”

Member (Former) of the "Societe de Chirurgie Vasculaire de Langue Francaise"

Member of "World Federation of Interventional and Therapeutic Neuroradiology"
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6/25 Fri

09:00-12:00
09:00-09:45
09:45-10:30
10:30-11:15
11:15-12:00
11:00-12:00

12:00-13:00

13:20-13:30

13:30-14:40
13:30-13:40
13:40-13:50

13:50-14:00

14:00-14:10

14:10-14:20

14:20-14:30

14:30-14:40
14:40-15:40

15:40-16:00
16:00-16:40

16:40-16:50
16:50-18:00
16:50-17:00
17:00-17:10
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Workshop for review board of HIRA service /&4 : HIELCHE At HRI|(AM2) / SHATHEHSI)
1. AARRIA| FHE S| gkt XHER alAL s S|(HZEHAAIETH)
2. LR E MAY| 7|2 HR7|(ASTH)
3. =["EUR 2 et AR 2 A (1) HX(ZHH)
4. =[Y@RUX|E alAte] M 2 A (1) Z| & (SoteH)
Registration

Mini-symposium for navigation to target vessels Atz USH(0t3CH) / 0I5 S (SHICH)
1. Trans-femoral approach BT )
2. Trans-brachial approach HEA(SHMICH)
3. Direct carotid / vertebral approach S H(=HS)

4. Guiding technique for endovascular surgery
Opening remark
Welcome remark

Free paper | : Ecstasy session (Troubleshooting for difficult cases)

Distinguishment the ruptured aneurysm at multiple aneurysm HHSI 2RI &)
SAH and dissecting aneurysm of ophthalmic artery ZA(V IS 2= st ZHMERH )
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Successful rescue from desperate complication; retrieving damaged stent and
migrated coil with another retrievable stent - A case report

Onyx embolization of dural AVF in the superior sagittal sinus region using external

compression and direct open access: A case report ZSTHIIEEIEm QI E R )
Use of a rigid-tipped microwire for the endovascular treatment of cavernous sinus

dural arteriovenous fistula with a membranous stricture IS E(SACH St MBS0 )
Treatment of symptomatic tandem BA & V4 severe stenosis BISIS(RAROIH)

Symposium | : Interdisciplinary session atat ZHEN(EASITH) / LA olMHskm)
1. Neurostimulation & clinical application MoH7IS2Icy sho|sta})

2. The Computer Aided Diagnostics Algorithm and Intracranial Applicable
Catheter of Intravascular OCT

3. Stroke rehabilitation at present, and in the future Z4-0H=2EkY

Photo time & Coffee break

olzst 52 33 SABHAHS)
OlECIZCE XM= Yy =2EE (&7
Transfer

Free paper Il : Agony Session (Complication cases) A ZERM(EE) / RES(FH)

Fatal complication of procedural rupture in unruptured cerebral aneurysm

A case of delayed rebleeding following ruptured anterior communicating artery
aneurysm embolization 0|83 (EMEITHSII T P)

17
18
19
20

27
29
37
43

53
54

95

56

57

58
59

63
69
76

83

87

88



17:10-17:20 Delayed rebleeding from ruptured broad-neck posterior communicating artery aneurysm after

double-stent assisted coil embolization MO MBS ZEAMEY]) 89
17:20-17:30 A case of segment occlusion after treatment with a pipeline endovascular device in

dissecting aneurysm on dominant VA ZAB (YRSt ) 90
17:30-17:40  Direct carotid cavernous fistula after pipeline implantation for a symptomatic large

cavernous internal carotid artery aneurysm HESTI(2M20EuEY) 91
17:40-17:50  Superior sagittal sinus occlusion due to probable thrombocytopenic thrombosis

after AstraZeneca COVID-19 Vaccination ZMSUIEEIStn BMpEHY) 92
17:50-18:00 Acute management of latrogenic vertebral artery dissection during treatment of

proximal vertebral artery stenosis SHA(ZMCHStmHY) 93
16:50-17:50  Satellite symposium for nurses and technicians / &4: HEECES  aka ZIEiZ(RIQ|THStCH) / al5S(QIXCH)

1. Natural history and treatment guidelines of cerebral aneurysm QMIKQIStE) 97

2. Endovascular treatment of cerebral aneurysm Zich () 106

3. Perioperative care of cerebral aneurysm DHES(E=2) 114
18:00-18:20  General Assembly of KONES HEAMTH(CH St Z LR 2 2l8t5| SF0|A}
18:30-20:30  THEt (e PN RS BTN

6/26 sat N

09:00-12:00 Basic endovascular training course Az [FEE(SAH) / Hol=(SHIM)

1. Imaging of carotid stenosis O|OtE (=M Bakelstat) 127

2. Review of devices 2H7|(z2ch) 140

3. Patent selection, technical tips and basic tactics AME(Fo|olz ) 157

4, Escape from complicated situation AIR(7H==H) 161

5. Hands-on
12:30-13:30  Luncheon seminar a2t O|FS(AHM) / A2 Z(0lAZSH )

1. Role of direct thrombin inhibitor for acute ischemic stroke HRIG(HMIAHH) 173

2. Safety and feasibility of using Argatroban Ols=(7+=2=lth) 181
13:30-14:50  Free paper lll : Early experiences by young gun in EVT atat MXECIE) / MES=(RIlntstTh)
13:30-13:40 Complications and solutions in treating cerebral arteriovenous malformation with liquid-embolic

materials; Beginner’s personal experience ZEH(0|SIARIHE D Al2HY) 185
13:40-13:50  Contrast neurotoxicity after coil embolization for cerebral unruptured aneurysm mimicking

subarachnoid hemorrhage ZeM(EUEEHY) 186
13:50-14:00 Intractable seizure after endovascular coil embolization of unruptured paraclinoid

aneurysm Ss|(ogRSx|tstnE) 187
14:00-14:10  Framing coil total prolapse due to stretched coil stuck in a microcatheter HMsE(stEicistn SEFEAIES) 188
14:10-14:20  First voyage as a neurosurgery vascular surgeon HIRR(RIES2EY) 189
14:20-14:30 The use of contralateral angioplasty to improve collateral flow in case of difficulty in

initial EVT position F|AZ(0AzEHY) 190
14:30-14:40  Early-visit patients with poor clinical outcomes after successful recanalization with

multiple retrieval attempts LA HBstm AMatEe) 191
14:40-14:50 Safety and efficacy of mechanical thrombectomy using balloon-expandable stent

deployment as a rescue therapy after failed stent retriever thrombectomy —

young gun in EVT (Case report) LA AzEER) 192



14:50-15:20  Introduction of new endovascular devices by company 3
15:20-15:40  Coffee break
15:40-17:20 Symposium II': Bifurcation aneurysm from clipping/coiling to
flow modulation
15:40-16:00 1. Why clipping for bifurcation aneurysm
16:00-16:20 2. Why coiling for bifurcation aneurysm
16:20-16:40 3. Benefit of flow disruptor on bifurcation aneurysm
16:40-17:20 4. Update and review for flow disruptor on bifurcation aneurysm
17:20-17:40 k&2t A& & Closing remark

st MSHOIEEI) / HEEHES L)
shdZ(ah) 197

Jacques Moret (NEURI center, Bicétre 208
University Hospital, France)

Poster Session

P-01

P-02

P-03

P-04

P-05
P-06

P-07

P-08

P-09
P-10

P-11
P-12
P-13

Preoperative proton density MRI-based intradural versus extradural localization
of paraclinoid aneurysms

Initial experiences of flow redirection endoluminal device (FRED) for complex
cerebral aneurysms

Clinical and angiographic outcomes of thrombectomy with novel stent-type clot-
retrieval Embotrap Il device in acute major arterial occlusion

Hemodynamic instability induced by carotid artery stenting; A single-center
retrospective study

Possibility of variant form of artery of ‘Davidoff and Schechter’(ADS)

A left vertebral artery originating from an left internal carotid artery discovered
incidentally during treatment for a cerebral aneurysm: A case report

Clinical characteristics and neuroimaging findings of isolated anterior cerebral
artery territory infarction: A report of 8 cases

Deep seated Moyamoya-related intracranial aneurysm which was indirectly treated

by reducing the hemodynamic burden on the parent artery: A case report
A case of anomaly with the left vertebral artery originated from aortic arch

Y-stent-assisted-coil embolization of a wide-necked anterior communicating
aneurysm involving a subcallosal artery: A case report

Large thrombus formation during coil embolization

Hemorrhage after balloon angioplasty for proximal ICA severe stenosis

A case of secondary Parkinsonism Induced by hydrocephalus after aneurysmal
subarachnoid hemorrhage

Severe carotid bulb stenosis should be ruled out in spontaneous convexity
subarachnoid hemorrhage

Pseudoaneurysm formation caused by stenting for intracranial atherosclerotic
stenosis: A case report

e St 222
Ha(mzlsye) 223
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Detachable coil2| 2017|&

E|80| ZXH Al Al AKRSH= Distal Access Intermediate Catheter(2
9 M28 FUED BHE

FoH SHZY SY AUE MY A 2HES FO7|E

ZOH SHZLQ SYAHE MUE Al AHEQ| F07|F

SSUF 2Yo|LYR|E AHEC| Foi7|E

AN YHER (BB Fo7|F

T|HH EHHHEE X2 (8154 Stent, EAY Catheter)2| S07|Z
S[EY EU7|TE 0|83 BT 7 [penumbra

system]Th
vessel[penumbra system]

L SHUI|HHES Al AHBBHE AVM (Arterio-Venous Malformation)
Microclip®| 5017|&

using iration device in i

=HEUFFEA SYCip) FFE HYIIE
Flow-diverterS 0|83t | SUF MM =8 MM 7|2 (Embolization

Device)2| 20{7|&
Flow-diverterS 0| 8% &S F M Intracranial Aneurysms
Embolization with Flow-diverter

Intra-cranial stenosis
—>balloon angioplasty & stenting

Acute ischemic stroke
- Mechanical thrombectomy

Carotid stenosis
-> Extra-cranial stenting (carotid stenting)

AVM/CCF/Dural AVF
-> Embolization with
Coil and Liquid material

Hg3

1) =gy
2) 38y
3) 33y
4) g

U5, 259, 259 a0l olgt |2 e Foh
FB50| W0 03t =I5 M| W = AMYOl 5
E£ £259 walof ofg HYY BBUKN EE THY

olgt A5 B, HAY
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Workshop for review board of HIRA service

ZAn|y FMEE YEE (Percutaneous Transluminal Angioplasty)
Al F|2018-185% (% 91), 2018.11.01 Al Y

- MR A

7} U7 70% ol Akl o Q1= AL
L RSl 29is et fgisel £37] Eetol Kol

1) 27| 0fl Y2t 10mmHg Ol &

]
2) @2 SEH £ T 15mmHg(E£ 15%) 014 XHo| 7t e E2

- FUEBHEI HYEPTA) Al LT} Z20| 27} ALY

MEH 4Y= (PTA) Al Guiding Catheter 2t Guide Wire 7t A E E1l8}X|

By
20| $7h A w2 FIY BT HHE (PTA) 2T s0%E Y

40
Hc
4>
>
0

(F429 39 F 42 AWM 5%, £ 4290 Y

ZOH L 35 AHE Mds (Percutaneous intravascular installation of metallic stent)

X
3) Stent, Balloon Catheter (Bare? Stent AF-& Al), Introducer, G-wire, Z= G|
ZE M=the E APgSict

b =g

a
o
Lt 45 (FZE5Y Z3): carotid

Intracranial artery stenting 24| %|2019-1315(34]), 2019.08.01 A%

FHZU SY(intracranial artery)ofl & sts 2HEE OHZ0| R0 2Y50E AT

1. §54070% old LY che e

LH & &Y (internal carotid artery), S| S (middle cerebral artery), X3 & (vertebral
artery), 7| X &Y (basilar artery)) B Al

> 67 oA SEATN U SDXHES G2 S E0SIY S0 T H HEt] o8] SAA

L|ZMO| HMBH Ao
(CHel, 3% (intensive) A4S X R0 SHOILH EH MHo| A= FLOE
671 O|LHAIHOI = A2 2 g8,

3 SO BE HAOR O3t 34 SY HES BX0M T4 BHHAEES NP 0|30
= HEHKO| 70% 014 HOF HE YBHHOER HAQ| Fhs Y| ECED HEtEE FS

Extracranial artery stenting 14| A2019-131%5 (%)), 2019.08.01 A%

- HsIE AR

>

42| 50% 0|8 B &%
#

7t SIS S HAS SHte 50% O|Ae| A& ¥t
Lt 7H &Y F (pseudoaneurysm)

Ch SYUZ XZE 9l CHe YYO| 71535 o2 8=
2t gpttal2 oot ¥R Za Fe ¥

Lt 02 Q| X3 Y(extracranial vertebral artery)
A 70% O| A MZAZOH 3%t

)85 4559 B
2 HESY 422 ¥R 42 EE T Y0 9

rr
oY
4o
on

Extracranial artery stenting (Il) 4| %l2019-1315(8), 2019.08.01 A%

#REY HR A2 HY Ol WA o] Y HFEROIL HFMO|
URLE SN HSY £ HESY HH

# YT S UNT HEDH, B AlofOH], HOIF T olof Fots 3
C

2. 207
AHEE 3 W g 17) AL S X oE &
Chgt - AHIES| ZO|E Z1ohes HH,
- HBO Al M 2 gate| Al
-EO X 27 2e CHt A tandem lesion),
-2 30| e e s Zo|
QI ole| F7HAHE0| E7tulE A0l HWH 2 17HE FItsto] Al 274
X 2SZ0E A

# NASCET : North American Symptomatic Carotid Endarterectomy Trial
v
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The 15™ Annual Summer Conference on Endovascular Neurosurgical Therapy

NT 1

Mechanical thrombectomy 24| %j2019-1315 (K| 27 &), 2019.08.01 A8
1. SN CHEE RS 7|AN EHMAHE] XEME (&5 stent, S24 catheter)

7} 2|54 stent
1) S0t
7h FHL EH“* EEHENZL BREH BEho| HM FEoR oot ZH B
H LEZ02
M %Q““" 8A|ZH O|LHO| X}
(2) ALY 3A1ZH o|Lfe] SR}
i3t 371300 s Yshs &tx|

=
#2|3d stentC] S| P SULE L SUIA| 25 s

rir
ox
12
=
3
2
ojo
=(.J=}
LTS
=3
o
X
o
o
2

<=

2. 47| 18te] ZojchAto = E73lD olZfe] A= QU0 ChAOA Heldt
F. Non-contrast CTA} SCHL/ S F 1/30[A4S KBl | ZA

Mechanical thrombectomy (Onset 8-24hr)

Y S EE FrheiSUO| HY WOz As K 8B HEF0N,
S BAZOIA 24X ZH0ILRQ) BRHE WA T HFMO| 2717t BT
thelsbael 1/5 O[sto|BA OF2f X7 5 B TS BITHE FL

(1) £7| NZFeHE A£0| NIHSS H 6 0|¢f~10% O|RHO|2HA, |27 Y
oA B5-x|ZM 2K HIE0| 1.80|4 = EUKX|O| 2|7} 15ml 04

(2) X7| MZHH H20| NIHSS H$ 108 0|A

« SYLY BAIZIOIM 241 ZHOILH S| BhA}

# "HHZA A3t = Mo 3717t 3HF k|ubR 1/5 O3 = CHEat 2
1. EAZZE MRI 0lA 100ml 08}
2. 44X MRI 0|M MR-ASPECTS 67 0] &
3. H| =Y &|CTOHA CT-ASPECTS 63 0|4}

Mechanical thrombectomy

2) g olgEel
7h) LHAEY (internal carotid artery)
L Sk S%(middle cerebra artery) 2| HHM (MCA M1 segmemt)2t
£ HA 22(MCA M2 segment)
Ch 71X &% (basilar artery)
2}) &35 (vertebral artery)
Oty O} k| 5 (anterior cerebral artery)

Hh 2 | & % (posterior cerebral artery)

Lt E91’d catheter

1) 20ty

7t 3|5 stente] 1)FOTHY 7het S
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7t 2|5 stento] A HS 7h~2het S

Ct. 20{7H3 (stent and aspiration catheter)
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L@ ZQ7|1E 0|88 BHHAHE (Penumbra system)

Thrombectomy using aspiration device intracranial vessel (penumbra system)
A H2017-1182 (7| Z27), 2017.1.1 AIH

At633Lt BLHBMAS-7|ANEHNASCHHE Y 28H+E 8
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o] ZM X A= A| A8} Distal Access Intermediate Catheter

2
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Distal Access Intermediate Catheter = =@ 22| ZMH Al& Al H/E@ L& 1S
AYd 220] AL, B 2922 XX[7H st ZokFsto 7t
off{2 22 VIS 9% 202 AHE. (NS5 Mt els)

Easy distal navigation of distal access guiding catheter
: Navien, Envoy DA, Sofia, Catalyst etc.
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Workshop for review board of HIRA service
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Theme: Exploring What is Next in Neuroendovascular Surgery

6/25(Fri.)

Mini-symposium for navigation to target vessels

: YEH(0IF0), 0I5 S(BHELH)

1. Trans-femoral approach ZHZI(1H)
2. Trans-brachial approach SEALTH( LA )
3. Direct carotid / vertebral approach ASH @A)

4. Guiding technique for endovascular surgery ZAEH(QHH)
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Trans-femoral approach

At present the transfemoral approach (TFA) is the most commonly used approach for endovascular
treatment in cerebrovascular diseases worldwide. In terms of treatment modality, the TFA provides many
advantages described below*.

*The advantages of the TFA

1

N o vk wN

. almost possible introducing larger bore sheath and catheter than other access routes such as radial

immediately implementable endovascular procedure after the diagnostic angiography

more robust and straight proximal supporting

easier and more accustomed access than other sites such as radial, brachial, and carotid artery
more feasible manipulation of the closing device

simultaneously bilateral approach using right and left ilio-femoral arteries

simultaneously trans-arterial and trans-venous approaches

Although the TFA remains as the first option in most cases nowadays, some challengeable cases** might

give us serious concerns about how overcome the pathway to target vessels in order.

**The challengeable pathways to the target vessels in the TFA

1.

2.
3.
4.
5.

occlusion or severe stenosis of the femoral arteries

severe tortuous and atherosclerotic ilio-femoral arteries

aneurysmal dilatation or scoliotic tortuosity of thoraco-abdominal aorta
aberrant pathway of aortic arch and thoraco-abdominal aorta

calcified and acute angled aortic arch in elderly patients

In these cases, further procedure may take a longer time than expected or finally it may fail. First of all, the

wire should be handled and advanced meticulously prior to be followed by the catheter involving guiding
system. If needed, more stiff wire may be helpful in terms of supporting and advancing the catheter through
severe tortuous or acute angled vessels.

When it comes to most dangerous and unthoughtful situation even though overcoming the crisis, whole
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instruments system can be pulled back abruptly during the procedure, which might result in critical
situation. That is because it is not enough proximal supporting. Therefore, it is very important to set more

flexi-rigid guiding up such as multi-axial guiding method.

Alternative access routes such as transradial, transbrachial, and direct carotid approaches are of interest
when the iliofemoral arteries are diseased, highly calcified or extremely tortuous.
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Trans-brachial approach

(&7) YONSEI

¢ UNIVERSITY

Trans-Brachial (Radial)
approach

Sang Kyu Park,

Department of Neurosurgery
Gangnam Severance Hospital,
Yonsei University College of Medicine

52 Veronnc s —

JYONSEI

Introduction

® Trans-brachial or Trans-radial (TR) : preferred in coronary
intervention field

1. difficulty in navigating the 4-vessels

® Trans-femoral (TF): preferred in neurointervention field
1. familiarity

2. easy accessible

® Interventional cardiology: shift from TF to TR
1. low access site complication, less invasive
2. improve pt’s satisfaction
3. 40% in US, 80% in EU -> 1<t choice for cardiac procedure

@ vonse

Trans-brachial / Trans-radial

Femoral vs Radial

A Femoral Artery

B
D7 mm RadialArtery  UlnarArtery

SFr 6 Fr 7Fr 8Fr

ID26mm  ID 22mm 228mm __252mm 285 mm 322mm
iy 2mm 2mm
- - s s
S
&
‘ . 167mm 198 mm 231 mm 264 mm
10 ©
]
Area 38 mm? Area 5.3mm?  Area 3.8mm? &
ter size char,

Figure 5.

femoral and B) Sheath

cathet
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Q) YONSE!
Radial vs Femoral
Radial artery friction and spasm
Radial artery Femoral artery
(Lumen 1.8 -2-5mm) (Lumen 8.5-12mm)
Catheter
/Sheath 4
Vessel wall (
A—
5F : 1.65 mm
6F : 1.98 mm
7F :2.31 mm
‘www.drsvenkatesan.com
TR
Patient position

Figure 1. The wrist in extension with the aid of a towel roll.

Trans-radial access

Trans-radial access
® Allen test

® Allen test

Positive Negative

Modified Allen Test
Release the pressure
on the ulnar artery.

If the hand flushes
within five to
fifteen seconds,
this shows that
the hand has
good blood flow.

Modified Allen Test
Release the pressure.

If the hand doesn’t
flush within five to
fifteen seconds, the
circulation of the ulnar
artery is not sufficient.
If this is the case, the
radial artery should
not be punctured.

©2021 STATPEARLS PUBLISHING
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Trans-radial access

Mini-symposium for navigation to target vessels

Access site prepartion N

1. 1-3 ml of 1% lidocaine, small
gauge needle (22-25 gauge)

2. local anesthesia both medial &
lateral side of artery

3. Injection may distort the
anatomy & make difficult of
palpation

4. gentle massage of the area
usually resolve this issue

Prevent vasospasm - Nitroglycerin(NIG)

® NIG 1cc + saline 9cc = 10cc

® 5cc, after radial sheath apply
® 5cc, before radial sheath remove

@ vonsH!

Arterial puncture - Seldinger method

i)
a .,\ @
° ?
W\/ig\\: hematoma (?)
@
SELDINGER TECHNIQUE

\

\

AN

RFAI TIMF IMAGF-GUIDED TECHNIQUF

a b

@ dissection (?)

Radial sheath - 5F 7cm

RS*A50G07SQ

moms ) ==
p—,
-8

Tom
0075 (4iK_0 com) | B 450

i gsam) @ 206010
@2

(51m).

&) YONSEI

5F sheath - 7cm, 10cm, 25cm
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@ YONSEI
&) univeRsiTY

5F sheath - 7cm, 10cm, 25¢cm

Grenmo
AADFOCUS'INTRODUCER 11 F,.5
s

RS*A50K10SQ
{ . :|u‘

B

o=
o G005 wo com
00,035 an oo |G
N 1186 e

@2 |/z'm@

@ 201208vA & 202305

2@10, 2610
—=h=

2 g@oo.

@ YANSH

5F sheath - 7cm, 10cm, 25cm

©__ wopos =mewm
\i 2 WMEHH Fr.5

E:  RS*A50G07SQ

YN

Angio catheter — Simmons (Terumo)

@TeErRU

GLIDECATH

2 finger above
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Jr—
roumlo ey
Postror tumeral
creumtex
Prfundabachial arery
et Brachialarery ’
e~y BA hBRA [BA BRA
T—— Supravochiararery
‘Deep brachial RR,
ar RR. URA
1
Radl arry
wmon cia
Ulnar collateral Pisosss i o
anteries. L
[r—
fecunen
Ulnar recurrent RA RA us
bl ] s Deep pamar arcn " 2
‘Superficial paimar arch (@) ) © @ (e) o
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Radalarry.
neossoous Ot artr
“arteries. - =

Q) YONSH

@ YONSEI

Simmons 2

33



The 15" Annual Summer Conference on Endovascular Neurosurgical Therapy

ASCENT 2021

)

@ YONSEI

DSA

A C

Fig. 1.—Diagrams of catheter being advanced into aortic arch.

A, Guidewire is advanced into arch of aorta and catheter is advanced
over the wire.

B, After wire removal, the curve of catheter is reformed in left ventricle.

C, Withdrawal of reformed catheter allows entry into aortic arch.

9)

(&) YONSEI

DSA

A Cc

Fig. 1.—Diagrams of catheter being advanced into aortic arch.

A, Guidewire is advanced into arch of aorta and catheter is advanced
over the wire.

B, After wire removal, the curve of catheter is reformed in left ventricle.

C, Withdrawal of reformed catheter allows entry into aortic arch.

DSA

Fig. 1.—Diagrams of catheter being advanced into aortic arch.

A, Guidewire is advanced into arch of aorta and catheter is advanced
over the wire.

B, After wire removal, the curve of catheter is reformed in left ventricle.

C, Withdrawal of reformed catheter allows entry into aortic arch.

@ YONSEI

@ YONSEI
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@ YONSEI
02 univeRsITY

Hemostasis - radial tourniquet

@ YANSH

Hemostasis - Q pad

YN

Complications - radial artery vasospasm

5F sheath

Trans-radial (brachial) angiography

® Pros
1. less invasive for Pt & Dr.
2. early mobilization — no back pain
3. less hematoma
4. femoral saving for intervention

® Cons
1. inaccessible to Lt VA selective angiography
2. vasospasm of arm
3. angio-site ulcer

Thank You

YONSEI UNIVERSITY
COLLEGE OF MEDICINE
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Direct carotid / vertebral approach

. \ - 80/F with ruptured Lt. Pcom An.
Navigation to Target vessels >

Neck Dissection and Carotid Access

(NDCA)

g ol=& HHEl

Dept. Neurosurgery, Soonchunhyang University
Bucheon Hospital, South Korea,

Angiographic result after aneurysm coil
embolization (CE) with 3 GDCs
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Limitation of cranial access throng
another route

=Femoral route

- Can’t overcome aortic
curve due to arteriosclerotic
change

=Brachial / Radial route

- Acute angle of vertebral-
common carotid junction

- Pass through aortic arch for
target vessel approach

Page s 5
Direct Carotid Puncture for the Endovascular
TecumicaLnote | Treatment of Anterior Circulation Aneurysms
K. Nii SUMMARY: We report the usefull f lielmi detachable coil (GDC) by direct carotid
K. Kazekawa puncture for anterior circulation aneurysms. For all 27 patients, GDC embolization by direct carotid
M. Onizuka puncture was safely performed by using a 5F sheath introducer 5 cm long and a Tracker-38 catheter.
n Neurologic deficits and hemorrhage were not found in any patient during the follow-up period. If the
H. Aikawa transfemoral approach cannot be applied, GDC embolization should be considered as an alternative
M. Tsutsumi method.
M. Tomokiyo
M. lko
T. Kodama
S. Matsubara
Y. Go
A. Tanaka

AJNR 27;Aug 2006; 1502-1504

Original Article 505

Direct Carotid Exposure for Neuroendovascular
Approaches

Dong Seong Shin' Ali Yilmaz2 Ayca OzkuP® Dong Kyu Yeo® Sun-Chul Hwang' Bum-Tae Kim'

B
i of Korea Neurointerventional Surgery. D

of N

rkey Korea (e-mait bumtkim@gmal.com).
ent of Neurology. Adnan Menderes Universty, Aydin,Turkey

urosurgery, Soonchunhyang University.
Jumi, Republic of Korea

| Neurol Surg A 2016:77:505-510.

Abstract Objective The transfemoral approach is a common route for catheterization of
the supra-aortic vessels in neuroendovascular therapy. However, in some cases, the

nsuch cases, direct h be
used to treat cerebrovascular diseases.

Methods We present 11
and DCE was the preferred neuroendovascular treatment procedure.

Results DCE was performed on 11 patients with cerebral aneurysm (n = 8), carotid

CF) (n = 1), tumor (n = 1), i
d stenting (n = 1). e S

87 years (mean: 71.36 years). Coil embolization was performed on patients with
cerebral aneurysm and CCF. The patient with a malignant brain tumor underwent

Keywords polyvinyl alcohol particle embolization. The only complication was a carotid artery
= direct carotid dissection that occurred in one patient during stenting.
exposure Conclusion  DCE for neuroendovascular approaches can be used as an alternative for
= neuroendovascular  patients with tortuous vasculature access in the femoral route. In such patients, a
therapy b f treatment gery in a hybrid room
= cerebral angiography  with angiography is preferred.

Page *9

Closure of Carotid Artery Puncture Site With
a Percutaneous Device

Bernardo Massiére, Arno von Ristow, José Mussa Cury, Marcus Gress, Alberto Vescovi,
Cleoni Pedron, Anténio Luiz Medina, Marcos Areas Masques, Paulo Roberto Silveira,
and Salim Jeha

ptients with hostile anatomy is associated with
lenge and associated clinical conditions. The
f a 7.5 Fr sheath, nonintentionally implanted
carotid sheath was removed after introducing
hs then introduced over the wire, successfully
d patency of the carotids, sealing of the punc-
btid arteries. This maneuver allowed the safe
seal) to close the puncture site.

Ann Vasc Surg 2009; 23: 256.e5-256.e7

NDCA

= Save Set up time for coil embolization
- Selection, exchange timeJ L

= Reduce vessel manipulation during catheter work
- Thromboembolic event @
- Anesthesia { %
- Heparin infusion @

= More straight work corridor
- Easy handling

= More secure puncture site due to surgical suture

Page =8 H

Neck incision

Working spaceﬁ space 4}

Working space .
for vessel sutureG i e

Working space
extension {3

Scar {} Scar I}

extension L%

weft recurrent
laryngeal nerve

Right recurrent
laryngeal nerve

Vertical incision
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Muscle and carotid dissection

7

=Carotid artery
- Pulsatile structure
- Easy identification

=Jugular vein/Vagus N
- Lateral location
- Contact Jugular V. first,

- Dissect and retract to lateral location

Page * 11 .m

Mini-symposium for navigation to target vessels

Past work up

Page * 12

Muscle and carotid dissection

= Useless anchoring suture before incision
- Incision line didn’t cross stay suture
- needle work for anchoring suture after incision
= Bulky tool (vessel loop clamp)
- More narrowing working space during vessel repair

Page * 13

Present work up

Page » 14

preparation

Page * 15

Practice (Transverse incision)

Page = 16
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Practice(dissection)

Practice (retractor)

Page * 18

Punctured more distal

N\

A\ '
N S

N
Punctured more proximal

< p— * 7
_ﬁ"‘« &

N 7

Practice(corridor)

clavicle

clavicle

Practice (sheath anchoring and retractor release)

Page = 22
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Carotid Incision

= Carotid direct incision (No. 11 blade)
- Carotid artery dissection {}
- Subcutaneous route: vessel clamp(obstacle), difficult to puncture
- Open space route: more convenient puncture
- Bleeding during incision : use vessel clamp
- Anchoring suture place on incision site
- Clamp release for Wire and Sheath advance: bleedingﬁ

Mini-symposium for navigation to target vessels

Carotid puncture without incision

= Angio puncture needle
- inappropriate puncture: Carotid artery dissection ﬁ
- Subcutaneous route: more ideal angle puncture
- Open space route: more acute angle puncture
- Minimal Bleeding : may not use vessel clamp(experienced)
- More rigid sheath advance: keep gentle and smooth handling

g ,O \ : U TR

Page » 24

Carotid repair
* No. 6 Nylon
- 3 -4 stitch
- Previous anchoring suture
- About 5-minute vessel clamping
- Useful knot pusher

Page » 25

Case presentation

= RMCA UIA
- 65/F

Page = 26

Case presentation
= TFCA (Rt. Innominate artery selection)

Page = 27

Case presentation

Page = 28
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Case presentation

Case presentation

Thank you
for
your attention
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Guiding technique for endovascular surgery

Guiding technique = Craniotomy

Guiding technique for endovascular
surgery

e

oICyetm S Abu 2l

ARl

Contents
1. Anatomy of the Aortic arch

2. Concept of great vessel selection

3. Cases 1.Anatomy of the Aortic arch
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Aortic arch
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Variation of aortic arch
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Aortic Dimensions and Stiffness in Normal Adults*

Syiney, Ausraia

0 ¢)

Young old
(diameter 125%)
(ength 180%)

Figure 1. Typleal Change With Age In the Ascending Aorta

Typical change in the ascending aorta is noted between a 20-yearold (i) compared
with an 80 vear-ald man (roht. The lenath increaes by annraximately 126 ner

Mini-symposium for navigation to target vessels

Age-Related Changes in Aortic Arch Geometry

Relationship With Proximal Aortic Function

and Left Ventricular Mass and Remodeling

Alben Redheuil, MD, PiD,*| Wen-Chung Yu, MD,4 Elic Mousseaux, MD, PuD|
Abmed A. Harouni, PHD, Nadjia Kachenoura, PD)| Colin O. Wa, PuD}
David Bluemke, MD, PHD,§ Jozo A. C. Lima, MD*

Baltimore and Bethesda, Maryland; Paris, France: and Taipei, Tawan
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Normal VS

Acquired aortic arch variants

Typel Typelll Type lll
* Simple angled

H1, Davis...

Reverse angled
Simmons, VTK...

2.Concept of great vessel
selection

Wire, angiocatheter, and technique

Wires and Catheters for Cerebral Angiography

Hydrophilic Wires

1. The 0.035 in. angled Glidewire® (Terumo Medical, Somerset, NJ) is soft, flexible, and steerable.

2. The 0.038 in. angled Glidewire® (Terumo Medical, Somerset, NJ) is slightly stiffer than the
0.035 in.. making it helpful when added wire support is needed.

. Extra-stiff versions of these wires are available for even more support, but they should be used with
extreme caution because of the tendency of the tip to dissect vessels.

™

Catheters (100cm, 125cm)

Many catheters are suitable for cerebral angiography (Fig. 2.1). As a general rule, use 100 ecm long
catheters that have a curve that allows selection of the vessels from the arch. Simpler curves (¢.g..
Berenstein curve) are adaptable to many anatomic situations and are most appropriate for young
patients with straighter vessels. More complicated curves (e.g., Si curve) help deal with more
difficult aortic arch anatomy.

45



The 15" Annual Summer Conference on Endovascular Neurosurgical Therapy

ASCENT 2021

Guidewires

Angiocatheters, 5F

Flush Catheters

\/ IR4

Headhunter Headhunter
" W m é_ SIM3
°) = -
]1 VTK

@\ N1

P —

NEURON
H

Navien 5 115125130 em
Nevien & 105, 115cm 0084 0072
Microvention SOFIA SF 115,125 cm 0068 0055
SOFIA 6F nsem, 00825 0070
SOFIA 6F Plus 125,131 0825 o070
Suyker AXS Catalyst ns132am o3 0058
AXS Catalyst 6 132am 0079 0060
DCA6 Fr (4F1 S Fi) 105, 12000 0083 0070
Codman EnvoyDA 95,105cm 0080 oon
EnvoyDA XB 95,205 cm 0080 oon
CRevivelCSE | 115125 0067 0056

105,115,125135 cm

120 cm,130 cm. 95cm 90,110 cm

SFr 5Fr 009"

0040 0059" 0074

H1, S, Ber Swaight MP1, 81, JB2, VI H1,
oy P

Guiding catheter size and length

* Envoy 6F (100cm) + Terumo 035
* Envoy 6F DA (105cm) + Terumo 035

* Envoy 6F DA (105cm) + VTK 125cm + Terumo 035 (stiff)
Co-axial

« Shuttle 80cm + 6F Sofia (115cm) + VTK 125cm + Terumo 035 (stiff)
Double co-axial

* Flowgate (8F, 95cm) + Catalyst 6 (6F, 132cm)

L)

e of Cerexoasesr and Ercoasctn
O 2301 2287150 g 105 201921 15

Original Article

and di: of the ENVOY 6F distal
access guiding catheter in endovascular coiling for
anterior circulation aneurysms

JinWook Baek'", Sung Chul Jin®, Sung-Tae Kim, Young Jin Heo!,J Yeon Han', Jung Hwa Seo’,
Sung Hwa Paeng’, Jung So0 Kin', Hae Woong Jeong, Young Gyun Jeong?
TDepartment of i / Neurdlogy. e Universy Busan Paik Hospial “Oepariment

Diagnostc
o /. e Universiy Hacundae Fak
These authors conriered oqualy to ths paper
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an appropriate guiding 1o o bt sk 019 11510
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essental s Focs et e i ey i
evaluate the advantages and disadvantages of using the ENVOY 6F dstal "™
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DA guiding catheter from May to November 2016, We ana- 1o 25194144
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Turning the catheter anteriorly in the aorta - steer the catheter

1.Tip is pointing posteriorly. Movement is discordant.

Selecting the great vessels: Establishing a stable catheter
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Free paper | : Ecstasy session (Troubleshooting for difficult cases)

Distinguishment the ruptured aneurysm at multiple
aneurysm

Heejin Bae

Department of Neurosurgery, Myongji Hospital

Objective: Distinguishment ruptured aneurysm from unruptured one is paramount at subarachnoid
hemorrhage patient. There are several factors to distinguish such as morphology, size, location, and imaging
finding. Nevertheless, we should remember there could be atypical case.

Result: 63-year-old woman visited emergency room complaining dizziness. Subarachnoid hemorrhage was
diagnosed with brain computed tomography (CT), and 2 aneurysms were found at right middle cerebral
artery bifurcation (MCAB) and posterior cerebral artery (P1). The aneurysm at right MCAB was thought
ruptured due to its characteristics (larger size and having bleb). The aneurysm neck clipping surgery for right
MCAB aneurysm was done, revealed the aneurysm had not rupture. Stent-assisted coil embolization for P1
aneurysm was followed surgery. Patient recovered well, and discharged.

Conclusion: Even there were some parameters to distinguish ruptured aneurysm from unruptured one,
none of them are definite. Thus, we should focus to find ruptured aneurysm out as possible as accurately,
and prepare when the aneurysm suspected to be ruptured is not ruptured.
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SAH and dissecting aneurysm of ophthalmic artery

So Yeon Kim

Department of Neurosurgery, Catholic Kwandong University International St. Mary's Hospital

Objective: A 40-year-old male patient visited ER presenting a sudden severe headache during sexual
intercourse. Noncontrast CT showed Fisher Gr 3 SAH along the Lt sylvian fissure, suggesting aneurysm
rupture. However, emergent cerebral angiography revealed no rupture aneurysm but mild bulging at Lt
ophthalmic artery.

Methods: The patient was suffering from a moderate headache but follow-up CT angiography and MR
angiography showed no suspected aneurysm. However, cerebral angiography underwent at rupture day
#8, mild bulging at Lt ophthalmic artery became bigger and evolved to a 2m sized aneurysm, suggesting
ruptured ophthalmic aneurysm. Coil embolization was planned for the obliteration of the ruptured
aneurysm.

Result: The selection of an ophthalmic artery orifice was quite easy, but the advancement of the
microcatheter distal to the aneurysm was very difficult. After several trials, microcatheter selection to the
aneurysm sac was finally achieved by inflating a hyper-complaint balloon supporting the microcatheter.
Coil embolization was successful with effort, and the patient's condition was good even after the delayed
procedure. Nevertheless, follow-up angiography underwent a week after revealed further aggravation of
dissecting segment. After balloon occlusion test for ECA to ophthalmic artery collaterals, ophthalmic artery
occlusion with coils and ICA stenting was performed.

Conclusion: This is a rare case of an ophthalmic artery dissecting aneurysm presenting with SAH. In serial
follow-up angiography, it showed a consistent change of morphology. After evaluating ECA collaterals,
parent artery occlusion was performed at last without complications.
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Treatment of symptomatic partially thrombosed giant
fusiform aneurysm of basilar artery

Jae-Hyun Kim, Chang-Hyun Kim, Chang-Young Lee

Department of Neurosurgery, Dongsan Medical Center Keimyung University School of Medicine

Objective: The natural course of symptomatic Partial thrombosed giant fusiform aneurysm of basilar artery
is devastating. Therefore, various treatment methods have been introduced, but a definitive treatment has
not been established yet. We report a case applying parallel and telescopic stents first with interval period in
one patient and then implanting flow diverter.

Methods: A 42-year-old female patient showed old pons infarction and Partial thrombosed giant fusiform
aneurysm of the basilar trunk, parallel and telescopic stent deployment was performed as the first
treatment. An progressive enlarged basilar aneurysm was observed on the 12 months followed cerebral
angiogram. Unintentionally, additional flow diverter was implanted through the preexisted conventional
stents as a second treatment.

Result: The patient had recurrent pons infarction, 3 months after the first treatment. However, the
symptoms resolved with mRS 0. The flow diverter deployment as a second treatment was technically
successful.1 year later the procedure, complete occlusion with minor residual filling was observed on the
angiography. However, there was no change in the size of aneurysm with mass effect on brainstem in MRI.
The patient was observed no other neurological symptoms or recurrent ischemic events at 24 months f/u.

Conclusion: For the treatment of Partial thrombosed giant fusiform basilar aneurysm, an established optimal
treatment has not yet been introduced. In this case, fortunately, effective occlusion result on the angiogram
was obtained through chronological parallel and telescopic stents deployment and then flow diversion
stent insertion. However, it cannot sure that the aneurysm was cured, because the size of aneurysm was
not reduced and histological changes within the aneurysm were unknown. Therefore, remained issue
of treatment for symptomatic Partial thrombosed giant fusiform aneurysm of basilar artery should be
continuously elucidated.
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Successful rescue from desperate complication; retrieving
damaged stent and migrated coil with another retrievable
stent - A case report

Sung Chan Park, Soon Chan Kwon

Department of Neurosurgery, Ulsan University Hospital, University of Ulsan, College of Medicine

Coil migration is relatively well-known complication and there are many reports for removal of migrated
coil. However, dislocation of stent with migration of coil may be an extremely rare case. A 52-year-old
woman underwent a coiling for Lt. distal ICA An. During procedures, stent was mal-positioned to proximal
and damaged, and detached coil was migrated to distal M1. The coil and stent were retrieved by Solitaire
Platinum stent. We want to report extremely rare our case and technical tips.
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Onyx embolization of dural AVF in the superior sagittal
sinus region using external compression and direct open
access: A case report

Seonjun Jeong, Dong-Kyu Jang, Byung-Rae Cho

Department of Neurosurgery, Incheon St. Mary's Hospital and College of Medicine, The Catholic University of Korea

Objective: Dural arteriovenous fistula (DAVF) in the superior sagittal sinus (SSS) region is difficult to treat.
A very tortuous anatomical course sometimes hampers the access of fistula point through MMA or scalp
artery. We here report a DAVF case in the vicinity of mid-SSS treated with IA onyx embolization through
external manual compression and direct open access.

Methods: A 69-year-old man presented with post-traumatic intractable seizure at 5 months later after
multiple cerebral contusions due to falling was diagnosed with DAVF in the region of mid-SSS. Brain MRI
showed high signal change on both frontal lobes and left parietal lobe. EEG displayed occasional spikes in
the left fronto-temporal region. Diagnostic angiography showed Cognard type IIB with feeding arteries of
both superficial temporal arteries and occipital arteries, left middle meningeal artery (MMA) and cortical
venous reflux and normal SSS function. Intraarterial (IA) embolization was planned.

Result: As left MMA was very thin and not a main feeder, but scalp arteries were main feeders, IA onyx
embolization through left STA anterior, middle, and posterior branches super-selection using external
compression technique for microcatheter navigation and prevention of onyx reflux and too extensive
spreading into normal scalp arteries achieved subtotal occlusion with remnant small shunt from right
OA and STA branches without cortical reflux. The following day after first IA embolization, seizure attack
persisted. Therefore, remaining fistula was treated with onyx embolization through direct open access of
right STA parietal branch under the C-arm angiography because right external carotid artery had a severe
tortuous course. Complete occlusion was achieved without any complications.

Conclusion: In a specific case of DAVF in the SSS region with difficult access but dominant scalp feeding
arteries, external compression technique and direct open access may enable successful IA embolization.
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Use of a rigid-tipped microwire for the endovascular
treatment of cavernous sinus dural arteriovenous fistula
with a membranous stricture

Jung Cheol Park

Department of Neurosurgery, University of Ulsan College of Medicine, Asan Medical Center

Objective: Transvenous embolization (TVE) via an occluded inferior petrosal sinus (IPS) in a cavernous
sinus dural arteriovenous fistula (CSDAVF) is challenging, often requiring navigation of a microcatheter
through resistive strictures between the occluded IPS and dilated cavernous sinus (CS) sac. We report a
cases of successful target access by puncturing the stricture with a rigid-tipped microguidewire (Conquest
pro 12 [Asahi Intecc Co., Ltd]), initially designed for the cannulation of chronic total occlusion (CTO) during
coronary artery revascularization.

Methods: 52-year female patient was underwent procedure using the CTO wire during TVE.

Result: Despite successful access through the occluded IPS, further entry into the target region was not
possible due to the strictures within the venous sac. However, puncturing the strictures using the rigid-
tipped microguidewire was successful. We advanced the microcatheter over the rigid wire for additional
navigation to the fistular hole, and achieved complete occlusion of the shunt without complications.

Conclusion: We overcame tight strictures, which seemed otherwise impossible to pass through with
standard guidewires and microcatheters, using a rigid-tipped microguidewire in the cannulation of the
occluded IPS for the TVE of a CSDAVF.
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Treatment of symptomatic tandem BA & V4 severe stenosis

Hyun Wook Park

Department of Neurosurgery, Busan Bumin Hospital

Objective: Several reports have demonstrated the feasibility of basilar artery(BA) stent in symptomatic
BA stenosis. But, concerns about stent of BA have included the risk of occluding the ostia of the pontine
perforators by compression of the plagque. We report our experience with stenting of V4 stenosis in
symptomatic tandem BA and Lt. V4 severe stenosis.

Methods: A 78-year-old male presented with intermittent dysarthria and quadriparesis that had occurred 5
days before admission. Brain CTA and Diffusion MRI was done which demonstrated tandem BA and Left V4
severe stenosis, and no acute infarction. TIA was diagnosed and aspirin and clopidogrel were prescribed. 8
days later, he revisited with severe dysarthria and quadriparesis Gr IV. Diffusion MRI showed acute pontine
infarction. TFCA showed 89% stenosis in Lt. V4 stenosis, 85% stenosis in the BA, and Rt. V4 had no stenosis.
We should decide on stent treatment of BA severe stenosis. But, the risk of infarction in symptomatic
BA stenting is high. So we decided to treat only Lt. V4 stenosis with a stent. Procedures were performed
using Gateway balloon and Wingspan stent and there were no procedure related complication. He was
discharged 7 days later with recovery from dysarthria and quadriparesis. Currently, he visits the outpatient
clinic alone without neurological symptoms for 1 year.

Result: BA blood flow is supplied by both V4 blood flow. Therefore, we thought that BA blood flow would
increase if the blood flow of the left V4 was improved by stenting. For this patient’s symptomatic BA
stenosis, we thought that BA stent treatment would increase the risk of exacerbation of pontine infarction.
Therefore, the progression of pontine infarction could be prevented by improving left V4 blood flow by
stenting.

Conclusion: When both BA and unilateral V4 have symptomatic severe stenosis, the risk of pontine
infarction can be prevented even if unilateral V4 blood flow is improved by using stent.
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Neurostimulation & clinical application

Neurostimulation
&
Clinical Application

2021. 06. 25.
Yong-An Chung, MD, PhD

Deep Brain Stimulation
o SR
=0
N IV

=9

Tremor, FDA 1997
Parkinson's Disease, FDA 2002

%Medtronic

Vagus Nerve Sti

ial Magnetic Sti

Epil , FDA 1997
plepsy Depression, FDA 2008

Depression, FDA 2005

Cyberonics

Google gsh

NEURONETICS

B
r
o
o
o>
it
"
N
oIr
[
1}
N
>
oo
0z
i}
oy

J|E X2 Bl

e 2|2 s Ao
01 publf@ed Tt 7|y
350
300
250
K\f
o Vi
= - = /!
0 1M B8 2|t Y
1990 1995 2000 2005 2010 2015

™S

tDCS

TMS tDCS LU Q15{7t HE

Depression
Pain

None

Depression
Mood Disorder
Schizophrenia
PTSD
Parkinson’s Disease
Pain

Depression

Depression
Anxiety
Addiction
Stroke
Pain
Migraine

Depression
Stroke

63



The 15" Annual Summer Conference on Endovascular Neurosurgical Therapy

SCENT 2021

Neuromodulation

- MII/RP| So oUR], EEtE R SOl 2 RS2 0830 LMY J|5e 2Ete Tl
(cf. brain stimulation, neurostimulation)
< A&H(nvasive) £ HHEH(non-invasive) 7|22 &
- HEN: il"""}% s
- HESN W7IZERY, FFMAIIAS, BEAHHEAS, BF
« HIlsol gy A ARE =F 22
+ E|npshofst AT0M #EH SRH0| AR
ZEGoRM X X M 7|58 RHE 71&0| DR

22

HOFEA, 22 £ MZ2 20| 7|58 Koz
Y7|z2 UH

HEH Y BEIIE =
HEE HX5E

BRAIN

STIMULATION

¥ B
I ¥ X%
FATTIE 45 AT
hd e s5-m8 wumy
SuAA0 58 iRz
TH54 Al

Neuromodulation 7| &2| 58’4

o CRUSH L RBHO| CH3H X|B 7|22 MOl THs N
- T AYOIM FEXZ, ANBEXE SO Hleh Ha| ABEIRE R
.« J|E X|20| 82 HO|X| o BROA S K23 CfO EE WX
© k| S YU ERUE THS S0 71E B34 s vl M

sz0| 58

o e 7| oM el 28 Tt
< JIEOE H 7ls HTE ol HEF/QY S8 Qs Ko £ 0| 4 E BAte| QK| YA,
Y& 5o pss uE
+ Neuroimaging 7|21t &7 neuromodulation2 2 £7 & H%/3|22| 7|5 ZHSHBA QIX|, HAM,
=

& Ato|2] QIaHEA 7% U brain mappingOl 23+
QX715 gy A

Y& SO vdts pEgoz N L-0r3-
Z72 28 7Hs (Ol functional knockout &

ro] MFEMS

Dendrite -> cell body -> axon2| Y&2 2 neuront| ®7|H Mz FE
Synapse0| A& M AT EE H(neurotransmitter)S 0|-&30] 0|2 neuronS & oHatH Mz Mg
2 MZ7tA Y (neuroplasticity) S SAAIFA L AAS| 2| Fx0t 7|52 Bist

Ny #

Neuromodulation®] gH= 5‘. g2

Response of il

edu

H7|1Z- QY (Electroconvulsive Therapy, ECT)

- 10304t AN E Ky O HYEH HFET Nl
- slo) 28 Y| K3E Koo B REHORM &
. 9EX|E, BAKZEE X2 $28 HOR @
AR (O: SFERB /AL 91%40] &
- A2 w28 4 37t Helk g0l b
myA2e =9 BRSO 88

- UR YN 58

9 o|U= EIV} 2T, % AH-O|

https://www.dailymail.co.uk/

| MEXL (Deep Brain Stimulation, DBS)
- SARO| HAE Helelol WINOR XI%E AEN NAXT N8
« & MRI E4S =ol5tn 22 Sof T3S EH AR 4
« HRE ZESts WRLUYHAIS o2 ofef mle Lojl o4
o MIIXF0| K& 2 |X|E|0 H7|et Bz St A =H Tts
. TUAHD e Y A%, 59 21 § AFYN 25 K| 5BE 9o} DeEYOD, LAY
2ex0lg 2ROl A20lE 2751 S
- WF HYUS 9T 0 E /Y
- 2Y 9 ZYo 742 Ui ESX|B LAIH0|D FOj3 ofX|2lF, 7|8 Het 2 & 21
. H3el AE EEE| G Al 53 Y $RE0| L2t + U8

ZAEINXt7| X3 (Transcranial Magnetic Stimulation, TMS)

- SO obto] 9iKg HAIRYE B AIF0| £HBS Bl KA 20| FOB 0N HEE
RES0 B HY0| BES FHSHE MY Jle

- 2yl IR > 2L FEol ALK > el el HIoJLix]

- DR AL IS B, NEL AT Tl o

. STl 5 TR0l BCHE B/ 2% FOHD LAY £5, £1 ¥HY 5

-
-

Curent
in ol

O
I N

Magnetic
field
™S coll

Electric curent

Skull

Ridding et al, 2007; Oreardon et al, 2007

Okun, 2012

64



Symposium I: Interdisciplinary session

ZEI)X}7| X} (Transcranial Magnetic Stimulation, TMS)

. 98 BOl ZNY S T LAY 27|42 ARE0| HOH, 20084 HLEH K2 ¥2S RO|X|
e FR2H0 20| st XZHOE 0] FoA 59
5

|
Ol A 30~50% T2 P2% 0 BHX0|A X2 S X 20~30%01A 2H3H (Berlim, 2014)
x| 8-S B F 62%7F K| 23t ]| (Dunner, 2013)

Mo i
ol 2
2
>
T
g
[
r
=2
mn

MADRS Response

AEINXE7|XH=2 (Transcranial Magnetic Stimulation, TMS)

« XHEEHE I3t neuro-navigation X robot-arm A|AE JHg

53 2w -
H -~

. NADRS Renission
& Depression b stroke (150% Improvement from Baseline)
A
7 -
H
High-frequency i &
= :#fl:xs—frequency - i@ -
Wt ke s
e e == BHE IR !!01 !‘i‘ ﬂﬂi““
(O
O
Low-frequency Low-frequency
™S TMS
Ridding et al, 2007; Oreardon et al, 2007
ZAEIWEF XS (Transcranial Direct Current Stimulation, tDCS) FIHE JXS (Transcranial Direct Current Stimulation, tDCS)

o SO0 £ S0 MF ALO|2 oF 1~2mAS] O|H| ARHRE Jtst0] 7|5 ZESE HIAET J|E
. Yoz U432 HME Byg 332 oX

« ES MM g 15-308 FE HBD 13~53 HE It

« TMSO HIg| ZbE D Ztonf M B portable 7172 HE Tt

© P23, 5FF S0 ofE N2 A yyelo Ux7is g4 AT &

ad
« YR F05ta AN WEAY, T, £8 S EX

[ /__\ Directionof
% current flow.

+ tDCS A

of ofjA|

https://wwwybrain.com/

ZSNEF XIS (Transcranial Direct Current Stimulation, tDCS)

« Byl AX7Is OjX= YO thet A7 (Van Meel, 2016)

Relevanttask  Irrelevant task

CORRECTI

FouT! FouT!
Hetwasauto  Het was vertikaal

~—— anodal stimulation = = sham

threshold (in ms)

Van Meel et al, 2016

ZSINE FXIT (Transcranial Direct Current Stimulation, tDCS)

- 923 ZTOANTO, RXHOIUND, H1FF S £715 014 BAES U YL ey
- 7Hel slol BB Xto|g RSt $I3 F7| O]LAX] HE simulation & modelling BT

(6708 B7] 2=soloiX|of X2 & elx|7]52| 2]

o 3.3 @ | Plresdmzi () Plorteacion =009
© |
= 433 £

> ]

i = i i

g 333 ., i

EE) - H

=
oo L
| [T — Busdne Folowtp
10— -
| —
3 r
AN UPEH AT WA NOCS  BREN+OCS A Suni0csgup
Subject $12 Subject$13
a1 81
9] 057 (v/m) L 062(V/m)

Brunoni et al, 2013; Im et al, 2019

65



The 15" Annual Summer Conference on Endovascular Neurosurgical Therapy

CENT 2021

El

t2tolEjof mat o] 20 X5

Coupling gel
Applicator

Transducer

tracker transducer

FUS

transducer Coupling
hydrogel

Sonication Sonication

10mm

Jeong et al, 2021

AENE &% 81 (Transcranial Focused-ultrasound, tFUS) AEINH & X2 (Transcranial Focused-ultrasound, tFUS)
« ES HHATIX g Mo ot + MRI/CT 7|Hte| SHRE LiH[A0|H 7|&at Zetsto] 70l HEd WY EHAE Tts
HYSHA (5 mm 0|2t SZHsl 4

w\%"ﬂ ‘“/
N ~~/ww {;\.

iy \‘ll

‘Al A "W! y ]?

tFUS HE =

o1

Solofx|of &

IRFO| | EGOIAL By

Lee et al, 2015
ASFINE &% 2T} (Transcranial Focused-ultrasound, tFUS)
o MAZCSE QX HE ATs £7| AR, LXSIOINK|N, REF, 2HUS, AYGEEYLZ QI3
SR, HFHEE 55 HAE S CYE 1T HRE A YHATI AE 5Y

« =|met tFUSE 0|83t brain-to-brain interface 421 F G

BCI Motor imagery EEG Sensory cortex FUS CBI
o Sender i Receiver
mputer omoduyl;

Interface Qevt top,

I

% Frequency(2) 50)

Left / Right BCI signal Internet [ Activation of Left/ Right Sensations.

motor imagery [] detection of mu rhythm change LiR FUS for stimulating the S| on the hand
31km

Lee et al, 2017

ARC =0.651
-10

B

m amit tFUSE 0|8 @ X 5H0|Of X|0f BHAFO| b H BT UA| Y
Lee et al, 2015 Jeong et al, 2021; Rezai et al, 2020
AENE&X21T} (Transcranial Focused-ultrasound, tFUS)

Pahk et al, 2017

66




Symposium I: Interdisciplinary session

Cingulate
gyrus

Tmnclcerz

Transducerd

"0 Cingulate gyrus

-

I Transducer
bLPFC

Cingulate
gyrus

2749 transducerE 0| 8%
Ct£7 simulation

Simulation modeling

Simulation Result

Neuromodulation 7|&2| &7H W

. CIs IfRl0jE| ZSof Cfet S X Hs) RS
- EF 5| @Oo] 9iK), X2l MII/AISAIZ/AME 5
-+ Tefolgel ol ols| 5 2 Nl Hibsl of2fg
. jQlE B4 9 LA SAS was 2EE X2 72 Y
. JjoIE Cigist merolo] @Bl chat 24

HHSe

+ Neuromodulationdt SA|0fl fMRI/=|TH §2| &[4
MAZtez 2Astn MAXH Oieto|E S 2| H st

TABLE 1 Dotk of vers which ca s e o and

o Variale tatons
varabity

Soge v

Stoges f e mersusl ke
20

[ —

[Ees——

Thair et al, 2017; https://soterixmedical.com/

Neuromodulation 7| &2| 7T gt

« [ MZFSE JIHo of AP
o HFsto| HMHS|2 0|4 7|H U neuromodulation®| E L A QI A8 7| FMofl i3 AP LR
- HUP HEYIS Hats £ H P Ao BYy/H 2 YstZ tastd £ Qg
- YR AROIM £ AIX|7|50] S g, Ch2 QIX| 7|50 XKoot o LtEto| B g
- SERY Y Ciet H[YUS 0|83 K75 Bt X X2 B o anor g
« ke Yo et B
« MY ol FII HE Alel matet obE ol tiet AT
- ZEV|O 20182 o molof Tt A
- ADIEE/RI0f2S ClHo|A S3F AEE e R7F Mol tht HH Y AE X M=X FA| of
- HIYYH 7Y ART|7|20] #E e B (Lutelo] AR7|S ¥y, 2B A XE §)
A c .
s l g
Unrssound vansduosr H 2 /
§
Gel mound. ] .E o
¢ s
o TS i I‘ b

Walsh, 2000

e e Auheimers

Research & Therapy

®

Changes in cerebral glucose metabolism
after 3 weeks of noninvasive electrical
stimulation of mild cognitive impairment
patients

Fongsh Y, Uk Sorg™ and Yo 20 Chung

Results' We showed that regular and relatively long-term use of tDCS swgmﬁcam\y increased regional cerebral
metabolism in MCl patients. Furthermore, subjective memory satisfaction and improvement of the memory
strategies of participants were observed only in the real tDCS group after 3 weeks of stimulation.

Conclusion: Our findings suggest that neurophysiological intervention of MCl could improve glucose metabolism
and transient memory function in MCI patients.
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Effects of 6-month at-home transcranial direct current stimulation on )

cognition and cerebral glucose metabolism in Alzheimer's disease =
jooyeon Jamie Im ', Hyeonseok Jeong *, Marom Bikson *, Adam J. Woods

Goate Unl i Kyoung O - Seunghce R Jong i Park”, Helena Knotkova ',

In-Uk Song ***, Yong-
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Results: Compared to sham tDCS, active tDCS improved global cognition measured with Mini-Mental
State Examination (p for interaction = 0.02) and language function assessed by Boston Naming Test (p
for interaction = 0.04), but not delayed recall performance. In addition, active tDCS prevented decreases
in executive function at a marginal level (p for interaction < 0.10). rCMRglc in the left middle/inferior
temporal gyrus was preserved in the active group, but decreased in the sham group (p for
interaction < 0.001).

Conclusions: Daily tDCS over the DLPFC for 6 months may improve or stabilize cognition and rCMRglc in
AD patients, suggesting the therapeutic potential of repeated at-| homc tDCS.
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Transcranial direct current stimulation for online gamers: A prospective

single-arm feasibility study
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Results: After tDCS sessions, weekly hours spent on games (p =
IAT (p <.001) and BDI-II (p = .01) were decreased, whereas BSCS score was increased (p = ,(Jl), Increases in self-
control were associmd with decreases in both addiction severity (» =.002) and time spent on games (p =.02).
M t | right-greater-than-left y of regional cerebral glucose metabolism in the DLPFC was
partially a]lcumul = 04) Conclusions: Our preliminary results suggest that tDCS may be useful for reducing
online game use by improving interhemispheric balance of glucose metabolism in the DLPFC and enhancing self-
control. Larger sham-controlled studies with longer follow-up period are warranted to validate the efficacy of tDCS in
gamers.
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Effects of transcranial direct current stimulation
on addictive behavior and brain glucose

A pilot clinical study of low-intensity
transcranial focused ultrasound in

HELENA KNOTKOVA®, MAROM BIKSONY, IN-UK SONG',
SANG HOON LEE" and YONG-AN CHUNG'***

9 @0, 01021
oo

_ Results: Significant decreases in time
spent on gaming (P = 0.005), BIS (P = 0.03), BAS-fun seeking (P = 0.04), and BAS-reward
responsiveness (P = 0.01), and increases in BSCS (P = 0.03) were found in the active tDCS group,
while decreases in IAT were shown in both groups (P < 0.001). Group-by-time interaction effects were
not significant for these measures. Increases in BSCS scores were correlated with decreases in TAT
scores in the active group (8 = —0.85, P < 0.001). rCMRglu in the left putamen, pallidum, and insula
was increased in the active group compared to the sham group (P for interaction < 0.001). Discussion
and conclusions: tDCS may be beneficial for problematic online gaming potentially through changes in
self-control, motivation, and striatal/insular metabolism. Further larger studies with longer follow-up
period are warranted to confirm our findings.
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frontal gyrus (P<0.001), middle cingu
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Results: The sonication, as anticipated, did not show evidence of active blood-brain barrier
opening on T1 dynamic contrast-enhanced magnetic resonance imaging. rCMRglu in the superior

late gyrus (P<0.001), and fusiform gyrus increased after

tFUS (P=0.001). Patients demonstrated mild improvement in measures of memory, executive,
and global cognitive function following tFUS. No adverse events were reported.

Conclusion: These results suggest that
beneficial effects on cerebral glucose

hippocampal sonication with low-intensity tFUS may have
metabolism and cognitive function in patients with AD.

Further larger studies are needed to confirm the therapeutic efficacy of tFUS in AD.
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The Computer Aided Diagnostics Algorithm and Intracranial
Applicable Catheter of Intravascular OCT

The Computer Aided Diagnostics Algorithm and

Intracranial Applicable Catheter of Intravascular OCT
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Intravascular Optical Coherence Tomography (IVOCT )

* What are the advantages?

1) Y Yo o U &%
2) IVUS 2Lt SHi4+ =7} 106
3) HEE I LY
4) 422 2 Y2 HEH G

D2 2PN A4 EE 77t 52

ol-

3otz 717

1, 3 S5 BE
4

o
S
S
olr
S

IVOCT B4 M| #2025 AT DM

© QA U EY% Hoi2|(blood clot) 33 L7 UM 2
2 510 ST LS E ur &

H2 29

25 g
SEB UPY B 224 0|1 22M FA HE2 Wl

+ 700/ Sj0[0), AUE AEH TURE Ly e AT
- 700[ Sfojofs FHEIEIE THO[ St SER Ag
-4 39 94, NS BUE A FEf2 By

o 2
- 2 2R S BB UY YRR HHA U3

= =

Guide wire

Lumen

Assessment and Quantification of Intracoronary Thrombus
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*Optical coherence tomography asessment and quatification of
intracoronary thrombus: Satus and prspectives (lalo Porto, 2015)

Research Hypothesis

Research Hypothesis

Key Words: Thrombus, Lumen Segmentation, Lumen Classification, Machine Learning

Research Objective

* AFully Automated Lumen Segmentation Algorithm

* Normal/Abnormal Lumen Classification

Normal
Frame

Abnormal
Frame
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Characteristics of IVOCT Images
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Uncovered Stent Struts 22 % 3X1¢l A| 23}
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Coordinate Transformation and Removal of Catheter region

Catheter line region Ay=rcosf, A, =rsing

Lumen area

- 2 2 -
Vessel wall layer r= A’ 44" 0= tan 1(%)
¥

Shadow region of
the guide vire

Ir,6)=0 forr<D/2+c(5)

Initial lumen edge detection and Removal of guide wire’s shadow

Inputimages

Output image

Stent struts detection and Fill the shadow region
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F. Stent struts detection and Fill the shadow

region Z1}

Irregular Lumen Segmentation using Active contour model

* Result of lumen segmentation using Active contour model

Active Contour Model Principle

nitial Curve

RN Final Curve

* Polar transformation and comparison with the original IVOCT image
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Thrombus Extraction and Uncovered Stent Removal using Convex-Hull

Comver-Hull Image

Lumen Extraction Result ‘Thrombus Region

Convex- Hull Principle

Shape Feature and Texture Feature Extractions

Fale — © W19 Y 84T 5019l 32 4 3
No. + PatitionMemberShip FilterS A3} 2|49 Feature Vector %
12 Fourier Descriptors .
3381 Gray-Level Co-occurrence Matrix 9
8 GLCM-Homogeneity The WEKA 38.1 has the Partition-Membership Filter that
8 GLCM-Energy can apply any PartitionGenerator to a given feature vector
8’} GLCM-Corclation to get these filtered vectors for all instances, The Partition-
8 GLCM-Contrast
36 GLOM-Entropy Membership Filter that uses a PartitionGenerator to
87 Circularity generate partition membership values: filtered instances
8 Mean Curvature are composed of these values plus class attribute and
) Gaussian Curvature _
make as sparse instances.
90 Compactness
9] Solidity + £ 671219 Machine Learning model A},
92 Absolute Mean Curvature Support vector machine (SVM), AdaBoost (AB), J48,
93 Bending Energy

Random Forest (RF), Naive Bayes (NB), Bagging.

Flow chart of entire process

Segmented Training set

+  Shape Feature

* Texture Training
Feature

Classifier
Image Processing
Feature Extraction

+  Shape Feature
Coordinate Transform :

Abnormal Frame

Noise Removal

Sinusoldal Gaussan Fiter . Texure

Lumen Segmentation using Feature ¢ Accuracy: 98.2%

Active contour model

Manual Segmentation (MS) vs Automated Segmentation (AS)

Non-stented Lumen| Stented Lumen

Normal Lumen Abnormal Lume]

Uncovered Stent Blood Clot

Performance of our Segmentation Algorithm

Methods Equations + Jaccard similarity coefficient (JSC)
I8¢ ‘ * Dice similarity coefficient (DSC)
* Mean absolute difference of area (MADA)
DsC
+ Average symmetric surface distance (ASSD)
MANA il * Root mean square symmetric surface distance (RMSSSD)
1 + Hausdoff distance (HD)
PR + Accuracy (ACC)
ASSD :
T ds Smp T d(Sy.S0),
R
F(RREER
RMSSSD
(8,3
HD
ACC

Performance of our Segmentation Algorithm

Case (Numbers) JSC DSC  MADA ASSD Hausdorff RMSSSD

Total (1541) . 2) 027019) (0.007)  0.061(0.013)  0.036(0. 98.9(1.2)
Non-stented (627) 9 . 8) 0.18(0.06)  0.030(0.004) 05 32(0.005)  99.4(0.5)
Stented (914) 9 X 0.32( 0.035(0.008)  0.06 0.038(0. 98.6(0.9)

Normal (1227) 2) 0260200 0.033(0.007) 0 0.035(0.00 99.0(0.8)

Abnormal (314)  94.9(5.5) 9 031032 0.0 009) .064(0.0 0.038(0.010)

Uncovered Stent (1

%) 95.003.4) 9) 041037 0.037(0.011)

0.040(0.011)

Blood Clot (66) 96.1(3.0) 045045)  0.041(0.012)  0.071(0.021)  0.044(0.014)  97.9(2.0)
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Relationship between MS and AS
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Performance of Artificial Intelligence Models

Total 14027 frames contining I

regular frames

ROC Curves of all lassifiers
essiers

Classifiers ACCURACY ROCarea  PRCarea

i

Bagging

w1 ow oo
False positive rate

Performance of support vector machines (SVM), andom foress (RE), Bagging. Decsion tre (48), Naive Bayes (NB),
and AdaBoost (AB) scoe on clasifcation. PPV, positive predictive value: NPV, negative predictive value; ROC ara,
Receiver operating characteritic curve area; PRC are, Precision recal curve area.

w w oo

Compare with related works

Case (Numbers) JSC ASSD Hausdorff

Wang (2010) 0.07(0.05)
Unal (2010)
Tung (2011)

Tsantis (2012)
Ughi (2015)

Macedo (2016) 7 97.3 0.19 0.15(0.09)

Our Algorithm 5. . 0.27

0.033(0.007) 0.06(0.01)

0.040 99.0

0.036 98.9(1.2)
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Stroke rehabilitation at present, and in the future

STROKE REHABILITATION AT st B A )
PRESENT, AND IN THE FUTURE
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EFFICACY AND SAFETY OF VERY EARLY MOBILISATION
WITHIN 24 H OF STROKE ONSET (AVERT): A RANDOMISED
CONTROLLED TRIAL

* Total 2104 pts recruited 2006 to 2014
* large multicenter/intercontinental patient population
* 5 countries in 3 continents (Australia/New Zealand, Europe, and Asia), 56 acute stroke units

« very early mobilization(VEM) within 24 hours after symptom onset with usual care in patients with
ischemic or hemorrhagic stroke without significant coexisting comorbidity or premorbid disability

* Measure; mRS score 3 months after stroke, 50m walking,
* >18 yr, admit to stroke unit within 24h of stroke onset

* (1) begin within 24 h of stroke onset; (2) focus on sitting, standing, and walking (ie, out-of-bed) activity;
and (3) result in at least three additional out-of-bed sessions to usual care

* At3 months, fewer pts ini VEM group had favourable outcome
* Poorer outcomes ¢ VEM in pts ¢ severe stroke and ICH but not statistical significance(p>0.05)

The Lancet 2015
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EFFECTS OF INNOVATIVE WALKBOT ROBOTIC-ASSISTED
LOCOMOTOR TRAINING ON BALANCE AND GAIT RECOVERY
IN HEMIPARETIC STROKE: A PROSPECTIVE, RANDOMIZED, .

EXPERIMENTER BLINDED CASE CONTROL STUDY WITH A o = I

FOUR-WEEK FOLLOW-UP f H |

WALKBOT-assisted locomotor training(40min) + conventional training (40min)
Conventional locomotor training(80min)

5 days/week *4 weeks

Measure; functional ambulation category(FAC),
berg balance scale(BBS),
K-MBI, MAS, EuroQol-5 dimension

Effects of Walkbot gait training on kinematics, kinetics, and clinical gait function in paraplegia
and quadriplegia, Neurorehabiliation 2018

Effects of I ive WALKBOT Robotic-Assisted Locomotor Training on Balance and Gait
Recovery in Hemiparetic Stroke: A Prospective, Randomized, Experimenter Blinded Case
Control Study With a Four-Week Follow-Up, IEEE Trans Neural Syst Rehabil Eng. 2015

Comparative effects of robotic-assisted gait training combined with conventional physical
therapy on paretic hip joint stiffness and kinematics between subacute and chronic hemiparetic
stroke, Neurorehabiliation 2018

Comparisons between Locomat and Walkbot robotic gait training regarding balance and lower
extremity function among non-ambulatory chronic acquired brain injury survivors, Medicine
(Baltimore). 2021

Effects of trunk stabilization training robot on postural control and gait in patients with chronic
stroke: a randomized controlled trial, Int J Rehabil Res 2020
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EFFECT OF ROBOT-ASSISTED GAME TRAINING ON UPPER
EXTREMITY FUNCTION IN STROKE PATIENTS

o T] 711 A 8] http//www.monews.co.kr)

RCT(n=25) 0CT (1=25)

== pralue —— % palue
MMT
Shoudersdducion 2526071 2968079 00 236057 2805 0001
Shouldersbducion 2605075 308070 001 240050 2925057 0000
Elbow flexion 4 2BN0E 000" 206085 27061 0000
Ebowedension 2026073 264081 001 208057 258071 0003
Wristexion LR05 172060 008 12004 212606 0000
Wristexension 120050 17205 000 LISOI 1605 000
Grasp L2033 156038 000% 109028 154051 0001
MFT 8023 725 000 A% NWHH 00
KMBI 36156 S6M6ST 000 4636:3E2  SL2BISM 0000

Ann Rehabil Med 2017

EFFECT OF COMBINED THERAPY OF ROBOT AND LOW-FREQUENCY
REPETITIVE TRANSCRANIAL MAGNETIC STIMULATION ON
HEMISPATIAL NEGLECT IN STROKE PATIENTS

RG(n=20) CG(n=18) p-value

AMVPT-3 820:485  6.56:4.87  0.411
ALinebisection  -11.10:9.40 -7.46:10.11  0.306
AStarcancellation  7.90:5.46  5.9484.96  0.325
AAlbert’s test 385:2.08 4442266 0477
ACBS -3.70:2.25 -4.28:153 0415

AMMSE 145:206 1.22:213 0656 Ann Rehabil Med 2016

AK-MBI 1255¢4.12  12.72¢4.00  0.735

RECOVERY OF PROPRIOCEPTION IN THE UPPER EXTREMITY BY
ROBOTIC MIRROR THERAPY: A CLINICAL PILOT STUDY FOR PROOF
OF CONCEPT

56YRS RT MCA Infarcton 11 months
. J Korean Med Sci 2017

Robotic mirror therapy for ten 30 minute session during 2 weeks




Symposium I: Interdisciplinary session

EFFECT OF CAREGIVER DRIVEN ROBOT-ASSISTED IN-WARD
TRAINING IN SUBACUTE STROKE PATIENTS: A CASE SERIES

Four Robin-T (TES Co., Osan, Korea) units

THE EFFECTS OF VIRTUAL REALITY TRAINING ON
FUNCTION IN CHRONIC STROKE PATIENTS: A SYSTEMATIC
REVIEW AND META-ANALYSIS

* Objective: The aim of this study was to perform a meta-analysis to examine whether virtual reality (VR) training

* Methods: Three databases, OVID, PubMed, and EMBASE, were used to collect articles. The search terms used

+ Result: The total efect size for VR rehabilitation programs was 0.440. The effctsize for upper limb fnction

* Conclusion: The VR training was effective in improving the function in chronic stroke patients, corresponding to

iseffective or lower limb function as wellas upper limb and overall functionin chronie stroke patiens.

were "cerebrovascular accident (CVA)," "stroke", and "virtual reality". Consequently, twenty-one studies were
selected in the second screening of meta-analyses. The PEDro scale was used to assess the quality of the selected
studies.

was 0.431, for lower limb function it was 0.424, and for overall function it was 0.545. The effects of VR
programs on specific outcomes were most effective for improving muscle tension, followed by muscle strength,
activities of daily living (ADL), joint range of motion, gait, balance, and kinematics.

a moderate efect size. Morcover, VR training showed a similar efectfor improving lovr limb function s i id
forupper limb function.

Ann Rehabil Med 2018 Biomed Res Int 2019
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Agony Session (Complication cases)
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Fatal complication of procedural rupture in unruptured
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cerebral aneurysm

A case of delayed rebleeding following ruptured anterior
communicating artery aneurysm embolization

Delayed rebleeding from ruptured broad-neck posterior
communicating artery aneurysm after double-stent assisted

coil embolization

A case of segment occlusion after treatment with a pipeline
endovascular device in dissecting aneurysm on dominant VA

Direct carotid cavernous fistula after pipeline implantation for a
symptomatic large cavernous internal carotid artery aneurysm

Superior sagittal sinus occlusion due to probable
thrombocytopenic thrombosis after AstraZeneca COVID-19

Vaccination

Acute management of latrogenic vertebral artery dissection
during treatment of proximal vertebral artery stenosis
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Free paper Il : Agony Session [Complication cases)

Fatal complication of procedural rupture in unruptured
cerebral aneurysm

Sung-Chul Jin, Hyungon Lee

Department of Neurosurgery, Inje University, Haeundae Paik Hospital

Objective: Peri-procedural management of procedural rupture can be cardinal in the clinical outcome of
the patient with procedural rupture. we presented our painful case of procedural rupture to inform our
colleagues of neurointerventionists as to cardinal critical points of peri-procedural management after
procedural rupture.

Methods: 47 female patient with growth of right pcoma aneurysm based on serial CT angiography was
decided to be treated with coil embolization of intentional packing of bleb like lesion.

Result: procedural ruptured was ceased after about 1 hour of coil packing with double stenting (initial
atlas plus LVIS junior). NIOM monitoring showed recovery of MEP and improvement of SSEP. we decided
to perform EVD for control of lICP. additionally, we sedated the patient for control of [ICP. we hesitated to
use antiplatelet medication. about 12 hours after coiling, Rt pupil of the patient was dilatated and brain CT
showed low density of Rt hemisphere. Decompressive craniectomy was performed to relieve IICP of the
patient. Clinical status of the patient remained moribund.

Conclusion: Antiplatelet medication and careful monitoring of the patient with procedural rupture without
sedation can be critical in double stenting assisted coiling of procedural rupture.
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A case of delayed rebleeding following ruptured anterior
communicating artery aneurysm embolization

Sung-Ho Lee, Jae-Sang Oh, Seok-Mann Yoon

Department of Neurosurgery, Soonchunhyang University Cheonan Hospital

Objective: A 76-year-old female was presented with HHG 3 SAH. Cerebral angiogram showed two
aneurysms, which were ruptured lobulated a-com (7.6x13mm with 7.2mm neck) and unruptured right
p-com (4.3x5.Tmm with 4.5mm neck) aneurysms.

Methods: A-com aneurysm coil embolization was performed with stent assisted technique. However,
because contralateral A2 orifice could not be protected by stent, and TE event occurred after stent
deployment, intentional partial occlusion of ruptured part was done. Fortunately, left ICA occlusion was
recanalized with stent retriever thrombectomy. She recovered well without neurological deficit.

Result: One year later, retreatment of a-com coil compaction as well as unruptured p-com aneurysm
coiling were performed without difficulty. However, she was presented with semicomatose consciousness
17 months after 2nd embolization. Brain CT showed thick SAH and IVH. Coil embolization was performed
again. Bilateral access to anterior cerebral artery was tried to place stent from contralateral A2 to A1, but
failed. Thus, further coil packing was done with double catheter technique. Raymond 3 obliteration was
achieved.

Conclusion: Partial coil embolization of ruptured aneurysm may not protect aneurysm rerupture. Frequent
follow up and retreatment should be considered.

88



Free paper Il : Agony Session [Complication cases)

Delayed rebleeding from ruptured broad-neck posterior
communicating artery aneurysm after double-stent assisted
coil embolization

Yeongu Chung

Department of Neurosurgery, Sungkyunkwan University School of Medicine, Kangbuk Samsung Hospital

Objective: Stent-assisted coil embolization for the ruptured aneurysm without pre-medication of
antiplatelet agents can cause thrombus formation during the procedure. Incomplete coil embolization is
inevitable in cases of large thrombus interfere the visualization around the aneurysmal neck.

Methods: Broad-based irregular shaped posterior communicating artery ruptured aneurysm was found
from a 56-year-old female patient admitted with altered mentality after severe headache. Initial computed
tomography scan revealed the diffuse and thick subarachnoid hemorrhage with Fisher grade IV. The width
of aneurysmal neck was 6mm and the height was 3.5mm. After partial deployment of frame coil, stent-
assisted coil embolization with Enterprise stent was performed. During the filling of the aneurysmal sac,
large filling defect was confirmed at the distal portion of the aneurysm. Intra-arterial tirofiban was injected
and near-total resolution of the thrombus was confirmed. And 2 more coils were inserted and additional
stent (Neuroform Atlas) was deployed. Final angiogram revealed the no filling of the ruptured aneurysm.
And the patient was recovered the mental status despite of severe vasospasm during the post-operative 2
weeks. After that, dual-antiplatelet agents was maintained and keep blood pressure higher than normal.

Result: The patient showed sudden drowsiness and neurologic deterioration with monoparesis of left
upper extremity at post-operative 17 days. Computed tomography scan revealed the newly developed
subarachnoid hemorrhage suspicious rebleeding from the previous coiled aneurysm. Emergent coil
embolization was performed with 4 coils. Her monoparesis was improving and when post-operative 34 days
from the initial embolization, the patient underwent lumbar drainage due to hydrocephalus

Conclusion: Thrombo-embolic complications are not rare for emergent stent deployment in cases of the
patient did not administered with antiplatelet premedication. It is important to prompt administration of
dual-antiplatelet agents as soon as the ruptured aneurysm is secured. If the distal flow is intact, it is essential
to make an effort to achieve additional sufficient coil compaction for ruptured aneurysm.
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A case of segment occlusion after treatment with a pipeline
endovascular device in dissecting aneurysm on dominant VA

Chang Hyeun Kim, Young Ha Kim, Sang Weon Lee, Chi Hyung Lee, Soon Ki Sung, Dong Wuk Son,
Geun Sung Song

Department of Neurosurgery, Pusan National University Yangsan Hospital

Objective: Vertebral artery dissecting aneurysm (VADA) is a very rare subtype of intracranial aneurysms
associated with significant higher rates of morbidity and mortality when ruptured. Although there have
been many discussions and reports of VADAs, the optimal treatment method has not yet been clearly
established. Recently, with the development of endovascular devices, treatment case using flow diverter
devices (FDD) such as Pipeline Embolization Device (PED; Medtronic Inc., Minneapolis, Minnesota, USA),
Flow Redirection Endoluminal Device (FRED; Microvention, Aliso Viejo, California, USA) and Surpass Flow-
Diverter (Surpass; Stryker Neurovascular , Fremont, CA, USA) have been reported.

Methods: A 54-year ole male patient visited the outpatient clinic due to abnormal finding on the MRAs.
His first headache occurred 6 months ago, and there was dissecting aneurysm on the right V4 segment in
MRI performed at a local hospital. But the local hospital could not diagnose the lesion. 6 months later, the
patient re-visit that hospital due to mild headache, and again taken an MRl and MRA. At that time, the local
hospital discovered the lesion, and the size of the dissection segment increased, so the local hospital was
referred to our hospital.

Result: We considered the young age of the patient and the lesion of the dominant vertebral artery. It was
decided to use FDD as the treatment for the lesion. The procedure was performed successfully, and after
10 minutes, DSA was not able to finding any remarkable finding. Immediately after the procedure and
during the admission period, the patient did not complain of neurological symptoms. The patient said
that the intermediate headache was also improved in the outpatient clinic. In conventional angiography
performed 4 months later, it was confirmed that the entire parent artery where deployed FDD was occluded.
Fortunately, the retrograde flow through fetal-type PCoA provide sufficient blood supply to the basilar
artery and cerebellar arteries

Conclusion: FDD can be a good treatment option for treatment of un-ruptured vertebral artery dissecting
aneurysm, but should be used after sufficient consideration of the whether or not dominant VA, branching
artery and exact location of deployment of the device.

90



Free paper Il : Agony Session [Complication cases)

Direct carotid cavernous fistula after pipeline implantation
for a symptomatic large cavernous internal carotid artery
aneurysm

Seung Pil Ban, O-Ki Kwon, Young Deok Kim, Jang Hun Kim

Department of Neurosurgery, Seoul National University Bundang Hospital

Objective: Implantation of flow diverting stents such as Pipeline embolization device (PED) has become an
alternative treatment option for large or giant aneurysms. Delayed aneurysm rupture is a rare complication
of PED implantation. In the cavernous internal carotid artery (ICA), this complication can lead to a direct
carotid cavernous fistula (CCF).

Methods: We present a case of CCF resulting from delayed aneurysmal rupture following PED implantation.

Result: A 66-year-old woman complained of diplopia due to a right incomplete cranial nerve (CN) Il palsy.
The patient was diagnosed with a 17.4 mm in diameter right cavernous ICA aneurysm. A 4.75X25 mm PED
was successfully deployed across the aneurysm neck without complications. The patient had an uneventful
course, and the patient was discharged 5 days post-implantation. Two weeks later, the patient returned
for the scheduled out-patient clinic. At this time, the patient presented with a worsening right CN lIl palsy,
headaches, and tinnitus. Follow-up images demonstrated interval development of a direct CCF because of
delayed rupture of the aneurysm that had been treated with PED. Successful transvenous coil embolization
of both the aneurysm sac and fistula point was performed.

Conclusion: This case demonstrates that transvenous embolization can be used for treating CCF after PED
implantation. In addition, although the risk of CCF occurrence after PED implantation is low, the operators
should be mindful of this risk.
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Superior sagittal sinus occlusion due to probable
thrombocytopenic thrombosis after AstraZeneca COVID-19
Vaccination

Seon-Woong Choi, Seong-Han Kim, Hoon Kim, Seong-Rim Kim

Department of Neurosurgery, Bucheon St. Mary's Hospital, The Catholic University of Korea

Objective: The authors report a case of superior sagittal sinus occlusion after Astra Zeneca COVID-19
vaccination.

Methods: A 32-year-old male presented with right hemiparesis and drowsy mentality. 12 days ago, the
patient was vaccinated against COVID-19. Initial platelet count was 14,000/micro L. CT revealed subcortical
ICH of the left cerebral hemisphere. MR venogram showed occlusion of the superior sagittal sinus.

Result: Immunoglobulin was administered to modulate the immune response. Intravenous heparin
and transfusion was prohibited for the risk of exacerbation of thrombocytopenic thrombosis. Despite
intravenous mechanical thrombectomy of the superior sagittal sinus, venous infarction and subsequent
brain edema was rapidly getting worse than expected.

Conclusion: Superior sagittal sinus occlusion with thrombocytopenic thrombosis after Astra Zeneca
COVID-19 vaccination is a rare case but can be devastating. Early suspicion is mandatory.
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Free paper Il : Agony Session [Complication cases)

Acute management of latrogenic vertebral artery dissection
during treatment of proximal vertebral artery stenosis

Sang-woo Ha

Department of Neurosurgery, Chosun University Hospital

Objective: To review the point of caution in the management of proximal VA stenosis involving the ostium.

Methods: A 82-year-old male patient was referred to us from a regional hospital because of severe dizziness
and right lower limb weakness. He was diagnosed with cerebellar infarction and was discharged 3 days
before admission to our hospital. .He was discharged admitted due to recurrent cerebellar infarct.

Result: CT angiography showed his left dominant proximal vertebral artery (VA) tandem stenosis involving
VA ostium and MRI revealed multiple ischemic strokes newly appearing in the left posterior inferior
cerebellar artery (PICA) territory. Due to recurrent attacks, we performed balloon angioplasty and stenting.
Follow up angiography showed VA dissection and multiple stenting was done successfully.

Conclusion: This case report aims to review the point of caution in the management of proximal VA stenosis
involving the ostium.
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Satellite symposium for nurses and technicians

Natural history and treatment guidelines of cerebral
aneurysm
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g9 HSHFO AHAH Fut g9 W7o Xt gt

+ SUAVe (Small Unruptured Intracranial Aneurysm Verification) + Natural history of unruptured intracranial aneurysm: A
study Japan retrospective single center analysis
— Sonobe et al. 2010 — Byoun et al, 2016, Korea
- 448742 37| 5 mm D|2tQ| HILAY L SUFE Ba 417042 55 2E - 20003~2008' 13397H2| SHRE FH 2, 7 mm 0| SHRE Ty
- CET OEE:054% - R 37/ 45mm
- B SUF:034% / CHEY SUF 095% - Ao AdE 1 1%
- 50| 0|2 4 mmO| ¥, D&Y, CHed SUROIA Rt &2 TE AHYS - Risk Factors: SUFO| 37|, L X|FUSEY H2
29 - 37| 7mm D|2HO|H L|X|FOfstEY HH0| gl SUFRS AL LA HY
- 99 5 mm D|2ke] 22 L SURNME S23| L YO T 0.79%

I_F A—' E DH o 7:| _l Parameter and points n
O O i| O 1 TI —| X|- L | (@) J—I- Population 0: North American, European 99
3: Japanese 1
5: Finnish 0
. g HSURO| A7 T YL 1-2% Hyparnsion 0n0 59
1:yes 31
o LIl HEMO| =2 QXL Age 0: <70 years 85
- S%R9 27 B4E, 5 mm, Tmmol4) _ 270 years s
Size of aneurysm  0: < 7.0 mm 66
- SYF2 AKX 3:7.0-9.9 mm 18
« HE 59U (anterior communicating artery) 6:10.0-19.9 mm 14
- B4 28 (oasilar vertebral, SCA, PCA.) 10:>20 mm 2
e Earlier SAH 0: no 99
- HTFEYSEE (SAH) 2 e A
- E7As 2 multilobarity, daughter sac Site of anewrysm 0z ICA 10
. 2: MCA 14
— Dome-to-neck ratio . I
4: ACA/Pcom/PC 76
C Oy SUE 9EA SUE, NEHE SUE S-year absolute risk of rupture : 1
_ O|M, 7t=3 [EE QMY S0 e <2 points: 0.4% 3 points: 0.7% 4 points: 0.9% 1
7 points: 24% ———————————
7 & 5 % & &
10 points: 5.3% "
11 points: 7.2% >12 points: 17.8%
PHASES n 5-yearrisk of
207 riskscore aneurysm rupture
<2 429 0-4(01-1:5)
18 3 79 07(0215)
4 543 09(03-2:0)
164 5 982 13(0-8-2:4)
_ 6 1078 17(11-27)
& 7 1315 24(16-33)
g 144 8 1118 32(23-4-4)
S 9 625 43(29-61)
b=t 10 388 53(3:5-8.0)
End{ u 384 72(50-102) I_'I:lEDH = O_l XlE xl Al
E 212 736 17:8(152-207) o _I -IT EI
S 104
3
3
g 89
a
2
&
’ +
o l\ T T T T T T T T T 1
<2 3 4 5 6 7 8 9 10 1 212
PHASES risk score
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HIIE x| sWF X2 X[H

* Guidelines for the Management of
Patients With Unruptured Intracranial
Aneurysms
—20154 StrokeX|0f HH

« Stroke. 2015;46:2368-2400

* AHA (American Heart Association) / ASA
(American Stroke Association)

- 7H [ 29| guideline

StC}, (Class I; Level of Evidence B)

- 2. NEAL LSYRO| YEI LHO| SRS dHS It
DE HI gL sWF Xt d HAIE BHEA| 3fjof 3t
1, 1Yt X|2E ZHOLOF BtCt. (Class I; Level of Evidence
B)

Y S 0|22 HIELF

[=]
Tl sixfol A2 Hy|Hol X

)

| =0 23 |40 E 20|=
|sWRE 27| K22 HESO0ICt (Class |;

Level of Evidence Q)

o
2
o
N
Mo
ro
o

-3 MO oS PP HII S SHF
X2l 2842 EZASILE (Class IIb; Level of

Evidence Q)

= O
SIEhr YAl Chet 22
- 1. DSAE &8 52 UK 27t De{k|=
R Y WO QU0 BIHEH FNUA

of Hlsll {3}t (Class lla; Level of Evidence B)

-2.DSAE X 2E X SUF =5 HAL| Lo
748 RIZE= It FHOJLICE (Class I; Level of
Evidence C)

- 3. CTA2t MRAE H|TI S| SHFO| EADM} =5

ZHEH| S 8SILE. (Class I; Level of Evidence B)

[a}

HID G| SWFO| K|z X|H
o DNERDE FH A O A1
LlSWFO| =X HALE /) MRAE AlH
te A2 MBS, X2 Z2EE U5 DSAL| A[#0|
QEICt (Class lla; Level of Evidence C)
— 5. Wider neck/dome diameter HE{2| 30| A|
| SWZ T} residual fillingS EOl= ZS YIEA| &
X HALE S}0JOF BtLt. (Class I; Level of Evidence B)
-6 MY Y Y0l =X Y2 H|I A SUF O ety
g = Mo 5242 820, dd gt

o
= C}7f " 3|C} (Class lia; Level of Evidence C)

HIDIE L SHF X2 X|F
2

M ZAAk(screening)df| CHst
o
7t MQHEICE XA JtFOIM L SWSF wao| 2

- 2 MYMHSY NS ER BRI B2 S| HSUR AF
20| Y= F9, CTA & MRAS S¢ 8% FADH Hlotelrt,

=2
(Class I; Level of Evidence B) CH& M= %+Z (coarctation of the

Pt

aorta) 2t microcephalic osteodysplastic primordial dwarfism®t
Aol B CTA EE= MRA HAE &= 20| 22[HO|L}. (Class

lla; Level of Evidence B)
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H o G| s 7O X2 XH

« Xt A1t (Natural History)0fl CHeF #20

- 1. 0/HY SURY HNFYEY YUS 2 He o
o SWFZO| Qs 2XH o2 LMt MER &Y
o =&l ™ QYQIXtZ 12 EICt (Class llb; Level of
Evidence B)

-2 X T 7|7 Soto| HSUT | 37| 57} #ebt 3
= X f K| =0 CHet 27| Zgto| QICHH BEA| Xz

Ofof f. (Class I; Level of Evidence B)
Fo| 7t580| Qle HINE L SUF Xt =Y
E7f & % 37|et gX2te X|2ote 20| &

(Class lla; Level of Evidence B)

HIo | sUFO| X2 X|H
« A% 2% (Surgical clipping)di| CHet #1
- 1L HINE L SURO X2 E Q3 2% 22 122 I, BXt
ol g, SUF 21X A 27| 52| QI8 12{5t0{oF Btot
(Class I; Level of Evidence B)
- 2. S Mt 2T M oo Mat & T SUFO LY
U RSOl YBET FAN|DE ST A 4R E 7|2Y

A Ol AN S

= Ae £ = G4 AT FELE (Class |; Level of
Evidence B)

| 39_0} f. (Class Ilb; Level of Evidence B)

& (Surgical clipping)dfl Cig #1
SURO +&2H Kge 2 U7t
M2 HY (A 20d O]ehollM = 20l H

EIC}. (Class I; Level of Evidence B)

-5 % % vessel compromise L& residual
aneurysm= I|5t7| 93 E2tE intraoperative
tool & technique?l| AtE2 H|IHL|SUT =&

T =TS 2WE g2A7|7] fl6] n2ED

(Class llb; Level of Evidence C)

H oSS W 7Ol X2 AH

o LY

=1

>+ O

|E (Endovascular treatment)0f Ciot H1
1. &3 L @2H& (Endoluminal flow diversion)2 2
DA MEHEl caseO|A] Z{EICE (Class lIb; Level of
Evidence B)

- O Qo H|TH L SUF X =20 AN M2 27452 U=
712k FO| A MEE casesO| M LB{EICE (Class lib;
Level of Evidence C)

- Nz X2Hel B7IHel mite tfeE 2eix UX| o
Ck 27152 tral data0llAf 79| X2 ECH QAT &
SH0IA B S LHO| YSE WX FDAS| XK S

Ho =

X|7{OF $HCt. (Class lla; Level of Evidence C)

H| O E x| s W Fo| X[ &5 X[

« YL X|Z (Endovascular treatment)di| CH
]

— 2. Coated coil2| A& bare-metal coil0f B3|
0|50| 2ICt. (Class lla; Level of Evidence C)

- 3. HO L SUZO| Ha X2 K& Heot

B2 He (high-volume centers)0f| A BH= Z40]

D EICEH (Class I; Level of Evidence B)

-4 HARM E0]| 2T A& g e EaUXE
o 59| oA H2S| HE 0O BHCL (Class
l; Level of Evidence C)

IH G

Hot g 5WF Ol X| & XA
 ZE =t IY M=o 287 Hlwof
CHot #n
- 1. 2 22 K27} DEE & H|n L SH
Ol X|2'HO|LC}. (Class I; Level of

(Class lla; Level of Evidence B)
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of Evidence B)
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Endovascular treatment of cerebral aneurysm

At

Rl 15X+ ASCENT 2021
Contents

Endovascular treatment of cerebral aneurysm

* History
* Principles of endovascular treatment

* Evolution of treatment methods (e.g. instruments...)

History

History

+ 19374 Dandy W 4=J} X S brain aneurysm clipping= Ot&l CtS & &
: “An aneurysm at the circle of Willis is not entirely hopeless” . . . STUUP OF EXTERNAL
ury yhep + 1964 Georgetown University Hospital | 55 S \ B:;‘t:"";
ARTERY
_ L . . aw FoR
+ 21 Ol = surgical clippingO| brain aneurysm= Xl &5t=0l Jt& in Washington2| Lussenhop and rgsnon & /‘
Sla p.sKell iEEJHEEE 3}2. _ . o~
BeHeXE B 101 4= Velasquez : X S 2 Z brain vessel Ofl LS \ \
+ 1980 CH =8} Yasargil 1l 4= J} aneurysm clipping Off 28 S catheterization & AVM X & Al . e,
U250l =0 (e X AO HSAEO2 HNGHAS. (
i 08 NTRGOUCIHG
« Bt 22 9] invasiveness (craniotomy, brain retraction, arachnoid ‘&\
dissection, aneurysm manipulation) (1 20l & & &SH 0l &S
CRE “ i g
;a?.; SYRINGE 10 IRRIGATE
- S CATMETER INTO ARTERY
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History

» Early 1960,

- Fedor Serbinenko (Burdenko Neurosurgical Institute in Moscow

- 3009 Ol &S] ZHXHE Non-detachable e o M fiend nd pot Vicor S
& detachable balloon2 0/ 85t0 Xl 2.

HEAIHZ Qo 19748 A0

2HE.

FIGURE 9. Aneurysm balloon embolization technique
inspired by Sebinenko and used by Shcheglov. Two balloon
catheters are advanced into the internal carotid artery. A,
the nondetachable balloon catheter is advanced beyond the
cerebral aneurysm and acts as a “shepherd balloon” that
guides the detachable balloon into the aneurvsm sac. The

History

19894 University of California (U.C.L.A)2| Guglielmict=

endovascular neurosurgeonOfl 2/ ol &l J| & 0l 2 0] DOHE

History

@rg Therapeu
+ 19954
: GDC (Guglielmi detachable coil) 22

Guglielmi Electralytic MicraCoil
CeEM )
Part Number: 350001
Lot Number:  R0366 + 19964

s elLteh 490 R0 M 75 case

Coil Shape: 4mmd

Coil Length 10cm LSmH2
Shaft Length: 175 em HERF A&
Vax. shaft Diameter. 0.010°
Contents: One Unl.
and One Torce Device

This device isintended forone (1) use oy
Reed the accompanying directions priovto se.

frevA) Patent Pending 0226

Target Therapeutics, Inc.

San Jose, Gallfornia 95134 USA
(800) 3452498

Principles of endovascular aneurysm treatment

Adequate embolization of aneurysm
- Determine a working projection

- Determine a coiling technique

- Choose a GC system

- Choose a MC w or w/o shaping

- Aneurysm selection (Navigate MCs)
- Deploy coils

* Prevent complications

, parent artery, branch occlusion

; premature rupture

, thrombosis

General preparation

« When?
— ASAP in ruptured cases

+ Pre-embo. Medication in unruptured cases
; ASP + clopidogrel

+ General anesthesia or Deep sedation

- A-line monitoring (Sheath)

« Systemic heparinization during the procedure
» heparin bolus: 3000 IU + 1000 1U/hr

+ Post-embo. heparinization or antiPLT in selected cases
=

A%

1. Determine a working projection

* Aneurysm shape & relation to parent artery
* Byusing

1. DSA with 3D reconstruction

2. CTA 3D reconstruction

3. MRA 3D reconstruction

* Orientation of Important branch
- ant. Choroidal artery
- ophthalmic artery..........
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15t coil

Prerequisites for success

* Adequate support of GC system
e Adequate support of MC
* Adequate choice of coils

* How to overcome the tortuousity
* How to make a supportable shape
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2. Determine a coiling technique 3. Choose a GC System

e 5F:single MC (10”) compatible with GDC 10
* G6F:single or double MC (147+14")

* 7F: double MC or balloon cath.+single MC

* 8F (Envoy 7F): double MC + balloon or stent
* Coaxial system: GS (Shuttle Flexor)+GC

* Should check the flow after placement

* Frequently check heparinized saline dripping

* Single MC

* Double MC

* Balloon-assisted
* Stent-assisted

* Catheter-assisted

ruptured basilar tip aneurysm Coaxial guiding system

7F Guiding Catheters

- ENVOY 7F Guider soft tip 7F

Outer diameter 7F 7F
Inner diameter 0.073 inch
Length 90 / 100cm 90/ 100cm
Construction Pybrd briding Convantonsl braing
Material : Proximal Nylon Nylon
Material : Distal Polyurethane Polyurethane
Inner liner PTFE coating PTFE coating

M/C Compatible YT ) 2M/C ' -

FEENN
)

5 4. Preshaped microcatheter

C)
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5. Shape microcatheter | s 5. Shape microcatheter I

G

Secondary shapes
Primary shapes

* Sseries
 Straight S-Simple
e 45° S-long 2nd curve
° 90° S-Rt, S-Lt
e J * Pigtail
Pigtail-Simple

Pigtail-Rt, Pigtail-Lt

S-Simple A- S-long 2" curve
. Poststeam

Presteam Poststeam

]
il

N =N
,4 S-Rt & S-Lt shapes -~ Pigtail-simple
N

\M
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Pigtail-Rt & Pigtail-Lt

Pigtail-Lt

6. Aneurysm selection (Navigate MCs)

1. Antegrade (routine)

2. Retrograde

3. Wire-rotating

4. Looping & withdrawing
5. Coil-guided

6. Wire-guided

All efforts to avoid rupture

]
§

7. Deploy coils: considerations

e Frame vs. fill vs. finishing

e Coil Shapes: 3D or complex/helical
o Coil Softness: Standard/soft/US

e Pusher stiffness

e Bare/Coated colil

©

unruptured paraclinoid, superiorly directed

Superiorly directed

Steam-shaped S-curve + Withdrawing

®

jty Hospital =

Department of Ne rgery, Wonk Uni

NN
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Evolution of treatment methods

* Evolution of balloon
: Hyperform, Hyperglide, Scepter......
* Evolution of stent
: Major role in the development of endovascular
aneurysm treatment
: Neuroform
: Enterprise, Solitare, Lvis blue or Jr,
: Flow diverter
- PED, Surpass, FRED
: Flow disrupter

Flow diverter

Flow diverter

«A/S:61/F

* C/C: Dizziness ¢ headache
* P/Hx : Non specific

« N/EX

— Mental : alert
— Motor : intact

+ Clipping failure
+ Flow diverter (Neck portion0ll Al Fetal type P-com &XI)

« 1yr f/u DSA = No interval change =R
« Stent insertion (LVIS blus)
« flow stagnation in aneurysmal sac

+ 2yrs f/u DSA > Marked occlusion of aneurysm
+ Fetal type P—com flow : intact
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o\ 7
’ " Summary

* How to navigate a MC? e+ Choose the most safe &

1yr f/u DSA 2yrs f/u DSA practical way
Stent insertion

Flow diverter insertion

=t St
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Perioperative care of cerebral aneurysm
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Perioperative care of
cerebral aneurysm
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Radiation Exposure

D TABLE 4.1 Effective Doses of Diagnostic X-ray
Examinations and Environmental

Background Phenomena
Effective Dose (mSv) Per
Medical Procedure Procedure
Chesteray s
Lunbarspine 18
Thoracic spine "

Coronary angogram (diagnostc)  0.6-232 (median 45)
Coronary intervention 10-31.0{median 80}

Abdomen CT 88

Head (T 11120
Effective Dose (mSv)

Environmental Source

Radonexposure u

Cosnic raditon 7]

Long aufght ersomel 0241
Ingestedmatrels nfood 03
Tt average xposure )
Regutorydose s for

raiton workers L]

0

@/

0

Protection Clothing

1 Thyroid: Cancer

Internal Organ: Cancer
(Especially genital organs)

Protection Clothing

General consideration

+ Contras media

g

;-x:f.;gg‘ ;

[

Estimating creatinine clearance
Cockeroft & Gault equation
(modified )

Men: CrCl = 1.23 x (140 — Age) x Wt
SrCr

Women: CrCl = 1.04 x (140 - Age) x Wt x
SrCr

CrCl = Creatinine clearance (mlimin)
Age (Years)
Wt = Weight (kg)
SrCr = Serum creatining (micromola/L 1)
Ref: Ref: Cefalu CA. Clinical Pharmzcology. In: Burke MM & Laranie JA.
Primary Carz of the Older Adult. 2000, p. 92.
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General consideration

+ Contrast media

For Prevention of contrast media induced nephropathy
+ IV sodium bicarbonate
N-acetylcysteine 600mg 2 times/d P.O.

For prevention of anaphylaxis at 4 hours before treatment
: prednisone 50 mg P.O
hydrocortisone 200 mg IV

phenylamine etc.

Location of Puncture site

* Femoral Artery

* Radial Artery

* Brachial Artery

+ Direct Carotid Artery

Level of Puncture site

Puncture si

s
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Incorrect puncture site

Pulsatile, painful mass on puncture site

Pseudoaneurysm

Risk factors:

-Incomplete hemostasis
-Large bore sheath
-Anticoagulant
-Age>65yrs

-Obesity

-Hypertension

-Peripheral arterial disease
-Incorrect puncture site

Introducer Sheath

L Dilator Sheath Frsize md\cam:T o
Mini guidewire

Side tube —»

\ &
WS %~ 3vaysiop cock

Seldinger Technique

e
A X 3

-’~ g

Step 2. Placement of needia in
lumen of vessel (inner
cannula removed)

Step 1. Insertion of needle
with inner cannula)

Stop 3 Insertion of guide wire Stop 4, Removal of needie

g
A
. ud et

o L

Step 5. Threading of catheter Step 6, Removal of guide wire

to area of interest

Single wall puncture

& \g \.% N _ = ///

1. Needle placement 2. Guide wire inserted 3Needle removed
; W
. *
EEE—— ————

4.Catheter threaded on quide wire  5.Guidewire removed

 Khaled M, E ra . . Okdham:
Copyright © McGran-Hil Education. Al ights eserved.

Preparation
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Femoral puncture

Guide wire and catheter

A catheter has to follow a road the guide wire has passed .

Guide wire and catheter

A catheter has to follow a road the guide wire has passed .

Aortography

Catheter movement

+ Co-axial rotation

—

+ Push ak‘ﬁﬂi

Branches Selection onAortic Arch
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Branches Selection on Aortic Arch

s

Branches Selection on Aortic Arch

Branches Selection on Aortic Arch

Branches Selection on Aortic Arch

Most essential technique for intervention
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Road Map Technique

latrogenic vasospasm

Contrast injection rate Right ICA

) TABLE 2.4 Sugge dults
Vessel Linear Rise (sec) _Rate cc/sec) _TotalVolume (cc)
Common carotid 0241 -0 10-1
Commn caad o bircaion 021 &8 4]

dease
Cammon caroid for AT 024 0 i
Intenalcaraid 151 68 0
Intaral caad it aneurysmand 08 5 i

st subarachnaid hemorage

SAH)may b et donevith
canmon caroid nctons o and
ijectons toreduce te skl
enptuing thesneurysm)

Exemalcaotd proinal 002 3 ]
facialartery
Distal exemel caotd 0510 5] [}
Vbl ey (my b beterdoe 0510 ] [
yhand ecioninthe setingof 2
ecenty ptred aneurysn)
Vbl arteyor AVM 0402 5 (=7}
Subcavian artery with 2 10 16
soygnonanoneter cufnflted
Cosoeaneal and thyocenicl ks 002 1 +
Facilingul, occiptal, ascending 0 5] +
pharyngelareies
Aoric ach 0 = Er)
Interostl lnbarateies 0 1 ‘
ntemalliac aerios [} &1 112
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Left ICA

Air embolism

Thromboembolism

Prevention of thromboembolism

* Heparinization
A& Al Heparin 3000~5000 unit or 50~70 units/kg
£0f 52 3 ACT 250~300 sec

3,000U & 54| 5,000 U % 55|
s g & o2 88 ekl g8
il G s
0602 15cc(1288) 250 (11288
AR Tec(1/388) 170 (1388
=M 075¢c(1/4 82 130 (/a8

* AZHER %311 000 US MBS 29 51 AN A0S ARTTH 27 HSIBAS 7180 2 T2EK SU2 2,

Prevention of thromboembolism

+ Antiplatelet premedication
Unruptured aneurysm
Aspirin 100mg + clopidogrel 75mg for 3 to 5 days before treatment

Ruptured aneurysm
Loading dose & A|Z Aspirin 300mg + Clopidogrel 300~600mg
Or Abciximab 0.25 mg/kg IV 3 125 ug/kg(Z{TH 10 mg/min) for 12hrs

Eptifibtide 180 pg/kg IV 108 & T A| 180 pgrkglV 32 pg/ kg IV for 12hrs
Tirofiban 0.4 pg/kg/min for 30 mins - 0.1 pg/ke/min

Hemostasis of Puncture site

* Manual compression
* Instrumental compression
+ Closing device
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Hemostasis of Puncture site

* Manual compression

Safe

Economic

Available for re-puncture

But need compression and bed rest a longer time

* Instrumental compression
+ Closing device

Manual compression

. Proximal compression using 2 finger

. Compression of minimal pressure
without leakage of blood

. Check pulsation of dorsalis pedis

For 20 minutes

. Sandbag compression up to 6-8 hours

~

[ Nyve}

Hemostasis of Puncture site

+ Manual compression
* Instrumental compression
+ Closing device

Hemostasis of Puncture site

+ Manual compression
* Instrumental compression

Convenient
Can keep constant pressure of compression

+ Closing device

Instrumental comre55|on

IIlll
IIIIII
J iu I mm

1||||Il II il

["MD |

Instrumental compression
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Hemostasis of Puncture site

* Manual compression
* Instrumental compression
+ Closing device

Hemostasis of Puncture site

* Manual compression
* Instrumental compression
+ Closing device

Shorter closing time

Early ambulation (after 2hours)

But no available for repuncture within 3 mos
Risk of occlusion

If fail, massive bleeding will be occured

Closing device

Closing device

©
FemoSez| \
Vascular Closure System )

Incomplete hemostasis

+ Hematoma (most common) : Pain
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Theme: Exploring What is Next in Neuroendovascular Surgery

6/26(Sat.)

Basic endovascular training course

1. Imaging of carotid stenosis O|OFS(AHBT) Yaolsta)
2. Review of devices 71T
3. Patent selection, technical tips and basic tactics IR (E0Z )

4. Escape from complicated situation LELeIEA)






Basic endovascular training course

Imaging of carotid stenosis

o ot &

. . . ASA/ACCF/AHA/AANN/
Carotid Stenosis Imaging: AANS/ACR/ASNRICNS/SAIP/SCA/
|maging beyond the |umen SIR/SNIS/SVM/SVS Guideline on the
Management of Patients With Extracranial
Carotid and Vertebral Artery Disease
Aleum Lee

Department of Radiology

Soonchunhyang University Bucheon Hospital
Developed in Collaboration with the American Academy

2021.06.26 of Neurology and Society of Cardiovascular Computed
Tomography

Classification of Recommendations and Levels of Evidence v g . . .
Guideline for Patients With Extracranial

Carotid and Vertebral Artery Disease

« Evaluation of Asymptomatic Patients at
Risk of Extracranial Carotid Artery
Disease

‘‘‘‘‘‘
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Recommendations for Duplex Ultrasonography to
Evaluate Asymptomatic Patients With Known or
Suspected Carotid Stenosis

allh In asymptomatic patients with known or suspected
II carotid stenosis, duplex US, performed by a
qualified technologist in a certified laboratory, is
recommended as the initial diagnostic test to detect
hemodynamically significant carotid stenosis.

; It is reasonable to perform duplex US to detect
II hemodynamically significant carotid stenosis in
asymptomatic patients with carotid bruit.

Recommendations for Duplex Ultrasonography to
Evaluate Asymptomatic Patients With Known or
Suspected Carotid Stenosis (continued)

allh It is reasonable to repeat duplex US annually by

II a qualified technologist in a certified laboratory to
assess the progression or regression of disease
and response to therapeutic interventions in
patients with atherosclerosis who have had
stenosis greater than 50% detected previously.
Once stability has been established over an
extended period or the patient’s candidacy for
further intervention has changed, longer intervals
or termination of surveillance may be appropriate.

Recommendations for Duplex Ultrasonography to
Evaluate Asymptomatic Patients With Known or
Suspected Carotid Stenosis (continued)

Routine serial imaging of the extracranial carotid
arteries is not recommended for patients who have
no risk factors for development of atherosclerotic
carotid disease and no disease evident on initial
vascular testing.

Guideline for Patients With Extracranial
Carotid and Vertebral Artery Disease

« Recommendations for Diagnostic
Testing in Patients With Symptoms or
Signs of Extracranial Carotid Artery
Disease

Recommendations for Diagnostic Testing in Patients
With Symptoms or Signs of ECVD

allh The initial evaluation of patients with transient
II retinal or hemispheric neurological symptoms of
possible ischemic origin should include
noninvasive imaging for the detection of ECVD.

[

Duplex US is recommended to detect carotid
0 stenosis in patients who develop focal neurological
II symptoms corresponding to the territory supplied
by the left or right internal carotid artery.

[&]

Recommendations for Diagnostic Testing in Patients
With Symptoms or Signs of ECVD (continued)

allh When an extracranial source of ischemia is not
II identified in patients with transient retinal or
hemispheric neurological symptoms of suspected
ischemic origin, CTA, MRA, or selective cerebral
angiography can be useful to search for
intracranial vascular disease.

allh When the results of initial noninvasive imaging are
II inconclusive, additional examination by use of
another imaging method is reasonable. In
candidates for revascularization, MRA or CTA can
be useful when results of carotid duplex US are
equivocal or indeterminate.
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Recommendations for Diagnostic Testing in Patients
With Symptoms or Signs of ECVD

Routine, long-term follow-up imaging of the

m extracranial carotid circulation with carotid duplex
US is not recommended (Class IlI; Level of
Evidence B). (New recommendation)

CAS vs. CEA

alhlll ¢ Itis reasonable to consider patient age in
choosing between CAS and CEA. For older

patients (ie, older than =70 years), CEA may be
associated with improved outcome compared with
CAS, particularly when arterial anatomy is
unfavorable for endovascular intervention. For
younger patients, CAS is equivalent to CEA in
terms of risk for periprocedural complications (ie,
stroke, MI, or death) and long-term risk for
ipsilateral stroke (Class lla; Level of Evidence B).

Relative Indications for CEA vs. CAS

« Carotid Endarterectomy
« Calcified carotid plaque
« Antiplatelet agent intolerance
« Calcified or tortuous aortic arch
« Carotid Artery Stent
« High carotid bifurcation
« Prior neck radiation
« Recurrent stenosis following prior CEA
+ High cardiac risk of general anesthesia
+ Younger patients
« Contralat. occlusion with symptomatic perfusion deficits

Role of Imaging study for Carotid stenosis

+ Risk Assessment

« Carotid plaque morphology

« Carotid stenosis
« Peri-/post-procedural Complication
« Clinical outcome

« Ischemic infarction

+ Re-stenosis

« Improvement of cerebral perfusion state (CBF) after CEA
or CAS

» Evaluation of progression of high-risk plaque

Risk Assessment — USG/ MRI

« Carotid plaque morphology

Ulcerated carotid plaque increasing degree of carotid
stenosis, and longer carotid lesions are aspects of carotid
disease associated with increased risk for stroke

« Degree of carotid artery stenosis

Carotid USG

research

« Carotid plaque area & IMT in prediction of first-ever ischemic
stroke: a 10-yr FU of 6584 men & women: the Tromsg Study.

Stroke 2011; 42: 972-978

« CCA IMT progression as a predictor of stroke in multi-ethnic
study of atherosclerosis.

Stroke 2011; 42: 3017-3021

« Value of carotid IMT and significant carotid stenosis as
markers of stroke recurrence.

Stroke 2011; 42: 3099-3104
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Intima-media thickness (IMT)

+ Distance between blood-intima interface and media-adventitia interface
+ Imaging surrogate marker of systemic atherosclerosis
+ Imaging approaches:

« Distal CCA (1cm), far wall, end-diastolic image

« IMT hyperplasia (> 1mm, loss of hypoechoic component of the IMT

with thickening)

= NASCET (North American

= ECST (European Carotid Surgery Trial)

Stenosis evaluation

Symptomatic Carotid Endarterectomy . NASCET <

Trial) method (*)

method

x100

x100

« Homogeneous
- Uniform echo pattern and smooth surface
- Fibrous (soft) / Calcified (hard)

« Heterogeneous

- Complex echo pattern (>50% sonolucency)

- Intra-plaque hemorrhage or ulceration

- Unstable, potential for embolic ischemic attacks

Lumen vs. Wall
Indicator of stenosis

« Stenosis degree « Plaque composition

« Remodelling
« Inflammation
« Limitation
«» Uncovering plaque
size & volume
(underestimation due
to remodeling)
«» Not characterize
plaque component

Lumen vs. Wall

130
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Modified American Heart Association

(AHA) criteria

Type I/l near normal wall thickness, no calcification
Type lll diffuse intimal thickening or

small eccentric plaque with no calcification
Type IVIV plaque with a lipid or necrotic core
s atrisk lesion | surrounded by fibrous tissue with possible
with LRNC calcification
Type VI complex plaque with possible surface
: most defect, hemorrhage or thrombus
; J Neurol Neurosurg
important )

— Psychiatry

Type VI calcified plaque 2008:79:905-912
Type VI fibrotic plaque without lipid core and

possible small calcifications

High risk plaque

« Lipid rich necrotic core
« IPH

In Vivo Accuracy of Multispectral Magnetic Resonance Imaging for Identifying
Lipid-Rich Necrotic Cores and Intraplaque Hemorrhage in Advanced Human

Carotid Plaques
Circulation. 2001;104:2051-2056

18 patients scheduled for carotid endarterectomy
Preop MRI at 1.5T (within 1 week), TOF, T1WI, PD, and T2WI.
Matched histological sections of the excised specimen

Overall accuracy of multispectral MRI was 87% (80% to 94%), sensitivity
was 85% (78% to 92%),

and specificity was 92% (86% to 98%).

« Good agreement between MRI and histological findings, with a value of k
50.69 (0.53 to 0.85).

Methods used for spatial correlation between MR images
and histological slices

Patients scheduled for carotid endarterectomy

Preoperative carotid MRI

Distance from carotid bifurcation

A

P )

TABLE 1

Contrast at MR Imaging of Main Components of Atherosclerotic Plaque

Intermediate

Plaque Component TOF T1 Weighted Weighted T2 Weighted
Recent hemorrhage High High to moderate Variable Variable
Lipid-rich necrotic core ~ Moderate High High Variable
Intimal calcification Low Low Low Low
Fibrous tissue Moderate to low  Moderate High Variable

Note.—Tissue contrast is relative to signal intensity of sternocleidomastoid muscle.

Yuan, C, et al. Radiology 2001,221:285-299

Concept of CE-VWI

« Gd-clearance is delayed in carotid AS- plaques
with thin fibrous caps (< 60 um): inflammation and
endothelial dysfunction Wasserman 2002

« Delayed enhancement of coronary vessel wall in
patients with CAD Maintz 2006; Yeon 2007

« Enhanced contrast uptake in the coronary vessel
wall of patients 6 days after AMI and decreased 3
months later parallel to the declines in CRP

Ibrahim 2009
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Carotid Artery Atherosclerosis: In Vivo Morphologic Characterization
with Gadolinium-enhanced Double-oblique MR Imaging— Initial
Results1

Radiology 2002; 223:566-573

« In our cases, the enhancing tissue clearly corresponded to areas of fibrosis.
Enhancement of fibrous tissue has long been observed with MR imaging.

Inflammation in Carotid Atherosclerotic Plaque

: A Dynamic Contrast-enhanced MR Imaging Study
Radiology 2016; 241:459-468

« To prospectively evaluate if there is an association between plaque
enhancement at MR imaging and proinflammatory cardiovascular risk
factors and plaque content.

« Strong CE suggests the presence of a vascular supply to the plaque and
increased endothelial permeability that facilitates the entry of the contrast
agent from the blood plasma. Because neovasculature growth into the
plaque and increased endothelial permeability are associated with
plaque inflammation, plaque enhancement has been argued to be a sign
of plaque inflammation.

Inflammation in Carotid Atherosclerotic Plaque
: A Dynamic Contrast-enhanced MR Imaging Study
Radiology 2016; 241:459-468

« Such a link has considerable clinical potential because inflammation has
been linked to an increased risk of clinical vascular events. Plaque
inflammation may have multiple effects that weaken plaque structural
integrity, including inhibition of collagen production and dissolution of the
fibrous matrix by means of matrix metalloproteinases. If plaque
enhancement is a sign of inflammation, then CE MRI may be a tool for
detecting plaque inflammation prior to fibrous cap disruption (not proved
histopathologically). Wasserman et al and Yuan et al both proposed that
patchy CE in advanced plaques might be indicative of increased
inflammatory activity.

Clinical and histological significance of gadolinium

enhancement in carotid atherosclerotic plaque
Stroke 2012 43(11): 3023-3028

This is one of the first studies to confirm that gadolinium
enhancement is more frequent in symptomatic plaque and
associated with vulnerable plaques according to standard
histological classifications (ATA)- spatial association of CE with
inflammation and neovascularization

UNSTABLE

I Fibrous component Hemorrhage/thrombus
Calcium M (nflammation
I Lipid core Lumen

Lipid Rich Necrotic Core

« T2: low signal +T1 and PD: Iso
« Contrast-enhanced MR: No enhanced area

l

LRNC: with or without IPH

@ Lipid lowering therapy

LRNC with IPH: Progression
LRNC without IPH: Regression
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MRI techniques

« Specialized sequences targeting specific
components

1. IPH

- Methemoglobin, shortened longitudinal
relxation constant T1, hyperintensity property

on T1WI, TOF
- MP-RAGE : sensitivity of 80% and specificity
of 97%

Radiology 2010; 254:551-563

Radiology. 2010 Feb;254(2):551-63.

n o

MPRAGE

MM Fibrous component MM Lipid core
Calcium Hemorrhage

Circulation 2005, 111:2768-27
JACC 2009; 2:883-89
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Hemorrhage in the Atherosclerotic Carotid Plaque: A High-

Resolution MRI Study
Stroke. 2004;35:1079-1084

« Purpose: to develop criteria for the identification of the stages of
intraplaque hemorrhage using high-resolution MRI

« 27 patients, scheduled for CEA, 1.5T (TOF, T1W, PD, T2W)
- 13 patients: TIA or stroke 90 days before sugery
- 14 patients: asymptomatic with a carotid stenosis >70%
. IPH: fresh, recent, and old categories

« Histologic identification and staging of hemorrhage :145/189 (77%)

+ MRl detected intraplague hemorrhage with high sensitivity (90%) but
moderate specificity (74%).

+ Moderate agreement in classifying stages occurred between MRI and
histology (Cohen 0.7, 95% ClI: 0.5 to 0.8 for reviewer 1 and 0.4, 95% CI:
0.2 to 0.6 for reviewer 2), with moderate agreement between the 2 MRI
readers (0.4, 95% Cl: 0.3 to 0.6).

Prevalence of High-Risk Plaque
Features

« High-risk plaque in minimal to moderate stenosis
: Type Vl lesions

in 1/3 with asymptomatic 50-79% stenosis

and 1/10 with 16-49% stenosis

« Numerous studies compared the prevalence of high-risk
features in symptomatic vs asymptomatic plaques

- thin fibrous caps, IPH, ulceration, Gd enhancement of
adventitia, type VI lesion : significant

Plaque Characteristics and
Clinical Outcome

« Prospective observational studies

« 154 subjects with 50-79% carotid stenosis, asymptomatic, mean flu
period of 38.2 months

« 12 patients developed cerebrovascular events ( 4 strokes and 8
TIAs)

« Associations between ischemic events and
- thin or ruptured fibrous cap (17.0; P <0.001)
- IPH (hazard ratio, 5.2; P = 0.005)
- larger mean necrotic core area (hazard ratio for 10mm? increase,
1.6; P=0.01)
- maximal wall thickness (hazard ratio for 10mmZ2increase, 1.6; P
=0.01)

Stroke 2006; 37:818-82

Plaque Characteristics and
Clinical Outcome

« The importance of IPH in predicting cerebrovascular complications

1) 91 subjects with 50-70% carotid stenosis, asymptomatic, mean f/u
period of 25 months

« 6 cerebrovascular events occurred
- IPH at baseline (hazard ratio, 3.6; P P <0.001)

2) 64 subjects with 30-69% carotid stenosis, symptomatic, mean f/u
period of 28 months

. At39 IPH > 13 developed ipisilateral ischeis SIS (YZard e 2508
9.8; P P=0.03)
« No baseline IPH - only one TIA

J Vasc Surg 2008; 47:337-342

Plaque Characteristics and
Complication

« The importance of IPH in choosing treatment options

1) The existence of hyperintense signal on T1 WI of carotid lesions
- 56 patients undergoing carotid artery stenting (CAS)

- 25 patients undergoing CEA

> silent ischemic lesions, 61% in CAS, 13% in CEA, P=0.006

2) Among 112 patients undergoing CAS,

- Hyperintense signals consistent with IPH on TOF images,
higher likely hood of periprocedural symptoms (embolism)
7138, 18.4% vs 1/74 ,1.4%, P=0.003

Atherosclerosis 2011; 215:399-404

Stroke 2011; 42:3132-3137

Complication

« High Sl in the plaques on MRA
High-Intensity Signal on Time-of-Flight Magnetic Resonance « Associated with intraplaque
Angiteraply Indicaics Casota ':3‘;‘;“:;";::" Bk hemorrhage and MQ infiltration on
0.0 pathological analysis
« Associated with ischemic lesions on
DWI and ischemic symptom after
carotid stenting
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Complication

« Reperfusion injury — HARM sign
« Associated with intraplaque
hemorrhage and MQ infiltration on
pathological analysis
« Associated with ischemic lesions on
DWI and ischemic symptom after
carotid stenting

Complication : reperfusion injury
HARM sign

« HARM (+) other than stroke
Any situations which makes BBB disruption
with transient hemodynamic alterations, besides acute ischemia or

reperfusion injury
1) Cardiac surgery : 50% after cardiac surgery

- 2) Carotid stenting : 60% after CAS

- 3) Post-seizure
- 4) Hemianopsia in nonketotic hyperglycemia

Stroke 2011; 42:3132-3137

Complication : reperfusion injury
HARM sign

Simple consequence of Gd leakage through
disrupted BBB in the normal perfusion state
Mild form of reperfusion injury instead

of hyperperfusion syndrome (HPS) in
CAS or CEA

Imaging finding

: not observed sulcal hyper-S| before stenting
.appeared after contrast injection during
intervention (stent insertion)

«rapidly disappeared within several hours to

days

Clinical course
Reversible neurological
deterioration

Clinical Outcome

Dynamic Change of Carotid Intraplaque
Hemorrhage Volume in Subjects with Mild Carotid
Stenosis

+ median follow-up time of patients: 33.3 months: 25 pts.

150mm?

L recavmre. 1381-1389

Cause : transient reversible diffuse
hemispheric disruption of BBB

ic HARM (+)

Q
ymp

Clinical Outcome

A75-year old man with IPH progression
after 33 months. (Rt) Baseline. (Lt) MR
imaging after 33 months.

A75-year old man with IPH regression
after 69 months. (Rt) Baseline. (Lt) MR
imaging after 40 months.

Plaque Characteristics and
Clinical Outcome

+ Hypothesis: IPH, a potent atherogenic stimulus
+ 29 patients, at baseline and f/u MRI (18 months)
: volume of wall, lumen, necrotic core, IPH
IPH at baseline, markedly accelerated progression in
- wall volume (6.8% vs -0.15% , P =0.009)
- LR-NC (28.4% vs -0.15% P =0.001)
new plaque hemorrhages (43% vs 0%, P =0.006)

« 67 asymptomatic patients with 16-49% stenosis,
IPH, accelerated progression in carotid wall volume (44.1 £ 36.1 vs 0.8 +34.5 mm?

per year, P <0.001).
Circulation 2005; 111:2768-2775

JACC 2009:2: 1381-1389

JACC 2009:2: 1381-1389
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Plaque Characteristics and
Clinical Outcome

« Baseline plague characteristics associated with important pathologic changes
during 36 month f/u
- 108 asymptomatic Pt with 50-79% stenosis

At baseline, 21.3% (23/108) with surface disruption

After 3 years, 10.6% (9/85) with new surface disruption
- Size of the LR-NC at baseline,
the strongest predictor 08
(AUC: 0.95)
- IPH, weaker classifier
(AUC=0.73)

1.0

°
=
L

Sensitivity

— Percent LRNC Volume
~ - Presence of LRNC
—— Minimum Lumen Area
— Percent Wall Volume
~ ~ Presence of IPH

ﬂ!‘ 0!6
1 - Specificity

08 10
AJNR 2010; 31:487-493

Case 1

+ 61/M, dysarthria

Case 1
. TOF, preTIWI, T2WI, TICE

Case 2

« 62/M, gait disturbance

» TOF, preTlWI, T2WI, TICE
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ASL perfusion MRI

« Identification of brain tissue at risk for ischemia has
obvious benefits in operative planning and
postoperative follow-up

» ASL in carotid artery stenosis
+ Identification of CBF
« Identification of collaterals : intra-arterial signal
« Identification of postoperative change : repeatability

Courtesy of Prof. Yun, SNUH

Preprocedural

Courtesy of Prof. Yun, SNUH

....... oty based ROU
sk Arstoriclscure-based RO

ACBE (mi100 gimin)

R e

« Basal CBF impairment « CBF benefit after carotid artery
stenting

. Greater perfusion deficits prior to stenting have greater
improvement in perfusion after stenting
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Challenges

High resolution : better delineation of
vessel wall

‘

High resolution : better delineation of
vessel wall

20~60% higher SNR

Neovascularization : perfusion MRI
- inflammation

Coverage-whole brain

Low resolution : hard to delineation vessel wall

Simultaneous carotid-intracranial vessel
wall imaging

« FOV: 19cm
« 5m 19s
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.
Simultaneous @

L . Co-existing intracranial and extracranial Simultaneous carotid-intracranial vessel
carotid-intracranial carotid artery atherosclerotic plaques and

vessel wall imaging  ocyrrent stroke risk: a three-dimensional wall imaging
multicontrast cardiovascular magnetic

, Yuanyuan Cuf, Yilong Wang

Abstract
Background:

ﬂk

MERGH SNA BVERCE '« W@ sar il

v Y
Carotid artery MPR-Oblique image Carotid artery MPR-Axial image

Take home message References

« AHA/ASA Guidelines 2014

i H 1fi « Carotid Artery Stenting: Review of Technique and Update of Recent Literature Semin
« Carotid plaque features identifiable by e e e
Vessel Wa " M Rl are cl osely ||n ked to « Carotid Artery Stenting versus Endarterectomy A Systematic
. . « Review Texas Heart Institute Journal
the develo pment of |schem ic events « Carotid Artery Stenting JOU RNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY
2014
and outcome in patlent W|th carotld « Gury-Paquet L, Millon A, Salami F, et al. Carotid plaque high-resolution MRI at 3 T:
. evaluation of a new imaging score for symp ic plaque gneti
Ste nosis. Resonance Imaging. 2012.
« Millon A, Boussel L, Brevet M, et al. Clinical and histological significance of gadolinium
1 1 h in carotid ath ic plaque. Stroke. 2012;43(11):3023-8.
°
ca rOtI d M RA and bra I n M RI hel ps « Bodle JD, Feldmann E, Swartz RH, Rumboldt Z, Brown T, Turan TN. High-Resolution
i i i M: ic Re Imaging An Emerging Tool for ing I ial Arterial
predICt com pllcatlon Of CAS or CAE' Disease. Stroke. 2013;44(1):287-92.

« Kerwin WS, Hatsukami T, Yuan C, Zhao X-Q. MRI of Carotid Atherosclerosis. American
Journal of Roentgenology. 2013;200(3):W304-W13.

« Kwak HS, Current C of Vessel Wall i ial and ial
arteries, 2018

Thank you for your attention!
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Review of devices

g a0
L)

ASCENT 2021

Currently Available Devices for CAS

in Korea

Korea University Medical Center, Seoul, Korea
Neurosurgery,
Wonki Yoon mp, php

Disclosure
NONE

ASCENT 2021

Consideration Points during CAS

* Access
+ Tortuosity + Selection of Balloon
* Type of aortc arch * Selection of Stent

+ Selection of guiding catheter + Stent design

* Age over 70 - CAS vs CEA * Stentsize

* Plaque * Stent profile for passage

+ Soft vs Hard ..... Calcified * Protection vs No-protection

* Vunerablevs Stable + Selection of protection device

+ Embolic complication, passage, restoration of vessel )
A * Filter vs Membrane
diameter
+ Distal vs Proximal

+ Predilation or Postdilation ASCENT 2021
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CREST (CAS performed with RX Acculink)

Table 2. Composite Primary End Point and Components of the Primary End Point
4-Year Study Period (including Periprocedural Period")

No. of Patients (%+SE)
Absolute Treatment Efect of CAS

0AS CEA Versus CEA (95% CI)
(N=1262) (N=1240) Percentage Points Pt

Stroke

Any stroke 105(102+1.1) 75(79:1.0) 23(-061052) 003

Major ipsiiateral 16(14203) 6(05£02) 08(0.1101.6) 005

Minor psilateral 5245206 36(35206) 10(-07027) 010
Primary end point (any periprocedural 85(7.2:08) 76(6.8+08) 04(-171026) 051
stroke, myocardial infarction, or death or
post procedural ipsilateral stroke)

ASCENT 2021
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FEATURE IDEAL cHARACTERISTIC INTENDED BENEFIT

Torqueable

Guiding Catheter

Device Compatibility

Radiopaque

Atraumatic Tip

Large Selection

ASCENT 2021
0 wKkvon |

Guide with Flow Guide with Flow
Standard Guide Standard Sheath Premium Sheath Standard Guide Standard Sheath Premium Sheath
control control
Guider Softip XF (Stryker) FlowGate2 (Stryker) Shuttle (Cook) Yy S e S Guider Softip XF (Stryker) FlowGate2 (Stryker) Shuttle (Cook) A Sl
(Stryker) (Stryker)
Benchmark (penumbra) Merci (Stryker) Raabe (Cook) Neuron MAX 088 (Penumbra) Benchmark (penumbra) Neuron MAX 088 (Penumbra)
Chaperon (Mic ion) Cello (Medtronic) Arrow (Teleflex) Chaperon (Microvention) Cello (Medtronic) Arrow (Teleflex)
Pinancle Destination
Envoy (Codman) MoMA (Medtronic) (Mic ion) Envoy (Codman) MoMA (Medtronic)
Vista Brite Tip (Cordis) pairle b (Crck)
Fubuki (Asahi Intecc) e
Mach 1 (Boston Scientific) R PECit)

. wwww | - wkwoN |

Guide with Flow

Standard Guide Standard Sheath Premium Sheath
control

AXS Infinity LS Long Sheath

Guider Softip XF (Stryker) FlowGate2 (Stryker) Shuttle (Cook) (Stryker
.
Guide Catheter /
Benchmark (penumbra) Neuron MAX 088 (Penumbra)
Chaperon (Mic i Cello (Medtronic) Arrow (Teleflex) DeSigned for support.
The Guider Softip XF Guide Catheter features a braided multi-
Envoy (Codman) MoMA (Medtronic) durometer shaft for proximal support with distal flexibility.
Vista Brite Tip (Cordis)

Fubuki (Asahi Intecc)

Mach 1 (Boston Scientific)

ASCENT 2021
0w | 0 WKYON |
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Flexor Shuttle Select Sheath (Cook)

ASCENT 2021

ASCENT 2021

stryker
AXS Infinity LS
Inner diameter 4
— =)
— T —— —ﬂ{ .

! ~

Distal flex zone Hub/strain relief.

Working lengths

ASCENT 2021

/A ASAHINTECC

AMC-K15155

Dilator kit

Struciurg

Usabl Length

Guide Catheter

EUES i

ASAHI

FUBUKI . Hydrophilic Inner Outer

Dilator 1 Coating Diameter Diameter bl
Kit*

4Fr Kit Angle/ 150mm 1.80mm 2.09mm 80cm, 90cm,

(6FrGC) Straight (0.0717) (6Fr) 100cm, 110cm

5Fr Kit Angle/ 150mm 2.05mm 2.40mm 80cm, 90cm,

(TFrGC) Straight (0.081") (7Fr) 100cm, 110cm

6Fr Kit . 2.28mm 2.70mm 80cm, 90cm,

@reoey | Staignt S0mm 0090 () | 100cm, 110cm

Internal Use ONLY.

NeuronTM MAX 088

Large Lumen Intracranial Access
System

e
A
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Neuron MAX 088 Large Lumen Catheter:
Shaft Construction in Detail

& 79cm 7 C"* 1 om

XXXXXX]

.088” Inner Diameter

XXXXXXT

TransitionZone  Flexible Zone
Ssuuppwti‘::t pﬁ?n?: over round Round vire braid Round virebraid
A MV - with increasing with maximum
. wire stainless steel tight pitch braid polymer fleibilty polymer flexibilty
8F
8F "
112) 69cm Tem 4#’“ (112)

XXXXXX]
.088” Inner Diameter
XXXXXX

ASCENT 2021

Balloon

ASCENT 2021
00000000 wkvon |

Sterling SL Balloon Catheter (Boston Scientific)

* Semi-compliant Pebax® Balloon Material

* Designed to be scratch and puncture resistent

« Hydrophilic coating (Bioslide™) designed to facilitate advancement — - ’
>

through complex lesions »

* Excellent re-wrap for smooth withdrawal

ASCENT 2021
0 wKkvon |

Sterling SL Balloon Catheter (Boston Scientific)

* Distal shaft
« Tri-layer inner (blue):

1. High-density polyethylene inner layer designed to provide low-friction surface
for superb wire movement

2. Tie layer bonds lubricious inner to rigid outer layer
3. Pebax® outer
* Pebax® outer (clear)

* Nylon proximal shaft

ASCENT 2021
00000000 wKvoN |

Sterling SL Balloon Catheter (Boston Scientific)

Sterling® and Sterling SL Monorail® Balloon Catheter
Tack Weld

* Located 3 cm from the proximal balloon bond

* Bonds inner to outer shaft

* Intended to improve column support, enabling advancement and
‘pushability

Photos propetyof Bosion ScentcCorporaton

ASCENT 2021

Submarine Rapido balloon catheter (Medtronic)
Catheter design Rapid exchange
Range of diameter @2-7mm
Range of lengths 20,30, 40, 60,80 mm
Usable Catheter length 135¢m
Guidewire compatibility 0.018"
Guide catheter compatibility 6F*
Balloon Material FLEXITEC™LP
Coating Balloon and distal shaft LFC-hydrophilic coated,
PTFE on Hypotube
Nominal/ Rated burst pressure ~ 7/17 bar
Shaft diameter Hypotube: 2.3F, RX-section: 3.5F
rovern 021
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Submarine Rapido balloon catheter (Medtronic)

Tri-folding balloon technology
Swaged (zero profile) radiopaque markers

Guiding Catheter compatibility:

2.0,2.5,3.0,3.5,4.0,4.5,5.0,5.5,6.0mm

AVIATOR

PTA Dilatation Catheter
- for efficiency

in carotid

and renal peripheral
endovascular
interventions

6.5,7.0mm
SCENT 2021
Product Specifications
p —
 geoniar ) To0DDSA
5
B — —
N — Sl G ionti E
|m=mr smrnmmw‘ Cspec Avatorplss > Deflation time Eu
8
* > e 10
‘ . N # 0
s 8 BAplus
n i
0.014” rapid exchange balloon catheter E 67 Ania
« Balloon range: HE 0Viaao Products
+ 40,45,50,55,60and 7.0 mm diameters i, wsteling
+15,20,30 30040 mm engths &, el
* Balloon material: DURALYN™ - NO coating uimeme
+ Rated Burst Pressure: Latm (4— 6 mm 2), 12tm (7mm 0) Products Tip OD disa from the seal
* Shaft: 3.3F, 142 cm length (stiffening wire 117 cm length / coaxial rapid exchange shaft distal 25 cm length) £ =
+ CSI/ Guiding Catheter compatibility*: 4F / 6F (* SF CS| ft for 7 mm 2) Tip OD dital
* Shelflife: 2 years
ASCENT 2021
: 2 ~ : At HDI events/
A systematic review and meta-analysis of predilationand % chsiopass — RRESC)  Senbscaoids g
postdilation in transfemoral carotid artery stenting Non pre-diated vs pre-diated_:
Behrad Ziapour, MD;* Marc L. Schermerhom, MD.” Mark D. lafrati, MD;” Luis B. Suarez, MD;* Obeid T (2015) B 0.94(0.83,1.06) ~ 341/1446498/1983 64.8
Shahab TourSavadkohi, MD," and Payam Salehi, MD, PhD,” Boston, Mass;: and Baltimore, Md Sahin M (2013) ——— 0.24(0.06,1.04) 4/233  3/42 35.2
Sublotal (+squared=70%, p=0. 0B T=> 0,16, 208)  345/679501/2025 100
ABSTRACT (08, p04) :
Objective: In this review, we evaluate the short-term impact of different ballooning combinations on hemodynamic Non post-dilated v4 post-dilated |
instability neurologic events, and mortality associated with carotid artery stenting. Obeid T (2015) e 0.56 (0.42,0.73)  48/343  498/1983 334
Methods: We used a search strategy to identify studies in the Cochrane Library trials register, PubMed, EMBASF, Google Jin S-C (2010) 0.90(0.37,2.22) 852 8147 12
Scholar, and the US National Library of Medicine clinical trial databases up to May 2019. Studies reporting either he- . g |
modynamic instability, neurologic events, or mortality were included according to the recommendations of the Preferred Qazi U (2014) b 0.66 (0.46,0.95) 16/31  56/72 294
Reporting Items for Systematic reviews and Meta-analysis. Fixed and random models were used to summarize the Jin-tao H (2015) - 0.30(0.19,0.48) 18/66  5/5 25.2
effocts Subtotal (I-squared=66%, p=0.03) O 053(0.37,0.77)  90/492  567/2107 100
Results: Of seven included cohort studies for qualitative review, six were selected for meta-analysis. Patients without (2=3.34, p=0.001) !
postdilation had significantly less hemodynamic instability in the random effects model (risk ratio, 0.53; 95% confidence TN .
intenal, 037:0.77; P~ 001) Regardles of the dilaton type, the overall summary effct in the fixed model showed a Overa {Fsaparot-36%, pL0ON) <> .OM 43512171 10884132
significant decrease in the risk of developing short-term neurologic events (risk ratio, 067 95% confidence interval, 047- (e=26,p=001) 2 NOTE: Weigh i —_— '
097: P 03). Last the exclusion of either ofthe twio dilation techniques had no signiicant effect on mortaly, . : A a0 O IO oo A
Avoiding po: reduces i instability and this benefit lasts at least up to 1 10
30 days. Regardless of the type, fewer dilations during carotid artery stenting possibly decreases the neurologic events Less HDI More HDI
during and 30 days after the procedure. The data also suggest that the residual stenoses above current practiced . . ™
standard may provide a safer threshold to prompt postdilation. Statements about the long-term effects of dilation anary outcome - ShOI’t term hemodynamlc InStablllty
techniques requires more study 0 Postdilation increases short term hemodynamic instability SCENT 202
T S e S I o i
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NEs/

Studies RR(95%Cl)  Stented carotids %Wgt

Non pre-dilated vs pre-dilated
Li SM (2005) 029(0.03,234) 363 166 114
Obeid T (2015) & 067(043,1.05)  28/1446 5711983 76.2
SahinM (2013) —H———27(007,1993) 15233 142 124
Subtotal (I-squared=19.4%, p=0.3) <; 073(0.34,1.54)  46/1742 59/2031 100
(2=0.8, p=0.4) '

Non post-diated vs post-diated !
Li SM (2005) —— 006(0.01,057) 2201 16 244
Obeid T (2015) — 061(0.26,1.40) 6/343 5711983 43
Jin§-C (2010) 1% 226(046,11.10) 552 247 326
Subtotal (-squared=70%, p=0.04)<<_ > 053(0.11,257) 131596 6012036 100
(2=08,p=0.43) i
Overall (squared=45.6%,p=0.1) <} 0.67(0.34,1.33)  59/2338 119/4067
(22113, p=026) i NOTE: Weights are from random effects analysis

T T

A 1
Less NEs

Random Effects Model - No independent effect on neurological events

Fixed Effects Model - significant effect on neurological events

10
More NEs

ASCENT 2021

Stent

ASCENT 2021

Stent Design

Stents designs

Advantages

Disadvantages

Balloon-expandable design
stents.

Salf-expandable | Nickelalloy
dosed design | st
stents.
Cobal-aloy
msh stent

Self-expandable open-cell design
stents.

To-layer design stents

Hybrid-celldesign stents

Cristallo (Invate, Italy)

Stent design

* Open Cell Stent (OCS)

+ Free cell area more than Smm

* Closed Cell Stent (CCS)

* Less free cell area
+ Flexible
) + Better scaffold support
+ Navigate tortuous vessels
+ Adapt well to the vessel contour * Less embolic complication

without shortening

+ Stiffer

+ Cover less region A
g * Kink or injure the vessel

+ Prolapse of atheroma
+ Poorer wall apposition

* More thromboembolic risk

EXPERT REVIEW OF CARDIOVASCULAR THERAPY
» ASCENT 2021 ASCENT 2021
e WKYoON |
CAROTID STENT DESIGN _ . .
DIFFERENT DESIGN Design: Sequentlal Ring
* Rings consist of a series of “V" shaped structual elements
(struts)
< <
| <
ASCENT 2021

A Precise Open-cellcyindica | B: Accuink Open-cell | C: Protégé Open-cellstepped design | D: Yact - Closed-cell design

E: Walistent- Braided vire mesh design | F: Cristal

deal

Hybiid; oper
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Design: Ring Layout

* Peak-to-Valley * Peak-to-Peak

ASCENT 2021

Conformabilit

Peak-to-Valley
Countourability
Smooth Wall Apposition
Smooth Lumen

Peak-to-Peak
Erratic-to-Sharp wall
apposition
Interrupted Lumen

ASCENT 2021

Design: Ring

Connectors

- Offset

- Peak to Valley

— Peak to Peak

ASCENT 2021

Scaffolding

+ Stent rings support vessel
wall much like a floor joist
supports the floor decking
in your home

* More joists/rings per
foot/mm transmits load
and minimizes
deflection/prolapse

146
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Scaffolding Ring Width
—_—
) L * SMART MicroMesh =
* With fewer joists/rings — Segmented Design
per foot/mm load is — 2mm ring width
greater at each joist/ring - Shortstntlength
. . — Superior contourability
and deflection/prolapse is
greater + StentX
— Overlapping struts
- Long struts
m ~ Long connectors
- Large cells
ASCENT 2021 ASCENT 2021
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Conformability or Flexibility

* Ability to conform to torturous anatomy
during deployment

* Short struts and segmented design allows
stent to conform to minute changes in vessel

* Ring connector position impacts stent
conformability and ultimately wall apposition

ASCENT 2021

ASCENT 2021

Protege Precise RX Acculink  NexStent

Xact

Open Area

* Ratio of vessel material to stent material

* Alower ratio means more metal, increasing
risk of intimal hyperplasia

* Micro-mesh verse large lattice

* Distal vs Proximal

+ Predilation or Postdilation

ASCENT 2021

ASCENT 2021 ASCENT 2021
Consideration Points during CAS Carotid Anatomy
s -
TABLE 2. Reproducibility of Geometric Parameters
+ Access po—
+ Tortuosity + Selection of Balloon Parameter Mean g
. ! . Bucaionange  61.5° 4
Type of aoric arch + Selection of Stent | !
) . ICA angle B4 46
+ Selection of guiding catheter + Stent design I perty ap o
* Age over 70~ CAS vs CEA . Stentsize CCA foruosty oo 0005
IGA tortuosty 0065 0009
* Plaque * Stent profile for passage @i:z:jm
+ Soft vs Hard ... Calcified * Protection vs No-protection : u
ECAICA 0.9 0.4
*+ Vulnerable vs Stable + Selection of protection device Kea i oo
+ Embolic complication, passage, restoration of vessel + Filter vs Membrane “Wean teindivdual 50 calcdated as the square rodt of e average
diameter within-subject variance.

ASCENT 2021
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N
V| .
Protege PRECISE®  Accylink  NexStent  Xact
Nlmol Stent
Wallstent

ASCENT 2021

PRECISE®

Nitinol Stent-
micromesh
design, small
cells, hybrid/
optimal cell
design, short
struts.

Xact - closed
cell design

Nexstent -

Protégé - large open cell,  Acculink- long struts, closed cell,
peak to peak design, large, open cell design, rolled sheet of
radiopaque markers longitudinal bridges Nitinol

Wallstent- closed cell,
braided wire design,

Elgilo
oy ASCENT 2021

CAROTID
STENT

SCENT 2021

Medtronic

PROTEGERX

Straight Tapered
Wire compatibility 0.014"
Introducer sheath 6F
compatibility
Stent diameter (mm) 6,7,8,9,10 8x6, 10x7
Stent length (mm) 20, 30,40, 60 30,40
Radiopaque markers Yes
Catheter length (cm) 135

ASCENT 2021
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RX Acculink Carotid Stent System

Basic endovascular training course

RX Acculink Carotid Stent System
Delivery System Schematic

Working Length

; oy E i

59F 445 SIF 36F
(198mm) (147mm) (191 mm) (119mm)

sent Distal RX Proximal
en Shaft Port Shaft

Handle

ASCENT 2021

*Unique handle design

o Design enables one hand deployment

o Eliminates “push-pull” technique

o Placed on table or leg, stabilizing system
for accurate placement
=

Pullback Handle

ASCENT 2021

+ Stent diameters:

o Straight: 5-10 mm
o Tapered: 6-8 mm, 7-10 mm

+ Stent lengths: 20, 30%, 40* mm

*Tapered diameters available.

ASCENT 2021

ASCENT 2021
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Size Selection of Carotid Wallstent Boston.
Scientific

Carotid Artery Stenting PRECISE

PRECISE

Nitinol Stent System

®  PRECISERX

e S Sy

CardinalHealth
Medical Segment (China) [Bill20R

Cordis PRECISE® Nitinol Stent Cordis PRECISE® Nitinol Stent

Characteristics Multisegment Design Features

+ 18 circumferential ‘V's

Nitinol
Multisegmented Design + Connected every 3¢V
Micromesh Geometry * Bridges alternating up and

down

Peak to Valley Design + EveryVis 2 mmlong and acts | W

as a separate stent

Benefits:

- Immediate and continuous
wall apposition

- Bxcellent coutourability 2mm

rdinalFeth inalieth
CONFIDENTIAL-INTERNAL USE ONLY wadical (Chins) BE CONFIDENTIAL-INTERNAL USE ONLY Modica Sogme (Chia) BNYR

Cordis PRECISE® Nitinol Stent

Peak to Valley design: enables conformability
<§
\
\
\

Peak to valley:
when the stent
is ina bend, the
peak fits into a
valley and no
stress is added
to the stent.
The stentgets
max flexibility.

Segment 2mm Bridges

CASPER Double layer Stent - Microvention

1mm

Flaring : |

> 1cm < |

CONFIDENTIAL-INTERNAL USE ONLY 5 segments mﬁﬂ"ﬂl\ll ASCENT 2021
0000000 wkvon |
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i CASPER Carofid Stent System is indicated for use in patients
with carotid arterial atherosclerotic disease.

% CASPER stent has a dual layer micromesh design with a very
small cell size (375-7004).

ASCENT 2021
0 wKkvon |

CASPER

Cortd ey S .

‘ PRODUCT DESIGN = SPECIFICATIONS

\,Outer Diameter Vessel Diameter

Stent Platform

Construction: dual layer, braided micro-mesh
Material: Nitinol

Stent Diameters: 5-10mm (3-9mm vessels)
Stent Lengths: 16-40mm trained |
(20-60mm in-vessel) dual-layer length

A

DuelLayer Leng

Overal Length

Stent Delivery System

Guidewire compatibility: 0.014" (0.36mm)
Infroducer sheath compatibility:

50F (D> 0.074)

Delivery system construction: ropid
exchange, RX segment length 30cm

Usable catheter length: 143cm

PRODUCT DESIGN — VISUALIZATION CASPER =

Distal Tip
Marker

Dual Layer Marker

Distal Stent Marker
Outer
Sheath
Marker

Dual Layer Coverage

Proximal
Pusher
Marker

CASPER CAS VS FRED AND FRED JR FLOW DIVERTERS
) FRED JR

S N

ndicted for i potens |

| Indications for Use NOT NDICATED FOR CAROTIDUSE. ‘

Construction Dual-layer Nitinol Braid Dual-layer Nifinol Braid Dual-layer Nitinol Braid

Inner Layer 48 wire Nifinol braid 48 wire Niinol braid 36 vire Nitinol braid

Outer Layer 12 vire Nitinol braid 16 vire Nitinol braid 16 wire Nitinol braid

2 helical markers at both ends
that connect inner fo outer layer  that connect inner to outer layer

3 helical markers at both ends 2 helical markers at both ends that

Dual-layer markers .
comnect inner to outer layer

Flare end markers 1 R/O marker on distal end 4R /O markers on both ends 4 R/O markers on both ends

Radial Force Higher vs FRED/Jr Lower vs CASPER Lower vs CASPER

Stent Diameters 5= 10mm 35-5.5mm 2.5-3.0mm

Delivery Method pre-loaded in RX delivery system Load through microcatheter Load through microcatheter

Deployment Technique Pin & Pull Push & Pull Push & Poll

€ Microvention 1
e o fsheathobiiy LhoEs Do ML |
Stent Design and Thromboembolic
complication
' LOH debate Pts Events Pts Events Riskratio Risk ratio
(n (n%) %) (95% CI) P-value (95% CI)
+ J Neurointerv Surg 2018; 10:1149-1154.
Open cell Closed cell
Stent design 595 61(103) 962 58(60) 176(123252) 0002 JR——
ORIGINAL RESEARCH
Influence of stent design and use of protection
devices on outcome of carotid artery stenting: a
pooled analysis of individual patient data
ASCENT 2021 ASCENT 2021
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REVIEW

Is it possible to prevent cerebral embolization by improving the design and

technology of carotid stent implantation?

Clesia Osipova, Irina Popova, Viadimir Starodubtsev, Savr Bugurov and Andrey Karpenko

Center for Vascular and Hybrid Surgery, Meshalkin National Medical Research Center, Ministry of Health of the Russian Federation, Novosibirsk,

Russian Federation

ABSTRACT
Introduction: The prevention of atherosclerotic plague fragmentation during carotid artery stenting is
afundamental problem in decreasing the risk of disability of patients. The goal of this review s to clarify
whether the stent design can have a decisive impact on the rate of intraoperative and postoperative
complications.

Areas covered: Different designs of the carotid stents are briefed and the advantages and disadvan-
tages of different stent designs are discussed as well as the results of their clinical use. Various solutons
are presented to reduce cerebral embolism durina carotid arterv stentina.

Ex) .

m".i}lfi The stent design cannot completely i
cerebral m . ‘.
ic phqe resolve the problem of cerebral embolism ¢
postproce il

delivery systems and brain embolic protection systems, but also the new strategies of preprocedural
drug stabilization of the atherosclerotic plague in the carotid artery.
Abbreviations: CAS, carotid artery stenting; CE, carotid endarterectomy; DW-MRI, diffusion-weighted

magnetic resonance imaging; ECA, extemal carotid artery; ICA, internal carotid artery; IVUS, intravascular
ultrasound examination; OCT, optical coherence tomography

) neckor pastes

ARTICLE HISTORY
Recelved 19 August 2020
Accepted § October 2020

KEYWORDS

Carotid artery; carotid
stenosis; carotid stenting;
stent design; plaque
protrusion; cerebra
‘embolsm; protection device

EXPERT REVIEW OF CARDIOVASCULAR (021
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Pts Events Pts Events Riskratio Risk ratio
M %) hs) sk el Pvalue (954 ¢I)
Yes No
Protection device used 950 76(80) 607 43(71) 110(07%-170) 0672 —_—
Pre-diatation performed 60 56(74) 7% 63(79) 09 (06%144) 0919 JE S—
Post-diataion perfomned U7 85(72) 13 11(82) 087 (04%162) 06M — ——g——
Double artplatelet terapy used 1367 102(75) 171 16(94) 084(050141) 0516 —_—
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Carotid Stenting in Patients With High Risk Versus
Standard Risk for Open Carotid Endarterectomy
(REAL-1 Trial)

Joaquin De Haro, MD*, Ignacio Michel, MD, Silvia Bleda, MD, Cristina Caiibano, MD, and
Francisco Acin, MD, PhD

Carotid stenting (CAS) has been mainly offered to those patients considered at “high risk”
for open carotid endarterectomy based on available data from large randomized clinical
trials, However, several recent studies have called medical “high risk” into question for
CAS indication. The REAL-1 trial evaluated the safety and perioperative and long-term
effectiveness in patients with significant carotid artery stenosis with “high-risk” criteria
treated with CAS and proximal protection device (MOMA) compared with those with
standard surgical-risk features. This nonrandomized double-arm registry included 125
patients (40% symptomatic), 71 (56%) with “standard-risk” and 54 (44%) with “high-risk”
criteria. The primary end point was the cumulative incidence of any major adverse event, a
composite of stroke, myocardial infarction, and death within 30 days after the intervention
or ipsilateral stroke after 30 days and up to 4 ycars. There was no significant difference in
primary end point rate at 30 days between patients at “standard risk” and those with “high
risk” (1.4%.v5 1.9% respectively; hazard ratio for “standard risk” 1.1; 95% CI 0.8 to 1.2,
p = 0.77) nor estimated 4-year rate of ipsilateral stroke (1.3% vs 1.8%; hazard ratio for
“standard risk” 1.05, 95% CI 0.86 to 1.14, p = 0.9). In conclusion, 4-year postprocedure
results demonstrated that CAS with proximal devic;ﬂ%}_is safe and effective for
patients with and without “high-risk” for carotid enc my. © 2017 Elsevier Inc.
All rights reserved. (Am J Cardiol 2017;120:322-326)
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Carotid Wallstent Versus Roadsaver Stent
and Distal Versus Proximal Protection

on Cerebral Microembolization During
Carotid Artery Stenting

JACC Cardiovasc Interv.
2020 Feb 24;13(4):403-414.
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Carotid Wallstent Versus Roadsaver Stent

JACC Cardiovasc Interv.

and Distal Versus Proximal Protection ;0 ce ussiassans.

TABLE 4 MES Counts During the Different Phases of Carotid Artery Stenting

Step W Mo.Ma p Value
12 6.8 (50-93) 59(42-82) 050 =
3 | 2200428 15020 | <0.0001 =
4 5t (15-180) 3304229 o =
5 | 89 (65-12) 16012:21) I <0.0001 =

w RS w RS Mo.Ma and FW RS vs. (W

3 02036481 25058411 270145 20332
7 192 (15.2-241) 213(161-283) 210334) 140.0-19) X
8 58(39-86) 4200-60) 56734 | 7448115 0.038 018
68 165 (13.8-126) 143 (127 392854) 28(1-36)
68+ M 122 (84159 94 (16-115) 34349 248232
Values are geometric mean {955% confidence interval). Steps 1 and 2, target vessel engagement with diagnoi {step1) and gide/sheath or Mo.

2); step 3, lesion crossing with aithar the I or 2 0.014-inch coronary wire in the Mo.Mz group after common caratid artery oc:lu,m step 4, lesion pra-dilation; step 5, eswn
crassing with the stent; step 6, stent deployment; step 7, stent dletion; and step 8, FW/Mo.Ma system retrevaljdeflation.
M = spontaneous m croembolic signals; cthe- abareviations s in Table 1.

REVIEW

Is it possible to prevent cerebral embolization by improving the design and

technology of carotid stent implantation?

Clesia Osipova, Irina Popova, Viadimir Starodubtsev, Savr Bugurov and Andrey Karpenko

Center for Vascular and Hybrid Surgery, Meshalkin National Medical Research Center, Ministry of Health of the Russian Federation, Novosibirsk,

Russian Federation

ABSTRACT
Introduction: The prevention of atherosclerotic plaque fragmentation during carotid artery stenting is
afundamental problem in decreasing the risk of disability of patients. The goal of this review s to clarify
whether the stent design can have a decisive impact on the rate of intraoperative and postoperative
complications.
Areas covered: Different designs of the carotid stents are briefed and the advantages and disadvan-
tages of different stent designs are discussed as well as the results of their clinical use, Various solutions
are presented to reduce cerebral embolism durina carotid arterv stentina.

Expert op 3
sentdess The stent design cannot completely i

cerebral m

| a
St resolve the problem of cerebral embolism |

dellvery ;ystems and brain embolic protection systems, but also the new strategies of preproceduval
diug stabilization of the atherosclerotic plaque in the carotid artery.
Abbreviations: CAS, carotid artery stenting; CE, carotid endarterectomy; DW-MRI, diffusion-weighted

magnetic resonance imaging; ECA, extemal carotid artery; ICA, internal carotid artery; IVUS, intravascular
ultrasound examination; OCT, optical coherence tomography
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ur ) Vasc Endovasc Surg (2017) 53, 617-625
Choices of Stent and Cerebral Protection in the Ongoing ACST-2 Trial:
A Descriptive Study
DD. de Waard **, A. Halliday *', 6.1, de Borst ", R Bulbulia ° A. Huibers ", R. Casana *, LH. Bonati V. Tolva . on behalf of the
Table 5. Interventionalists’ choice in cerebral protection (excluding distal balloon devices).
CPD usage Type of CPD used
Used Not used  Total p Distal filter ~ Proximal occlusion  Total
(n=76) (=105 (n=831) (n=580) (n=142) (n=122)
Specialty
Surgeons 365 (984) 6 (L6) n <001 297 (8L6) 67 (184) 364 34
Radiologists 318 (763)  99(237) 417 26 (78.0) 69 (219) 315
Cardiologists 43 (100)  0(0) 3 37(860)  6(140) 3
Plaque echolucency
Nonecholucent 245 (88) 33 (119) 278 A 201(827)  42(173) 23 888"
Echolucent 26(904) 24(96) 250 185 (822) 40 (17.8) 25
Notassessed 255 (841) 48(158) 303 194 (76.4) 60 (236) 254
Ipsilateral carotid diameter reduction (%)
<90 571(884)  75(116) 646 096 459(80.8) 109 (19.) 568 535
90-99 155 (834)  30(162) 185 121(786) 33 (214) 154
Contralateral carotid disease (%)
<50 462(894) 55(106) 517 057 369(802)  91(198) 460 584
50-99 209 (85.0) 37(150) 246 164 (79.2)  43(208) 207
Occluded 55(809) 13(19.0) 68 47(855)  8(145) 55

o 172

90 YEARS OF
REA UNIVERSITY

EDICINI
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Take Home Message

* Which one is the best?

* Which Combination is the best?

* Simple but Tailored Approach - Effectiveness
* Get used to and Become an Expert

* Mind Training, Repeated Simulation

* Dual antiplatelet

* Preoperative Evaluation of Plaque Characteristics and Vascular Anatomy
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Basic endovascular training course

Patent selection, technical tips and basic tactics

N
Solo|zel AZelnt
Population ageing of Korea
Basic Endovascular Training Course T
. . 0o 461465
- Patient Selection T
- Technical tips il &
- Basic Tactics
RN
)|\_| t(g '-'_11 21 N M0 R R R
T

Prevalence of Carotid Stenosis

Table 3. Prevalence of asymptomatic >>50% and >70% stenoses in

2@ 27t0| T3 4% HI @ %) the general population, stratified for gender and age.”

Population ageing of Korea

bt
Iminnpsens | | zamunmmasws ) 65~60M| —O=—70-7ak| —D=75M 0|4 Age Stenosis Males Females
wi <50 years >50% 0% 0.0%
o 115 E) a0
= (1864-1979) (1979-2018) 516 >70% 0.1% 0.0%
['ES n 2 Sl . 832 87 8, 50-59 years >50% 0.7% 0.5%
(1902-2015) _ (2018%038) 385 377
o 9 T 0132058 07 23 320 327 315 >70% 0.2% 0.1%
(1932-1972) |(1972+2009) 300 5 238 60-69 years >50% 2.0%
= e o= 1;7 13.9\0—0—0/54\0\ 200 195 >70% 0.2%
e uwz,flm‘)z(wwzuuev 200 {272 25 244 25 26 O=ug .
ey it 186 455 70-79 years >50% 3.6%
18 [8B015-2026)
o= 2000:2885) 0 >70% 1.0%
o X 4 & % 10 120 Wi 2000 2005 2010 2017 2018 2020 2030 2040 2050 2060 >80 years >50% 5.0%
MEENE) >70% 0.5%

* Based on analyses from de Weerd M, Greving JP, Hedblad B,
Lorenz MW, Mathiesen EB, O'Leary DH. Prevalence of asymp-
tomatic carotid artery stenosis in the general population: an in-
dividual participant data meta-analysis. Stroke 2010;41:1294-7.
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Patients Selection for CAS
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PRACTICE GUIDELINES

2011 ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/
SAIP/SCA/SIR/SNIS/SVM/SVS Guideline on the
Management of Patients With Extracranial
Carotid and Vertebral Artery Disease

A Report of the American College of Cardiology Foundation/American Heart Associztion Task Force on
Practice Guidelines, and the American Stroke Association, American Association of Neuroscience Nusses,
Ametican Association of Neurolagical Surgeons, American College of Radiology, American Society of

Neuroradiology, Congress of Neurological Surgeons, Society of Atherosclerosis Imaging and Prevention,
Society for Cardiovascular Angiogrephy and Interventions, Society of Interventional Radialogy, Society of
Neurolnterventional Surgery, Society for Vascular Medicine, and Society for Vascular Surgery
Developedin Collaboration With he American deademsy of Newslgy and Scity of Cardioasulr

Computed Tomzgraphy

1. Revascularization

7.1. Recommendations for Selection of Patients
for Carotid Revascularization*

cuass |

1 Patlents at average or low surgical risk who exparience nondis-

abling Ischemic stroka o translent cerebral Ischemic symptoms,
Including hemispheric events or amauresis fugax, ithin 6 months
(symptomatic patients) should umelgﬂw the diameter of the
lumen of the Ipsilateral Intemal carotid artery s reduced more than
70% as documented by noninvasive Imaging (20,83) (Level of
Evidence: A) or more than 50% as documented by catheter anglog-
raphy (20,70,83,359) L B)and the anticipated rate
‘o perloperative stroke or mortally s less then 6%.

2 ES Indicated as an altemative to CEA for symptomatic patients
at average or low risk of complications associated with endovascu-
lar Intervention when the diameter of the lumen of the Intemal
carolid artery s reduced by mote than 70% as documented by
nonlnvasive Imaging or mors than 50% as documented by cathater
anglography and the anticlated rate of periprocedural stroke or
mortality Is Jess than 6% (350). (Level of Evidence: B)

3. Selection of asymptomatic patients for carotid revascularization
should be gulded by an assessment of comorbid condtions, life
expectancy, and other Individual factors and should Includz a
thorough discusslon of the risks and benefits of the procedure with
an understanding of patlent preferences. (Level of Evidence: C)

CLASS lla

1. ItIs reasonable to peﬂavm@n asymptomatic patients who have

more than 70% stenosls of the Internal carotid artery If the risk of

perioperative stroke, MI, and death Is low (74,76,359,361-363).

(Level of Evidence: A)

ItIs reasonable to choose CEA over CAS when revascularization Is

Indicated In older patients, particularly when arterlal pathoanatomy

Is unfavorable for endovascular Intervention (360,364-368). (Level

of Evidence: B)

. ItIs reasonable to chooseEEgver CEA when revascularization Is
Indicated In patients with neck anatomy unfavorable for arterlal
surgery (369-373).5 (Level of Evidence: B)

. When revascularization Is indicated for patients with TIA or stroke
and there are no contraindications to early revascularization, inter-
vention within 2 weeks of the Index event Is reasonable rather than
delaying surgery (374). (Level of Evidence: B]

»

w

~

CLASS b

1 Pmpnylacﬂcmmlghl be considered In highly selected patients
With asymptomatic carotid stenosis (minimum 60% by anglogra-
Dhy, 70% by valldated Doppler ultrasound), but Its effectiveness
compared with medical therapy alone In this situation Is not well
established (360). (Level of Evidence: B)

Management of Atherosclerotic Carotid and Vertebral Artery Disease:
2017 Clinical Practice Guidelines of the European Society for Vascular Surgery (ESVS)

CEA VS CAS in symptomatic patients

Table 11. 30-day risks following CEA and CAS in trials that randomised >500 recently symptomatic patients into EVA-35, SPACE, ICSS, and

CREST.JMJBSJNJW
30-day risks va3s™ SPACE ™ Icss"” cResT ™
CEA cAs CEA CAs CEA CAS CEA [
n=262 n=261 n=589 n=6007 n=87 n=83 =63 n=668
Death 12% 0.8% 0.9% 1.0% 0.8%
Any stroke 35% 9.2% 6.2% 1.2% 41% 32% 5.5%
Ipsilateral stroke 5.1% 6.4% 3.5%
Disabling 0.4% 29% 4,19 23% 09%
3.9% 6.5% 7% 32%
Disabling stroke/death ~ 1.5% 3.8% 3%
Clinical MI 0.8% 0.5%
Death/stroke/MI 5.2% 54% 6.7%
Cranial nerve injury 7% 11% 5.3% 51% 0.5%

CEA VS CAS in asymptomatic patients

Table 6. 30-day death/stroke in randomised trials comparing CEA and CAS in asymptomatic patients.

30-day outcomes

Death/stroke/MI

Lexington™ CREST-1" A7 SPACE-2" Mannheim”®
CEA s CA  CAS (A (A CAS  BMT CEA S
2 3 587 364 364 03 197 13 68
0% 0% 14% |25% 17% 2.0% 00%  15%
ing stroke 0% 0% 03% 05% 0.6%
0% 0% 36%  35%  26% 15%  29%
CAS CEA
Study Events Total Events Total OR  96%Cl W(fixed)
Brooks 04 [} 00%
Mambem 268 168 2030182293  45%
CREST 15 8 57 188 (079, 446) 366%
ACTH 310712 6 348 170 070, 4.40] 410%
SPACE2 5 197 40 130 034,490 178%
Fiedefectmodel 194 128 > A71 (09, 294 100%
wwsquared=0,p- 3128 ———

0 o012 10
favours CAS ¢——————— favours CEA

— L=

3TN £Ye AdE

HU= 207|F (2019. 08)

SHOlBS U eicts AHEE C20| 30| 2%AE Y
B

NASCET measurement criteria®fl [+,

o7‘)\I-O 0, AI- 7iEE|H oiX}
)T 50% O
EIEAI-O o 0 AI- 745|:|H om
) 2549 70% 0|4 Az
TH, 1294 24 4 BERC} B0l 20

BA L sKo| HTob AQI0| THs3 249
= Ao G Sl S0 0|4e] 2EY

L (pseudoaneurysm)
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Carotid Stenting In DEMC

| | ‘ ‘ | | | ‘ | .CAS
0

2012 2013 2014 2015 2016 2017 2018 2019 2020

P N R S =)
S o © S o o

2012-2021 Carotid Stenting In DEMC

600

500

+ N =608
o M:F=477:131 40
* Age: 773y (39-96)

300

Age
9 m— 90-96

80-89

70-79

60-69

<60

20 (3.3%)

184 (30.2%)

255 (42%)

125 (20.5%)

24 (3.8%)

Severity of Carotid Stenosis

600
Total (N=608) .

NASCET o
50-59% 28 46%
60-69% 61 100%
707% 251 413%
80-89% 173 285%

>90% 95 156%

300
200
100

0

50-59% 60-69% 70-7%% 80-8%% >90%

2012-2021 Carotid stenting In DEMC

Total (N=608)
Symptomatic

NASCET >70%
NASCET 50-69%

Asymptomatic

NASCET >70%
NASCET 50-69%

499 (82%)

432 (11%)
67 (11%)

109 (18%)

87 (144%)
22 (3.6%)

2012-2021 Carotid stenting In DEMC

Total (N=608) 2011 AHA Guideline 2017 ESVS Guideline
Symptomatic 499 (82%)
NASCET >70% 432 (71%) Class |, Level B Class lla or llb, Level B
NASCET 50-69% 67 (11%) Class |, Level B Class Ilb, Level B
Asymptomatic 109 (18%)
NASCET >70% 87 (14.4%) Class Ila, Level B Class IIb, Level B
NASCET 50-69% 22 (3.6%) Class Ilb, Level B Class Ilb, Level B

30-days Mortality/Stroke after CAS in DEMC

30 days Risks N (%)

Any Stroke

Transient Neurological Deficit

Disabling Stroke
Death

Death/Disabling Stroke
Death/Any Stroke

9 148%
6 098%
1T 0.16%
2 033%
3 049%
1 1.8%
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Basic Tactics
+ 3D imaging

Degree of Stenosis

Morphological Topography of atheroma and plaque
Working projection

Planning (EPD, Ballooning, Stenting)

Technical Tips

* Guiding Support

+ Safe wire selection of Stenotic portion

* Delivery of EPD

+ Balloon angioplasty

+ Selection of stent and Precise Stent Placement
+ Safe retrieval of EPD

Case Review & Discussion

Unresolved Carotid Issue

* Is it acceptable in Korea that the risk threshold of CAS is
6%(symptomatic) and 3%(asymptomatic) ?

* New DWI-MRI lesions after CAS, Do these contribute towards
cognitive decline?

Thank you for your listening
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Escape from complicated situation

The 15* Annual Summer Conference on Endovasular Neurosurgical Therapy

Theme: Exploring What is Next in Neuroendovascular Surgery

Date : 2021.06.25(FRI) ~ 26(SAT)
Venue : ZS HQIEZEASH JUCEE

CAS outcome will improve with

| CAS related complication: 0.9% ~ 9.3%! |

Basic endovascular training course

. e e » Better patient selection
Escape from complicated situation P

» Better devices

Department of Neurosurgery, Bucheon St. Mary’s Hospital,

The Catholic University of Korea > TeChnlcal 1mpr0vement

) » Additional operator experience
Young Woo Kim

15—
ASCENT 2021 ‘09.‘00~12:00 June 26%, 2021‘ ZE ﬂﬂ’féﬁ_&% !

‘THE CATHOLIC UNIVERSITY OF KOREA

=5 3
ULEONGBUSI- MARY:S HOSRITAL ‘ 1. Bertog SC et al. J Cardiovasc Surg. 2013

Risk factors of CAS complications Aortic Arch complexity

Table 2. Features Suggested to Increase the Risk of a Carotid Stent Procedure » Classified based on the origins of the great vessels
= Type I - origins are level with upper convexity
Medical comorbidity Anatomic criteria Procedural factor [ Type m- origins are between the upper and lower convexity
o Elderly (>75/80 years) e Type lll aortic arch e Inexperienced operator/center " Type I origins are caudal to lower COn\’EXily
o Symptom status o Vessel tortuosity e EPDnotused ¥
o Hypercoaguable state e Heavy calcification e Lackof femoral access
o Bleeding risk e Lesion related thrombus e Time delay from onset of symptoms
o Chronic kidney disease e Echolucent plaque e Open cell versus closed cell stent

Decreased cerebral reserve Aortic arch atheroma

‘ White Cj et al. Cath & Card Vasc Int. 2013
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Technique

DAPT (at least for 5-7 days)
Local anesthesia

Place guiding catheters in CCA: about 40% of the major complications'

Cross the stenosis with microwire
. Place PED
. Pre-dilatation with small balloon

YV V. V V¥V
SN SR

-

. Place stent
. Post-dilatation, if needed
. Removal of PED and sheath

Y V V V
=)

N3

| .

1. Verzini F et al. Vasc. Surg. 2006

Possible Complications

» 1. ECA branch perforation

» 2. CCA dissection

» 3. Ophthalmic & Retinal artery
embolization

» 8. Carotid perforation

> 9. Access site complications
» 10. Other technical problems
» 11. Transient bradycardia and
» 4. ECA compromise

» 5.1CA occlusion (Flow arrest) !!
» 6. Embolic complication

» 7. Difficulty with filter removal

nlormed
consent.

hypotension
» 12. Cerebral hyperperfusion
» 13.I1CH
» 14. Contrast encephalopathy

\ 28¢e®

|\ &se? °

1. ECA branch perforation

» <0.3%!
» Caused by positioning a stiff 0.035 inch wire into the ECA to provide
support for guide sheath into the CCA

> Rescue Tx.: Prolonged balloon inflation or embolization using coils, glue,
or gel foam

After stenting

Guidewire
in sup. thyroid
artery

Extravasation
1. Ecker RD et al. J Invasive Cardiol 2005

2. CCA dissection

» Caused by aggressive manipulation of the guiding catheter against the
arterial wall

» Rescue Tx.
*  Non-flow limiting: Observation
+ Flow limiting: Additional stenting

After two stents

i F et al. Interv. Cardiol. 2009

3. Ophthalmic & Retinal artery

embolization
» 4~15% (Symptomatic: 0.2~1.7%) 2
» Caused by embolus migration
= via the ICA and ophthalmic a.

* via orbital branch of MMA - recurrent br. of lacrimal a.

Fundoscopy Fluorescein angiography

Multiple emboli

| Catheter Cardiovasc Interv 2002
2 J.A Vos M.H. et al. Cardiovasc Intervent Radiol. 2010

Rescue Tx.

» No standard rescue Tx. = Consider [A thrombolysis (like Tx. for CRAO)
» 1A thrombolysis
= tPA!(10mg)
= UK? (10,000 units/min = total of maximum 1 million units)
= Glycoprotein IIb/I1]a inhibitors?
+ Eptifibatide (180 pg/kg bolus + 2ug/kg/min for 18 hours)
» 1V thrombolysis
* 0.4 pug/kg/min for 30 mins. + 0.10 pg/kg/min maintenance infusion*
» Conventional therapies (after procedure) > Ophthalmology consultation!
= Ocular massage

= Topical timolol (B-blocker), IV acetozolamide and mannitol
» Afit: Chamber tap 1. Thompson EM et al. J Vasc Interv Radiol 2011

2. Zhang X et al. neurol Res. 2009
rbaric oxygen therapy

3. Bertog SC et al. J Cardiovasc Surg. 2013
4. Luisa Peroo et al. Eur J Ophthalmol 2016
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1A thrombolysis - tPA

Before CAS After CAS Fundus photograph after TA tPA

S e R\ TR
- 10 mg of IA t-PA over 20 minutes in the CCA near the origin of ECA

S

Thompson EM et al. J Vasc Interv Radiol 2011

4. ECA compromise

» Caused by plaque shifting after stenting

» Well tolerated d/t rich network of collaterals from the contralat. ECA &
ipsilateral ICA

» Jaw claudication: ECA occlusion - maxillary a. occlusion (masseter and

temporalis m.) - resolves spontaneously with time

Immediately
i 5

i Y
lacchi C et al. Ital J Anat Embryol. 1993

5. ICA occlusion (Flow arrest) !!

» Usually the consequence of

= 5-1. Vasospasm

= 5-2. Dissection

= 5-3 Acute thrombosis

" 5-4 Filter occlusion (m/c, 8~30%)"?

1. Bonaldi G et al. J Neuroraiol. 2005
2. Kwon BJ et al. J Endovasc Ther: 2006

|

5-1. Vasospasm

» Usually occurs related to the PED

» Rescue Tx.
= Non-flow limiting
* Procedure completion - filter removal - waiting a few minutes
* Flow limiting
+ Wire should not be removed

+ Immediate vasodilator (IA nitroglycerine 100-400 pg / nicardipine
200-400 pg)

+ Stenting or balloon dilatation: strictly avoided

-

Flow-limiting Vasospasm after procedure
completion

Post-dilatation After filter removal 10 Mins. of waiting

- Waiting

Bertog SC et al. J Cardiovasc Surg. 2013

5-2. Dissection

» At the location of the distal PED, or distal or prox. stent edge
» Rescue Tx.
» Non-flow limiting: Observation

» Flow limiting: Additional stenting

Additional stenting
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5-3. Acute stent thrombosis (AST)

» 0.5%~2%
» Rescue Tx.
= Stent underexpansion = balloon angioplasty
= Protruding plaque or dissection
« prolonged balloon inflation, if tolerable
* stent-within-a-stent'
= TA thrombolysis (UK, rtPA, GP IIb-IIla inhibitor)
« Abciximab®* or Tirofiban®
* Thromboaspiration through guiding or sheath
= Suction thrombectomy (Penumbra)®’
= Surgical management - stent removal & CEA®

1. Masuo O et al. Nrurol Ned Chir; 2006)
3. Steiner-Boker S et al. AJNR. 2004
Yonsei Med J. 2008
interv Surg. 2014)

2. Bush RL et al. J Endovasc Ther 2003

4. Van den Berg JC. Eur J Vasc Endovasc Surg 2008
6. Kim YW et al. Acta Neurochir. 2013

8. Setacci C et.al. J Vasc Surg 2005

Stent-within-a-stent

Masuo O et al. Nrurol Ned Chir, 2006

5-3. Acute stent thrombosis (AST)

> 0.5%~2%
» Rescue Tx.
= Stent underexpansion - balloon angioplasty
= Protruding plaque or dissection
« prolonged balloon inflation, if tolerable
« stent-within-a-stent'
= ]A thrombolysis (UK, rtPA, GP IIb-IIla inhibitor)
* Abciximab®* or Tirofiban’®

= Thromboaspiration through guiding or sheath
= Suction thrombectomy (Penumbra)®’
= Surgical management - stent removal & CEAS

1. Masuo O et al. Nrurol Ned Chir, 2006)
3. Steiner-Boker S et al. AJNR. 2004
Yonsei Med J. 2008
interv Surg. 2014)

2. Bush RL et al. J Endovasc Ther 2003

4. Van den Berg JC. Eur J Vasc Endovasc Surg 2008
6. Kim YW et al. Acta Neurochir: 2013

8. Setacci C et al. J Vasc Surg 2005

IA thrombolysis (1) — tPA +Abciximab

TImmediately
after stenting

-

+ IA abciximab 0.125 mg/kg

- tPA (5mg via guiding + Smg systemic)

-

Steiner-Boker S et al. AJNR. 2004

1A thrombolysis (2)- Tirofiban
Immediately
after stenting
J
A
Thrombus
A B C
= 0.4 pg/kg/min for 30 Mins. + 0.1 pg/kg/min for the next 26 hours

-

Seo KD et al. Yonsei Med J. 2008
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5-3. Acute stent thrombosis (AST)

» 0.5%~2%
» Rescue Tx.
= Stent underexpansion = balloon angioplasty
* Protruding plaque or dissection
+ prolonged balloon inflation, if tolerable
* stent-within-a-stent'
= ]A thrombolysis (UK, rtPA, GP IIb-Illa inhibitor)
* Abciximab® or Tirofiban®

= Thromboaspiration through guiding or sheath

= Suction thrombectomy (Penumbra)®’
® Surgical management - stent removal & CEA®

1. Masuo O et al. Nrurol Ned Chir;, 2006)
3. Steiner-Boker S et al. AJNR. 2004
Yonsei Med J. 2008
interv Surg. 2014)

2. Bush RL et al. J Endovasc Ther 2003

4. Van den Berg JC. Eur J Vasc Endovasc Surg 2008
6. Kim YW et al. Acta Neurochir. 2013

8. Setacci C et al. J Vasc Surg 2005




Basic endovascular training course

Aspiration through guiding + Abciximab

Immediately
after stenting

Aspiration
through guiding

Van den Berg JC. Eur J Vasc Endovasc Surg 2008

5-3. Acute stent thrombosis (AST)

» 0.5%~2%
> Rescue Tx.
= Stent underexpansion = balloon angioplasty
* Protruding plaque or dissection
+ prolonged balloon inflation, if tolerable
* stent-within-a-stent'
= [A thrombolysis (UK. rtPA, GP IIb-IIla inhibitor)
+ Abciximab®* or Tirofiban®

* Thromboaspiration through guiding or sheath

®* Suction thrombectomy (Penumbra)®’

® Surgical management - stent removal & CEA®

1. Masuo O et al. Nrurol Ned Chir; 2006)
3. Steiner-Boker S et al. AJNR. 2004
Yonsei Med J. 2008
interv Surg. 2014)

2. Bush RL et al. J Endovasc Ther 2003

4. Van den Berg JC. Eur J Vasc Endovasc Surg 2008
6. Kim YW et al. Acta Neurochir. 2013

8. Setacci C et al. J Vasc Surg 2005

Suction Thrombectomy

Immediately
after CAS

Microangiogram [{{:58 :

Suction thrombectomy

Kim YW et al. Acta Neurochir. 2013

5-3. Acute stent thrombosis (AST)

» 0.5%~2%
» Rescue Tx.
= Stent underexpansion = balloon angioplasty
= Protruding plaque or dissection
+ prolonged balloon inflation, if tolerable
* stent-within-a-stent!
= JA thrombolysis (UK, rtPA, GP IIb-Illa inhibitor)
+ Abciximab®* or Tirofiban’®
= Thromboaspiration through guiding or sheath
® Suction thrombectomy (Penumbra)®’
= Surgical management - stent removal & CEAS

1. Masuo Oet al. Nrurol Ned Chir. 2006
3. Steiner-Boker S et al. AJNR. 2004
Yonsei Med J. 2008
interv Surg. 2014

2. Bush RL et al. J Endovasc Ther: 2003

4. Van den Berg JC. Eur J Vasc Endovasc Surg .2008
6. Kim YW et al. Acta Neurochir: 2013

8. Setacci C et al. J Vasc Surg. 2005

Surgical management
- B Z
M

Setacci C et al. J Vasc Surg. 2005

5-4. Filter occlusion

» d/t large burden of embolic material in the filter obstructing flow

» Rescue Tx.
= 1. Rule out other causes (dissection, spasm, or thrombus in the stent)
= 2. Thromboaspiration through guiding (50-100 cc) of ICA blood
= 3. Thromboaspiration with aspiration catheter as close to the filter
= 4. Filter retrieval

S
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6. Embolic complication
» Thromboembolism after CAS: 0.04~2%

» Rescue Tx. (Like Tx. for AIS)
= Wire or microcatheter passage
= Balloon angioplasty
= JAtPA/UK and/or eptifibatide or abciximab
= Under balloon guiding

= Mechanical neuro-rescue - Aspiration or thrombus extraction

| .

7. Difficulty with filter removal
» 1.7~10.2%'

» 7-1. Difficulty with passing the retrieval sheath through the deployed stent
= caused by
« 1) the protruding struts of the stent (esp. due to its open cell type
nature of the stent)
+ 2) the acute angle between stents and CCA

» 7-2. PED entrapment within the stent

| .

Bertog SC et al. J Cardiovasc Surg. 2013

Rescue Tx.

» 7-1. Difficulty with passing the retrieval sheath through the deployed stent
= 1. Advance guiding catheter close to or into the stented segment
= 2. Turning head, deep breath, & cough

= 3. Manual carotid compression' (lateral or vertical pressure

-> straighten the angle between stent and the CCA

= 4. Angled 5F catheter**
->The tip directed away from the impeding stent strut
- If monorail system-EPD, creating a hole near

= 5. Balloon advancement

= 6. Post-dilatation

= Ifthe filter shears off the wire - retrieval with a snare

» 7-2 PED entrapment within the stent

= To-and=Rro motion > Surgical removal

|

1. Watanabe M, et al. J Vasc Interv Neurol 2013
2. Nil K et al. J Stroke Cerebrovasc Dis. 2015
3. Daugherty WP et al. AJNR, 2008

4. Ahn SH et al. Semin Intervent Radiol 2013)

Manual carotid compression

4 .
Hampered by prox. Stent edge A

Nil K et al. J Stroke Cerebrovasc Dis. 2015

Rescue Tx.

» 7-1. Difficulty with passing the retrieval sheath through the deployed stent
= 1. Advance guiding catheter close to or into the stented segment

= 2. Turning head, deep breath, & cough

= 3. Manual carotid compression'- (lateral or vertical pressure)

- straighten the angle between stent and the CCA

4. Angled 5F catheter’*

—>The tip directed away from the impeding stent strut
- If monorail system-EPD, creating a hole near

5. Balloon advancement

6. Post-dilatation

If the filter shears off the wire - retrieval with a snare

» 7-2 PED entrapment within the stent
= To-and=Rse motion - Surgical removal

.

1. Watanabe M, et al. J Vasc Interv Neurol 2013
2. Nil K et al. J Stroke Cerebrovasc Dis. 2015
3. Daugherty WP et al. AJNR, 2008

4. Ahn SH et al. Semin Intervent Radiol 2013)
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Angled catheter (SF diagnostic catheter )

B Angled catheter

CNNTW
Distal Stent edge

Ahn SH et al. Semin Intervent Radiol 2013




Basic endovascular training course

Rescue Tx.

» 7-1. Difficulty with passing the retrieval sheath through the deployed stent
= 1. Advance guiding catheter close to or into the stented segment
= 2. Turning head, deep breath, & cough
= 3. Manual carotid compression' (lateral or vertical pressure)
- straighten the angle between stent and the CCA
4. Angled 5F catheter’*

—>The tip directed away from the impeding stent strut

- If monorail system-EPD, creating a hole near

5. Balloon advancement
6. Post-dilatation
If the filter shears off the wire - retrieval with a snare

1. Watanabe M, et al. J Vasc Interv Neurol 2013
2. Nil K et al. J Stroke Cerebrovasc Dis. 2015

3. Daugherty WP et al. AJNR, 2008

4. Ahn SH et al. Semin Intervent Radiol. 2013

5. Shilling K et al. Vasc Endovascular Surg. 2006

» 7-2 PED entrapment within the stent

= To-and=Rse.motion - Surgical removal

| .

To-and-Fro motion =2 Surgical removal

Distal tipof |

Entrapped
Accunet

Shilling K et al. Vasc Endovascular Surg. 2006

8. Carotid perforation

» <0.1%

» Caused by aggressive pre- and postdilatation > Leakage of the contrast
from the ICA

» Rescue Tx.
= Heparin reverse (protamine sulfate) + immediate and prolonged soft
balloon inflation
= Covered stent implantation (concern for a higher thrombosis rate)

-

Dieter RS et al. Catheter Cardiovasc Interv 2006

Covered stent

After stenting with JOSTENT

Dieter RS et al. Catheter Cardiovasc Interv 2006

9. Access site complications

> 1~1.3%!
» Utility of closure devices: controversial

» Pseudoaneurysm?
= Risk factors: HTN, DM, CAD, BMI 1, Catheter diameter 1
= Rescue Tx.
+ <2cm: spontaneous resolution without treatment
* Larger or symptomatic:
— Thrombin injection or prolonged ultrasound guided compression
— Surgical repair (4.7%)
» AVF: surgical closure or covered stent

.

1. Bertog SC et al. J Cardiovasc Surg. 2013
2. Ates M et al. J. Vasc. Surg. 2006

liac artery injury

Temporary
balloon
occlusion

Penetrated

Hayashi K et al. Acta Neurochir 2014
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10. Other technical problems
» 10-1. Guiding or Sheath Prolapse back into aortic arch
» 10-2. Difficulty with advancement of filter
» 10-3. Fused Monorail balloon and PED

» 10-4. FilterWire Ex membrane tear

S

10-1. Sheath Prolapse back into aortic arch

Filter retrieval
catheter

Prolapsed sheath

Filter retrieval
catheter

Prolapsed sheath

Chiam PT et al. Catheter Cardiovasc interv. 2008

10-2. Difficulty with filter advancement

- “buddy wire” technique

Malik RK et al. J Vasc Surg 2009

Accunet = Ballooning
Filter/balloon =3 after reposition of
engagement ilter/balloon

10-3. F use Monorail balloon and PED

«=LICA stent % #L!ld‘léh f bulloon

5

Guiding -
Campbell JE et al. J Endovasc Ther 2007

| advancement

+— Sheath

EmboShield filter wedging in the stent

Prox. Marker
(Filter)

Distal Marker v, pl Catheter tip
(Filter) (stent)
\ ]

Emboshield

Smart Control

Precise

Several to-and-froimevements of the stent delivery catheter along with the filter’s guidewire

| S

Kwon BJ et al. J Endovasc Ther 2006
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10-4. FilterWire Ex membrane tear
from plaque Burden

Protruding plaque

Inability of the retrieval sheath to encase large plaque burdens that exceed its lumen capacity.

| S

Nguyen N et al. Catheter Cardiovasc Interv 2005




Basic endovascular training course

11. Transient bradycardia and
hypotension

» 29~70% (vary depending on the definition)"?
» Caused by wall strain on the carotid sinus related to balloon inflation or
stent implantation
» Prevention
= temporary pacemaker prior to the stenting
= pretreatment with 0.5 to 1 mg of IV atropine
« caution in elderly: Large doses = confusion, blurry vision, urinary retention,
dry mouth (10-20%)*
» Rescue Tx.
= Awake consciousness by beating chest
= Hydration and/or small dose of IV vasopressors
= If Symptomatic hypotention > norepinephrine or dopamine (bradycardia)

| .

1. Yadav JS et al. Circulation. 1997
2. Diehm N et al. J Vasc Interv Radiol. 2008
3. Qureshi Al et al. Stroke-a journal of cerebral circulation. 1999

12. Cerebral hyperperfusion

» Following CEA and CAS: 0.3~2.7% and 1.1%, respectively

» Typically occurs in patients with
= severe stenosis and poor collateral circulation,

« particularly in those with complete occlusion of the contralateral ICA or
patients with an underdeveloped circle of Willis.

» Related to long-standing hypoperfusion > impaired autoregulation

» Strict BP control

| .

13. ICH

» approximately 0.3% (<1%)

. Stop antiplatelet or
» If a cerebral hemorrhage is suspected, | wmicwaaion

= the procedure should be terminated

Control BP 20mmig 1or2 doses of

under preop BP Haemocosgulase

Auox

= Heparin reverse & emergent op.

Intracerebral hemorrhage

No Small
hydrocephal hemorthage
I T T T
Ventricular Cerebral drainage
drainage and urokinase rinse

[ I I ]

Hydrocephalus

Large hemorrhage

Consenvative Conservative

treatment treatment

Give antiplatelets 3 to 7 days after
hemorhage, blood pressure controlled until
2 weeks after hemorthage

Xu Y et al. Interv Neuroradiol 2009

|

Take home message
» CAS is not difficult, but, complication is the main issue.

» Prevention is the best way, but it is impossible to avoid
complication. = “informed consent !”

» Recognize possible factors associated with an increased risk of
complications.

» A cautious and tailored approach are mandatory.

.

14. Contrast encephalopathy

» <0.1%
» Etiology: extravasation of contrast via a compromised BBB

» Neurologic deficit: cortical blindness and altered level of consciousness

» CT: contrast enhancement in the ipsilateral basal ganglia and cortex or
sulcal enhancement

» Resolve without treatment usually within 24 hours

‘THE CATHOLIC UNIVERSITY OF KOREA

ULEONGBU ST. MARY'S HOSPITAL [
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Theme: Exploring What is Next in Neuroendovascular Surgery

6/26(Sat.)

Luncheon seminar

1. Role of direct thrombin inhibitor for acute HEIG (Mo A )
ischemic stroke

2. Safety and feasibility of using Argatroban OIZE( =)






Luncheon seminar

Role of direct thrombin inhibitor for acute ischemic stroke

YONSEI S @""“ﬁ* Treatment of Acute Ischemic Stroke

2

HOSPITAL )

HHIAEH

Role of direct thrombin
inhibitor for acute ischemic

ISCHEMIC STROKE

Thrombectom Thrombolysis
stroke y
Antiplatelets Anticoagulants
Antihypertensives

k 26 June, 2021 ASCENT

at is the parenteral thrombolytic therapy for AIS? Which agent is FDA approvedifORIS I,

of acute ischemic stroke (AlS)?

tPA (Alteplase, Activase®)
for Acute Ischemic Stroke
Development Timeline

Which agent is FDA approved for thrombolytic
therapy of acute ischemic stroke (AIS)?

Invonangdots 5 arencs,

Postmarkeing sudies show benafs of A
ity ospial seings when apd testment

- The US Food and Drug Administration The New England

= . l(E (FDA) approved the use of IV tissue ..
LU T E SICNE AT T ITIGE plasminogen activator (tPA) in 1996, ]Ournal of Medicine
KNOW THE SIGNS. ACT INTIME. partly on the basis of the results of the Copyrght. 1995, by the Mass el Socery

National Institute of al

Disorders and Stroke (NINDS) trial of IV
recombinant tPA (rtPA). Favorable
outcomes were achieved in 31-50% of
patients treated with rtPA and 20-38%
of patients given placebo; the major risk
of treatment was symptomatic
intracranial hemorrhage (sICH), which
occurred in 6.4% of patients treated
with rtPA and in 0.6% of patients given
placebo.

b 10

st st 1988

uantiies and show

Danish resarchrsdescrbe anayme hat willbecome known 2 tsuepssminager

acovator (). Moo

et tps /v i 1 gov/tes Gefaulles/1pa_Gesign_S0BC pa

e
the New England Journal of Medicne volume 333 December 14, 1995 number 24
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AHA/ASA Guideline 2018

AHA/ASA Guideline 2019 Update

2018 Guidelines for the Early M: of Patients

With Acute Ischemic Stroke
A Guideline for Healths
Associal

rofessionals From the American Heart
n/American Stroke Association

Revieved for @73 9. A ntiplatelet Treatment

Endorsed by 39, Antiplaelet Treatment COR LOE D i
The 1. Administration of aspirins recommended n patients with 013 A

AHA/ASA GUIDELINES

Guidelines for the Early Management of

Patients with Acute Ischemic Stroke: 2019

Update to the 2018 Guidelines for the Early
Management of Acute Ischemic Stroke

I Aguideine for healthcare
Amencan Heart Associaton/Amencan

IS within 24 to 48 hours after onset. For those treated with Guidelines.

V alteplase, aspirin administration is generally delayed until

24 hourslater but might b considered in the presence of 1

concomitant condiion for which suchtreatment given i the

absence of IV alteplase is known t o

withholding such treatment is knoy 5.1 Paients rseting it o s, st for 21 dswith
e e (A oy g Topdowe) wnmmu

period of up 0 90 days from symplom onsel.

Ref Stroke, 49 (3), e46-0110

New recommendation.

3.9. Antiplatelet Treatment

3.9. Antiplatelet Treatment COR LOE New, Revised, or Unchanged

1. Administration @M} recommended in patients with AIS within 24 to 48 Recommendation revised from 2013 AIS
hours after onset. For those treated with IV alteplase, aspirin administration is Guidelines.
generally delayed until 24 hours later but might be considered in the presence |
of concomitant conditions for which such treatment given in the absence
of IV alteplase is known to provide substantial benefit or withholding such

2.In patient ting with minor i ic ischemic stroke (NIHSS New recommendation.

score <3) who did not receive IV alteplase, treatment witl{dual antiplatelet )
s(anod within 24 hours after symptom onset 1
and continued for 21 days is effective in reducing recurrent ischemic stroke
for a period of up to 90 days from symptom onset.

R Stroke December 2019

AHA/ASA Guideline 2019 Update

AHA/ASA GUIDELINES

Guidelines for the Early Management of
Patients with Acute Ischemic Stroke: 2019
Update to the 2018 Guidelines for the Early

Management of Acute Ischemic Stroke

I Aguidelie for healthcare professionals from the
< American HeartAssociation/American Stroke Association

3.9. Antiplatelet Treatment
[ 39, Antplateet Treatment COR

3.The efficacy of the Recommendation revised from 2013 AIS
in the treatment of AIS is not well established. Guidelines.

4. Ticagrelor is not recommended over aspirin for treatment of patients with New recommendation.
minor acute stroke.

5. The administration of the IV glycoprotein Ilb/llla inhibitor abciximab s Recommendation revised from 2013 AIS

medical treatment for AIS Ts potenially harmul and should not be performed. Guidelines.

6. Aspirin substitute for acut in Recommendation revised from 2013 AIS
» gible for IV alteplase or mechanical Guidelnes.

New, Revised, or Unchanged

AIS patients who are not eligible for tPA or IAT

Early neurological deterioration(END) following AIS

Adjunctive Option of Intra-arterial Thrombectomy

Ref Stroke December 2019

M/63 right hemiparesis, beyond 4.5hrs NIHSS 5

M/74 left hemiparesis, beyond 4.5hrs NIHSS 3
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Argatroban Profiles: Direct thrombin inhibitor

AHA/ASA GUIDELINES

for the Early
Patients with Acute Ischemic Stroke: & May/might be reasonable
Update to the 2018

Management of Acute Ischemic Str| ®

Ag ihcare professionals fron
Amencan Heart Assacaton/Amencan Suoke.

3.10. Anticoagulants

Recommendation revised from 2013 AIS

3. Atpresent, the usefulness oflargatroban, Habigatran, or other thrombin o
inhibi i i Guidelines.

inhibitors for the treatment of patients with AIS is not well established.

Several observational studies have demonstrated the szfety and feasibility of treating AIS with thrombin inhibitors

as either a single or an adjunct therapy to alteplase. The oral direct thrombin inhibitor dabigatran was studied in 53
patients with TIA or minor stroke (NIHSS score <3) with no occurrences of sICH up to 30 days.* ARTSS (Argatroban
With Recombinant Tissue Plasminogen Activator for Acute Stroke)-1 was an open-label, pilot safety study of argatroban
inusion plusV aleplas in 5 patents with complte cr partally occlusive thrombus ciagnosed by trancranial
Doppler” Jn the ABTSS:2 phase JLstudy, with AIS freated. (N=90) 1o receive
placebo or argatroban (100-pg/kg bolus), ollowed by irfusion of either 1 (low dose) or 3 (high dose) pg/kg per minute for
48 hours. Rates of sICH were similar among the conirol, low-dose, and high-dose arms: 3 of 29 (10%), 4 of 30 (13%),
and 2 of 31 (7%), respectively. 2 Further trials are necessary to clarfy the safety and efficacy of this intervention.

See Tables XLIX and L in online Data
Supplement 1.

Synthetic low-molecular weight heterocyclic of

Structure  jerivative of L-arginine (molecular mass 508.7 Da)

| Esoonvo., o,
e
: !4m§)-

(e

Mechanism  Competitive, direct thrombin inhibitor that reversibly
of Action binds to thrombin active site

Protein bound: 54%

Distribution /%) s
Metabolism  Liver am
Half-life: 39-51 min
Elimination  Total body clearance: 5.1 mL/kg/min Az a2
Excretion: Feces (65%); urine (22%) -
2
=2

ef Stroke December 2019

Argatroban exhibits anticoagulant action by inhibiting fibrin formation,

platelet aggregation and vasoconstriction caused by thrombin action

Argatroban exhibits anticoagulant action by inhibiting fibrin formation,
platelet aggregation and vasoconstriction caused by thrombin action

Intrinsic Pathway Extrinsic Pathway
P
Xil Xila .
Tissue Factor (I
X Xia Factor Xa Inhibitors
N (Apixaban, Betrixaban, Edoxaban, Rivaroxaban)
3 Xa i Via A

T T

L Xa .,-.,.i\

" prothrombin (1)_ [ Thrombin (la) h‘

N
Fibrinogen (™ == s #Fibrin (1a)

Extrinsic Clopidogrel

Prasugrel
Oral] Ticagrelor
Apixaban(2(3i4)
Edoxaban

Rivaroxaban(u )

[Parenteral]
Fondaparinux
Idraparinux

Olhlr

agonists

Oral
Dabigatran(z2f<tAf)

Parenteral
Argatroban(icttAg)
Bivalirudin lla \l
Lepirudin
Desirudin

Platelet plug

S

Fibrin mesh _& Thrombus

* § formation
Fibrin formation Platelet aggregation  Vasoconstri
1 4 14 L 4

2" Thrombosi:

04

disorders in ischemic penumbra

Heart il Rev. 2013 Nov;18(6)797-813

Difference between Heparin vs. Argatroban

Difference between Heparin vs. Argatri

‘Soluble Thrombin
Heparin Oirect trombininhibitors
_ Twonbin
Antthrombn T e hrombin
uni va\uv( diect
— thiombin inhibitor
Erosite 1.
Actve it
Eosite2
Hepavn
Thiombin
n\mldvt(l
thrombin nhbitor  Bosite?
Fibrin-Bound Thrombin
Heparin Direct thrombininhibitors

Fbrin bound

thrombin
Ju— D —_—
Univlent diet
% trombn nhibtor .
Fibrin-bound o
. ’ thrombin
—— \ f
Q

St v -
nambin hor o

Heparin i

AlThrombin binding sites

Heparin binds with anti-thrombinIl
(ATII) and acts anti-thrombotic
action by increasing the reaction

Eose? Thrombin

= velocity between ATII and thrombin
P > When ATII s degraded, Heparin is
e o difficult to produce sufficient anti-
— thrombotic action
-l oo Thrombin
et St
Pharmacodynamic effects of continuous Efoct
or
‘Argatroban on aPTT in healthy subjer ualan)

—=— Heparin Direct Inhibition
2.000u2hours

) — Argatroban acts as an anti-thrombin
g emgizhours by directly binding the active site of
& £ rombin.
E —*— Argatroban %
« ™ Heparin _ ATI is not required
012345678 51 0 %6 1010 200 a8

Dose of Novastan (ug/kg/min) Timemin) )

O Heparin (U/kg/mink10%)
“*Dose i i in10-4),n=9:

Ref. N Engl Med 2005; 353:1028.1040

1. Joural of Materas Science: Materils in Medicine (2018) 29:66;
2.SEMINARS IN THROMBOS'S AND HEMOSTASIS—VOL. 23, NO. 6, 1997
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icoagulants Systematic sea e nticoagulants Systematic search (2017)

TABLE 1. Brief desciption and resuts of
management of ischemic sroke (up to 14 day
Fiss
Drgued | Nadropuins,

ToasT HAEST
Darsparcid, . Dakeparn 100
(@),5C, 20080 1U,C, iy, with b ke, SC, 20

FIss-tis
Nadroparin A

100 vgg),
. 3800 IV ollowed by
iy SO0 10,5C,2

ORIGINAL ARTICLE

o oy [ el o by
Anticoagulation in acute ischemic stroke: A systematic search — e s e —
Navara L. Froio*, RICHARD MURDOCH MONTGOMERY?, ELIAS DAVID-NETO?, IVAN APRAHAMIAN'* T T R T R R Y T T T R T

The main reason to avoid the use of anticoagulants was increase to the risk of bleeding.

However,
Results: Fourteen clinical trials were selected based on inclusion = bleeding rates did not differ between the therapeutic and placebo groups of the ARGIS-1 trial using argatroban
criteria. No evidence was found supporting the early use of heparin, e e Ta studies
heparinoids or low-molecular-weight heparin (LMWH) early after 5 selected according to . -
* e e beedngrass  Temorhgosmie foerbe  hemarhgng gows il andadre  nomjor e
stroke. No consistent evidence for the use of warfarin and the newer o between the groups  and extracranial cutcomes high doses within improvementinall  events were sim-  neurological cores did.
oral anticoagulants were found. Argatroban was the only anti outcomes Meodngat 14y among 24 opitin 14 durscoss o il amongihe
with significant positive results early after larg y ic stroke. by f arge-arery 4 venous days Severebleeding  groups groups
e aneoschross avombas  moreequet
8 studies including e ghes coss
Conclusion: The ideal time for initiating anticoagulation remains hemorrhage due to B " ®
undefined, requiring further investi Early anti for SRR Longiem  Signifcantdosede- _ Heparn showed no Patientswih | Neurologcal scores i
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F/86 A-fib, old PCA infarction, deteriorated mentality

Early neurological deterioration(END) followi
NIHSS 20, unclear onset, beyond 24hrs

REVIEW

Incidence, causes and predictors of neurological
deterioration occurring within 24 h following
acute ischaemic stroke: a systematic review
Argatroban infusion 1 week with pathophysiological implications

Pierre Seners, Guillaume Turc,' Catherine Oppenheim,? Jean-Claude Baron'

Addonal m ABSTRACT
pubdshed mgw’ m»‘ o e Eary neurological detrioation (END) following
i it the ournal e i hzmic stroke s a serius event with manageable

e o causes i only a fraction of patients. The incdence,
auses and rictors af END occurig wilin 24 of

acute ischaemic suoke (EN

Neuciogl, Sotemacaly redows. We smaialy rieved

D it e e, Medine and Embase fom January 1950 10 At 2013
for all studies on END,. following acute ischaemic sioke

h from onset). We recorded the

e
MR 56

Neuoradilogie, Centre presumed causes of and factors associated with END. .
Hospialer Sanie Anne, Thinty-six studies were included. Depending on the
Univesit Paris Descares, definition used, the incidence of END, ; markedly varied
pars, France mong studies. Using the most widely used change in
Correspondence to. National Insitutes of Health Stroke Scale >4 definition,
Pl en Caue aon, th pooled incidnce was 13.8% folowing hrombolyss,
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intracranial haemorthage and malignant

s, P 75014, France
oo catde baron@inserm
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‘ORIGINAL COMMUNICATION

@

“A total of 125 acute ischemic stroke patients received
endovascular thrombectomy. Neurological
i i 2%),
Jae - Woong Jae Lee? - Jun Soo Byun? - Suk Won A was detected in 44 )
Hae Won Shin' St Hyun Han'- - Han Yoo! and 38 cases (86.4% of END) occurred within 72 h.

Incidence and mechanism of early neurological deterioration
after endovascular thrombectomy

Left side motor G4- Left side motor G2-3

-

2 days later

neehes tosnary2is “The risk factor of END due to ischemia progression
©SpngerNedsgGrbHGemany, o s s 2015 was stroke subtype of large artery atherosclerosis.
Abstract N N .

Bsogund — frequently occurs after
et Beve vy 2011 O 017 s  endovasculr and the risk factors of

END differ according to the mechanism of END.”

Notondt I of e curological status aftr stroke v
d brain eder

Results A totalof 125 & i i . N i
detected in 44 patients, and 38 cases (86 4% of END) occurred within 72 h. The END mechanism included 20 ischemia
progression. 16 brain edema and 8 hemorrhagic transformation cases. Multivariable

regression analysis revealed

P I to have poor

-6 at 90 days than neurologically stable patients (odds ratio (OR)=4.06, confidence interval (Chm 15119, Te sk
factor of END due to ischemia progression was stroke sublype of large artery atheros C1=179-220)
Successful recanalization (OR =0.11, C1=0.03-0.39) and NIHSS «nua.nmm.vmnmmwm (OR=1.15 per one-

oot ncrese, Clo 106012 brain edema,
Conclsion Neurological deterioraton frequently oceurs after ndovasculr thrombectomy. and the risk fctors of END
differ acconding to the mechanism of END.

Keywords Stroke - Mechanical thrombectomy - Prognosis
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Argatroban Anticoagulation in Patients With f Argatroban Anticoagulation in Patients With Acute Ischemic Stroke (ARGIS-1)
Acute Ischemic Stroke (ARGIS-1) : argatroban provides safe anticoagulation in acute ischemic stroke
American Stroke - safety Outcomes
A . * Ll ] P8 Placeto 1 ic ICH was not signif different
ssociation.. e Lovtre betwween groups (high-dose argatroban, 5.1%;
Atten Agatchan Paceto . :
— ot . e ki (k0w LoDow low-dose argatroban, 3.4%; placebo, 0%; P20.18)
JOURNAL OF THE AMERICAN HEART ASSOCIATION Heart Association Symotomatc pacanal hemortage. 361) 204 00 018 024 050 with 3 events during argatroban infusion and 2
Parenchymal hemarthage: nn o) L) 10 10 L) events 7 days after stopping infusion.
Hemartog: nfactn W oo 0w 10 10w
[ —— W0 264 00 om0 os
Argatroban Anticoagulation in Patients With Acute Ischemic Stroke (ARGIS-1) : Ve ysteric hemortage W 00 o M M W 2. No significant between-group differences
Randomized, Placebo-Controlled Safety Study Jophntc kil 10 4BS 280 10 s occurred in asymptomatic ICH (7 events), major
Marian P. LaMonte. Marshall L. Nash. David Z. Wang. Andrew R. Woolfenden. John Vi syt eorage eIy 10s0 s0L) 0% oms 0% systemic hemorrhage (no event), or 80-day
St oW Death i g
Schultz. Marcie J. Hursting and Philip M. Brown o oo e e o ww mortality (13.4% overall).
Wit 0 s TN nmd sed M M W
vl eimte 80 day) o om  ow ox _os _ on
irect thrombin inhibitors, including argatroban, represent an anticoagulant class distinct from heparins. A s ot aplcatealate
This study investigated the safety of 2 levels of argatroban anticoagulation in acute ischemic stroke.
 Mean (SD) aPTT change from baseline
Method s 8 Diamonds: high-dose argatroban | ~ Argatroban at each dose evaluated significantly
i double-blinded, placeb: lled study included 171 patients with acute (12hours from onset) Ea 50 5‘1“3’9‘5 “’“’“‘?3'83""‘“" prolonged aPTTs without increasing
stroke and National Institutes of Health Stroke Scale (NIHSS) scores of 5 to 22. E €40 ¢ I Triangles: placebo ICH or major bleeding.
5% 3 "% The dashed lines represent
gt o
Patients received continuous intravenous argatroban (100jg/kg bolus) at 3 ig /kg per minute (n=59) or 1 ug/kg per minute (n=58), & Jssociated with arget aPTTs of
respectively, adjusted to target activated partial thromboplastin times (aPTTs) 2.25X and 1.75X baseline or placebo(n=54) for 5 days. H 0 +—F i i ; :
4p© 20 40 60 80 100 120
Time, h
Re.Stroke, 2004 357} 1677-1662 . Suoke. 2004 13507 16771682

The Argat n and Tissue-Type Plasminogen Activator Stroke Study : > The Argatroban and Tissue-Type Plasminogen Activator Stroke Study : ARTSS |

ARTSS | ' : The combination of Argatroban and intravenous tPA produce more complete
recanalization than tPA alone.

American Stroke 1. Safety and Bleeding Results
t rO e Associaﬁon 3 Significant intracranial hemorrhage, no. (%, 95 CI) Significant ICH occurred in 4 (6.2%) of 65 patients (95% Cl, 1.7-15).

Total 4(62,1.7-15) These rates of bleeding are of the same order of magnitude seen with
ADivision of American intravenous recombinant tPA alone
JOURNAL OF THE AMERICAN HEART AssociaTiON Heart Association Symptomatic ICH 3(4.6,0.9-12.9)

Parenchymal hematoma Type 2*

The Argatroban and Tissue-Type Plasminogen Activator Stroke Study : Final
Results of a Pilot Safety Study
Andrew D. Barreto. Andrei V. Alexandrov. Pat Lyden. Jessica Lee, Sheryl

2. Clinical and Recanalization Outcome
Martin-Schild. Loren Shen. Tzu-Ching Wu. April Sisson. Renganayaki Pandurengan.

Zhongxue Chen, Mohammad H. Rahbar, Clotilde Balucani. Kristian Barlinn, Rebecca Any recanalization within 2h (n=47) No. (%) Within the 2-hour monitoring period, transcranial Doppler
Sugg. Zsolt Garami. Georgios Tsivgoulis. Nicole R. Gonzales. Sean 1. Savitz. o T recanalization (n=47) occurred in 29 (61%) patients,
ulik. v o otal "’
Robert Mikulik. Andrew M. Demchuk and James C. Grotta Sixty patients had vessel imaging at 24 hours
Partial 10(21) demonstrating complete recanalization in 63% (n=38) and
IPFoeE Complete 19(40) partial in 15% (n=9; total 78% any recanalization).
This Argatroban tPA Stroke Study was an open-label, pilot safety study of tPA plus Argatroban in patients with ischemic stroke due to Sustained recanalization within 2h No. (%)
roimel intracranial occlusion Although an overall effective treatment for ischemic stroke,
P g Total 26(55) intravenous tPA s less efficacious for larger, more proximal occlusions.
Only 4.4% of distal internal carotid artery and 30% to 32% of MCA clots
Method Partial 1225) A v
Prospective multicenter, Single-arm, Open-label, uncontrolled study, Sixty-five patients were enrolled (2003-2010) Complete 1430) Stroke. 2007;38: 948-954. WA midlecoebral artery

. 24h (n=60) No. (%)

Total 47(78)
During standard-dose intravenous tPA, a 100-yg/kg bolus of Argatroban and infusion for 48 hours was adjusted to a target partial
thromboplastin time of 1.75 baseline. Partial recanalization 9(15)
(Concomitant anticoagulants or antiplatelet agents were not permitted during Argatroban. Complete recanalization 38(63)

Barreto AD, et al.Stroke 2012, 43770775

Barreto AD, et al. Stroke 2012,43:770-775

Randomized, Multicenter Trial of ARTSS-2 X U Randomized, Multicenter Trial of ARTSS-2

(Argatroban With Recombinant Tissue Plasminogen Activator for Acute Stroke) (Argatroban With Recombinant Tissue Plasminogen Activator for Acute Stroke)

Stroke

Distrbution of 50-day modified Rankin Scle (mAS) scores At 90 days, 6 (21%) r-tPA alone, 9 (30%)
low-dose, and 10 (32%) high-dose
P patients were with modified Rankin

. . o . Scale score 0to 1.
b I B ) i ;

0
&

American ~ American

Heart | Stroke e ] F o

Association | Association.

A ione

ili

Randomized, Multicenter Trial of ARTSS-2 (Argatroban With Recombinant Tissue

Plasminogen Activator for Acute Stroke) s o N B 3 4 L g

Andrew D. Barreto, Gary A. Ford, Loren Shen, Claudia Pedroza, Jon Tyson, Chunyan Cai,
Mohammad H. Rahbar, James C. Grotta and on behalf of the ARTSS-2 Investigators

Relative Risk of mRS 0-1 The probability that adjunctive argatroban was superior to r-tPA
alone was 67%, 74%, and 79% for low, high, and low or high dose,
FDET—, repecvely

Conducted a randomized exploratory study to assess safety and the probability of a favorable outcome with adjunctive argatroban,
a direct thrombin-inhibitor, administered to r-tPA treated ischemic stroke patients.

3-arm, ized, blinded- I , exploratory study, 90 Patients enrolled who treated with standard-
dose r-tPA, not receiving endovascular therapy

RR (95% Cl), probability RR>1.0

Low: High-Dose
Argatroban+r-tPA (N=61)

134 (0.68-2.76), 0.79

High-Dose Argatroban+rtPA (N=31) 1.27(0.63-2.53), 074

Low-Dose Argatrobanr-tPA (N=30) 117 (057-237), 067

No argatroban (n=29) >

1. Safety: incidence of symptomatic

Low dose (n=30) 100 ua/hg bolus > intracerebral hemorrhage
+ 11 per minute nfusionfor hr 2. Probability of Clinical benefit: The area under
High dose (n=31) 3““:52‘:“‘“

MRS 03 04 07 10 15 22 33 represents the is superior (ie, RR>1. 3
Relative Risk of mRS 0-1 low; 74% high; and 79%,low+high dose]. Note: the x axis i set to logarithic scale.

The neutral prior

Standard-dose r-tPA (n=90) Sl

=10, indicati

orinferioriy.
RR-1, P

Barreto AD, et a.Stroke 2017 Jun48(6):1608-1616

Barreto AD, et al. Stroke 2017 Jun 48(6):1608-1616
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Randomized, Multicenter Trial of ARTSS-2
: Adjunctive argatroban was not associated with increased risk of symptomatic intracerebral
hemorrhage and provides evidence that a definitive effectiveness trial is indicated.

Safety and Feasibility of Argatroban, rtPA and IAT in Stroke(ARTSS-IA Study)

Secondary outcomes

Rates of i were similar
among control, low-dose, and high-dose arms:
3/29 (10%), 4/30 (13%), and 2/31 (7%), respectively.

High-Dose Arg#rt-PA 7% —‘
(and no major systemic bleeding adjudicated as argatroban related

Low-Dose Argsrt-PA 3% oceurred)

rt-PAalone 10%

Forest plots of 90-day excellent clinical outcome.
and in 48-hour of r-tPA

Reference: rt-PA alone

il e i 50 Overall rates of sICH were lower and nearly identical
;;‘; st across arms. Substituting a neutral prior (identical to
157, 0m33 the primary outcome analysis) for the conservative,
the probability that adjunctive argatroban increased
YRR SICH risk was 63%, 34%, and 48% for low, high, and
s Bt s low or high dose, respectively.

Safety and Feasibility of Argatroban, Recombinant Tissue
Plasminogen Activator, and Intra-Arterial Therapy in Stroke
(ARTSS-IA Study)

Ketevan Berckashvili, vo.*" Jazba Soomro, v».*" Loren Shen, mx*
Vivek Misra, v, Peng R. Chen, M.} Spiros Blackburn, wo.f
Mark Dannenbaum, Ao § James C. Grotta, Mo § and
Andrew D. Barreto, uo, s

This study intended to study feasibility and safety of concurrent r-tPA and Argatroban in patients undergoing EVT.

Conducted a single-arm, feasibility, and safety study of 10 patients that received standard-dose r-tPA, had intracranial large vessel
occlusions, and underwent EVT within 6 hours of stroke onset. (vs. non-ARTSS-IA 22Patients)

2-hour 6-hour 12-hour Outcome
Eligibilty Informed Argatroban  aPTT  aPTT aPTT 48-hour  Discharge pay90 | 1. Feasibility: as ability to
Study lus & :CT l NIHSS  NIHSS & mRS mRS ‘combine treatments without
l EVT time-metric delays
- Argatroban 12-hours /_ 2. Safety: Safety was incidence of

symptomatic intracerebral
hemorrhage (sICH), systemic
hemorrhage, or £

12-36hours & complications

100 ug/g bolus
>

NCCT NS rpA ‘
& & Bols
Endovascular b

A Labs
Therapy

(304 24-Hour NIHSS

Barreto AD, etal. Stroke 2017 un;48(6}-1608-1616

Stroke Cerebrovase Dis_2018 Dec_27(12)_3647-3651

Safety and Feasibility of Argatroban, rtPA and IAT in Stroke(ARTSS-IA Study)

:In patients treated with r-tPA and EVT, concomitant Argatroban is feasible, does not
delay EVT provision, produces high rates of recanalization, is probably safe

On-going study(ARTSS III)
Multi-arm Optimization of Stroke Thrombolysis (MOST)

All pre-planned 10 patients were enrolled.
Arterial occlusions were middle cerebral artery (n = 8), internal carotid artery (n = 1), and posterior cerebral artery (n = 1). All received
Argatroban before EVT and completed infusions.

%of GP to Recanalation time < 60min

+ Time interval from GP to recanalization was <60minutes
in 89%(8 of 9) patients versus 63%(10 of 16) of non
study patients.

patients no.
18

63%
i 89% Nine patients achieved excellent angiographic
; reperfusion(Thrombolysis In Cerebral Ischemia [TICI] 2
B

‘ 2b); with 7 complete(TICI=3).
Argatroban EVT non-study group.

+ There were no sICH, systemic hemorrhage, or EVT complications.

* At 90days, 6(60%)patients had a modified Rankin Scale of 0-2 and none died.

The authors hypothesized that combination therapy of Argatroban with rtPA is likely to be safe, and the higher

dose arm had demonstrated the most promise(no increase in bleeding with better clinical outcomes),
hence its choice for the present study(from ARTSS I, ARTSSII study).

B u.s. National Library of Medicine

ClinicalTrials.gov

Multi-arm Optimization of Stroke Thrombolysis (MOST)

Study: 2019 Oct -2024 Apr, Randomized, Parallel Assignment study

100 g bolus
3 /i per minute infusion for 1207

Argatroban

Acute Ischemic Stroke.
(N=1,200)

Epifibatide

Placebo -

+ improved 90-day modified Rankin scores (mRS) as compared with placebo in acute ischemic stroke (AIS) patients treated
with 0.9mg/kg IV rt-PA within three hours of symptom onset. Patients may also receive endovascular thrombectomy (ET).

v Primary Outcome Measures:
90-day modified Rankin scores (mRS) [ Time Frame: 90 days after randomization ]

v Secondary Outcome Measures:
1) proportion of participants with 90-day mRS 0-1 (or return to their historical mRS) [ Time Frame: 90 days after
randomization |
2) proportion of participants with 90-day mRS 0-2 (or return to their historical mRS) [ Time Frame: 90 days after
randomization |
3) 90-day ordinal analysis of the mRS [ Time Frame: 90 days after randomization |

Stroke Cersbrovasc Dis_2018 Dec_27(12)_3647-3651

[Korean Study 2010]

Effectiveness of Intravenous Direct Thrombin Inhibitor, Argatroban

[Korean Study 2010]
Effectiveness of Intravenous Direct Thrombin Inhibitor, Argatroban

www jkns.orkr ns.

3 Korean Newrosurg Soc 47

Print SN 2005-3711 Ol [SSN 1587875
Copyright ©2010 The Korean Newosurgial Socty

[ cinalAnici_|
Treatment for Patients with Acute Ischemic Stroke
Presenting beyond Six Hours of Ischemic Symptom
Onset : Effectiveness of Intravenous Direct Thrombin
Inhibitor, Argatroban

Jung Soo Park, MD,, Seung Soo Park, WD, Eun Joong Ko, MD., PhD,, Jong PA Eun, MD,, P.D,, Ha Young Chei, M.D., PhD,
e of lnical Medicie. Chontu Nesioral Urversiy Medicl School and Haspi, Jerja Korea

Deparsment of Nearosurery, Rescarh s

Purpose
The objectives of this study were to analyze the outcome and hemorrhagic risk of intravenous (IV) argatroban in patients with acute
ischemic stroke presenting beyond six hours of ischemic symptom onset.

Eighty patients with acute ischemic stroke who were admitted to the hospital beyond six hours from ischemic symptom onset were
retrospectively analyzed.
* Could not perform IV is o i is because of limited time window.

> IV argatroban was performed to prevent recurrent thrombosis and progression of infarcted area.

The argatroban was injected at a loading dose of 60mg/day by continuous intravenous infusion for the first two days,

followed by ir infusion of 20 mg/day in two divided doses over three hours for five days.

Outcome and hemorrhagic risk evaluation

*Bar graph show the overall outcome of argatroban

Table 2. Outcome and hemorrhagic risk a (YT ——
‘Afodmision N
Mocion NHSS 80 a 33 .
Outcome »
Good (%) BE1% 71(@8% -
Poor (%) 1509%) 9012%) .
Hemonhage 0
Symptomatic ) 26%) -

Asmptomatic (%) 56
NHSS : Notional nstute of Heatth Stoke Scale [N T

*  The median NIHSS was 8.0 at admission, 4.1 upon discharge, and 3.3 after three months.

+ Agood outcome* was achieved in 81% of patients upon discharge and 88% after three months.
(A good outcome was defined as a decreased NIHSS score t of the initial score at admission, or the score equal to 0 or 1 upon
discharge or after three months.)

*  Symptomatic hemorrhage occurred in only two patients (3%).
* IV argatroban was effective regardless of initial stroke severity, subtype, and location.

IV argatroban may be an effective and safe treatment modality for acute ischemic stroke presenting beyond
six hours of ischemic symptom onset.

JKorean Neurosurg Soc 47:258.264 2010

S Korean Neurosurg Soc 47:258.264 2010
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[Korean Study 2016]

Therapeutic Effect and Safety of Argatroban in Cerebral Territory Infarction
: argatroban has added benefit in early neurological outcomes after acute cerebral territory infarction

Comparison of National Institutes of Health Stroke Scale scores between Argatroban and Aspirin (control) groups.

[ . Before  lstday  10thdayafter Pvalue
1 therapy after therapy
] 23 therapy
I Argatroban 20943537 18041666 1319735  <0.001*
i Asprin 19.68+5.24 19.20£6.90  17.25%7.30 0.1

P value 0272 0.43 0.012

There was a significant difference

Before herapy st day after therapy 10thday after therapy
= == Jopingoy  Of NIHSS and MRS between the

WRSsmeonz 0% 75% ao% 5% 3o 25w argatroban group and the control

Puake oess o ooss group at 10th day after initiation of

WS score 3 % To% % % 3o% 0% .

L - e - the therapy, which proved

VRS score 4 2% 25% 08% 5% e 5% superiority of the argatroban group

v 0526 oon with cerebral territory infarction

MRS score S . s5% 8% as% e

iy - . — within 48 hours after stroke onset.

And There were no bleeding
complications in all groups.

Puale s comarson
MRS, modfied Rankin

ween axgatioban roup and a5p¥in group and cakulted by chsquare anahss.
de.

Luncheon seminar

[A new Korean study : 2019]

Safety and Feasibility of Using Argatroban Immediately After Mechanical
Thrombectomy for Large Artery Occlusion

ORIGINAL ARTICLE

) Check for e

Safety and Feasibility of Using Argatroban Immediately After Mechanical Thrombectomy
for Large Artery Occlusion|
Jeeyong Kim', Ho Jun Yi**, Dong Hoon Lee’, Jae Hoon Sung’

This study aims to evaluate the safety and effects of using argatroban, i

after mechanical

NIHSS, modified Rankin Scale,

TIC, reocclusion, and various
complications were evaluated

and compared between the 2 groups.
Subgroup analysis was also performed
for patients using tPA or tirofiban.

(MIT) with large
artery occlusion

Mech: 1]
thrombectomy (n=302)

Intraarterial() reatment was ftited
within  hours after stroke onset for LAO

IV EPA aleplase) was used within 4.5
ours afte stroke onset ata maximum
dose of 0.9 mg/ig in accordance with
ECAss il

This study showed the safety and usefulness of argatroban immediately after MT, indicating that using argatroban after MT could
prevent reocclusion of target artery without increasing bleeding complications.

INeurocrit Care 2016:9(2):132-138

WORLD NEUROSURGERY 132: 341349, DECEMBER 2019

[A new Korean study : 2019]

Safety and Feasibility of Using Argatroban Immediately After Mechanical
Thrombectomy for Large Artery Occlusion

The MT+ARG group showed significantly less occurrence of reocclusion at 24 hours and 7 days
compared with the MT-ARG group (2.5% vs. 6.0%, P [ 0.018; 4.2% vs. 8.2%, P [ 0.020).

NIHSS medican favorable mRS(%) after 24 hours after 7 days

_______________________ N
T o 5 [ osomowmie. ]
median mRSsore (9,02 | Reocclusion after thrombectomy EAISIproup sttty i
i
] without Argatraban B Argtroban womn anron |
0 | a2 se 99 2.6 times |
% | ore 2.0 times\, 4.5 times/ !
L 24 times i
i
! i
i
| i
! st 2ehors st !
i 1
' 1
! !

Complication

| There were no significant

With Argatroban | P value
Postthrombectomy hemorrhage (24 hours) (@.4) 3) 462 differences in incidence of
v (24 hours) @.7) 1) 553 .
ther bleeding compli (2.2) 7) 449 such as brain
f infarct 33 33(18.1) 20(16.7) 302 hemorrhage between the 2 groups
essel perforation ( 725
Arterial dissection ( 667
d t ( 772
eizure ( 505
ngioedema ( 675
( 337
ortality 18(99) 307

“This study showed the safety and usefulness of argatroban immediately after MT, indicating that using argatroban after MT could
prevent reocclusion of target artery without increasing bleeding complications.

[A new study : 2019]

Efficacy of argatroban in the treatment of acute cerebral infarction

3. of the ability of daily life in the
two groups before and after treatment

4-1. Comparison of brain blood supply before
and after treatment

P=0.016
P=0698 P=0.039 P=0510
— [ |
P=0.010 P=0009
g1 &1 P=0.021
2 H
7 A
4 >
g ]
8 $
3 2
2 <
4 3
3 2
H 2
= £
@

After the treatment

Before the treatment Before the treatment

[ the Argatroban group E23 the control group

After the treatment.
[ the Argatroban group  EZR the control group

After treatment, the Barhtel index scores of the
two groups were significantly improved by
comparison with those before treatment, and the
Bar-htel index score of the argatroban group was
significantly higher than that of the control group
(79.31£6.60 vs. 63.30+5.18, t=5.391, P=0.039).

After treatment, the peak flow velocity of middle
cerebral artery in both groups was significantly
improved compared with those before the treatment,
and the blood supply of the argatroban group was
significantly better than that of the control group
(81.66+6.09 vs. 65.92+4.96, t=6.290, P= 0.016).

WORLD NEUROSURGERY 132: 341-¢345, DECEMBER 2019

[A new study : 2020]

Early and long-term outcomes of argatroban use in patients
with acute noncardioembilic stroke

[A new study : 2020]
Early and long-term outcomes of argatroban use in patients
with acute noncardioembilic stroke

Gontents lists available at ScienceDirect s
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Early and long-term outcomes of argatroban use in patients with acute
noncardioembolic stroke

Shumin Chen ™', Dongehun Cai ™', Peichu Huang ", Jichang Liu", Yuzhi Lai*, Jianfeng He,
Liang Zhou ", Hao Sun™

of Guangehou. Foshan, Guangdong, 526200, PR China
® Deparomen o Neurology, Nanfong Hospcl, St Medical Universiy, Guangzhou, Guanglong, S10515, TR China

Argatroban in acute noncardioembolic stroke ineligible for intravenous thrombolysis (IVT) or endovascular
treatment (EVT) remains unclear. This study aimed to evaluate whether argatroban improved early and long-
term outcomes compared with antiplatelet treatment.

Retrospective observational [2017-2019 hospitalization]
Argatroban (n=519)

acute noncardioembolic
stroke within 48 hours of
stroke onset but not
receiving IVT and EVT.

ontinuous infusion with a dose of 60 mg/ d for 2 days, followed by 20
me/d by drip infusion over 3 h, twice a day in the morning and evening
for the next 5 days.

Outcome assessment

Comparison of the Argatroban and Control groups

Argatroban Control

(n=519) (n=806)

END during hospitalization, n (%) 16(3.1) 45(5.6) 0.034*
NIHSS changes at 7 days or discharge, median (IQR) 2(0-4) 1(0-3) <0.001*
MRS of 0-2 at 90 days, n (%) 423(81.5) 612(75.9) 0.017*
Death at 90 days, n (%) 1(0.2) 3(0.4) 0.561
Hospital hemorrhagic complications
SICH 10(1.9) 17(2.1) 0.819
alCH 7(1.3) 10(1.2) 0.865
Gl bleeding 8(1.5) 12(1.5) 0.939
UT bleeding 12(2.3) 15(1.9) 0.571
END, early neurological deterioration; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; IQR,
interquartile range; sICH, intracranial hemorrhage; alCH, intracranial hemorrhage; GI,
UT, urinary tract; * p < 0.05.
Both groups achieved significant improvement of NIHSS score at 7 days (or di and no si

in occurrence of bleeding complications were observed between the 2 groups . The argatroban group, compared to
the control group, produced lower END, higher 7-day NIHSS score improvement, and higher percentage of a 90-day
mRS score of 0-2. Mortality at 90 days did not differed significantly between the argatroban and control groups

Clincal Neurology and Neurosurgery 198 (2020) 106233

Clncal Neurology and Neurosurgery 198 (2020) 106233
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Early and long-term outcomes of argatroban use in patients
with acute noncardioembilic stroke

Outcome assessment

Subgroup analysis with mild, moderate and severe stroke

hild 16-42)
Agatbaa(a Cotol(@ P Agatobin (@ Contol @ P Agarobmn (0 Conwol@ P
-207) =32 value =205 -4 vl =2 -4 value
Age,y, median (IQR) 6274114 632& 0609 630499  645£04 0311 6651121 €3+ 0262
108 ns
Gender, male, n (%) 139 67.1) 22(669) 0946 20002 201658 0223 14(59) 32(681) 0166
Baseline NIHSS, median (1QR) 30-4) 3(2-4) 0708 8(7-10) 769 0054 17016-19 17 0594
(16-19)
Baseline mRS, median (IQR) 2(1-2) 20-2 oS 3G3-9 36-3) 040 5(4-5) 5(-5 0839
END during hospitalization, (%) 4019 18(54) 0046t 8(28) 2660 004 4(145) 12y 00%:
NIHSS changes at 7 days o discharge,  0(0-1) 00-n 0350 3249 209 00000 4(2-5) 40-49 0293
‘median (1QR)
mRSof0-1 (forthe mild stroke)or0-2  107(90.3)  200(643) 0046 206(723)  263(628) 0003 10(37.0) 12055 0297
(forthe moderate and severestroke) t 90
days,n (%)
Death 3t 90 days, n (%) 000) 000 - 000) 102 04 167 263 098
Hemorthagic complications, n ()
SICH 000) [JC 729 1208 074 3011 5006 0950
aicH 000) 00 - 5019 809 007 204 2043 0564
Gl bleeding 0(00) 000 - 705) 0e3) 02 167 263 0%
UNT blecding 3049 505 0958 932 1003 058 000) 0o -
108, interquartie range; NIHSS, National Insitutes of Health Stroke Scale; s, modified Raniin Scale; END, early neurological deterioration; sICH,symptomatic ntracranial
W UT, uinary ract; * p <005,

Clincal Neurology and Neurosurgery 198 (2020) 106233

Conclusion

IV Argatroban may be an effective and safe

treatment modality for acute ischemic

AIS patients who are not eligible for tPA or IAT
for prevention of Early neurological deterioration(END)

Adjunctive Option of Intra-arterial Thrombectomy
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Safety and feasibility of using Argatroban

Dong Hoon Lee', Jae Hoon Sung', Ho Jun Yi? Seung Yoon Song', Dong Sub Kim'

'Department of Neurosurgery, St. Vincent's Hospital, The Catholic University of Korea
’Department of Neurosurgery, Soonchunhyang University Bucheon Hospital, Bucheon, Korea

Background: This study aims to evaluate the safety and effects of using argatroban, immediately after
mechanical thrombectomy (MT) with large artery occlusion.

Methods: A total of 302 patients were divided into 2 groups: the MT with post argatroban (MT+ARG) group
and the MT without post argatroban (MT-ARG) group. Baseline characteristics, time interval categories,
and results of MT were reviewed. Outcome assessment with the National Institutes of Health Stroke Scale,
modified Rankin Scale, TICI, reocclusion, and various complications were evaluated and compared between
the 2 groups. Subgroup analysis was also performed for patients using tissue plasminogen activator or
tirofiban.

Results: Baseline characteristics and time intervals were similar for the 2 groups. The MT+ARG group
showed significantly less occurrence of reocclusion at 24 hours and 7 days compared with the MT-ARG
group (2.5% vs. 6.0%, P = 0.018; 4.2% vs. 8.2%, P = 0.020). However, there were no significant differences
in incidence of complications such as brain hemorrhage between the 2 groups. In subgroup analysis with
tissue plasminogen activator, the MT+ARG group showed less occurrence of reocclusion at 24 hours and 7
days compared with the MT-ARG group (P = 0.008 and P = 0.018, respectively). In subgroup analysis with
tirofiban, reocclusion at 7 days occurred less in the MT+ARG group (P = 0.040).

Conclusions: This study showed the safety and usefulness of argatroban immediately after MT, indicating
that using argatroban after MT could prevent reocclusion of target artery without increasing bleeding

complications.
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Complications and solutions in treating cerebral
arteriovenous malformation with liquid-embolic materials;
Beginner’s personal experience

Dong Young Cho, Jung Jae Kim, Eu Kyo Seo

Department of Neurosurgery, Ewha Womans University Seoul Hospital

Objective: Cerebral arteriovenous malformations (AVM) are usually treated with endovascular treatment
using liquid-embolic material. Herein, we would introduce two cases which were successfully treated after
periprocedural complications.

Methods: First case was 40-year-old male presenting AVM involving Rt. frontal lobe with 12mm sized
nidus and 2 arterial feeders from ACA, and single draining to superior sagittal sinus. During endovascular
treatment with onyx embolization, onyx material was refluxed to proximal feeder, and Rt. ACA was
occluded. Second case was 41-year-old male with AVM involving Lt. temporal lobe. The nidus size was
38mm, with 2 feeders from Lt. MCA and 1 feeder from Lt. PCA, and draining veins to sigmoid sinus and Lt.
cavernous sinus. The patient was planned to be treated with 2 stage method, partial occlusion of nidus with
onyx embolization and surgical resection on next day. During the procedure, leakage of onyx material was
observed, and postoperative CT scan showed intracranial hemorrhage with subarachnoid hemorrhage. The
patient showed global aphasia postoperatively.

Result: First case with ACA occlusion was treated with mechanical embolectomy with thrombectomy
device. After 2 trials of embolectomy, Onyx fragment was removed, and ACA flow was successfully
recanalized. The patient was neurologically free after the procedure. In second case, we underwent
emergency craniotomy and nidus removal. After the surgery, patient’s neurologic symptoms were fully
recovered after few days and discharged without neurologic deficit.

Conclusion: Appropriated solution after periprocedural complications in treating AVM with liquid-embolic
materials is important., which might result in minimizing of mortality and morbidity of the patient.
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Contrast neurotoxicity after coil embolization for cerebral
unruptured aneurysm mimicking subarachnoid hemorrhage

Hak Sung Kim, In Ho Oh, Ji Hye Lee, Moon Hee Han

Department of Neurosurgery, Veterans Hospital Service Medical Center

Objective: To report our case with non-ionic contrast neurotoxicity after coil embolization for cerebral
unruptured aneurysm that was recovered spontaneously.

Methods: A 69-years old female was admitted to our hospital for coil embolization of left supraclinoid
internal carotid artery(ICA) unruptured aneurysm. Coil embolization was performed under general
anesthesia and the procedure was successfully completed. However, 3 hours after surgery, mental
deterioration, weakness in right extremities and right facial palsy was noted. In addition, high fever with
unknown origin and seizure attack occurred.

Result: Emergent non-contrast brain CT and diffusion-weighted image(DWI) MRI were performed. On DWI,
no evidence of abnormal bright signal intensity in the brain parenchyma, but on brain CT, faint and diffuse
enhancement of left cerebral hemisphere with increased density of left cortical subarachnoid spaces was
identified. Fortunately, the patient fully regained consciousness, orientation and muscular strength after 2
days. In parallel, as observed with repeat CT scans, sulcal hyperdensities completely faded out.

Conclusion: Contrast induced neurotoxicity is rare complication after endovascular treatment. Probably, the
cause of these complications is the disruption of the blood-brain barrier and contras extravasation. In most
cases, these neurological symptoms are considered to resolve spontaneously.
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Intractable seizure after endovascular coil embolization of
unruptured paraclinoid aneurysm

Byul Hee Yoon, Young Ki Park, Duk Ryung Kim, Byung Gwan Moon

Department of Neurosurgery, Uijeongbu Eulji Medical Center

Objective: Unruptured paraclinoid aneurysms have been treated to endovascular coil embolization
and the most common complication of endovascular coil embolization is an ischemic event, and other
complications are so rare that they are often overlooked. This case study corresponds to the consideration
of this overlooking.

Methods: The patient is a 68-year-old female patient with hypertension, diabetes, and previous allergic skin
rash for contrast, who underwent coil embolization for incidental unruptured aneurysm. Coil embolization
was completed successfully and no events during procedure. Six hours after embolization, she showed
aphasia and hemiparesis. Some embolic events were identified in magnetic resonance diffusion, but
there was no clinical correlation with symptoms. Computed tomography angiogram showed no vascular
abnormalities, but she got progressively worse and showed global aphasia and hemiplegia. And, there were
no singularities in diffusion and electroencephalogram followed up over time. On the second day, clinical
seizure was showed 3 times and loading of antiepileptic drugs were administered. Three hours after the last
clinical seizure, all previous symptom was recovered dramatically except for mild sensory aphasia and she
recovered completely when she was discharged.

Result: The pathophysiology of seizure after coil embolization in unruptured aneurysms has not been
elucidated. In this case study, there were many risk factors that were considered, such as old age, two or
more comorbid diseases, and a kind of neurotoxicity associated with contrast media. Despite successful coil
embolization of unruptured aneurysm, these risk factors may have contributed to seizures.

Conclusion: It should always be kept in mind about seizures and Todd’s paralysis during or after coil
embolization in relation to the patient’s neurologic symptoms as well as ischemic events. For patients with
many comorbid disease or previous allergic skin rash for contrast, preoperative AED may be considered. And
continuous EEG can be helpful for diagnosis when neurologic symptom occurred.
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Framing coil total prolapse due to stretched coil stuck in a
microcatheter

Donghwan Jeong

Department of Neurosurgery, Hallym University Dongtan Sacred Heart Hospital

Objective: Coil stretching is not uncommon mechanical complication of coil embolization. Here, the author
presented a case report of a patient with framing coil total prolapse due to stretched coil stuck in the
microcatheter.

Methods: A patient with an unruptured paraclinoid aneurysm was undergoing an elective coil embolization.
Double catheter method was planned. When the frame coil was almost made, the coil was stretched and
stuck in the microcatheter. The stretched coil was detached unintentionally while push wire manipulation.
Small helical coil was used for pushing the coil but failed to push out the stretched coil. A careful
microcatheter withdrawal was performed but stretched coil was not movable in the microcatheter. The
frame coil was prolapsed totally from the aneurysm stuck in the microcatheter. Subarachnoid hemorrhage
was not detected by cone beam computed tomography. The escaped coil was withdrawn with a guiding
catheter at sheath level. We retrieved the coil with a snare kit safely. Afterward, double catheter coil
embolization was performed successfully. After 2 days, the patient was released from hospital without
neurologic deficit.

Result: Successful coil embolization without complication was confirmed with post procedural magnetic
resonance imaging.

Conclusion: We should observe 1)integrity of coil and 2)gap between coil and push wire marker carefully for
detecting coil stretching. And also we should be fully aware of salvage techniques.
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First voyage as a neurosurgery vascular surgeon

Jaewon Park

Department of Neurosurgery, Cheonan Chungmu Hospital

Objective: Independently as a neurosurgeon and vascular specialist, | started my first steps at Cheonan
Chungmu Hospital. For the first time, | would like to report the trial and error and experiences | experienced
in deciding and performing endovascular surgery independently under my own responsibility to my
teachers and share it with my juniors.

Methods: | will present two coil cases for ruptured aneurysm and one onyx embolization case for ruptured
AVM. Case 1. A 27-year-old female, a Korean in Kazakhstan, who entered the country as a Korean in self-
guarantine, had mental deterioration after a sudden burst headache during self-quarantine. After brain CT,
she was diagnosed with cerebral hemorrhage. She was in GCS E3V4M6 13 drowsy state and she did not
speak Korean, so communication was difficult. In the initial CT performed, IVH of the 4th ventricle and both
lateral ventricles and ICH of the corpus callosum were observed. An AVM with a diameter of 2.7 cm was
observed at the splenium of left corpus callosum in CTA. She underwent onyx embolization for AVM 2 days
after both EVD in relation to IVH. Afterwards, the patient was discharged without any sequelae other than
short term memory impairment. Case 2. A 67-year-old woman with sudden burst headache was diagnosed
with SAH and transferred to a local medical center after brain CT. After CTA, she had mental deterioration.
As an emergency, she underwent catheter assisted coil embolization for Ruptured MCAB aneurysm, Lt., and
ICH aspiration under XperCT guiding in a hybrid room. Her mental status was restored from GCS E1V2M4 7
Stupor to GCS E4V5M6 15 Alert. Case 3. A 39-year-old male Chinese illegal immigrant who endured a burst
headache for 1 week and then visited the emergency room due to mental deterioration. SAH, inf frontal
lobe ICH, and IVH were observed on initial CT, and AcoA large aneurysm and Rt. AVM of P-O was observed.
He performed coil embolization for EVD and large AcoA An. and was discharged with mRS 0.

Result: The cases and routines repeated countless times as a fellow and clinical assistant professor helped
me. Fortunately, | did not tremble or make a mistake while performing my first endovascular surgery
myself.

Conclusion: | think it's time to prove the value of the hard times I've spent, and | will devote myself to it in
the future.
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The use of contralateral angioplasty to improve collateral
flow in case of difficulty in initial EVT position

Yeon-Ju Choi

Department of Neurosurgery, Pohang Stroke and Spine Hospital

Objective: A 72-year-old female was admitted in a stuporous state with left hemiplegia on June 30, 2020.
The patient had not only a history of hypertension and diabetes but also had experienced cerebral infarction
in 2017. Initial National Institute of Health Stroke Scale (NIHSS) score was 6. TFCA and MRI revealed very
severe stenosis of the right ICA ophthalmic segment and occlusion of the ipsilateral MCA M2 segment.
Stroke MRI confirmed multi-focal HSI of both MCA territories on DWI. PWI revealed extended periods of
delayed time to peak in both hemispheres.

Methods: Cerebral angioplasty was performed while the patient was under general anesthesia. At first,
severe stenosis of the left CCA was resolved using a PRECISE 8*40(stent). Then, balloon angioplasty was
done to treat severe stenosis of the right ICA ophthalmic segment with Ryurei PTA balloon 3*20. Immediate
neurological assessment was performed, which showed slight improvement of mentality and motor
functions compared with the patient's state at admission.

Result: In the case direct EVT is difficult for acute ischemic stroke, other ways can be utilized to improve
collateral flow to the delayed perfusion area. If the second treatment option is easier than the first, the
second treatment option can prove helpful for both the operating surgeon and the patient.

Conclusion: Contralateral angioplasty for improving collateral flow may help to improve the patient's state
when contralateral angioplasty is easier than direct EVT.
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Early-visit patients with poor clinical outcomes after
successful recanalization with multiple retrieval attempts

Seung Hwan Kim

Department of Neurosurgery, Samsung Changwon Hospital, Sungkyunkwan University School of Medicine

Objective: Rapid reperfusion has been considered the most powerful predictor of outcomes in patients
with acute ischemic stroke. However, rapid reperfusion does not always make good clinical outcomes after
endovascular thrombectomy. Here, we reported a case of early-visit patient with poor clinical outcomes
after successful recanalization with multiple retrieval attempts.

Methods: A 66-year-old man visited our hospital with left hemiplegia within 30 minutes of symptom onset.
The NIHSS score on admission was 16, and atrial fibrillation was checked by electrocardiogram. The right
ICA was not observed on CT angiography, and MR perfusion imaging showed more than 50% mismatch
between cerebral blood flow and cerebral blood volume in the right MCA territory.

Result: Intravenous thrombolysis was administered within 60 minutes of hospital arrival, and endovascular
thrombectomy began within 90 minutes of hospital arrival. Due to the fragmentation and migration of the
thrombus, endovascular thrombectomy using a combination technique of catheter aspiration and stent
retriever was performed three times for the occlusion of the petrous segment, the communicating segment,
and the ICA bifurcation. In addition, a stent retriever was performed for the occlusion of the M2 superior
trunk. Successful recanalization was achieved with a total of four attempts within three hours of symptom
onset. Post-procedural CT showed decreased density and edematous changes in the right MCA territory. Re-
occlusion was not observed on the brain MRA one day after the procedure. He developed deep drowsiness
on two days after the procedure, and severe brain edema with midline shifting was observed on the brain
CT. Decompressive hemicraniectomy was performed, and hemorrhagic transformation was observed on the
postoperative CT. He survived with severe disabilities and needed constant nursing care (mRS 5).

Conclusion: In our case, successful recanalization with multiple retrieval attempts did not achieve good
clinical outcomes in patient with early visit and rapid reperfusion. Our study suggests that it is important for
young neurovascular surgeons to learn to make a successful recanalization as few attempts as possible to
achieve better clinical outcomes.
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Safety and efficacy of mechanical thrombectomy using
balloon-expandable stent deployment as a rescue therapy
after failed stent retriever thrombectomy — young gun in

EVT (Case report)

Sang Young Kim

Department of Neurosurgery, Pohang Stroke and Spine Hospital

Objective: To show through our case study that balloon-expandable stent deployment is safe and effective
in patients with immediate re-occlusion due to underlying atherosclerotic stenosis after unsuccessful
intracranial stenting as a rescue therapy (a self-expandable stent : Solitaire AB stent).

Methods: A 58-year-old man developed sudden right hemiparesis and dysarthria while he was sleeping. He
had a baseline National Institutes of Health Stroke Scale (NIHSS) score of at least 11. Cerebral angiography was
performed with conscious sedation, confirming an occlusion of the middle trunk (M1) of the left middle cerebral
artery (MCA). Using stent-retriever technique, a Solitaire platinum stent thrombectomy device was deployed
across the clot. Post-thrombectomy control angiography demonstrated non-revascularization of the left MCA.
Consequently, intracranial stenting(a self-expandable stent : Solitaire AB stent) was performed as the second-
line therapy. Post-intracranial stent deployment control angiography demonstrated non-revascularization of the
left MCA. Finally, the patient was treated with balloon-expandable stent deployment (PRO-kinetic Energy stent).
Immediate neurological assessment was performed, which showed motor improvement. An immediate post-
intervention CT scan confirmed non-hemorrhage and contrast in the basal ganglia.

Result: The patient was treated with unsuccessful stent - retriever thrombectomy as first - line therapy,
intracranial stenting (a self-expandable stent(SES) : Solitaire AB stent) as second-line therapy. Finally,
he was treated with balloon-expandable stent(BES) deployment. BES deployment control angiography
demonstrated partial incomplete revascularization (mTICI: 2B). Immediate neurological assessment was
performed, which showed motor improvement. An immediate post-intervention CT scan confirmed non-
hemorrhage and contrast in the basal ganglia. The patient was moved from ICU to general wards on five
days after operation with an NIHSS score of 6. At one-month follow-up in general wards, his NIHSS was 3
and modified Rankin Scale score was 2. There was significant improvement in the patient’s NIHSS (11 vs. 3),
dysarthria (sever vs. mild) and right side weakness (Gr. 2/2 vs. 4+/4+).

Conclusion: Balloon-expandable stent deployment can be used as an efficient and safe rescue device after
the failure of both stent - retriever thrombectomy as first - line therapy and intracranial stenting as a rescue
therapy (a self-expandable stent : Solitaire AB stent) as second-line therapy in acute stroke with intracranial
large artery vessel occlusion of the anterior circulation.
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Why clipping for bifurcation aneurysm

ASCENT 2021

Why Clipping
for bifurcation Aneurysm

Department of Neurosurgery, Korea University Medical Center
Ansan Hospital
Sung-Kon Ha, M.D., Ph.D.
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Clip-first policy versus coil-first policy for the exclusion of
middle cerebral artery aneurysms e CLNCALARTLE

J Neurosurg 133:1124-1131, 2020

* the results of two centers using opposing policies in
the management of MCA aneurysms:

- one clip-first policy, the other coil-first policy
- limited the selection bias and ensured a good
comparison of these two treatment modalities
* between January 2012 and December 2015
* retrospectively reviewed
* All MCA An (not bifurcation An only)

TABLE 1. Baseline characteristics and clinical outcomes of patients with a ruptured MCA aneurysm treated with
clipping or coiling

Variable Coiling Clipping pValue
No. of aneurysms 48 1
WFNS grade, no. (%)
| 28 (58.3%) 18 (42.9%) 0.003
I 1(21%) 8(19.0%)
i 7(146%) 0(0%)
v 6(125%) 6(143%)
v 8(125%) 10(238%)
Clinical oufcomes, no. (%)
Addiioral surgery 21 438% 3(71%) 45602
0ol 1p4% 3(71%) 3%
VP shurting 204 5(119%) 024
Death 6(12.5%) 204.8%) 0.26
6-mo mRS scare
36(82.7%) 32(80%) 0565
45 6(143%) 8(20%)
Return b previous state at  mos 12(25%) 13(31%) 0639
Retum t work 2t 6 mos
Yes 8138 (21.4%) 7123 (241%) 0778
NA 10 13
Discomfort relatec to temporal muscle afrophy
No 42(100%) 36(20%) 0.082
Moderate 0(0%) 4(10%)
Severe 0(0%) 0(0%)

TABLE 2. Baseline characteristics and clinical outcomes of patients with an unruptured MCA aneurysm treated with
¢lipping or coiling

Variable Coling Clipping pValue

No. of aneurysms 40 57

Clinical outcomes, no. (%)

Death 0(0% 2(35%) 051
6-mo mRS score
01 30(789% 51 (92.7%) 0064
2-5 8(211%) 4(73%
Return to previous state at 6 mos 31138 (81.6%) 48(84.2%) 0.784
Return fo work at 6 mos
Yes 10014 (114%) 22126 (346%) 0416
NA 4 kil
Discomfort related to temporal muscle atrophy
No 38 (100%) 44/(80%) 0002
Moderate 0(0%) 1(20%)
Severe 0(0%) 0(0%)
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TABLE 3. Baseline radiclogical
treated with clipping or coiling

cs and radiclogical outg f tuptured and unruptured aneurysms

Variable Coiling Clipping p Value
No. of aneurysms 88 9
Missing prefreatment data, no. 2 2

Aneurysm location, no. (%)

M, 11(125%) 14 (141%) 0848
Bifucation (807%) 80 (808%)
Distal (M, M, M) 6(6.8%) 5(54%)
Qufcomes, no. (%)

Postreatment Raymond-Roy grade
I 731 80842 73613
I 23681 8(84§
1 BE22)t 174§

Early aneurysm retreatment at 1 mo 2029% 111§ 0607

Raymond-Roy grace at 3-12mos
| DN 69(863)" 9.57E-14
I {05y 168"
1 23241 46

Late aneurysm ratreatment a: 24 mos 4(45) 0(0)

Conclusion

* Clipping and coiling for MCA aneurysm treatment
provide the same clinical outcome for ruptured and
unruptured aneurysms.

* clipping provides higher short- and long-term rates
of complete exclusion, which in turn decreases the
risk of aneurysm retreatment.

indomized Comparison

idle Cerebral Artery Aneurysms: A

Jovascular Management of N
WORLD NEUROSURGERY B:e1-e14, 0 2021

Analyzed results from patients with MCA aneurysms (randomized trials)
- CURES (Collaborative UnRuptured Endovascular vs. Surgery)
- ISAT-2 (International Subarachnoid Aneurysm Trial II)

The primary outcome (Treatment failure)
- CURES
1) failure to treat the aneurysm
2) intracranial hemorrhage during follow-up
3) residual aneurysm at 1 year
- ISAT-2
death or dependency (modified Rankin Scale score >2) at 1 year.
- One-year angiographic outcomes

CURES in September 2010 to July 2020
ISAT-2 in November 2012 to July 2020

Al MCA An (not bifurcation An only)

International subarachnoid aneurysm trial - ISAT Part II:
Study protocol for a randomized controlled trial

+ Patients excluded from ISAT
- More than 9,559 aneurysms were screened, but only 2,143 patients were enrolled in the
original ISAT study.
- The applicability of the study results to the type of patients that were screened but
excluded remains in doubt.
- Subgroup analyses show that a variety of aneurysms and clinical situations were under-
represented in the original ISAT study
- MCA bifurcation aneurysms are readily accessible by surgery, while their anatomy may
sometimes be less favorable for simple c0|I|n[q, at least durmghthe years that ISAT was
c?nduated, MCA aneurysms were likely excluded because they were preferentially
clipped.
- Due perhaps to perceived difficulties with surgical access, an insufficient number of
posterior circulation aneurysm (only 2.7% of the total number) were included in ISAT.
- Posterior circulation aneurysms, and especially basilar bifurcation aneurysms, were likely
preferentially coiled [31].
- As a result, a substantial number of clinicians remain unsure about the best management
of MCA and of non-basilar, posterior circulation aneurysms.

International subarachnoid aneurysm trial - ISAT Part II:
Study protocol for a randomized controlled trial

Aneurysm location: middle cerebral artery bifurcation and
posterior circulation

Posterior circulation aneurysms have been associated with worse
prognosis for both clipping and coiling [S]. For this reason, lesions
in the different circulations will be minimized to ensure balanced
groups, although we expect posterior circulation aneurysms will
represent a minority of patients.

Middle cerebral artery (MCA) aneurysms are common, but they
were under-represented in ISAT. While they are increasing\%
treated with coiling, the best option remains unknown. We will
monitor clinical results of treatments of MCA aneurysms
separately, but this location will not be a minimization criterion.
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Table 2. Primary End Points Reached in CURES and ISAT-2 for Patients with Middle Cerebral Artery Aneurysms

Treament Filire Surgery Endovascular P

Ifentt-teat analys o primery tial end pint
CURES: umuptured MEA aneurysns

Failr of modlfty to tiat aneurysm 0 ¢

Henorriage duing fllow-tp 0 ]

Resdud aneuryo at 1 yesr 3 ¢

Toal 302 (7%) (5% C1, 002-0.19) 1948 (27%) (5% C1,0.7-241)
ISKF2: nptued MCA aneunsms

S sore >2 at 1 year 7138 18% (5% C1, 003033 /3 (24%]B5% C1,0.8-041) —=

Aseated aalysis o prmar trl en point
CURES: umptured MCA snurysns

Faile of modalty to tieat aneurysm 0 IS
Hemorrtage duing follw-up 0 0
Residual aneurysm at 1 year 2 0
Totel 243 (5%) (%% C1, 001-0.15) 14/47 (30%) (95% C1,0./9-044) 0.002
ISAT:2: Ruptured MCA aneurysms
mAS score>2at * year /37 (19%) (35% C), 0.03-034) B/34 (24%) ©5% C1,0.12-040) =

NCA middle cerebral artery, C, confidence intenet mRS, modilied Rankin Scale.
3 unveated [y paten) vourmsafte pocedr, | ineaprcdal deat

Table 3. Continued CURES 1SAT2

Angiographic Outcomes,

1 year, Intent-to-Treat Surgical (n = 40) Endovascular {n = 40} Surgical (n = 34) Endovascular (n = 28)
Complete ocelusion 30(75) 14 (35) uMm) 15(54)

Residual neck 7018 14 (35) 6(18) 8(29)

Residual aneurysm 3@ 9+3t(30) 4012 5(18)

Total an L) U i

Angiographic Outcomes,

1 year, As-Treated Surgical (n = 41) Endovascular n = 39) Surgical (n = 34) Endovascular (n = 28)
Complete ocelusion 0@ 14 36) 26 (76} 13 {d6)

Residual neck 9(2) 1281 5(15) 9(32)

Residual aneurysm 20 10+ 333 30 8(21)

Total a 3 k) B

MRS, modified Rankin Scale.
*Crossed over fom cipping 10 caifing (patient cheice).
{Patent aneurysis after attempted coiling.

CONCLUSIONS: Randomized data from 2 trials show that
better efficacygmay be obtained with surgical management

of patients with MCA aneurysms.

Microsurgical Clipping versus Advanced Endovascular Treatment of Unruptured Middle
Cerebral Artery Bifurcation Aneurysms After a “Coil-First” Policy

WORLD NEUROSURGERY B:e1-e9, B 2021

* Retrospective review
+ The authors’ institution
- the University Hospital of Cologne
- a tertiary care neurovascular center
- UIA or RA 140/year cases (100 coil/40 clip)
- coil-first policy (70%) treated by endovascular means)
* November 2010 and December 2019
+ 148 patients with 160 unruptured MCA bifurcation An
+ 120 (75%) clipping and 40 (25%) endovascularly.

Patient presents with an unruptured MCA bifurcation aneurysm
> Department of Neurosurgery

> Department of Neurology

) Department of Neuroradiology

Interdisciplinary case discussion within a neurovascular conference
» Vascular neurosurgeons

) Interventional neuroradiologists

) Neurologists

) Vascular surgeons

Conservative treatment (Watch and Wait)
- Small aneurysm size

- Non-complex morphology

- High patient age

- Single aneurysm

- No hypertension/smoking

|Microsurgitalclipping | |

Endovascular treatment

Coiling only (+ balloon)  Stent-assisted coiling WEB embolization

- Wide neck - No pre-existing anti- - Wide neck - Wide neck
- Polylobulated aggregant medication - Complex morphology - Saccular shape
morphology - Refusing surgery - Poor surgical candidate - Refusing surgery
- Vessel arising from sac - Small neck - Pre-existing anti- - Poor surgical
- Young patient age - Simple morphology aggregant medication candidate
- Good surgical candidate - Refusing surgery - Young patient age
Discussion with the patient
endovascular treatment  Favouring clipping Favouring endovascular
unfavourable l treatment

treatment

Fige 2. Decision-making slgoréhm for reatment of unruptured middle cerebral rtery bifurcaton aneurysms.
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Resu |ts Clipping (n = 120) Endovascular (n = 40) P
Patient age (years) 541+ 108 53 +100 0008
* Immediate technical success rates Fomae sx 0 150% 0 6504 0%
- clipping (100%) vs endovascular (92.5%, P = 0.015) p— ‘ . =
0 105 (375%) 2 (B00%
* In the endovascular group 1 1(82%) §(150%|
- Conventional coiling : 8 (20.0%) . o 1
3 00% 125%)
- SAC: 16 (40.0%) , 2 staged procedures ; e o]
-BAC: 3 (7.5%) Aneurysm size (mm) 10436 86+33 0574
~ . . 0 e . Neck width (mm) 0+18 38+13 0452
WEB device : 13 (32.5%), 1 case additional Y stenting i s — —
- 3 Treatment failures Aspect rtio 17213 15408 0%
: Worpholgy 078
1 case rupture durlng BA; . . L Fegulr 24 00% 13 (325%)
1 case coil 8 WEB embolization failure -> clipping e 55 8% s
1 case rupture during WEB detachment -> SAC c sacrificing parent A. Lakso: ] A%
obulted 23 192%) B (150%]
Clipping Endovascular
(n=120) [n=40) P
mRS after treatment 0003
Clipping (n = 120) Endovaseular n = 40) P 0 Saz%l
1 12(100%)
Overall adverse events 20 (16.7%) 8 (20.0%) 0531 2 905%) 7(175%)
Neurologic deficits 3 0% (25%)
Oeral 17 (14 2%) 5 (125%) 078l ! 7‘: :‘ Ly
5 20.7% 1 (25%) T
Parsistent 7(68%) 2(50%) 1000 : T e Clippirg 2k
Ischemic stroke RS t 6 nonths aon DS, 0=8),
Sud L6 a2, L : ik Complete 78 (892%) 7 (59%)
Mejor 5 1.2%) 3(75%) 041 ; - w: :‘ cothsion
Subarachnoid or intraparenchymal hemorrhage 3(2.5%) 1(25%) 10 3 207% 2650% Neck rermrant §(7 2%“ 30 3%:‘
Seiure BET% 00%) 0m ' 1084 ] — —
Aocesselated complications 5 wf" o :'\H?LP,‘SM 3(38%| 4{138%)
Chronic subdural hematoma 6 (5.0%) 0(0%) 0338 M:vm\‘ ”U;:;‘( 5 ;‘75: e (A
Wound infection and wound-healing disorder 2(1.7%) 0{0%) 10 Unfavorable
Femoral artery pseudoaneurysm 0(0%) 0(0%) ] Uk
Lischarge 305%) 3015%] 0166
Intenitic dissases 1(33%) 1(25%] 10 nonth ol 108 260 0t
up
‘RS, modified Rankin Scale.

Conclusions <= 2020146 IPHE

* Microsurgical clipping compared to endovascular Tx
- higher technical success rate
- slightly higher complete occlusion
- no additional morbidity
- similar clinical outcome

Microsurgical clipping may still be the gold standard
treatment option for unruptured MCA bifurcation
aneurysms, even though developments in endovascular
treatment may change this in the future.
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Red line - Muscle incision
Yellow & orange line - Skin incision
* Orange line - more posterior (my case)
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Sylvian Dissection

1l syvian cistem
1 Carotid cistem
I Lamina terminalis cistern

Departrent of Neurosurgery, Kameda Medical Conter, Kamogawa, Chiba, Japan
T whom correspondence should be addressed Hiomu Hadeish, MO, PhD.

Venous:-Preserving Sylvian Dissection et o

Citation: Werld Newrcsurg. (2015) BY, 6:2043-2052
Hidetsugu Maekawa and Hiomu Hadeishi
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Temporal Frontal | Temporal Frontal | Temporal Frontal

Cutting c 27G needle

Tearing ¢
Jeweler's forceps

My Case Video
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“Paper knife Technique”
(=letter opener)

After entering of deep SF,
- Deep to superficial,
Distal to proximal dissection

Retractor tip & Suction tube
- close to working area

Retractor 1
Retractor

\m

“Denude Technique”

- Removing arachnoid wrapping
allows vein extension safely

Sylvian dissection

* Aneurysmal SAH, blunt D. may be safer and faster
- d/t blood clot

* Sharp D. more easily & safely handle bridging Vein

* Focused blunt D. is faster than sharp D.

* Focused opening - blunt D. ¢ bipolar

* Wide opening - Sharp D. ¢ microscissors

Aneurysm clipping -closure line

closure line EXMG AR

7

BRETREY TMORM (A) LT, 7Yy 7RE
EORBICHD &3 CHRAF Y 7 OMEN (closure
line) €FAZ (B), closure line BURDS A ¥ L &3,

HIB-3 closure eIV NI WEEEE

Aneurysm clipping -closure line

N2 IEY 2TmE NTKGEM N2 TGRS

Y .f flll

XL
2 yvv

[1A-7 combined type DIMFRDRE bifurcation type combined type trunk type

EBIRET
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MCA An dlippingO| #{2 7t 2 0 (L] 9l74)
- complete flow arrest & ++&0| 7+5¢}Ct

Thank you for your attention
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Why coiling for bifurcation aneurysm

Advances in the endovascular treatment of intracranial aneurysms since the advent of detachable coil
embolization continue to expand the spectrum of lesions amenable to minimally invasive therapy. The
feasibility of treating a given cerebral aneurysm by a given open or endovascular modality does not
necessarily make such an approach the optimal choice. Rather, any given cerebral aneurysm and patient
should be carefully analyzed on a multitude of parameters which are based on available adjunctive
technology, aneurysm morphology and characteristics, endovascular vs. microsurgical accessibility,
and long-term angiographic outcome. In addition to patient age, co-morbid conditions, lesion size
and attendant risk, one must also consider patient preference with respect to length of hospital stay,
recovery duration and required follow-up and radiographic assessments. The relentless improvements
in minimally invasive embolization therapies ranging from coiling with adjunctive balloon and stent
support to the emerging role of flow-diversion must be balanced against the lower cost and complexity
associated with longitudinal clinical and radiographic follow-up requirements of microsurgical clipping.
In this rapidly evolving field, the quest for maximizing protection from aneurysm rupture at the lowest
neurological cost dictates that a balance be maintained between technical virtuosity and procedural
safety of either microsurgical clipping or endovascular repair to ensure that the advantages of the
selected modality not be negated by its associated shortcomings.
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Benefit of flow disruptor on bifurcation aneurysm
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Update and review for flow disruptor on bifurcation
aneurysm

Jacques Moret

NEURI center, Bicétre University Hospital, France
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Theme: Exploring What is Next in Neuroendovascular Surgery

Poster Session

P-01 Preoperative proton density MRI-based intradural versus extradural
localization of paraclinoid aneurysms

P-02 Initial experiences of flow redirection endoluminal device (FRED) for
complex cerebral aneurysms

P-03 Clinical and angiographic outcomes of thrombectomy with novel
stent-type clot-retrieval Embotrap Il device in acute major arterial
occlusion

P-04 Hemodynamic instability induced by carotid artery stenting; A single-
center retrospective study

P-05 Possibility of variant form of artery of ‘Davidoff and Schechter’ (ADS)

P-06 A left vertebral artery originating from an left internal carotid artery
discovered incidentally during treatment for a cerebral aneurysm: A
case report

P-07 Clinical characteristics and neuroimaging findings of isolated anterior
cerebral artery territory infarction: A report of 8 cases

P-08 Deep seated Moyamoya-related intracranial aneurysm which was
indirectly treated by reducing the hemodynamic burden on the parent
artery: A case report

P-09 A case of anomaly with the left vertebral artery originated from aortic
arch

P-10 Y-stent-assisted-coil embolization of a wide-necked anterior

communicating aneurysm involving a subcallosal artery: A case report (7t

P-11  Large thrombus formation during coil embolization
P-12  Hemorrhage after balloon angioplasty for proximal ICA severe stenosis

P-13 A case of secondary Parkinsonism Induced by hydrocephalus after
aneurysmal subarachnoid hemorrhage

P-14  Severe carotid bulb stenosis should be ruled out in spontaneous
convexity subarachnoid hemorrhage

P-15  Pseudoaneurysm formation caused by stenting for intracranial
atherosclerotic stenosis: A case report
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Poster Session

Preoperative proton density MRI-based intradural versus
extradural localization of paraclinoid aneurysms

Objective: Exact preoperative confirmation of the distal dural ring and intradural location of a paraclinoid
aneurysms has been an age old dilemma.

Methods: The equipment and techniques associated with magnetic resonance imaging (MRI) have rapidly
evolved. High-resolution MRI (HRMRI) can yield excellent visualization of both the arterial wall and lumen,
thus facilitating the exact localization of unruptured paraclinoid aneurysms.

Result: In the present study, we describe the usefulness of proton density magnetic resonance (PD MR)
imaging for localization of unruptured paraclinoid aneurysms which was planned and whether we do
endovascular approaches in our cases.

Conclusion: Proton density MRI showed sufficient contrast difference to distinguish intradural location from
surrounding dural structures.
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Initial experiences of flow redirection endoluminal device
(FRED) for complex cerebral aneurysms

Bum-Mo Kang, Sung-Ho Lee, Jae-Sang Oh, Seok-Mann Yoon

Department of Neurosurgery, Soonchunhyang university Cheonan Hospital

Objective: Coil embolization for large to giant aneurysms and fusiform aneurysms is challenging. Flow
diverter is an alternative treatment modality for these aneurysms. The authors report initial experiences of
FRED for complex aneurysm treatment.

Methods: Six FRED were successfully deployed in 5 patients.

Result: Three ICA large to giant aneurysms and three vertebrobasilar fusiform aneurysms were treated
with FRED without difficulty. One intraprocedural thrombus was identified and resolved with intraarterial
Tirofiban infusion. Postoperatively all patient was neurologically normal except one case of thalamic
infarction, who was treated with FRED Jr for PCA fusiform aneurysm. Complete or near-complete occlusion
of all aneurysms was achieved during follow-up.

Conclusion: Flow diverter implantation is a safe and effective treatment modality for complex cerebral
aneurysmes.
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Clinical and angiographic outcomes of thrombectomy with
novel stent-type clot-retrieval Embotrap Il device in acute
major arterial occlusion

Chang-Hyun Kim', Seung-Bin Woo', Jae-Hyun Kim', Sung-Il Sohn?, Jeong-Ho Hong?,
Hyung-Jong Park? and Chang-Young Lee'

'Department of Neurosurgery and *Neurology, Keimyung University, Dong-San Medical Center

Objective: The aim of this study is to investigate angiographic, clinical results, and first pass recanalization
(FPR) effect on clinical outcomes of mechanical thrombectomy (MT) with novel stent-type clot-retrieval
Embotrap Il device in acute stroke.

Methods: All 28 consecutive patients with acute major arterial occlusion underwent MT with first-use
Embotrap Il stent-retriever in our institute. Successful recanalization (SR) was defined as modified TICI grade
2b or 3. Clinical outcome was determined using modified Rankin Scale (mRS) score at discharge or 3 months
(good: 0-2, poor: 3-6). Clinical and angiographic data were collected. Also, we classified into two groups:
first-pass recanalization (FPR) and non-FPR group. We analyzed the effect on clinical outcome of FPR using
the statistical analysis.

Result: Mean age and initial NIHSS score was 73.5£11.3 years and 13.5%5.8, respectively. The location of
occluded vessel was as follows; 20 MCA (17 M1 and 3 M2 segment) and 8 ICA (5 distal ICA and 3 proximal
ICA), respectively. Overall SR was achieved in all 28 (100%) patients. The SR of MT with first-use Embotrap
Il was performed in 20 (71.4%) in 28 patients. Also, the first-pass recanalization (FPR) was achieved in 18
(64.3%) patients. Additional intra-arterial tirofiban and rescue stenting was achieved in 4 (14.3%) and 3
(10.7%) patients, respectively. Mean time of puncture to final recanalization was 45.6£30.2 (range 16-120)
min. Good mRS score at discharge or 3-month was 16 of 28 patients (57.1%). Fortunately, no procedure-
related complication occurred in any patients. Symptomatic hemorrhage developed in 3 (10.7%) patients.
Overall mortality was one (3.6%) patient with symptomatic hemorrhage. Also, the FPR groups (66.7%) had a
higher tendency of good outcome (MRS score 0-2) than the non-FPR groups (40.0%).

Conclusion: We suggest that mechanical thrombectomy with novel stent-type clot-retrieval Embotrap Il is
safe and effective treatment method in acute major arterial occlusion.
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Hemodynamic instability induced by carotid artery stenting:
A single-center retrospective study

MuHa Lee, Sukh Que Park, Hye Ran Park, Hyung-Ki Park, Jae-Chil Chang, Sung-Jin Cho

Department of Neurosurgery, Soonchunhyang University Seoul Hospital

Objective: AObjective: Post-treatment hypotension and bradycardia are important complications of carotid
artery stenting (CAS) and these are called hemodynamic instability (HI). The incidence and impact of HI on
patients' short-term outcomes have been widely discussed and have been of large debate in the literature.
Also, the duration of HI is not yet well known. Attempts are being made to identify the expected risk factors
for HI occurrence and duration. We investigate the assessment of patient Hl incidence, duration, possible
predictors and factors affecting HI.

Methods: This study was performed with a retrospective design in a single institution. A total of 89 patients
with carotid artery stenosis received carotid artery stenting between 2012 and 2020. Hl is defined as systolic
blood pressure lower than 90mmHg or a heart rate lower than 50. And continuous EKG monitoring and BP
monitoring were conducted before and after the procedure and continued until recovery.

Result: The mean age of the patients was 72.43 £ 8.53 years old (range 49 to 87). Of 89 patients, 25 patients
(28%) developed HI after CAS. The median duration of Hl was 11.33 =& 44.57 hours (range 0.08 to 224). The
difference in the diameter before and after the procedure (3.29 £ 12.43 mm)(p-value 0.026), the presence
of symptoms (p-value 0.027) and the presence of coronary artery disease (p-value 0.047) were found to have
a significant relationship with incidence of HI. Other factors (sex, plague ulceration, plaque calcification,
distance from bifurcation to maximum stenotic lesion) were not significantly related to incidence of HI. Most
patients with HI were recovered within 3 hours, but some of them (20%) lasted more than 3 hours. All of the
factors were not significantly related to Hl lasting more than 3 hours. However, the closer the distance from
the carotid bifurcation to stenotic lesion and the greater the diameter before and after the procedure, the
more likely the Hl lasted for more than 3 hours.

Conclusion: Hemodynamic instability is a common complication that occurs after carotid artery stenting.
And most of them resolved in a few hours. The difference in the diameter before and after the procedure,
the presence of symptoms and the presence of coronary artery disease can be used to predict HI after CAS.
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Possibility of variant form of Artery of ‘Davidoff and
Schechter’ (ADS)

Hwanseok Shim

Department of Neurosurgery, Kyung Hee University Hospital at Gangdong

Objective: The Artery of Davidoff and Schechter (ADS) is a dural branch of the posterior cerebral artery that
can supply the meninges close to the falcotentorial junction. It is usually not identified on angiography
except when enlarged in the setting of a dural AVF or meningioma. Our recent case of dural arteriovenous
fistula occurred in the posterior fossa was caused by artery of Davidoff and Schechter and ipsilateral
Occipital artery. And we treated the dAVFs by Onxy embolization of those arteries successfully. But its
running route of the artery of Davidoff and Schechter was some what different from previously printed
articles. So we want to introduce this well known but uncommon case of dAVF from ADS to ASCENT 2021,
as a possibility of variant form of artery of Davidoff and Schechter.

Methods: Review of literature and compare with our case of angiographic findings.

Result: Our institutional case of ADS which made dural AVF was started from inferior direction of PCA P1-2
junction, and palisade lateral to ipsilateral SCA , P4 calcarine artery and parieto-occipital artery. And finally
into falco-tentorial junction. Before reach the faco-tentorial junction, this vessel made dural AVF. This finding
is somewhat different from previously known route of ADS.

Conclusion: The artery of our case which made dural AVF in posterior fossa may indicates possibility of
variant form of ADS.
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A left vertebral artery originating from an internal carotid
artery discovered incidentally during treatment for a
cerebral aneurysm: A case report

Hyungsug Oh, Hyosang Lee, Munsul Yang

Department of neurosurgery, Serim General Hospital

Objectives: To report the left vertebral artery originating from an internal carotid artery discovered
incidentally during treatment for a cerebral aneurysm.

Summary of background data: Anomalous origin of vertebral arteries is a rare vascular anomaly and
mostly discovered as incidental findings during computed tomography angiogram, magnetic resonance
angiography or digital subtracted angiogram of the aortic arch and cerebral vessels.

Case presentation: A 54-year-old male patient visited the neurologist with symptoms of headache and
head tremors. In the neurology department, brain MRl and MRA were taken. A cerebral aneurysm of the
anterior communicating artery was found on MRA, and neurosurgery was recommended. A preoperative
head and neck CT angiography was performed, and as a result of the examination, a vertebral artery
originating from the left internal carotid artery was found along with a 4 mm cerebral aneurysm of the
anterior communicating artery. The vertebral arteries originating from both subclavian arteries were in
severe hypoplasia. The coil embolization was successfully performed for cerebral aneurysm of the anterior
communicating artery, and the anomaly of the vertebral artery was confirmed in detail during intervention.

Discussion: Anomalous origin of left VA is more frequently involved than the right. Origin of left VA directly
from aortic arch (about 3-8% of cases), represents the commonest variation in the origins of VAs and second
commonest aortic arch anomaly. However, anomalous origin of VA directly from carotid arteries is very rare.
VA originating from common carotid artery and from ECA have been reported in the literature. Trifurcation
of common carotid artery is well known and trifurcation with occipital artery and facial artery have been
reported. However, anomalous origin of VA directly from internal carotid artery is very rare. Normally, both
VAs arise from subclavian artery, except for C7 transverse foramen, they pass through C6 to C1 transverse
foramina and enter foramen magnum with its intracranial course. Importantly, in our case, abnormal course
of left VA occurred after originating from internal carotid artery.

Conclusions: The anomalous origin of the left vertebral artery from the left internal carotid artery is rare.
Vertebral artery anomalies are usually incidentally discovered during angiographic imaging of the head
and neck, however, it is importance for preoperative planning of neuro-endovascular intervention to avoid
inadvertent arterial injury.
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Clinical characteristics and neuroimaging findings of
isolated anterior cerebral artery territory infarction:
A report of 8 cases

Mi Kyung Kim, Hyun Gon Kim, Gyo Jun Hwang

Department of Neurosurgery, Bundang Jesaeng Hospital

Objective: Isolated brain infarction in the anterior cerebral artery (ACA) territory is rare, and its etiology has
not yet been fully elucidated. This study aimed to investigate the clinical and radiologic characteristics of
patients with isolated ACA territory infarction.

Methods: We retrospectively reviewed 119 consecutive patients diagnosed and treated with acute cerebral
infarction confirmed by diffusion-weighted MRI and digital subtraction angiography (DSA) between January
2019 and December 2020 in our institute. Of these patients, 8 patients (6.7%, 6 men, 45-84 years old)
suffered isolated ACA territory infarction. We categorized the infarction pattern into three groups: scattered,
territorial and scattered-territorial.

Result: Five (62.5%) patients were overweight and the mean body mass index was 26.1 (23.1-29.8) kg/m2.
The initial morphology of vascular lesions identified by magnetic resonance angiography (MRA) or computed
tomography angiography (CTA) showed the following distribution: occlusion of the ACA (n=4, 50.0%), luminal
irregularity/stenosis (n=2, 25.0%), and no steno-occlusion (n=2, 25.0%). One patient with occlusion, 2 patients
with luminal irregularity/stenosis, and 1 patient with no steno-occlusion in MRA or CTA were confirmed arterial
dissections by DSA. The stroke subtypes of the 8 patients with isolated ACA territory infarction were arterial
dissection, atherothrombotic infarction, and cardioembolic infarction in 4 patients (50.0%), 3 patients (37.5%),
and 1 patient (1.3%), respectively. Of 4 patients with arterial dissection, 2 underwent endovascular treatment.
The scattered-territorial infarction pattern was observed in 2 (50%) patients with arterial dissection and 3
(100%) patients with atherothrombotic infarction. The vascular lesion was most commonly located on the
A2 segment of the ACA in 4 (50.0%) patients and the right side in 5 (62.5%) patients. The National Institutes
of Health Stroke Scale upon admission and favorable clinical outcome (modified Rankin Scale score, 0-2) at
discharge had no relation with stroke subtype or the infarction pattern.

Conclusion: Arterial dissection was common vascular lesion underlying an isolated ACA territory infarction.
Therefore, a thorough assessment of isolated ACA territory infarction and proper treatment strategies might
be considered according to stroke subtypes.
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Deep seated moyamoya-related intracranial aneurysm
which was indirectly treated by reducing the hemodynamic
burden on the parent artery: A case report

Gi Yeop Lee, Jang Hun Kim, Seung-Pil Ban, Byung-gyu Cho

Department of Neurosurgery, Seoul National University Bundang Hospital

Objective: The prevalence of aneurysm formation in cases of adult Moyamoya disease (MMD) is
approximately 14% and represents a major potential hemorrhagic risk. Here, we introduce a patient who
showed MMD-related aneurysm on the left anterior choroidal artery (AChA) and was treated by the decrease
the hemodynamic burden on his AChA after indirect bypass surgery.

Methods: A 22-year-old male soldier was transferred to the emergency room of Armed Forces Capital
Hospital after showing sudden headache and few minutes of loss of consciousness. On arrival, he was alert
and presented with no neurologic deficits. Initial brain computed tomography (CT) revealed a small amount
of subarachnoid hemorrhage on the left quadrigeminal cistern. In his left internal carotid angiogram, 2.42
mm-sized saccular aneurysm was identified on his plexal segment of left AChA. Initially, the MMD-related
aneurysm was observed because the embolization of plexal segment of AChA might have higher risk of
complications comparing to the chance for rupture. Indirect bypass surgery of encephalo-duro-arterio-
synangiosis (EDAS) was performed three weeks later from the first onset.

Result: Postoperatively, his clinical course got worsened and the serial CT revealed the delayed
postoperative hematoma on the epidural and subdural spaces occurred. The left hemisphere was shrunken;
therefore, 2~3 L of normal saline & 0.5~1 L of starch a day were hydrated for his brain expansion. In the
left common carotid angiogram, the known aneurysm was enlarged that the maximal diameter was 5.33
mm. Aneurysm was again observed because of several reasons: (1) If coil embolization of aneurysm failed,
trapping of the plexal segment of AChA was inevitable and it might lead to the progressive infarctions. (2)
Since the redundant collateral flows were originated from the proximal and distal AChA, procedures may
confer the decrease of deep cerebral perfusions. Fortunately, after three weeks from EDAS surgery, the
patient was restored, and his weakness got improved. Hydration was gradually ceased, and the following
angiogram (1 month after EDAS) revealed a dramatic size reduction of the aneurysm.

Conclusion: The treatment of MMD-related aneurysm can be challenging and should be tailored according
to the hemodynamic status of the patient. When the aneurysm is deeply seated be treated and is highly
suspected as accompanying the complications, surgical bypass for decreasing hemodynamic burden of the
parent artery can be a good optional treatment.
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A case of anomaly with the left vertebral artery originated
from aortic arch

Sung-Kyun Hwang

Department of Neurosurgery, Ewha Womans University of College of Medicine, Mokdong Hospital

Objective: We report a case of an anomalous origin of the left vertebral artery originated from aortic arch
presented by non-aneurysmal spontaneous subarachnoid hemorrhage (SAH).

Methods: A 33-year-old man presented with sudden severe headache and followed by sensory change in
right hand. At the time of admission, brain computed tomography angiography revealed small amount
of acute SAH in the left introitus of the left sylvian cistern. Cerebral angiography showed no definite
intracranial vascular lesion (aneurysm) but, anomalous origin of the left vertebral artery originated from
aortic arch in aortography.

Result: The patient was treated by medication and followed by one week using computed tomography
subtraction angiography. He made a steady recovery without neurological sequela including sensory
change in right hand.

Conclusion: Further investigations are needed to reveal risk factors, vascular anatomy, and causative
mechanisms of this cerebral vascular anomaly.
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Y-stent-assisted-coil embolization of a wide-necked
anterior communicating aneurysm involving a subcallosal
artery: A case report

Minhyeong Moon, Dong-Kyu Jang, Byung-Rae Cho

Department of Neurosurgery, Incheon St. Mary's Hospital and College of Medicine, The Catholic University of Korea

Objective: A wide-necked anterior communicating aneurysm (AComAn) involving a subcallosal artery
around aneurysm neck is rare and very challenging to treat because of potential basal forebrain infarction
and cognitive dysfunction. Here, we report this complex aneurysm treated successfully with Y-stent-assisted
coil embolization.

Methods: A 61-year-old woman was diagnosed with multiple unruptured aneurysms including AComAn
(7.7x7.07x5.67mm (DNH)), left AT aneurysm (1.93x.2.82x2.09mm (DNH)), and Lt anterior choroidal aneurysm
(1.99x1.59x2.15mm (DNH)), and bilateral MCA occlusion with basal moyamoya-like vessels without
transdural anastomosis. AComAn was initially planned to treat because of potential higher rupture risk due
to size and bleb.

Result: Bifemoral access was adopted and main guiding catheter was positioned up to left petrous ICA and
diagnostic catheter was positioned into right ICA. Initially, the first microcatheter was inserted into AComAn.
The second microcatheter was positioned up to left A2 and Neuroform atlas 4x21mm was deployed from
left A2 to A1 during coil mass protection of herniation of stent into aneurysm sac. Subsequently the second
microcatheter was reloaded into deployed stent and passed through the stent struts up to subcallosal
artery. Neuroform atlas 3x21mm was deployed from subcallosal artery to left A1 with the configuration
of Y. The second microcatheter was retrieved and coil embolization through the first microcatheter was
conducted. Raymond class | with packing density of 40.9% measured with AngioCalc tool was achieved. The
patient was discharged without any complications.

Conclusion: Y-stent-assisted coil embolization may be a feasible treatment option for a complex anterior
communicating aneurysm involving a subcallosal artery.

220



Poster Session

Large thrombus formation during coil embolization

Heejong Ki

Department of Neurosurgery, Daejeon St Mary’s Hospital, The Catholic University of Korea

Objective: This was not only my first endovascular treatment case but also the complication case which the
large thrombus was formed in the distal internal carotid artery (ICA) during stent assisted coil embolization
(SAQ).

Methods: A 64-year old woman visited the emergency room complaining of headache and fever. Initial
computed tomography angiography (CTA) showed diffuse subarachnoid hemorrhage with a saccular
aneurysm involving anterior communicating artery (AcomA). SAC was decided after performing diagnostic
angiography. A large thrombus located in the left distal ICA was detected during deployment of coils.
Consecutively, mechanical thrombectomy was performed for the large thrombus migrated into the left
MCA.

Result: SAC was performed for the ruptured aneurysm involving AcomA with 9 coils. Mechanical
thrombectomy was performed with modified treatment in cerebral ischemia (mTICI) 3 score.

Conclusion: The lesson from this case was the importance of flushing the system continuously and checking
all the angiography carefully.
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Hemorrhage after balloon angioplasty for proximal ICA
severe stenosis

Objective: Carotid artery stenting (CAS) is good treatment option for symptomatic hemodynamically
unstable proximal ICA severe stenosis. But it has potential serious complication such as cerebral
hyperperfusion syndrome (CHS). Staged carotid artery may be considered to prevent serious complication
of CHS. Here we present ICH after staged CAS.

Methods: A 74-year-old male patient complained of decreased visual acuity in both eyes, especially in the
right eye for 2 years, even after multiple attempts to ophthalmologic treatment. MRA was performed on
suspicious of ocular ischemic syndrome and right proximal ICA steno-occlusion was suspected. On TFCA,
severe stenosis of right proximal ICA was confirmed, and both basal perfusion and vascular reserve capacity
on right MCA territory were decreased on perfusion MRI. For symptomatic hemodynamically unstable
right proximal ICA severe stenosis, we planned staged CAS. First, balloon angioplasty using SLEEK 3*40 at a
pressure of 12 atm was done. (Nominal pressure 8 atm, bursting pressure 16 atm). Preoperative SBP range
was 120 to 165 and postoperative SBP range was 100 to 145.

Result: He discharged one day after balloon angioplasty, and readmitted for carotid artery stenting one
week later. Perfusion MRI performed before CAS showed improvement in perfusion, but basal ganglia ICH
was confirmed. It was revealed that the patient arbitrarily took dual antiplatelet agents at double the dose.
He had no symptoms, and after stopping the antiplatelet and controlling the BP in normotensive range, the
hemorrhage was stable and he was discharged without performing CAS. Since there was no recoil on the
CTA performed one months later, and there was no worsening of symptoms, the patient was observed on at
outpatient basis.

Conclusion: This case is the first of ICH since staged CAS was performed at our institution for a patient
with symptomatic, hemodynamically unstable severe ICA stenosis. However, unlike other patients, there
was breach of our treatment protocol regarding the dose of dual antiplatelet agents. Since cerebral
hyperperfusion syndrome is possible serious complication, even if staged CAS is performed, the patient
should be managed with attention to medications and strict blood pressure control.
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A case of secondary Parkinsonism induced by
hydrocephalus after aneurysmal subarachnoid hemorrhage

Soon Young Kwon

Department of Neurosurgery, Maryknoll Medical Center

Objective: Secondary parkinsonism by hydrocephalus after aneurysmal rupture is a rare complication.
Hydrocephalus can induce secondary parkinsonism caused by increased ventricular pressure near the
upper midbrain and basal ganglia. These mechanisms are thought to cause mechanical disruption of the
dopaminergic system. Dopamine replacement is essential in secondary parkinsonism.

Methods: We report a case of secondary Parkinsonism due to hydrocephalus after aneurysmal subarachnoid
hemorrhage.

Result: A 50-year-old woman presented with subarachnoid hemorrhage with PICA aneurysmal rupture.
Coil embolization and extraventricular drainage(EVD) were performed, and the patient's consciousness
improved on the 1st day after surgery. The patient was tolerable with the EVD clamping test and
removed 7 days after surgery. After removal of the EVD catheter, the patient's consciousness gradually
deteriorated and the ventricle size slightly increased in the brain computed tomography. She underwent
a ventriculoperitoneal(VP) shunt operation, and the patient's consciousness improved slightly. However,
new symptoms of sialorrhea, bradykinesia, dysphagia and rigidity were developed. Suspected of secondary
Parkinsonism, levodopa/carbidopa was administered and the patient showed significant improvement in
above symptoms.

Conclusion: Secondary parkinsonism can rarely be caused by hydrocephalus after aneurysmal subarachnoid
hemorrhage. Dopaminergic agents should be considered if symptoms do not improve after VP shunt, or if
symptoms such as rigidity, bradykinesia, or tremor are present.
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Severe carotid bulb stenosis should be ruled out in
spontaneous convexity subarachnoid hemorrhage

Hyun Wook Park

Department of Neurosurgery, Busan Bumin Hospital

Objective: There are several causes of non-traumatic cortical subarachnoid hemorrhage(SAH), including
pial AVM, dural AVF, artery dissection, severe artery stenosis, cortical vein thrombosis, vasculitis, reversible
cerebral vasoconstriction syndrome, posterior reversible encephalopathy syndrome, and coagulopathy. We
report our experience with spontaneous cortical SAH associated with severe carotid bulb stenosis.

Methods: A 48-year-old male presented with headache and visual disturbance without head trauma. As
standard workup, brain CT, MRI, and MRA was done which demonstrated Rt. Parieto-occipital cortical SAH,
and Rt. Carotid bulb severe stenosis. Perfusion MRl was performed for Rt. Carotid bulb severe stenosis.
Perfusion MRI showed Rt. MCA territory perfusion delay, especially MCA-PCA watershed zone. Rt. Carotid
bulb stenosis was diagnosed in NASCET 85% by TFCA. The cause of parieto-occipital cortical SAH seen on
brain CT in the absence of trauma was unknown, so a literature review was conducted. It was confirmed
that severe carotid bulb stenosis can cause cortical SAH, and it was confirmed that it is an indication for
early carotid bulb stenting. We decided to treat Rt. Carotid bulb severe stenosis with a stent. Procedures
were performed using Protege stent and there were no procedure related complication. He was discharged
7 days later without neurologic deficit.

Result: If carotid bulb stenosis is severe, Posterior cerebral artery(PCA)-Middle cerebral artery(MCA)
leptomeningeal compensation flow is supplied through PCA. Spontaneous cortical SAH can occur when the
fragile pial PCA-MCA leptomeningeal artery is ruptured due to hemodynamic stress. Spontaneous cortical
SAH due to carotid bulb stenosis should be considered a risk factor for ischemic stroke. When spontaneous
cortical SAH occurs in the setting of carotid bulb stenosis, Carotid bulb stenting should be considered.

Conclusion: If a patient with non-traumatic cortical SAH comes to the hospital with headache and there is
no apparent cause in the intra-cranial artery, Carotid bulb evaluation is considered necessary.
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Poster Session

Pseudoaneurysm formation caused by stenting for
intracranial atherosclerotic stenosis: A case report

Youngsoo Kim, Sangyoung Kim, Haemin Kim, Yeon-Ju Choi, Suntak Jin, Dongwoo lee,
Daeyoung Hong, Mun-Chul Kim

Department of Neurosurgery, Pohang Stroke and Spine Hospital

Objective: This is a report of pseudoaneurysm formation after stenting Intracranial atherosclerotic stenosis
(ICAS).

Methods: A 72-year old patient presented with dysarthria and right hemiparesis. Brain diffusion-weighted
image(DWI) revealed acute ischemic lesions in the internal watershed area of the left cerebral hemisphere.
Secondary prevention therapy was started according to guidelines for ischemic stroke treatment with
aspirin, clopidogrel, and rosuvastatin. After 14 days of admission, the patient had a nearly full clinical
recovery, with residual slight motor deficit of the distal right upper limb. Conventional angiography and
sequential CT angiography revealed aggravation of severe stenosis (about 75%) at left distal ICA and
proximal M2. Also, perfusion-weighted image(PWI) showed increased the time to peak(TTP) and size of the
lesion.

Result: After 30 days of the attack, the patient underwent endovascular treatment for ICAS. Under general
anesthesia, a Wingspan stent(3.5X 15 mm) was deployed. a 3.0X20 mm-sized Reurei balloon was used
with step-wise inflation (4 atm 7 atm for 30 seconds each). Then Post-operative angiography showed good
patency of the MCA, but severe stenosis of distal ICA. An Energy balloon mounts stent (4.0X 15 mm) was
deployed with 9 atm inflation pressure. After stent placement, an abnormal pseudo sac appeared at the
distal ICA. Pseudosac embolization was done with 3 detachable coils and additional Neuroform ATLAS
stent immediately (Occluder-like way). Postop CT showed no bleeding or acute complication. However, the
patient had drowsy consciousness and right hemiparesis of grade 4 on the postoperative day. After another
a month later, the newly developed infarction was well resolved. The patient had minimal motor weakness
on hand grasping at 3 month clinical follow-up.

Conclusion: This is report shows the pseudoaneurysm formation after stenting ICAS lesion which was
successfully treated occluder-like way coil embolization.
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