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Paraclinoid Aneurysms
-Radiologic Evaluation-

KeunYoung Park

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

Radiologic Evaluation

v Anatomical Relationship v Simple X-ray
- Bone
- Dura

- Nerve
.

CT & CT angiography

Characteristics of Aneurysm

- Aneurysm Direction
- Thrombus, MRI

us,
Intramural hemorrhage
- Calcification

v Collateral Evaluation Catheter Angiography
- Compression study

- Balloon Test Occlusion

- ECA/Radial artery evaluation

CT & CT angiography
Aneurysm1l} Bony structure AtO|9| #A| Bl Az2| S
\

. ‘\'.o

'Paraclinoid Aneurysm

“Clinoidal segment” + "Ophthalmic segment”

v Benign natural course

v Surgically challenging lesion

Before treatment, radiologic evaluation is mandatory.

‘Anatomical Relationship

-Bony Structure

A

Planum
fruberc® 2
[Optic Canal
Sup. Orb. Fikr

For. Ro!undy{n

For. Ovale,
¥

* Superiorhypophyseal
- Carotid cave

Clinoidal Anterolateral
\ELEL

+ Dorsalvariant
* Ventral variant

P 5ico! spproaches. Willams and Wilkins. 2003

CT & CT angiography

Bony pneumatizationS I}9}.

Planum -~
2 ]
Optic Canal ~ 4 Optic Strut
X & LAnl. Clin.,
id. Clin,,

R iberc.
&)

N

Car. Sulc. |
!
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Anatomical Relationship Anatomical Relationship
-Dura

Aneurysmt Dura2t2l HE WA E AL N 52372

= Treatment Indication (Extradural vs Intradural)

= Treatment Option

ches Willams and Wilkins. 2003.

Anatomical Relationship Anatomical Relationship
-Dura -Dura

CT
AR duraZs EoZTE oL,
= Ophthalmic artery

Punt J: Some observations on aneurysms of the proximal
internal carotid artery. ) Neurosurg 51:151-154, 1979

= Anterior Clinoid Process

Taptas JN: Intradural and extradural ICA. J Neurosurg 51:877-
878, 1979.

Y Murayama et al. JNS. 2001

Anatomical Relationship

Optic Strut 2 PDR! landmark = o1 &

Bs 27

oy

K Hashimoto et al. Neurosurgery. 2006.
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Characteristics of Aneurysm

Characteristics of Aneurysm
-Direction

-Direction

Based on Angiography

/ Superior v Surgical Approach A| %__9_.

# Madral v Intradural/Extradural lesion

v Lateral Projection

v Inferior/Posterior Location  Superior  Inferioriposterior  Medial Lateral Total

, 5 \ Extradural 0 14(73.7%) 31(633%)  3(75.0%) 48 (63.2%)
Transdural 1(25.0%) 4 (21.0%) 5(10.2%) 0 10 (13.2%)
Intradural 13 (26.5%) 1(25.0%) 18 (23.7%)
o Total 4(5.3%) 19 (25.0%) 49(64.5%)  4(5.3%) 76

Yoon SJ et al. JCEN. 2015.

Characteristics of Aneurysm
F/52

: . _ R -Calcification
Incidental paraclinoid aneurysm, inferior/posterior projection
Size: 5.0 mm

CT7l 8.

v Wall degeneration
v Clipo] oj2{& 7t

Characteristics of Aneurysm
-Intramural hemorrhage

!

W255:L127

Kim H)J et al. JCEN. 2015.
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Collateral Evaluation

v Cross-Compression Study
v Alcock Test

v Balloon Test Occlusion
Major collaterals
Ophthalmic artery collateral

Collateral Evaluation

15-011800. [Epub ahead of print]
of unruptured ic artery aneurysms: clinical usefulness of the balloon
testin p ing vision after coil embolizati
3", Jeon P2, Kim K?, Yang N?, Kim $2, Kim H?, Byun H?, Jo KI2

i 15-011800. doi: 10.1

J Neurointerv Surg, 2015 Jun 25. pil.

AINR Am J Neuroradiol. 2014 Nov-Dec;35(11):2146-52. Gol: 10.3174/2jnr A3999. Epub 2014 Jun 26,
of ic artery Y
n in coil embolization.
Ahn JH', Cho YD?, Kang HS®, Kim JE?, Cho WS?, Jung SC, Kim CH®, Han MH®.

balloon test occlusion and preservation of

BTOZ 5 OHECA-OA collateral 2 24QL @, OA occlusion A= 3t 4 QLTt,

Collateral Evaluation

Ipsilateral carotid ballon occlusion +Angiography for 20 min,

Neurologic examination every 5min,
& EEG monitoring®

Abnormal finding(+) Abnormal finding(-)

Stop test Hypotensive challenge test for 20 min**
& Consider high—flow bypass
Neurologic examination every 5 min,

& EEG monotoring®

Abnormal finding(+) Abnormal finding(-)

Stop test SPECT
& Consider high—, or low—flow bypass o %
PASS FAIL

' b

Permanent occlusion | | Consider
Low-flow bypass
+ Interpretation by neurologist
++ Anesthesiologist support: 30 % below baseline mean arterial pressure

Conclusions

v Paraclinoid aneurysm-2 benign natural course
S =itk

v HIHO||, X|2 & 23}= paraclinoid aneurysm2
surgically challenging®t 227t C{£20|LCt.

A 2 s =ol
sk, ot
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Paraclinoid Aneurysms ; Endovascular treatment

HaY

EJolz el N7

Introduction

ICA paraclinoid segmentol]] $JX|3F FUF2| endovascular treatmenti= TRFSF F@F-2] HISE carotid siphon?]
tortuosity®l] oJ3f Wj== vl X557} ofele S wha o r = o] 9o FURFRE X|Hsh] gt 7I=H ol
7 asi

Paraophthalmic 5% paraclinoid aneurysm®] endovascular treatmentA] balloon H=stent 5= ©]-83F adjuvant
technique & ARSSICEH Sitjete dake] sl 3etd Fxo Agst 22| microcatheterE ©]83tefof Al&o] ZleY ==
&2t QPdAolaL Qb coil packingo] o] Fo] & 4= glom o|Ao] 7 AdHolof & Tk Folr

1, Shapes of Microcatheters

e oF AHoM AFEElE aneurysm& microcatheters

ExcelsiorSL—10(Stryker), Prowler 14(Codmann), Echelon—10(Coviden), Headway(Microvention)7} 1.0H A& T+
o wjg} xfol7} YA th7l aneurysm2 selection k= distal end”} preshaped(“45,” “90,” “J,” “C,” and “S”(Figure
D) =o] = JulS 2t 9lon] o]2 o]83PH £ ¢ eFgQ] microcatheter stabilityS <A 9L 4 ok

FIGURE 1. Photographs of preshaped microcatheters: straight, ], 90, and 45
(A), and S and C (B) presented in ovder. The S and C shapes have an addi-
tional small obtuse curve at the beginning of the shapes (arrows).

22
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2. Steam shaping of microcatheters

Az A1FE preshaped ® AES 221 714 982 2] microcatheter stability S 9S4 AT 53] paraclinoid/
paraophthalmic aneurysme] X|& Alo|= o] Whto 2= B8 3 H9r) govzg il d3o] nofo| whE tailored
shape 2] microcatheter & steamel] 2|3l S o] &3| A3}o] w50 wksojo} 3 ujr} £ o}

E-0| paraclinoid/paraophthalmic aneurysm X8 A] AMEEE thEFQ ke te3) At}

1) Pig tail shape (simple, right and left)

2) S—shape (simple, right and left)

A B C D

FIGURE 2. Diagram of ‘pigtail” shape before and after steaming. A, diagram of 2-dimensional “Pigtail-simple” shape
shows curling at the tip portion with a shaper for steaming. Steaming usually takes 30 to 40 seconds and steamed micro-
catheters are soaked in normal saline for 30 seconds or more. B, a’:’agmm posisteam reveals the less curling tip portion
without the shaper. “Pigtail-left” shape presteam (C) and poststeam (D) are shown on diagrams. This shape has a 3-
dimensionally coiled curve on the left side, which is designed o be suitable for placement in abrupely arising sidewall
aneurysms. The side, left vs right (not shown), is determined with the relative direction of the shaped tip to the main shaft
of the microcatheter.

Pig tail shapeg PtEL= Hb

AE &0 E0JYE mandrel S o] 8ste] Ysl= Beko 2uAEE FHE T steam O Z 30294 402 7F 7%k
A7RE normal saline]] HI(20—30%), ©] IS 2—33] &2 F A2| ¥HESEY] mandrel& A|78HH shaping
mandrelol] 7}7k& RFe] microcatheter® A< 4= It} Right or left pig tail shape ©]2 7202 Fulso] ukak
of whe} distal endol] WP Fol F T 383k mandrel ZFS W

e b
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A B c (/ D
-
) -

VY R
-.—-h-‘b
[
AA

FIGURE 3. Diagram of "S” shape before and after steaming. Presteam (A) and poststeam (B) diagrams of 2-dimensional
“S-simple” shape show the superior (open arrowheads) and inferior (black arrowheads) curves of the character °S.” Varying
the size and length of each curve provides the most appropriate “S” shape for a specific aneurysm. “S-right” shape presteam
(C) and poststeam (D) are demonstrated on diagrams. This shape is 3-dimensional and the superior curve (open arrow-

bheads) is perpendicular to the inferior curve and main shaft (black arrowheads) before steaming. The side, right vs left (not

shown), is determined with the relative direction of the superior curve to the main shaft of the microcatheter.

S—shape shape2 TtEi= dhH

mandrel& S shape® 2 WHE ¥ FUsl HPHO 2 steam shapingdPH simple S—shapes 92 4 Ut} o]zH
proximal Fldistal parte]] superior, inferior W&o 2 F 719] curve 7[HFE0] A3l ETe] B

o] Aw=E gelsld FY o9l microcatheter stabilitys A& 4= Ut} o] 7]E 1Y)

distal end F& Q8% H= %O = shapings sbd It TR WIS BT WA= 33k 72 88

¥ microcatheter shapeg 4-& 4 SJth

3. Navigating methods of Microcatheters

1) Shaping® microcatheter AFAWHS microguide wire2] &8 §lo] advancedAY HEXEAE-S At T withdrawal
3}l Haneurysm= selection 3= W (7 HESkaL o322l microcatheter shapeo] o]Fo] M-S wf 71%).

2) Wire—steering method : shaping® microguide wireZ microcatheter®] distal end 9]0l YX|A]Z] & aneurysm
rollA] steeringdFe] microcatheterE aneurysm W& navigation 3= %

3) Looping method : §23}F angle®] W3S 712 SwhF9o] 79 microcatheterE looping A|Z1 A ollA] aneurysm<
At & pulling 3FHA] aneurysm WZ navigation,

4) Coil 3= microguide wireZ o]&3}e] &3 aneurysm W= navigation,

4. To increase intra—aneurysmal stability ofmicrocatheters during coiling

Yz} indwelling A]Z! microcatheter®] stability S -FA8k= Zo] ¢ 5231} Micro—guide wire 55 o|-&3sfe] %+

2 = ion’s = mi Lol sliRel el dAlshA] fdow a3
A2 aneurysm=- superselectiond}E]2HE microcatheter®] 2oFo| aljsha] 29} UX|6}A] ¢ko ™ coilingo] ZIgY =
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= %<} microcatheter®] kick backS A 7|2l B4sE 2|8y Xg3d gh=o g 010170 7Fs/ds =olAl Hrt
agrg 47 FFe] dek 2 g3 Roko]| U= microcatheter] shapinge navigation ! positioningS 7] 3¢
3 coilo] F& == F<F microcatheter stability = A& = A S+ 5935 Q7o)

Coilo| 8= %2t microcatheter stabilityS £/ -F-25}7] $8jA4= microcatheter?} F95F YHJZ ICA wallo]

AAS ¢ AEE FFS vhsojo} gt} tfHHE2] para—ophthalmic aneurysm*] 3 superior projection 2Janeurysm

o] 7-¢-, S—shape microcatheter®] & WA curve$} F WA curve Alo] HEo] aneurysm HH} £ ICA inferior wall
o] A& 4 A=Z shapingS dFH SFHAQI coilingS =t & =22 95 4 v} Paraclinoid aneurysm] 7}
7 &3 g2l medical projection 2Janeurysm-a pig tail shape] proximal widening part7} ICA lateral wall-& A

A& = J=E gl W 3k oFg2 2l microcatheter supportg A 4= Aok

5. Shapability and shape—retention of various catheters

Non—braided ¥3= fiber—braided microcatheter”} stainless—steel—braided microcatheters (ex, Excelsior SL—10)
HT} shapability 7} 993 Aoz HuET QO ThE test oA& steam—shaped Proweler 14 microcatheter
(platinum, larger pitch—coiled design)7}Excelsior SL—10 microcatheter Rt} shapability 2} shape —retention 5
o] E=3h} preshaped Proweler 14 microcatheters= SL—10 microcatheter 9} F53F A¥E HojFEo)

6. Conclusion

Paraclinoid or paraophthalmic aneurysm®| coiling= Al&gh uf FuFeo] HeRS 1#sle] steam shaping ¥
microcatheter 0]%—’8]-‘:ﬂ aneurysm<= selection 3=4| oA EF Q3 =

= Al E AR packings 22 T U
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Surgery for paraclinoid aneurysms :

Young—Min Han, M,D, Sang—Kyu Park, Dong—Kyu Jand, Kyung—Sool Jang
Department of neurosurgery, Incheon St. Mary’s Hospital The Catholic University of Korea

Surgery for paraclinoid aneurysms:

Young-Min Han, M.D.
Sang-Kyu Park, Dong-Kyu Jang , Kyung-Sool Jang
Department of neurosurgery, Incheon St. Mary’s Hospital
The Catholic University of Korea

1.Anatomical classification
2.Surgical technique
3.Microsurgical experiences
4.Avoidance of complication

Introduction (1): Classification

[ c—

Introduction (2): Indication for intervention

Classification based on anatomical location
very important for microsurgical clipping
less important for endovascular procedures

Anatomical relationship

Branching vessel

Paraclinoid
dorsal/ventral variant
carotid cave
intra-cavernous
juxta-dural ring

Carotid-ophthalmic
superior hypophyseal artery

paraopthalmic

1) Tihara et al. had advocated treatment for aneurysms >5 mm,
and had recommended direct surgery for superiorly
projecting unruptured aneurysms.

2) De Jesus et al. had recommended treatment for all
aneurysms >4 mm with an extension into the subarachnoid
space, if the patient was in good physiological condition and
was expected to live at least 10 more years.

U Aim of this Presentation

B Introduction (3): Complex anatomy

gnll

Microsurgical Anatomy of the Carotid Cave, Neurosurgery 2012

1) Microsurgical experience in patients with pararclinoid

aneurysms.
2) Outcome assessment based on a Modified Classification
(propose a New Classification System)
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Clinical materials and methods (1)

Clinical materials and methods (2)

42 Patients (Jan. 2008 May 2015)
Aneurysms aring from C5 and C6 segments of the ICA
Size: <10 mm

Ruptured Un-ruptured
(n=7,An.=38) (n=35,An. =37)

Sex (F/M) 6/1 30/5
Age 52.3 years old 45.8 years old
(21 ---Tlys) (25 ---- 62 ys)

Relative contraindications to endovascular treatment
(wide neck, difficulty in catheter access, incorporation of the
artery, giant, artherosclerotic, thrombosed an.)

Classification of Aneurysms based on Barami, Day and
Kobayashi proposal

otk type I(b)

type I(a)
oA

type Il

type lli(b)

Clinical materials and methods (3)

Superior hypophyseal
aneurysm

Carotid cave
aneurysm

Type llic

£y g

AS Bake ’s’drawingf_;

| Inter-dural origin of the OA

1]

1]

Method (5), Surgical technique

Method (6), Surgical technique

1) Pterional approach with or
without orbitotomy

intradurally)
3) Opening of the sylvian fissure
4) Un-roofing of the optic canal

distal dural ring

axis of the ICA
7) Intra-operative monitoring

2) ACP resection (extradurally or

5) Circumferential resection of the

6) Clip applied parallel to the long

1) {Pterional approach with or

/ “Swithout orbitotomy

ACP resection (extradurally or
‘intradurally)

) Opening of the sylvian fissure
4] Un-roofing of the optic canal
Circumferential resection of the
distal dural ring
6) Clip applied parallel to the long
axis of the ICA
)\Intra-operative monitoring
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Surgical technique (Rt. O-P approach)

Surgical technique (Rt. O-P approach)

-

Periorbita &ACP resecté(i

Method (8), Surgical technique (M/67, SHA) T

i

Results (1) Classification of aneurysms

Number of aneurysm
Type I a: 8 (17.7%)
Type I b: 3 (6.6%)

, Type 1I: 3 (6.6%)

Type Il a: 11 (24.4%) SHA
Type 111 b: 2 (4.4%)
Type Il c: 17 (37.5%) Cave
TypeIV: 1 (2,2%)

Modified Barami’s classificaiton

Illustrative cases
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Results (2) Clinical outcome
Unruptured pra "" : 4 Modified Rankin Scale (6 months after the operation)
(F/51)
(0] 2 (28,5%) 29 (82.6%)
1 2(28.5%) 5 (14.3%)
2 0 1(2.9%)
3 1 (14.3%) 0
4 0 0
5j 0 0
6 2(28.5) 0
Results (3) Clinical Events Avoidance of complications (1)
5 = Causes of visual loss in this series
Chewing discomfort 5(71.4%) 10 (28.6%) all Patlents Wlth CayeQNULYSIRS
during the resection of the DDD
Visual impairment 0 (0%) 3 (8%)
1) Excessive manipulation of the optic nerve (none)
Frontal numbness 6 (85.7%) 16 (45.7%) 2) Delayed inflammation: 1 case
3) Anatomical variance (inter-dural origin of the opthalmic
Hyposmia 1(14.2%) 2(5.7%) artery, tight arachnoid attached to the DDD) : 2 cases
. 4) Compromise of the sup. hypophyseal artery
Infection 1(14.2%) 1(2.8%) ----- No visual impairement, but careful
CSF leak 0 (0%) 0 (0%)
Transient 3" N. palsy 1(14.2%) 1(2.8%)
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Inter-dural origin of the OA

Procedures needed

Type 1,2
Sup. (Dorsal)
direction

Type 3
Sup. Hypoph
yseal artery

1) ACP resection
2) Release the falciform ligament
3) Opening the Distal Dural Ring
(partially, near completely)
4) Optic nerve manipulation
5) Visualization (cave aneurysm; hidden area)

Procedures needed

Type 1,2
Sup. (Dorsal)
direction

Type 3

Sup.
Hypo-physeal
artery

Type3 ¢
Sub-group

Carotid cave

Procedures needed

Type I, 2 (dorsal, ophthalmic aneurysm:
partial resection of the DDD, relatively easier)

Type 3 a (SHA: Partial resection of the DDD)

Type 3b, 3¢ (cave), 4 (hidden, near complete resec
tion of the DDD: relatively difficult)

Discussion :

Natural history of Un-ruptured aneurysms

A retrospective analysis on the natural history of
incidental small paraclinoid unruptured aneurysm
J Neurol Neurosurg Psychiatry 2014

Annual rupture of 0.12% and
an annual growth of 1.01%.

Risk factors; Size, Hypertension, Branch-related
Other Known risk factors: Smoking etc.

Conclusion

¢ Using a Modified Barami’s Classification,
We can predict surgery-related morbidities.

< To avoid complications, accurate knowledge of the
surrounding neurovascular and osseous anatomy is essential.

¢ Un-ruptured small paraclinoid aneurysm is a benign lesion,
if risk factors controlled carefully.

Surgery for paraclinoid aneurysms is an effective method to
prevent fatal SAH.
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Avoidance of complications

Avoidance of complications

Yoyo technique with muscle plug to prevent from CSF leak

Bleeding from the cavernous sinus
Bleeding from the carotid collar (R/O Arterial bleeding)

Avoidance of complications (5)

Clip application parallel to the axis of the ICA

E

Curved fenestrated clip may be useful
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Paraclinoid Aneurysm : Current recommendation
and literature review

Sung pil Joo
Department of Neurosurgery, Chonnam National University Hospital and Medical School, Gwangju, Republic of Korea

In the literatures, paraclinoid aneurysm accounted for approximately 1.5—11% of all intracranial aneurysm.
Paraclinoid aneurysms have been defined as intracranial aneurysms that arise from the internal carotid artery
(ICA) between the site of its exit from the roof of the cavernous sinus and the origin of the posterior
communicating artery, These aneurysms are classified on the basis of complex relationships among theaneurysm
sac, dura, branch arteries, and anterior clinoid process. Because of the close relationship to the complexity of
adjacent structures such as skull base including anterior clinoid process (ACP), cavernoussinus and critical
cranial nerves, surgical treatment of paraclinoid aneurysms remains a technical challenge to many
neurosurgeons, Advances in endovascular treatment (EVT) have greatly improved the treatment outcomes of
paraclinoid aneurysms, However, EVT had the shortcoming of durability and thromboembolic complications. As
well, surgical treatment of paraclinoid aneurysms is still challenging due to the complexity of adjacent
structures. Some reports presented a multidisciplinary approach of micro—surgery and EVT for the treatment of
paraclinoid aneurysms, Considering the procedure related risks of unruptured paraclinoid aneurysms, it is
important to identify the proper indication as well as to select safe and effective methods for treatment. The
purpose of the present presentation is to assess the outcomes under the multidisciplinary treatment based on

current literature review,
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elExlsat olz2| Oj2H

& FFIBM(F) 227]gE

HH B

oIS X1t ofz 2| Oz

How A.l. changes the way we live and work

Y7, F ofo/riyl ) CTO

or
10
nx
2

1990s: Al on www
Al-based extraction
programs prevalent on ww

2005: Autonomous Car
Stanford-but autonomous car wins.
DARPA Grand Challenge

N

1956: “Birth” of Al
John McCarthy coins term
artficial inteligence (A1) at
Dartmouth Oonlele nce

1974-1980: 1% Al “Winter” 2014: Key Market Moves

1M formation of Watson Group and
Google aoquvsman of Nest Labs.

mm

1950: Turmg Test

Turing introduces way to
test for inteligent behavior

2011: Watson
1BM's Watson competes.
and wins on Jeopardy!

1987- 1993: 2% Al “Winter” l

1965: First Expert System
Stanford team led by Ed
Feigenbaum creates DENDRAL

1997: Deep Blue
1BM Deep Blue defeats
World Chess Champion

re

XIS (Al)

7IAE AT BEQ| KMo Me Zo] AFotA RtE= A"

A

“The science and engineering of making intelligent machines”

— & 0f7}A|(John McCarthy)

>I7|A 7L Off EXE HMZ ASt D S EY = U= XS
> A7L WA XSS 2FEX = ZUX T 0|2 FolE A3 9

= 2t o]
0|83HM X2 BUUE AFEH =21

7| AgHE (Machine Learning)

= X| £&t & (Supervised): 242 0f| = (Regression) vs. 32 7|t 2
A Eli(Classification)

= H| X| =&}t& (Unsupervised)
suas

7

El2{'d (Deep Learning) — 7| A|St&2|

=}

ol g Higher visual areas
\ 120

-

w
= 2(‘/__ ‘ - ﬂ

" o\ /] oFF

D e . e n.\mW
oy

(from Simon Thorpe)

2T} (AlphaGo) - H S A5 X5

- FEH(Clean) HY B0 £7

‘ ’”

ol 2y

CNN (Convolutional Neural Network)
- FYE HSo TAE Ol
Reinforcement Learning - X| =8t&
Policy Network — 4= ZHZkA

Value Network — = T7}3}7|
Monte Carlo Search — =9{7|

Source: Silver, David, et al. "Mastering the game of Go with deep neural
networks and tree search.” Nature 529.7587 (2016): 484--489.
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Clinical Research: “Learning health systems”
Generating Evidence to Inform Policy

Early
Translational
Steps

Discovery
Science

Clinical
Trials

Measurement
and
Education

Clinical
Practice
Guidelines

Performance
Measures

Califf RMet al, Health Affairs, 2007
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. Initiation - . *Source! S,
Meeting Analysis . *MFDS : Ministry of food and drug safety
> ! t I
= Protocolfinalized 1 9 700 652
/ =Sites selected =Enroll subjects* st T A 600 =
- =Operations A F CRF v \ 6
[aiEstocol ManualMop : 5 \ , 8 ‘ |
:yn?ps‘l’s completed e Dt _ ) 500 = g BB
nalize = CRFs finalized CleaniCloes T tions y oo 4
- of e ordutabase & |=Submit CTR w0 ikt oM . 194
Activities obtained Biostatistics =Post-hoc analysis -
place 200
undoﬁ(gla;s,EGs 100
etc)
Build o 98 '99 ~ '00 ‘01 '02 03 '04 05 '06 '07 ‘08 '09 10 " "2 13 14
rt-'(‘"'c«'j'}JLV\l ;.'l ANNING L‘AL:A -y g‘rwm I\‘VH)‘A:H:’ ;,'I_ B c)l’-m W Muttinational Il Domestic
PRASE PFASE] PHASE] PHASE]
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@ Interventional research

(%) W Observational research

University Company Research _ Others'

Government Non-govemnment Gov. + Non-gov.*
Fig. 2. Classification of research types of registered clinical research by funding source.
Data are expressed as No. (%). *The other government funding sources were includ-
ed except the MOHW; *Non-profit organizations and academic associations were in-
cluded; *The researches were funded both by government source(s) and non-govem-
ment source(s). MOHW, Ministry of Health and Welfare.

Choi EK et al., J Korean Med Sci 2016; 31:1-8

Table 3. Thee most freq among the regisered.
e Research tjpe Gender Age ()
Mo {33  Obsenvational Interventional Male only Female only Both <1Bonly 26500y
0=38) (=939 (=129 =93 0=1101) (=50 (=16
1 Digestive Nenous  Digestive Circulatory Neoplasm Digestive Mental Nervous
173(131) 74(192) 117 (125) 20(155) 13(14), 169(15.3) 5(100), 3(188),
Endocrine Skin Neoplasm
13(14.0), 5(100) 3(189)
Genitourinary
13(14.0)
2 Nervous Digestive  Musculoskeletal ~ Geritourinary - Nervous
1250.4) 56(145)  100(10.7) 17(13.2) 122(11.1)
3 Muscuoskeletal  Ciculatory  Ciculatory Endocrine - Musculoskeetal Nervous Circulatory
10.1) 3604 7964 1008 108(08) 480 2(125)
Blood & mmune
2(125)

Data ae expressed as the disease category and No, (%)

Choi EK et al., J Korean Med Sci 2016; 31:1-8

W Drug* O Surgery/Procedure B Medical device ~ M Combined' @ Other*

2014 156 (60.0)
2013 120 (51.5)

2012 149 (62.1)

Year

(T 5 BN

2011 30(20.0)

2010 28(50.9)

Total 523 (55.8)

0 10 20 30 40 50 60 70 80 90 100 (%)

Fig. 3. Classification of the registered research by intervention. Data are expressed
as No. (%). *Drug includes biological and vaccine; "Combined intervention includes
more than two interventions; *Others include behavioral therapy, dietary supplement,
radiation therapy and non-listed interventions.

Choi EK et al., J Korean Med Sci 2016; 31:1-8

Translational research
The 3T’s Road Map

Basic Clinical Clinical Improve health
Biomedical Efficacy Effectiveness ca’sﬂ‘}l‘j‘:':z:"d
Science Knowledge Knowledge population health
Key T1 activity to test Key T2 activities to test Key T2 aclivilies 1o iest how
whatcare works who benefits from bdeherghqlaly
promising care reliably and in al setfings
Measurementand
+Outcome research accountability of health care
=Clini research =G L qualityandcost
=Health service research andHCS redesign _
- Scalingand spread of effective
interventions
- Research in above domain V
JAMA 2008;299(19):2320
> of framework.

NIH:

e 20004, 2| H WA
v BE& Ao OXI0] SE 2 2 0| £]0f0f 5= A
v The design of all studies should be publicly available
e 20084, A&
v REAYANE2 R HOX 2 FHofl A== FHI0| H=
Cl| O] EfHj| 0] 20| 55 k|0 OF &
v Every clinical trial must be registered in a publicly accessible data
base before recruitment of the first subject
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Legal Requirement

Food and Drug Administration (FDA)
Modernization Act of 1997

e InNovember 1997, Congress includeda provisionin the Food and Drug
Modemization Actto mandate thatthe National Institutes of Health (NIH)
establish, maintain, and operate a public resource forinformationon
efficacy studies of drugs, including biological drug products, totreat
serious or life-threatening diseases and conditions conducted underthe
FDA's investigational new drug (IND)regulations (21 CFR parts 312 and

812).

@ Section 113 of the Modemization Actrequired thatthe Clinical Trials Data
Bank contain the following information: (1) Information about Federally
and privately funded clinical frials for experimental treatments (drug
and biological products) for patients with serious or life-threatening diseases
orconditions, (2) a descriptionof the purpose of each experimental drug,
(3) patient eligibility criteria, (4) a description of the location of clinical frial
sites, and (5)a point of contact for patients wanting to enrollin the trial, allin
aformthat could be readily understood by the public.

o UNGIARAX} M Zo ATl £y U Hajol Az
S 52 9J5j0] MolRIIEATNLAR YNl i
He 58

o EYAD|Z2H ISREANT A0 5T PUHERAHI A
{Clinical Research Information Service, CRIS, hittp://crisnih go.knjoj|
| X Anpe} BEE YT ERE S5

e dujam A, Qiol Yak= CRIS S8 SIS E 71X

<EZiojRT|E ALNEAY H2|d> H26=9]2

FHAAT o F2 A UHEE H26xH120] Ma} HEI[eko] Fo|
2Yst= B0 27|= SHUAAH0] SF5H0{0F BiCh. COl, HASX| S
O] X|g¢t ol doiaA|o] A0l 1 UMY BRHE HARX| R H0|
X g3t HE| Bl SES0{0F Bict

14
http://cris.nih.go.kr ICPRT - http://www.who.intictrp/en/
e C}RIS (R — @ —

gy o
y oy 2
@ e
A=

, e
—
4 " wenn >

-
[}

P
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cRS 71 ‘I
e
SNE B InE
gran  wus B e

International Clinical Trials Registry Platform (ICTRP)

Trls Primary Registries

Regatry Crtera

< shae & e
40 Dsta St Prmary R

Primary Registies i the WHO Ragisry Network
Prmay Regs

Gorn A
fanan Registy of Cineal 1
ISRETN oty

Tspan Py Regities Network (1RN)

(Cinkcai Tras - Inernational Regisy Platforn (C1

World okt
rganization

¥f3®dA

ssus

Table 1. Required data elements for research registration with the CRIS

ftems.

Data element

1. Background

2. Institutional Review Board/Ethics Committee*

3. Contact details

4. Study status

5. Source(s) of

Unique protocol ID, Public/Bref tite, Scientifc ttle, Acronym, MFDS regulated study, IND/IDE protocol, Other egistry
if applicable (name, regisration number)

- Board approval satus, Board approval number, Approval date, Name of Board, Data Moritoring Comitiee

Name, Title, Telephone, emal, Affiation o the following persons: Contact person for principalinvestigator/scientific
‘queries, Contact person for public queries, Contact person for updating nformation

- Overall recruitment status: Study site, Date of first enrollment, Status of first enrollment, Target sample size, Primary

‘completion date, Study completion date

- Recruitment status by partcipating study site: Name of study site, Recruitment status, Date of first enrollment, Status

offirst enroliment

support
6. Sponsor organization(s)

7. Study summary

8. Study design

9. Subject elgilty
10. Outoome measure(s)
11. Publication information

2 p -,
Intervention descrption, A labl,Target sample size, Am type, Arm descripion

- Observational study: Obsenvational study model, Time perspectiv, Taget sample size, Cohort/group label, Cohort/
‘group description, Biospecimen colction & Archiving, Biospecimen description

-G

zat Organization type, Project D

- Onganizaton niame, Organization type
- Summary

urpos, Pa Alocaton,Interventon type,

Rare disease, it

~Type of primery outcome, Primary outcome, Secondary outcome
- If applicable, Author,Tik, Journal name, Publication year

Source: Htps:/cris.i.go ki/crislenvimagesexplain_en.pdf. “Approvallettr should be uploaded; Registrant selcts th disease category according to the ICD-10 classiica-
tion and then entes the detal. CRIS, Clncal Research Information Service; MFDS, Ministy of Food and Drug Safety; INDADE,Investigatonal New Drug/investigationa Device

Bemption.

oin
Ju
-}
=

2.
User account?
Yes Jo
Login o CRIS
1-20ays

Review and approve
the entered records via email/SMS
(Principa ivesgatoSubinvestgaon)

Tegisiaton Compieted
(hssign CRI Regitation Nomber)

Convertto XML data file

Ask for Ediing

Send the file to WHO ICTRP

Fig. 1. Registation proess in the CRIS and information sharing ith WHO ICTRP. CRIS, Clrica Research WHO ICTRR, World iz

tiona Clrical Trils Registry Plaform.
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%qinical Trials Registry Expands

Bridget M. Kuehn JAMA. 2009;302(1):22

Timeline of ClinicalTrials.gov

November 1997 December 2007

mandate to register cirical Expanded registry
trias conduated under US Food and September 2007 requirements effective
Drug Administration investigational Federal mandate to expand scope of ‘

September 2008
Basic resuts reporting
requirements effective

clinicaltrial registration to inolude al
and devics trials (except early phass triak)

new drug applcations that evaluate
chug efficacy for serious diseases

Note for the media/WHO 4
14 April 2015

WHO Calls for Increased Transparency in Medical Research

14APRIL | 2015 GENEVA -WHO today issued a publlc statement calling for the

of from clinical trials for p the
result. The move aims to ensure that decisions related to the safety and
efficacy of vaccines, drugs and medical devices for use by populations are
supported by the best available evidence.

“Ouri istop the

FDAMA 119 and o esuts o ctabase FDAAR801), of scientific knowledge in order to
September 2004 o advance public health said Dr. Mane—PauIe Kieny, WHO Assstant Director
International Committee of Medical Joumal ptember 2009
Editors (CMJE) statement requing prospective /idions siente Tparthy G | for Health and It the ipal goal of
trial egistration & a precondition for publication October 20 recuirements effsctive i ¥ & ¥ L
Febriay 200 Eminil coso i medical research: to serve the betterment of humanity.”
aunch of elements in GinicalTrils.gov September 2010
C\mgmmvvw\ to ss‘o«:‘r‘nolnwga‘(:yICWE Expanded results.
(”" e “Failure to publicly di trial
T T T ! isi i ing to priorities for both R&D and public
) ; o a e = ! health |ntervent|ons said Kleny “It creates indirect costs for public and
FoamAB01 . FOAMA 1, st 113 1 Food an g Adkitsticn Modsrzstin Act o 1607
private entities, i , who pay for suboptimal or
harmful treatments.”
ol AF Xt= 2t2|: process
Note for the media/WWHO 4 2SHTAEEE|: p NI
14 April 2015

WHO Calls for Increased Transparency in Medical Research

For example, |n a study that analysed reportlng from large clinical trials (more
than 500 p p ) regi on gov and p by
2009, 23% had no results These p trials i nearly 300
000 participants. Among clinical trials of vaccines against five diseases
registered in a variety of databases between 2006-2012, only 29% had been

p inap J by the WHO recommended deadline
of24 ing study completi

-..WHO’s call for di clinical trials, the results
of which may still have an imp g on scientific today. WHO
also reaffirms the need for all clinical trials to be registered on a WHO pnmary
clinical trial registry so that they can be gh the

Clinical Trials Registry platform. This will ensure transparency as to which
clinical trials have occurred, and allow verification of compliance with public
disclosure requirements.

older

Development of Conduct Clinical Trial & Data
Protocol & CRF Data Management Setup Managemem

Transparency

)

Protocol l SOP / DMP
Data
Raw Data on CRF e Management R Analyzable Data
Procedure

v

Audit Trail, Edit Trail

v

Reproducibility
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Update MR imaging for cerebral hemorrhage

b

B

TEGIY AR GE §IEH
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o

7 A CTolA hemorrhage: electron density®] 712 bright density2 Helt}, H A70% dual energy CT
emorrhage®} iodine Z2JA|2] F-Fo] 7Fssltt. 2957 F CToX= active bleeding focus& W & 5 Q=

7t e

O

N o [
> =z P =
oy,

GRE

MRI sequence® 1LA%]2] ¥ olt}, hemorrhagei= AHd(paramagnetism)S Eal 17] W&ol MRI A 374
oA =4 APEE WHShAIIT

B. FLAIR

CSFAIZE AA5h= T2 o8 SAHY subdural hemorrhage®] W7ol -F-83)c},

C. T1 and T2—weighted image of evolution of hemorrhage
Oxy—hemoglobin, Deoxy—hemoglobin, Met—hemoglobin, ferritin, hemosiderins-2] ol ulz} tjeksk
Al =5 HolP &2 hemorrhage?| stages H7Vs 4= o}

D. SWI and QSM
H JF o7 ARREE SWIE GRES}F H|w3le] high resolution, flow compensation, less distortion®] %

Ho] dom QSM(quantitative susceptibility mapping)< §3F] A4 E2Xo] 71s3t.

3. Clinical application : C}t5t Zlgto| At 4740 AV U E9|
A. Hypertensive ICH
B. AVM

C. Aneurysm and SAH

D.

Traumatic brain injury
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Dural—AVF

1. Etiology and pathogenesis and diagnosis ASH(=HEH)
2 Endovascular treatment THTZHSLITH)
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Etiology and Pathogenesis and Diagnosis
Etiology and pathogenesis of dAVF

DAVFs make up 10% to 15% of intracranial vascular malformations and are abnormal connections between dural
arteries and dural venous sinuses, meningeal veins, or cortical veins.dAVFs have been associated with history
of trauma, previous craniotomy, or dural venous sinus thrombosis. In the setting of interrupted normal sinus
outflow and elevated local venous pressures, it is hypothesized that tiny physiologic shunts may enlarge, or
neoangiogenic factors may promoted the formation of pathologic connections, Multiple dAVFs may occur
secondary to thrombosis of the involved sinus, Once the malformation is present in a dural structure, the
shunted flow might cause turbulence and reversal of the normal venous flow, which could lead to stagnation
and thrombosis away from the original malformation., Second malformation might then develop by
recanalization,

Adult dAVFs, which constitute the majority of lesions, are most common at the transverse, sigmoid, and
cavernous sinus, There is also a subset of pediatric lesions that can often involve the torcula, superior sagittal
sinus, and large venous lakes,

Awad at el.', described to natural history of dAVF. Authors suggest the presence of several stage in the natural
history of lesions (Fig). Microscopic communications between arteries and veins exist in normal dura mater ant
the proximity of venous sinus, Trauma, surgery, sinus thrombosis, or other factors might initiate the genesis of

a true dAVF,

FiG. 4. Artist’s illustration of three possible stages in the natural history of a dural arteriovenous malfor-
mation (AVM). A: Sinus thrombosis and engorged dural venous collaterals with opening of embryonic
arteriovenous communications. B: Arteriovenous shunting favors recruitment of arterial feeders into the
nidus (sump effect) with secondary venous hypertension. C: Venous hypertension favors leptomeningeal
retrograde venous drainage and predisposes such channels to become varicose and aneurysmal. These three
stages can be clearly documented in dural AVM’s from our experience and from the literature.

48



Choro e atere| | cyekzayssere] 2016 KSCVS—SKEN ST %Xt

Development of acquired AVF due to venous hypertension

Terada, et al.’, reported on a rat model of AVF, and they stated that venous hypertension without sinus or
venous thrombosis can induce a d AVF. They proposed that exposure of the vessel to venous hypertension may
result in the dilation of the vessels and loss of sphincter control in arterioles. Increased intraluminal pressure
in the vessels stimulates angiogenesis, and direct connections to the sinus or vein might from, resulting in the
development of dural fistulas.

Nishijima et al.’, illustrated few microscopic finding of dAVF specimen. They observed “No direct

communication between dural arteries and venous sinuses ; in serial section (Fig).

FiG. 4. Photomicrographs of 4-um serial sections of the
lateral sinus (S) in Case 1. The artery shows fibrous thickening
of the intima and irregular thickening and obliteration of the
elastic lamina. This artery branched off the artery illustrated
in Fig. 3b. The vein shows dilatation and thickened walls. An
arteriovenous fistula (arrow, ¢) is clearly demonstrated be-
tween a dural artery (A) about 200 um in diameter and a
dilated dural vein (V). Elastica van Gieson, ¥ 16.

These AVF were present in the dura near the venous sinuses but not in their intima” and speculated that the
mechanisms of the progression of dural AVF are as follow ; a single AVF formed in the dural near a venous
sinus may become dilated because the blood flow increases due to a marked reduction in the peripheral
vascular resistance, Once the fistula has formed arterial blood gathers around it via the well —developed vascular
system, Dural veins dilate and become thickened. The influx of arterial blood induces thrombogensesis and
injury to the intima into the sinus. Thrombus formation progress by repetition of above process. Venous sinus
pressure increases, and organized thrombi with fibrous thickening of the sinus intima. Even more remarkable

change take place in the dural veins, arteries, and the AVF themselves. In this vicious circle, new AVF develop.

cortical vein
crack-like vessel ‘ ‘

al vein |
\‘\ :

1

Hamada et al’, mentioned that sinus hypertension

dural artery caused by stenoocclusive disease of the venous sinuses
and arterial hypertension force abnormal connection to
open between arteries and veins in the dura mater,
; : which may result in increasingly dilated venules and
the formation of a dAVF, The direction of venous
drainage from the fistula might be described by

anatomic communication and pressure between crake—

FIGURE 6. lllustration showing anastomosis between dural arteries and venous sinus through crack-like vessels.
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like vessels of the dura meter, the sinus, and the cortical vein(fig).

Relationship between dAVF to sinus thrombosis

In several clinical and experimental studies, the most important factor related to the pathogenesis of dAVF is
thought to be sinus thrombosis and venous or intra—sinus hypertension, Additionally, some investigators have
suggested that sinus thrombosis does not always lead to the development of dAVF, but that venous
hypertension is needed to form a dAVF

Sakaki, et al.’, stressed the importance of secondary sinus thrombosis or thrombophlebitis, or late intrasinus
hypertension for the genesis of dAVF following sacrifice of the sigmoid sinus.

Herman et al,é, reported on a rat model subjected to various hemodynamic stresses, They suggested the
importance not only of sinus thrombosis but also of sinus hypertension in the development of dAVF., based
on the result in their rat model, in which the rate for new dAVFs was higher in rats with sinus thrombosis and

venous hypertension than in those with venous hypertension only,

Angiogenesis and dAVF

Uranishi et al’, investigated the expression of the angiogenic factors(basic fibroblastic growth factor ; bFGF,
vascular endothelial growth factor ; VEGF) in dAVF obtained from surgical specimens. They observed the
expression of bFGF and VEGF in the dAVF. The factors stimulating bFGF and VEGF in the dAVF are not
known, but it might be possible that tissue hypoxia or intraluminal shear stress resulting from venous
hypertension stimulates the expression of these angiogenic growth factors,

Lawton et al®

, established hypothesis of dAVF
Venous
outflow ] formation(fig). Briefly, venous hypertension induced by an
obstruction |
; ! | obstruction to venous outflow, such as a sinus thrombus,
Normal Venous . would initiate the pathogenesis of dAVF. Venous
p‘;g';zﬂfe ] hypertension hypertension reduces cerebral perfusion and might
E— [1 Cerebral produce ischemia. Tissue hypoxia normally stimulates
perfusion . L . .
— angiogenesis in an attempt to reverse the ischemia.
- r
Venous | Aberrant angiogenic activity by dural blood vessels would
r ischemia ) o )
. o i then lead to arteriovenous shunting into the dural sinuses
| | Angiogenesis and to dAVF formation. Arterialization of the venous
+__—r— sinuses exacerbates venous hypertension and outflow
Collateral DAVM occlusion, thereby creating a vicious circle that would
venous formation enlarge the dAVF and lead to a more dangerous clinical
drainage [
1 course,
Thrombus | Thrombus | |
racanalization propagation
Benign DAVM Malignant
clinical reqreesion clinical
course 9 course
S |
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Classification of dAVF

The first comprehensive classificationof intracranial dAVFs based on radiological anatomy was proposed by

Dijinjkian and colleagues in 1977 ; it has subsequently been modified by Connard, et al,(Cognard classification),

In their series of 204 patients, Cognard, et al., were able to show a relationship between type and aggressive

presentation. In the Cognardreport, type I dAVFs had a benign course,in type II, reflux into the sinus induced

intracraninal hypertension in 20% of cases, and reflux into cortical veins induced hemorrhage in 10%.

Hemorrhage was present in 40% of cases of type III dAVFs and 65% of type IV, Type V produced progressive

myelopathy in 50% of cases.

Borden Classification of Dural Arteriovenous Fistulas

Type |
Typell

Typellll

Anterograde drainage into the dural sinus/meningeal vein

Anterograde drainage into dural sinus & retrograde drainage
into cortical veins
Isolated retrograde drainage:
1. Drains directly into cortical veins
2. Trapped segment of sinus with reflux into cortical veins
3. Venous varix/ dural lake with reflux into cortical veins

Figure 1. Classification of intracranial
dural AVFs according to venous drainage.
{a=d) Dwral AVFs types | and 1l drain into a
sinus. je=g) Dural AVFs types lll-¥ drain di-
rectly into cortical velns.

A similar, but simplified, version of this classification
was proposed by Borden, et al.(Borden classification).
They used five cases to demonstrate how their
classification might be applied, suggesting its efficacy
as a mode of predicting lesion behavior and how it

might serve as a rationale for treatment.
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Accurate diagnosis and classification of dAVFs is essential in identifying patients with high—risk lesions and to
triage them toward appropriated therapies. The Borden and Cognard classification schemes, which have been
well substantiated as predictors of dAVF behavior, both emphasize the relationship between cortical venous
drainage (CVD) and increased risk of hemorrhage or nonhemorrhagicneurologic deficits, The absence of CVD
(Borden I ; Cognardlla) is associated with a benign natural history. The presence of CVD (Borden II, III ;
Cognardllb—V) indicates a more aggressive lesion,

Davies, et al.”, investigated validity of classification for clinical presentation of intracranial dAVF. They propose
that the term “retrograde leptomeningeal venous drainage” most accurately describes that single most important
feature, although the term “cortical venous drainage” used by most authors (cognard, borden), Retrograde

leptomeningeal venous drainage was most often seen in the dienchephalon involving the deep system only(fig)

Fig. 2. Conrast-enbanced T <weighted aial magnetic nesonance images demonsirating comrast enhancement in the
territory of kepiomeningeal veins in the deep system subjected to retrograde flow from an intracranial dural aneriovenous
fisla,  Left: Dorsal midbeain ferrow),  Right: Right thalamus farrow),

They proposed that the poor prognosis of lesion in “dangerous’ locations in purely a function of their
possession of a more dangerous venous anatomy : that is, regional venous anatomy enhances the possibility or

mandates retrograde leptomeningeal venous drainage in some location,

Carotid Cavernous fistulae (CCF)

CCF arising from a defect in the cavernous segment of the ICA are called direct fistulae because the drainage
into the cavernous sinus(CS) arises directly via the ICA, CCF resulting from dAVF supplied by ECA and ICA
dural branches are traditionally call indirect, or dural, fistulae (dAVF of the cavernous sinus)

According with Barrow’s classification, CCF could be classified in two groups : direct and indirect, Barrow’s
classification of CCF is based on the pattern of arterial supply. Barrow type A(direct) usually present a single
connection between the internal carotid artery and the ipsilateral cavernous sinus. This type CCF usually show
high flow and it is frequently caused by facial trauma. In contrast, indirect CCF are divided into 3 type : b, C
and D. Barrow type B usually shows a connection between meningeal branches of the internal carotid and the
sinus, Barrow type C is characterized by connections between meningeal branches of the external carotid and
the sinus. Finally, Barrow type D is characterized by connections between meningeal branches of the internal

and external carotid and the sinus,
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Direct CCF are usually caused by severe head injuries or ruptured of cavernous aneurysms, In addition, they

have also been linked with other surgical trauma such as rhinoplasty, orbital floor fractures reductions, partial

maxillectomy, nasopharyngeal biopsy and Le Fort 1 osteotomy. In contrast, the etiology of most indirect CCF

is idiopathic.

- = "..
Type B f

Type D )

Classification of spontaneons carotid cavernous fistulas (CCFs) after Barrow 1985
{Barrow Nearologic Institute (uarterly, 1991:7:2).

Twpe A, direce fistwla through o hole in the wall of the §CA (high -flow)

Tvpe B, DCSFE, indivect fistuda supplied by ECA-feeder {low-flow)

Tvpe C, DCSE, indirect fivtwla supplied by ICA-feeder {low-flow)

Tvpe D DOCSE, indivect fistula supplicd by ECA and ICA-feeder (fow-flow)

TAELE 1. Proposed Venous Drainage-Based Classification System
for Carotld Cavernous Fistulae

]

Type Venous Drainage

1 Posterlorfnferior drainage only”

2 Posterionnferior and anterior drainage

3 Anteror drainage only”

4 Retrograde drinage into cortical veins + other routes of

venouws drainsgs

High-flow direct shunt between cavemous intemal carotid
artery and cavernous sinus (Barrow type Al = maultiple
routes of venous drainage

“Posterianfinfence dramage inferiar petrosal sinuses, supsriar pateasal sines,
prerpgoid, and parapharymgeal plesus,

*anberior drainage: supericr and inferior cphthalmic veins

‘Cortical dramage supedicial middle cersbral veiny, penmesercephalc, smd
cerebelar weraug pitern

Thomas, et al."’, proposedto  venous drainage—based
classification system for CCF. Angioarchitecture of the
arterial side of the fistula determines the Barrow type, the
most widely adopted system to classify CCF. However, the
Barrow classification is not very practical from clinical and
therapeutic standpoint, as symptomatology and current
treatment approach are influenced largely by venous
drainage.

Posterior/inferior drainage was defined as drainage that
occurred primarily through the superior and inferior

petrosal sinuses, pterygoid and parapharyngeal plexus,

Anterior drainage defines drainage through the superior and inferior ophthalmic veins. Cortical drainage was

defined as filling of the superficial middle cerebral veins, perimesencephalic, and cerebellar venous system.

Diagnosis of dAVF

The diagnosis of dAVFs at an early stage may be difficult because of nonspecific clinical and imaging findings.

The goal of imaging is not only to determine the presence or absence of a dAVF but also to clarify the pattern

of venous drainage.
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Conventional cross—sectional imaging

Although the diagnosis of dAVFs has traditionally been by DSA, many of these lesions are now first detected
or suspected on cross—sectional imaging. Noncontrast brain CT is often used as an initial screening tool to
determine the presence of hemorrhage or edema from venous congestion, MRI can demonstrate engorged
vessels, dilated venous pouches, or abnormal vascular enhancement in the presence of a dAVF., Venous
hypertension in high—grade lesions is also thought to contribute to abnormalities such as white matter T2
hyperintensity, intracranial hemorrhage, or venous infarction, Low—grade lesions may exhibit only flow—void
clustering, engorged veins, or proptosis. The presence of any suspicious findings on MRI should warrant further
imaging evaluation with dynamic CTA, MRA, or DSA for clarification of lesion grade and management decision

making,

Susceptibility —Weighted imaging

SWI can accurately depict retrograde CVD associated with dAVF. In the setting of dAVF there is impaired
venous drainage and increased venous pressure, resulting in cortical venous engorgement, as well as prolonged
venous stagnation, leading to increased venous oxygen extraction, These factors are thought to result in
increased prominence of cortical veins on SWI in the setting of retrograde CVD with dAVF., SWI can depicts

dilated superficial veins involving the ipsilateral cerebral hemisphere in dAVF with retrograde CVD,

MR angiography

3D TOF MRA is limited in the evaluation of dAVFs because of the lack of hemodynamic information. Lesions
with smaller and multiple arterial feeders and draining veins, as commonly seen in carotid cavernous fistulas,
are also more difficult to visualize precisely. Recently, whole—head time resolved MRA(trMRA) have study as

a screening and surveillance tool,

CT angiography

dAVFs can be obscured by overlapping osseous structures on conventional CTA, reducing the sensitivity of the
modality to as low as 15.4% in some studies. The advent of 320—detector—row CT scanners has also opened
investigations into 4D dynamic CTA for the evaluation of dAVF, The appeal of this technology is similar to that
of trMRA, as a potential tool to replace DSA for primary diagnosis and follow—up in patients who would

otherwise require repeat DSA studies,

2D DSA and C—arm cone—beam CT

Despite advancements in noninvasive imaging modalities, conventional DSA remains the gold standard for
detection and classification of dAVFs, DSA allow detection of small lesions that may be missed by other
modalities. Ability to perform selective injections allow for precise identification of early dural venous sinus
filling or cortical venous reflux. The 3d cone—beam CT, also called flat detector CT had a high spatial
resolution and can clearly delineate venous structures that are often obscured by the effects of contrast dilution
or motion artifact on DSA. These advantages allow it to accurately demonstrate fistulous points and visualize

even very small arterial feeders or drain veins without the need for additional selective DSA injections.
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Dural AVF, Endovascular treatment

Endovascular treatment is the primary treatment modality for dural arteriovenous shunts (DAVSs). With
advancements of endovascular techniques, numerous routes of access and different occlusion methods are
available, Endovascular strategies must be carefully tailored to the individual patientThe approach toan
individual DAVSs is dictated by a variety of factors including operator's preference for a specific embolic agent,
angio—architecture of the fistula, clinical symptoms, and routes of access available,

Endovascular treatment strategies can be divided into trans—arterial and trans—veous approach. Generally trans
—arterial embolization alone has limited effectiveness, more often palliative or preparative treatment before
more definite therapy. But, with the availability of Onyx as new highly penetrable embolic agent, there has
been a resurgence of interest in trans—arterial approaches. Under appropriate circumstances, trans—venous
embolization is highly effective to achieve curative obliteration of high—risk DAVSs,

I would like to review endovascular approaches for DAVSs by Topology, and share our limited experiences

during the last 5 years,
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Surgical treatment

ey, &7, e

SN ASORIE Y N

Surgical Treatment of Dural AV Fistula Definition

ot T, 2 « Intracranial dural arteriovenous fistulas (dAVFs)
L SAtCHst o|mpryst, .

Mokt el dzelnt

- acquired arteriovenous shunts confined to the dura

- supplied by branches of ECA, tentorial branches of the ICA,
meningeal branches of VA, and rarely, pial branches of the
cerebral arteries.

Parenchymal AVM

Adjacent capillary bed in Adjacent capillary bed in Dural Sinus
brain, spinal cord and retina brain, spinal cord and retina

Esthmoidal Dural AVF

* Ant. cranial fossa DAVF
- 5.8% of all DAVFs
- very high incidence of hemorrhage, 62 - 91%.

+ DAVF
- a mesh of engorged vessels in the dura mater covering the
cribiform plate.
- dilatated venous drain through the superficial or deep
venous route

+  Multiple feeders

- bilaterally from the ethmoidal arteries.
- pierced the cribiform plate and the orbital roof

Postop 3d
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60M Headache

Postop 3d 45M Headache
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41/M, transient weakness, left

y

2001 Mar

2001 Mar

2005 Jun 2009 May
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AMC series, 2011 Jan ~ April
A P A e TS e e
. . = o
Therapeutic options o
el s s staer o ol sigl s o5
Ethmoidal a. : Present pterygoid V.
R B
« Microsu rgery Cose2  4sM headache st No R froma St Goss
At it Sex
« Embolization perieta sinus
e . . . Case 3 52M headache Bilateral Bilateral Rt. frontal Bilateral GOS 5
- has a difficulty to access and a high risk of visual st o prsent R dominan:
—_— (non-dominant) (STAIMMA) sagittal sinus

impairment e TM icHsAH siateral No R rontal Siteral Gos s
Eimoral

Present C venous  Rt. dominant

] - - (Rt dominant) aneurysm basal vein
- often did not achieve complete occlusion &
&6 |60 |G () % o) SR coss
1 H acuity Ethmoidal a. Present. Lt. Cavernous Sinus
higher recurrence rate than microsurgery. e
1 Case 6 55M Subjective motor Bilateral No Lt. frontal Single Lt. GOS 5
+ Radiosurgery R Bl b G
- a latency period untill occlusion is crucially not e S
I Ethmoidal a. Present occlusion of S§§
acceptable. e -
B o
Nausea, Headache  Ethmoidal a. ECA Present. sagittal sinus
e sty 23
Case10 60M  Asypmtomatic Bilateral Bilateral Re. frontal Bilateral (GOs 5)
Case 11 45M Headache Bilateral Bilateral Lt. frontal Single Lt. (GOS 5)
Ethmoidal a. ECA Present. Lt. Cavernous Sinus

(internal maxillary a. / MMA)

2014 Apr : 2% CH2| 7} XMz2|ct
o] 2015 Mar : X|ZHo| At
= Apr : embo fail

X0 AHE, A8 27| Bl SCt

Post fossa dural AVF 64/M, LA 0| 27|
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Conclusion

 Although the ant. cranial fossa ethmoidal DAVF has high

incidence of hemorrhage (50%), microsurgical treatment with
bilateral subfrontal appoach showed good GOS.

Intraoperative ICG angiography ensure good radiological
obliteration to help clarifying the arterialized venous drain and
confirming the disconnection of fistula.

It is important that we should confirm the disconnection of fistula
bilaterally during operation, because some cases (50% in our
cases) showed bilateral venous drain (dominant and non
dominant occulted drainage). If not, recurrence can occur.

Medical Center
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Dural-AVF Current recommendation and literature reivew

Lim, Youn Cheol

Deparlment of Neurosurgery, Ajou Universiiy School of Medicine, Suwon, Korea

Dural-AVF
Current recommendation and
literature reivew

Lim, Yong Cheol
Depariment of Neurosurgery, Ajou y of
Suwon, Korea =

Introduction

* Rare
- 0.16-0.29/10,000/year
- 7%{95% Cl 4%-12%) of infracranial AVM
- limited clinical course, of nis

* Long-term Morbidity d/t
- infracranial hemoirhage (ICH)
- ic focal i
- epilepsy
- visual and orbital disorders
- headache
- finnitus

deficit (NFND)

« Classification of dAVFs

Management Options

Ce = AR, 3
e e Ci vative ag
1Venaous sinus IMain sinus drainage. 1No iction with A Directinternal — reasonable situation
normal carofid-cavemnous v asymplomatic
fistula v minis 1
lIVenoussinus lIMain sinusgrainage. 2 Antegradeand Bindirectshunts v wil i of corlical venous
drainage.refrograde  refluxinto: refrograde venaus between the ICA and — sponfaneous regression
flowinto asinus drainage, withor the cavemnoussinus v reporledinup 1o 73%
veinss | [hlept e without corical + infermittentmanual compression
asbSinusand drainage 7 - coo oo
leptomeningeal veins o ign
l Drainageinto i Direct 3Refrogradeand Cindirectshunts -
J el - s i e e * Endovascular techniques
i i i ithout i — most effective Tx. of dAVFs: occlusion of draining vein
drainage the ECA am_1 the — fransvenous embolization(TVE): highest success rate
OVCINOD N — ftransarlerial embolization(TAE)
IV Direct 4 Only cortical venous Dindirectshunt o i ial i through the ni¢ the venous side
leptomeningeal venous  drainage betweenthe v ly ling arleri not draining veil
drainagewith venous meningeal branches of s a.supply)
ectasia the ECA. ICA and the - redirection of venous oulfiow
cavemnoussinus — increaserisk of hemorrthage
v use only palliafive
— preserve normal venous drain system
dAVF 4
w and meta-analysis
: prognosis & treatment
» Surgery
= fechniques

v simpleligafion offeeding a.
- success rates: 0-8%
v blood-soaked fistula resection and packing of the venous sinus
v interruption of the draining v.
= standard Tx. for anterior fossa dAVFs
- hybrid .
v swgical of the SOV for dAVFs
¥ cranieciomy with direct puncture of venous sinus

* Radiosurgery
- reports:
= combined with embolization
= overall occlusion rate: 58-83%

¥ higl
fo radiosurgery alone (67%)

. A iafion beh dAVFs tomy and ICH or FND at

presentafion
- g i venous g
{Cognard grades lll-V, Borden grade IlI*)
- itic’ p of venous inag
(dilated, gy}

* “aggressive symptoms”
: ICH, FND, seizure, venous infarcfion, infracranial hypertension,
yelopathy, cognitive dysfuncti
- any fype of venous inag
{Cognard grades lib, lia+b, llI-V)
- tentorial dAVFs
- franverse/sigmoid/superior sagittal sinus location
- male sex
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IntJ Siroke 2014 9: 670677

* Unireated clinical course

Transverse-Sigmoid (Lateral) Sinus dAVFs

- death (2.6%), ICH (3.3%)
- risk of ICH in the future « Clinicalfeatures
: presence of venous varix — female>male, Li. > Rt
: presence of ICH in another — Borden Type |
- annual rate of ICH (1.8%) v female79%, medianage of Sx. onset 54yrs
corlical venous drainage or reflux (3.7%) ¥ unilateral pulsatile finnitus
: ICH at presented (7.4%), without ICH at presented (1.5%) + nommal MRI
— associated with Meningioma
« Treatment ouicome - Anatomy
- mortality: 1.2% (0.6-1.8%) = Feadess
- nonfatal ICH: 0.7% (0.3-1.4%) ORI AR/ATA MMATCComony MA. STA
- nonfatal infarction: 0.7% (0.3-1.4%) v VA o
- combined risk: 2.5% (1.4-3.9%} -
— Venous drainage
v TS, or in si
v --> occipital, parietal veins
* I’nve/serrlalion Surgery
L ial venous n% "
v Sx. wilhout hemorhage gy sugeny ted ha of the
: my,':"'“ = surgical disconnection of the draining veins: good results
- visual dishwbance
- masioid pain/clalgia Embolization
: :::“ ok = Venous embolization
- higeminal neurdigia ¥ suitable venous anatomy
» i no longer to of normal fissues
+ Management » Parallel venous channel
+ Generalinformation » from, butin i with the TS or SS

= often benign

= frequentiy ireat only to alleviate symptoms

- aggressive characterisfics: should be freated
- meta. ysis (1997): ined T (1 g

Tx): si more

effective
* Manual compression
= Technique: compress the pulsatile OA, 30min TID
* Resulis
- 25%of complete hrombosis may occur within 4-6 wks
+ firansient refief from dAVFs-associated headaches

v approaches
» femoral venous access
» direct puncture of the UV
» craniectomy with direct puncture of a venous sinus

= Arterial embolization
— rarely curdtive
— palkdtion, adjunct fo VE or surgery

* Results
— angiographic cure rate: 55-87.5%
— symptom improvement: 90-96%
— fransient complications: 10-15%
— permanent complications: 0-5%

« Venous sinus angioplasty and stenting

« Radiosurgery
= angiographic cure rates: 55-87.5%
- symptom impi or 74-96%
= no neurologic complications

Cavernous Sinus dAVFs

* Clinical features
— incidence
v F>M, 60-70th decade, Lt. > Rt.
— Anatomy
v feeders
— bilateral
— ECA: branches of IMA, MMA, accessory MA, APA
— ICA: cavernous segment branches
v venous drainage
— variable
— impaired venous drainage
— enlargement of SOV
— corlical venous drainage: 31-34%
v inferior petfrosal sinus dAVF
— variant of CS dAVFs
— 3% of infracranial dAVFs
— similar clinical presentation of CS dAVFs
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— Presentation
v "Red-eyed shunt syndrome”™
v'common finding
— chemosis (94%)
— exophthalmos (87%)
— cranial nerve palsy (54%)
— increased IOP (60%)
— diplopia (51%)
— impaired vision (28%})
— puisdtile finnitus
v bruit: >50%
v "white-eye” CC dAVFs
- p ior venous inage pi
— painful ocular motor nerve palsy
— without congeslive orbital features

* Management
— freaiment indicatfions
¥ visual deterioration
¥ obfrusive diplopia
¥ infolerable bruit or headache
v is with
¥ refrograde corfical venous drainage

corneal

— meta-analysis (1997)
¥ overall success rates: TVE 78%, TAE 62%

— Manual compression

» Technique

v compressio locate the puise of the carofid arlery in the mid-neck
lateraltothe frachea

v graduallyincreasing pressure unfil the pulse is stopped
¥ 10-15sata fime, 2-3 fimes an hour

= confraindicalion
i ical
v sick sinus syndrome
v poorpatient compliance

* Resulls
v 30% of cases closure: within 41 days

= Embolization

— TVE
vIPS route
— successful embolization: 64%
- IPS can be iin some cases: 0.035" guidewire use
v'SOV route

— surgical exposure

— success rate: 92-100%

— higher than frasfemoral route

— percutaneous puncture of the SOV

v'Alternative techniques for access

— TAE: rarely curdtive, palliation in seleclive case
— embolic material

» detachable coil

* NBCA

* Onyx
— Results (2 large recent series)

» complete cure: 90-94.5%

» Radiosurgery
— several reports

— direct punciure of the IV — the s are g lly favorable: obliterdti
— #ransfemoral facial v. approach rates>80%
- mm' Snus — wide variety of techniques used (dose, embolization,
— Pterygoid plexus anatomy)
— frontal v.
Tentorial (superior petrosal) dAVFs
* Clinical features
. . — Anatomy
= general information vFeeders
— location: petr: ridge, ii I superior p: al sinus — bilateral, muttiple fine feeders

— prone to be hemorrhage
— difficult Tx. by surgery or embolization
— allor nearly all, Borden type Il or lll
— Picard classification
v Tentorial marginal type
— along the free edge of the tentorium
¥ Tentorial lateral type
— adjacent to the lateral venous sinuses
v Tentorial medial type
— adjacent to the siraight sinus and torcula

— MMA, MHT, PCA, OA, Posterior MA, SCA

v'Venous drainage
— refrogradein all cases
— cerebral, cerebellar veins
— Basal vein of Rosenthal
— Ponfine, paramesencephalic veins
— cervical paramedullary spinal veins

— Presentation
v’ hemorrhage, hemoirhage history: 80-90%
v pulsadtile finnitus, hemi-facial spasm, myelopathy visual

p i gia, y disturt Y
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* Management
— general information
v aggressive nature
— should be obfiterated when feasible
— incomplete obliteration should be avoid
— late f/u angiography should be done
v No single Tx. strategy
— Surgery
v most effective
¥ single, surgically il ining vein
v Technique
— resection of the nidus: not necessary
— coagulation, division of the arterialized draining veins
— inferruption of the draining vein
— interrupfion of the arlferial supply

* Embolization
v TVE
« difficutt or impossible

1o a venous sinus

v TAE
* NBCA (choice), Onyx (good alternative)
femp Y ion of the ICA when a microcatheter is
placed in the tentorial artery
— slabilize microcatheter
— flow amest dwring injection of embolic agent
— preventrefiuxinto the ICA
= "reversible asystole”
— frigeminocardiac reflex dwing TAE

= Radiosurgery
v risk to adj t struch brainst ial nerve

v ful obliteration has been rted

P

Superior Sagittal Sinus dAVFs

« general information
— M=F
— Mid-portion of SSS
» Clinical features
— Anaiomy
v feeders: MMA, OA, STA, VA, PAA, anferior falx artery
v venous drainage
— 2pattem

» direcllyintothe S§
» infocorticalv.

— Presentatfion
v hemorrhage: 30%<, SAH, ICH, SDH
v venous hypertension Sx: mental change, headache
v misdi is: acute SS i

« Management

— Surgery
v fairly igl ward and i
v technique
- 555 (di of veins)
- rgical by direct pi

v surgical obliteration: should be avoided d/t venous infarction
— Embolization
v TVE
— "angiographically remote”
v TAE

— small seriesreported: cure 50%
— Radiosurgery
v small series reported

Anterior Fossa dAVFs

General information

— always have gl venous
hemorrhage
— freq y i : difficult to EVT
— M>F
Clinicalfeatures
— Anatomy
v feeder
— anferiorethmoidal branchies: 84%
— bilateral: 50%
— ofhers: IMA, MMA, STA, ACA
v drainage
— infraduralfrontal veins (all)
— Presentation

v hemorrhage: 62%

* Management
— Surgery
¥ first-Ene Tx.
¥ technique
— plerional, lowfrontal craniotomy

- the dura
around the cribriform plate, drain veins

— excisionof the dura
¥ Resulis
— rate of obliteration: 95%
- gical icati orted
— Embolization
v TVE
— direct punciure of the IV
v TAE
- i : the rery
> th ip should be distalfo the origin of the
centralrefinal arfery
» provocativeest:amylal, lidocaine
>

( g of the central
¥ visual loss, proplosis, chemosis refinal arlery)
¥ diminished olfactory sensation, taste - izati
Vi ial venous i — Radiosurgery
v i y has been
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Intracranial Atherosclerosis(ICAS)

Jong S, Kim

Asan Medical Center Seoul, Korea

INTRACRANIAL ATHEROSCLEROSIS

(ICAS)

JongS. Kim

Asan Medical Center
Seoul, Korea

ICAS vs. ECAS

Scope of presentation

Differencesin prevalence:
Differential diagnosis

Stroke mechanisms
Treatment - medical, stenting

Why is there a East-West
difference ?

Risk factors — dyslipidemia, Mets syndrome
Genes

Vascular tortuosity
Contamination

Review Journal of Sioke: wsd

1 of Stroke

Location of cerebral atherosclerosis:
Why is there a difference between
East and West?

©SAGE

Jong S Kim, Yeon-Jung Kim, Sung-Ho Ahn and Bum ] Kim

212%

ICAS, major cause of stroke in the world

Distribution of symptomatic atherosclerotic
vascular lesions in 1,000 acute stroke patients

PROSAC
9 university hospitals
Using DWI and MRA
Throughout Korea
,2008-2010

ACA
PCA 6%
7%
InCriCA
7%

Kim JS et al.
Stroke 2012

Limitations of current vascular
imaging technologies
(MRA, CTA, conventional angio.)

= Limitations in resolution (often flow
dependent)

= Artifact
= Can not evaluate vessel wall pathology
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. P
ut risk factors -- Diagnosis ? High-resolution vessel wall MRI (HR-MRI)

= T1-/T2-weighted imaging, proton-density
imaging, contrast-enhanced T1-weighted
imaging with turbo/fast spin-echo
sequences or black-blood techniques
For intracranial vessels, resolution of <1
mm (0.2-0.9 mm in 1.5-3T MRI), a
reconstructed 3D transverse imaging plane
perpendicular to the arterial course, and
the black-blood technique to suppress the
arterial blood or cerebrospinal fluid signals

Choi et al. High resolution MRI
J Stroke 2015;17(3):1-18

High resolution vessel wall MRI

&

clerosis. A 49-year-old female patient preser 0 Figure. Representative intracranial plaque images acquired from patients with middle cerebral artery (MCA) stroke. A patient presented with a sudden onset of

ngiograph showing severe stencsi i the right middle crebial A ity i ” 3 fight-sided weakness, and brain magnelic resonance imaging (MRI) revealed an acute lacunar infarction involving the lft corona radiata with normal plaque (A-D).
- RS o 2 " Another patient presented with a sudden onset of right-sided weakness, and brain diffusion-weighted imaging revealed a left corona radiata infarction (in situ

erosclerntic plaques with a remodeling index of 1.47. (C) Ce nhance thrombosis). Although the time-of-fight magnetic resonance angiographic image disclosed subtle MGA stenosis, high-resolution MRI disclosed considerable

plaque volume (E-H). Another patient presented with transient righ-sided weakness and sensory aphasia. Brain MRI on hospital adission showed multile

scattered high signal intensites in the left MCA teritory and stenosis i the proximal MCA. High-resolution MRI with gadolinium enhancement showed

heterogeneous signal intensity, suggesting the presence of a vulnerable plaque (I-L).

KimJM et al, Arch Neurol 2012

Pratonint HAR dactcs of tizrona arty Gase [| Impact of High resolution vessel wall
e Do Moteno ool s MRI on differential diagnosis of MCA

Shape Eccentric Ecoentric or combined Concentric Concentric (sometimes Concentric
‘eccentric) *
Dasbin Aoyt it A Tl M sl W b disease
proximal MCA, ACA/ vessels vessels
Signalintensity  Dependent on components Various (intramural
(lipid, TIW iso/T2 hypo to iso; hematoma, TIW hyper)
vt LA Patients who visited AMC with
Enhancement  Dependent on stage (++ — +) +f- VA Dependent onstage -+ — -) Dependent on stage (¢ — -] . . . .
Ouerdancter  Posifie ornegativeremodeling  Dependenton stage Negative remodeling (1) unilateral MCA disease (=50% stenosis or occlusion), (2)
(Positiv .
p were <55 years old and had no or minimal (<1)
Oth Intraplaque hemorh Ex g 2 P 3
e e A ° ” atherosclerotic risk factors (3) suspected as having ICAS
hemat eurysmal
Pt on MRA
Follow-up <30% 37.4%-75% Progressive tion with medication . . . . .
st We excluded patients with a confirmed diagnosis
Z’l';?r z;gh‘:ia::?: !;a(u;i;;i&::xe imaging: RCVS, reversible cerebral vasoconstriction syndrome; VA, vertebral artery; ICA, intemal carotid artery; MCA, middle ce- HR-MRI p erformed

Choi et al. High resolution MRI

I stroke2015/27(3):1-28 Ahn SH, Kim JS et al, Stroke 2015
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Table 1. Comparison of Clinical Variables Between HR-Athero and HR-Nonathero Patients

HR-Nonathero

HR-Nonathero HR-Dissection
HR-Athero (N= 26) (N=69) PValue _ HR-MMD (n=29) (n=22) HR-Vasculis (1=18)
436:67 404=100 0079 427292 4112105 36,1100t
18(69.2) 25(362) 0,004 6(0.7¢ 10(455) 9(500)

Risk factors
Noes 18(692) 45(652) 0712 18(62.1) 13(59.1) 14(77.8)
Hypertension 8(308) 10159 7(24.1) 145) 3(167)
Diabetes melitus 3(115) 468 269 291) 0000
Hyperlipidemia 8(308) 25(36.2) 741 12(545) 6(333)
Current smoking 13(500) 17(246) 6(207) 40182 7(389)
FHxof stroke 8(308) 2130.4) 910 6079 6(333)
Headache
New 30118 16(232) 50172 30136 3115
Chronic 20 10(145) 10(345) 40182 207
Degree of stenosis
Stenosis 22(846) 46(66.7) 13448t 20(90.9) 13(722)
Occlusion 4(15.4) 233833 16(55.2) 201 5078
Patten of stenosis
Focal 17(65.4) 19(27.5) 3103t 12(545) 4(222)
Segmental 5(192) 21(304) 6(207) 8(364) 7(389)
Total 40154) 2942.0) 20(69.0) 209) 7(389)
Goncomitanty involved vessel
Ipsilesional distal ICA 207 17(246) 10(345) 5227 2011.0)
Contralesional MCA 9(346) 17(246) 12414 2(0.1) 30167)
A1 portion of ACA
Ipsilesional A1 8(308) 15217 6(207) 4(182) 5(278)
Both A1 168 14203 9310) 145 4(222)

ZoH M/s54 49778308 sudden right leg weakness
- improving —then worsening

4 days later 5days later

B 03 28948193 F/46, left hemiparesis
no risk factor --- PFO + )

?‘\
7/

- Dissection
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A 64-year old woman

Dissection causing ischemic stroke and TIA
-- mild quadriparesis, paresthesia below the T5

Total Dissection (n=135)
Intracranial dissection (n=89g)
Extracranial dissection (n=44)

and urinary retention.

No vascular risk factors

N/E: mild symmetric 4 extremities weakness and s
ensory loss below T5 dermatome, especially vibrati

Sevke ectaisms o 1o th caonof désecion on sense and proprioception. Increased deep tendo
SEbKE ety nreflex and bilateral Babinski's sign
Locaton Nunber instu trombotc Aoy oany | Locubanch | Femsdymamic
[symptomatic]* occlusion embolism occlusion impairment
i i) o 2405 0 Spinal cord MRI: multiple cord signal change in T2
Extracranial 38(31] 0 o 0 . . . . .
it ot iy Biz) 3029 263) 142 weighted image and Diffuse leptomeningeal thicke
e el 0 e S o ning with enhancement from the lower medulla to
Poserior o crcbelarancry 83 3@s) o o the thoracic cord
Anterior cerebral artery 503 0 2(667) 0
Posterior cerebral artery 414] 1(25) 2(50) 0

6 months later, -- right hand weakness and right h
omonymous hemianopsia. MRI/MRA: left PCA infar

KwonJY, Kim NY, and Kim JS, J Neurol Sci 2015 .

A 57-year old male developed

transient dysarthria and left weakness (TIA).
--HT, DM, SM

DWI negative for stroke,

MRA: Rt MCA stenosis on MRA

Tx: aspirin, clopidogrel, statin

6 months later,
he developed right thalamic infarction

Patient1 Patient 2
Age 64 57
Sex F M
Vascular risk factors none HTN, DM, HL, SM

Initial Serum RPR 1:128 1:128
CSF profile
'WBC(/uL) 113(Lyphocyte81%) 31(Lymphocyte 88%)
Protein(mg/dl) 148.0 105.5
Glucose(mg/dl) 48/serum 96 74/ serum 126
CSFVDRL 1:64 1:4
Treatment(IV Penicillin) at 1t vi yes no
sit
Time interval 6 months 2months
Involved vessels Bilateral MCA, ACA, Bilateral MCA,
left PCA, right PCom right PCA

(RPR=Rapid plasma Reagin)

Neurosyphilis
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F/52 no risk factors

Sudden severe headache Reversible cerebral vasoconstriction syndrome
(RCVS)

EHoZ F/54 34308752

We need more ----

genetic studies ??

Ringer finger 213 (RNF 213) gene variation:

a polymorphism in c.14576G>A in RNF213 identified

in 95% of familial MMD and 79% of sporadic MMD
Fujimura et al. J Stroke 2014

Polycythemia vera

Advanced imaging and gene tests- Are you happy with these ?

352 symptomatic MCA diseases in Korea

Table 2. Factors
RNF213 Univariate Multivariate
present. absent P-value OR (95% CI) Pwalue OR (95% CI) P-value

Age 652122 5742149 <0001  0977(0956-0999) 0040 0980 (0.960-1.000) [
Female gender 121(672%)  149(50.3%) <0.001 1148 (0.677-1.948) 0.607
Famiy history of MMD 14 (7.8%) 4(1.4%) <0.001 2.905 (0.831-10.159) 0.095 2.828 (0.824-9.707) 0.099
Vascularrisk factors

Hypertension 85@72%)  161(544%) 0120 1226(0713-2108)  0.460

Diabetes 21 (11.7%) 78 (26.4%) <0.001 0.349 (0.178-0.684) 0.002 0.368 (0.192-0.704) 0.003

Dyslipidemia 51 (28.3%) 96 (32.4%) 0348 1.025 (0.585-1.795) 0.931
Angiographic findings

Distal CAinvokement  138(767%)  91(307%) <0001  1560(0866-2842) 0137

Basal collaterals 134 (74.4%) 57 (19.3%) <0.001 3.027 (1.714-5.346) <0.001 3.529 (2.066-6.026) <0.001

Bilateral involvement 128 (71.1%) 65 (22.0%) <0.001 2,625 (1.510-4.564) 0.001 3.072 (1.825-5.170) <0.001
No. diagnostic crteria met* <0001

16 (20.0%) 64 (80.0%) Ref Ref

1 20 (28.6%) 50 (71.4%) 1.542 (0.701-3.388) 0.281 1.529 (0.699-3.348) 0228

2 41(677%)  30(423%) 4834(2244-10412) <0001 4797 (2236-10289)  <0.001

All3 99 (75.6%) 32 (24.4%) 9.753 (4.687-20.294) <0.001 10.214 (4.952-21.068) <0.001

RNF gene variant + * Model 2, including age, gender, family history of MMD, vascular risk factors, and number of angiographic diagnostic criteria met

Bangetal, PlosOne Adultmoyamoyadisease, 2015
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Incidence

ZoAl, 47113734, 56/M; HTN, DM, FHx of stroke, 10PY smoker

RNF213(+)

Mostly, artery to artery embolism
Vulnerable plaque, platelet aggregation
Inflammation

& Hemodynamic- not major stroke

Platelet aggregation ++

—— With ICAS, clopidogrel plus aspirin
———— Without ICAS, clopidogrel plus aspirin
——— With ICAS, aspirin alone

——— Without ICAS, aspirin alone

0.79 (0.47-1.32)

T T T T
30 40 50 60
Days from randomization to stroke

Liu et al, Neurology 2015;85:1154-1162

Atherosclerosis >

* Age, male

» Risk factor (including smoking in
young men)

* Focal stenosis

= Atherosclerosis in other vessels

* RNF 213 polymorphism negative

Mechanisms of stroke in ICAS

[Perforator (branch)
occlusion

Artery to artery
embolism

latelet aggregation ++

In situ
Thrombotic
occlusion

Treatment Options for ICAS

was not superior than aspirin
increase in bleeding Risk (WASID, NEJM 2005).

The risk of recurrent stroke with is
still high
Progression of ICAS is high with aspirin

may be needed
In risky patients, in risky period
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hibitors, vitamin

epoprostencl, Ticlopidine, iy *

iloprost clopidogrel  K-antagonists,
heparins

Beraprost, Direct thrombin }

ADP

[ Prostacyclin
-
m PZ&H‘U[

| v ¥

( ,- teavp ,- feamp
‘\ PDE ! \ PDE|
\\ *amp \\

: GPlb-lla
activation _—

Dipyidamole ~ Clostazol

Abciximab,
tirofban
eptifipatide

Study Design of TOSS 1 and TOSS Il

—_————————

Asp 100 mg/day (TOSS 1)
Asp + clopidogrel (TOSS 11)

—_———————eee————

Asp+ Cilostazol (TOSS 1 and 11)

I

0 month
MRA
TCD

TOSS | Trial

ilostazol Efficacy in ICAS

Progression was significantly less frequentin
the cilostazol group than in the placebo group (Toss 1)
Symptomatic stenosis in MRA (p*=0.018)

68.9

Cilostazol+Aspirin (n=45)
® Placebo+Aspirin (n=52)

6.7

Progression Stationary Regression

pvalues were calculated by Mantel-Haenszel 2 test forlinear trend.

Combination therapy

-- strong antiplatelet function

Pros: CARESS: reduced microembolism in
symptomatic ICA disease

CHANCE: effective when administered early
Cons: significantly increased bleeding risk (MATCH)

.
Pros:
Diverse mechanism including effects on vessel wall —
may not increase bleeding risk
Cons: may not have early strong antiplatelet action

TOSS | Trial

rimary and Secondary Endpoint of TOSS |

USA guideline

= For patients with recent stroke or TIA (within 30 days)
attributable to severe stenosis (70%—-99%) of a major
intracranial artery, the addition of clopidogrel 75 mg/d to
aspirin for 90 days might be reasonable (Class IIb; Level
of Evidence B)* and that: ”For patients with stroke or TIA
attributable to 50% to 99% stenosis of a major
intracranial artery, the data are insufficient to make a
recommendation regarding the usefulness of clopidogrel
alone, the combination of aspirin and dipyridamole, or
cilostazol alone (Class IIb; Level of Evidence C).For
patients

Kernan et al. Stroke 2014

ICAS vs. ECAS
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Asptclop > Asp 7?7

—SAMMPRIS

Cumulative Probability of the Primary Endpoint
S S < o s
=
o)

Chaturvedi et al Stroke 2015

ilostazol Efficacy in ICAS eI rlal

Overall change in the symptomatic stenosis was
significantly favorable in the cilostazol group (Toss I1)

Symptomatic stenosis in MRA (p*=0.049)

Asp+Cilostazol (n=202)

0.3 ¥ Asp+Clopidogrel (n=207)

60.8

Progression Nochange Regression

Conclusions

Rigorous risk factor controls

For symptomatic cases;

Asp+cilostazol or asp+clopidogrel for 1-3 months,
statin
Acc ng to the timing ? Dual = mono
stroke mechanisms ?

and

Burden of athero. in other vascular beds ,
Bleeding tendency, cost, etc.

Incidence

—— With ICAS, clopidogrel plus aspirin
———— Without ICAS, clopidogrel plus aspirin
———— With ICAS, aspirin alone

——— Without ICAS, aspirin alone

0.79 (0.47-1.32)

T T T T
30 40 50 60
Days from randomization to stroke

T
20

Liu et al, Neurology 2015;85:1154-1162

Cilostazol shows less bleeding tendency
than Clopidogrel group

S T

15(6-46%)

11(4.74%)
9(3-88%)

10 (5.83%)
6(2.67%)
5(2.22%)

Total CV events 0.283

Nonfatalstroke 0324

Ischemic stroke in the territory of o.417

symptomatic ICAS

Ischemic stroke 10(4.31%)
1(0.43%)

3(13%)

1(0.43%)

o{o%)

6(2.67%)
Hemorrhagic stroke a{o%)
Nonfatal MI 1(0.4%)

2(0.89%)

1(0.4%)

Vasculardeath

Nonvasculardeath

2(0.86%)
1(0.43%)
1(0.43%)

17(7:33%)

Major bleeding complications 6(=.67%)
2(0.89%)
4(1.78%)

19(8.4496)

Lifethreatening hemorrhage
Other major bleedings
Minor bleedings.

Interventional therapy in ICAS

» Elective angioplasty/stenting
= Acute endovascular intervention
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ORIGINAL ARTICLE

Stenting versus Aggressive Medical Therapy
for Intracranial Arterial Stenosis

- "Medical management: aspirin, at a dose of 325 mg per day
plus clopidogrel, at a dose of 75 mg per day

- Short term (30d) events: 14.7% in PTAS, vs. 5.8% in medical
management

Reasons for difference

= ICAS patients are younger

= Less often have
dyslipidemia, diabetes, obesity, and
atherosclerotic proximal vessels
(aorta, carotid artery)

= [CAS more common - more
experienced in large centers

M/58

HT, dyslipidemia, smoking, coronary disease (CABG)
Dysarthria, Mild (IV) weakness, ataxia on right limbs

31233967

Author/yr Design

East
Suh 08
Yu 11
Jiang 11
Kim, 12

Mohamm
adian, 12

Zhang13

Alurkar
13
‘West

Chimow.
11

Gandini
13

F/83

registry
registry
registry
registry

nonrand
omized

control

registry
registry
randomi
zed

control

registry

Enrol. P

ND

2007.1—
2009.2
2004.3-
2010.4
2008.9-
2011.12

2007.3-

2010.12

2004.4—
2012.5

2008.11 -

2011.4

2008.7-
2011.5

224
PTAS
227 MM

21

Mean age

Ethn. oo

Korean 61 (34-80)
Chinese 64 (34-84)
Chinese 53 (ND)
Korean 61(37-77)
Iranian

68(N)
79(N)
Chinese 58 (41-74)

. ND(s-
Indian 5
Caucasi
an71%

61(57%),
60/(64%)

(:““"' 71 (56-85)

72 32 68 83

NNNN

717135 12 3

69 59 52 21

59 21 43 38

NNNN

90 47 24 87

89 45 30 90

76 57 57 67 3

b Our current practice

Shortterm (30-day)

" events

10 (10%) (in 6 mo)

50 3(5.3%).

5(5%)
5(6.5%)

1(2.9%)in PTAS, 1
(3.4%) in MM

11 (5.6%) major
9 (4.6%) minor

14.7% in PTAS,
5.8% in MM

1(4.89%)

-- We don’t do this routinely

But, we still do in selected
patients

HT, dysarthria, mild right limb weakness
- fluctuating and gradually progressive for 3 days
- aphasia developed
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Our current practice

-- Select patients with potentially poor outcome

Progressive and unstable condition with hemodynamic
instability in acute/subacute stage ?

Degree of stenosis, perfusion status

Lesion pattern

Amenable lesion (vascular tortuosity, athero. degree, age, etc)
-- should be performed in large, experienced center

-- should need multi-departmental approach - strict
indication, objective/independent assessment

Hemodynamic mechanism

A 45-year-old man with HT, DM
heart disease developed recurrent
attacks of

dizziness, diplopia, and gait instability
that lasted usually for a few minutes.
MRI showed no abnormal findings

KKH, F/74 recurrent, brief, right hemipresis

Stenting/angioplasty in the acute setting

M/71 40938336
F/69 40207119 headache, ataxia, --> confusion Dysarthria Rt limb ataxia

-- progress to bilateral ataxia and weakness (IV)
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=] ¥ 71 M/65 41361131
Vertigo and ataxia > confusion

Conclusions

MCA atherosclerosis, common in Asians

But, other MCA disease is also common

Different pathogenic mechanism

High risk of recurrent stroke in symptomatic cases
Bestmedications (dual anitplatelets, statin) and rigorous
risk factor controls

Routine use of stenting/angioplasty not acceptable

But, may be needed in highly selected patients: unstable
condition with hemodynamic instability, amenable
lesion especially in the acute/subacute stage

Bypass surgery may be needed in selected patients
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Workshop by video for beginner
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1. How to clip of ICA aneurysm
MCA aneurysm
ACA aneurysm

2. How to coil assisted by STENT

Balloon

Multiple catheter
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How to clip the ICA aneurysm

< r
Sl Sh F el

20164 5% 269 Clols|E ROt LB ERUSEY BEA4YR
Mg OpY o7gl TfE

How to clip the ICA
aneurysm

Yoz
OFcfetL A

1. Paraclinoid aneurysms

2. Posterior communicating artery aneurysms
3. Anterior choroidal artery aneurysms

4. Blood blister like aneurysms

Microsurgical anatomy of the supraclinoid portion ~ } o T ».7 [
of the internal carotid artery A ) cA
) k (

7

HIRONIKO G180, M.D, CARLA LENKEY, M.S, AND ALBERT L. RHOTON, Ji., M.D.
Deparment of Nesrosrgry, Universi of Florida Healh Cene, Gaineil,Forida

J Neurosurg 55:560-574, 1981 7 ON

Paraclinoid aneurysms

1. Small aneurysms

1. Medial direction : superior

inferior : carotid cave
direction
| direction: ON compresion +/-

2. Ant

2. Large aneurysms

3. Giant aneurysms
4. Multiple paraclinoid aneurysms

5. Bypass surgery

Y5, Nam 00, F/45

Angiography, AP
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CHSHrlE eI ater| | CfShr B UL &

/5™, left paraclinoid, P-com artery aneurysms
right ophthalmic a aneurysm

Laterally directed paraclinoid aneurysm 2 Peterior
4 Aotervitersl } Yun 00, F/62

Right ophthalmic a aneurysm

Left ipsilateral approach to left posterior directed paraclinoid aneurysm & P-com . . .
G Posterior communicating artery

h to right ophthalmic artery aneurysm

+ Average diameter: 1.8 + 0.7 mm
+ Average length : 16 + 43 mm

* PcoA branches : 2 groups

+ Inner group : 3-11 branches supplying the hypothalamus
+ Outer group: 2-7 branches

Microsurgical Anatomy of the Cisternal Course of the
Perforating Branches of the Posterior Communicating Artery

+ Fetal type
+ Padget’s stage 3 (5-6 mm in length, 31 days)

+ ICA provide the blood supply fot the posterior territory
+ Padget's stage 4 (7-12 mm in length, 33 days)

+ Formation of the vertebral arteries

« Involution is variable : fetal, intermediate, and adult

+ 1 PcoA is larger than the PCA : 15-40%

+ The anterior thalamoperforating brs of the PcoA
+ Posterior thalamoperforating brs of the PCA

FiG. 6. After the ICA (larger i size) and P1 have been cut, the
{ PcoA branches are well displayed: 2 medial group

wo groups of Pe
(black arowhead), formed by 3 10 11 tiny hypothalamic branches,
and a lateral roup, formed by 2to 7 branches. among which a main

stem (white arrowhead) is constantly found. It corresponds to the
premamillary atery.
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Microsurgical Relations between Internal Carotid
Artery-Posterior Communicating Artery
(ICA-PComA) Segment Aneurysms and Skull Base:
An Anatomoclinical Study

José M. GonzlezDarder ! Vicent Quis-Quesada!_Fermando Tlamantes scribs!
Laur BotelaMacis! - Francisco Verdidpez !

Sl . 2010, 186
Pubished cnin Dec 22,2010 di. 1QIBRISQTR08 74147

FHCIPUCRI1S

A review of the management of posterior communicating artery aneurysms in
the moder era

Kiarash Golshan, Ancon Ferrl! Al Zomorod Tony P. Smith, and Gavin W, B!

+ The incidence of the fetal PCOM : 4-29%
» The direction of dome

+ Anterolaterally
» The origin of PCOM artery may be hidden by the aneurysm

+ Superolateral fundus : temporal lobe
« Posterolateral inferior fundus
+ Posteromedial inferior rarely

00, M/73, left P-com aneuyrsm, right MCA aneurysm

o
THE SURGICAL ANATOMY OF THE
PERFORATING BRANCHES OF THE
ANTERIOR CHOROIDAL ARTERY Surg Neurol
s 1999;52:30-6

Anterior choroidal artery aneurysms

The perforators : 1-4 or 1-10
29
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+ 2-5% of all intracranial
aneurysms

+ Anterior Choroidal Syndrome

+ Hemiplegia, hemianesthesia, and
hemianopsia

+ Foix, et al. in 1925 in a pater of
the Societe d'Ophthalmologie

Ischemic complications of surgery for anterior choroidal
artery aneurysms

JoNATHAN A, FREDNAN, M. MARK A, PIHELNAS, M. DA G, Pincas, D,
e

aisc O, Muii, M. Fribc B. Vieviz, MD,

+ Diameter of the AChA : 0.5 to 2.0 mm

+ Rhoton et al. : a single trunk 50 hemispheres
* Yasargil : 2-4 vessels in 30%

+ AChA : 2 segments

+ Cisternal segement
+ Plexal (choroid) segment

« Venous structures
+ Superficial middle and anterior cerebral veins> the sphenoparietal
or cavernous sinus

+ The deep venous system : anterior and deep middle cerebral veins
and the basal vein of Rosenthal : inferior aspect of the ICA

bifurcation.
J Neurosurg 94:563-572, 2001
icror i n horoid Ar neut m

Martin Lohecka', Reza Dashti", Aki Laakso, Jouke S. van Popta’, Rossana Roman’, Ondrej Navratir,

Leena Kivipelto', Riku Kivisaari", Mansoor Foroughi', Jouji Kokuzawa', Hanna Lehto', Mika Niemels',

Jaakko Rinne?, Antti Ronkainen?, Timo Koivisto?, Juha E. Jaaskelainerr, Juha Hernesniemi'
M/ 71
Multiple aneurysms

OphtA,

A

A

M
AChA
PCoA
pero-ateral Postero-lateral orgi

Jateral
g

duplicated AChAS

oy
perforators

A-com aneurysm

Left P-com and

Anterior choroidal artery
aneurysm

Using 70 degree endoscope

Postoperative brain CT
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+ ICA bifurcation aneurysms
* 2-9% of all las
+ The venous structures

+ The perforators of ICA bifurcation may be adherent to the dome

a. retraction, b. dissection, c. coagulation, d. kinking, e. compression for
hemostasis, f. temporary occlusion, g. final clipping

+ 2 most common rupture before clipping
» Lifting the frontal lobe and dislocation of the ICA

“ScenceDirect

SuRgicAL
NeuroLoGY

Anterior projecting Superior projecting Posterior projecting

Al M

Ot g

400, F/67, right ICA bifurcation aneurysm

Postop brain CT & follow up CTA

+ Blood blister like (BBL) aneurysms

+ 16 patients from 2008 to 2015 May
+ 3 male and 13 females

+ 7 surgical methods
+ Simple clipping in 4 cases, clipping with fenestrated clips in 3 cases
ICA trap and STA-MCA bypass in 3 cases, STA-MCA bypass and
clip with fenestraed clip in 1 case, wrapping and clipping in 3 cases,
wrapping and clip with STA-MCA bypass in 1 case,
and ICA trap and ECA-RA-MCA bypass in 1 case
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Imoo, F/56, right ICA aneurysm, HHII, FG I

IS

3

Ofy

Ahnoo, F/63, leftICA aneurysm, HHII, FG I

i

4

J5 Y
@@@mﬁ%ﬁlww

Postoperaiive Brain CT .

- SQ\ly

Conclusions

* Microsurgical anatomy

+ Good Mentor

+ Strategy to aneurysm or proximal control
+ Perforators

« If possible avoid perforation, sharp dissection, temporary clip
or tentative clip or trapping

+ Venous structure , especially deep sylvian venous system
« Until your satisfaction, (Ktf* 222 A2|X| Oz
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How to clip of MCA aneurysm

In Sung Park MD, PhD
Departrnent of Neurosurgery Gyeongsang National University School of Medicine and Gyeongsang National University Hospital

Anatomy

How to clip of MCA aneurysm

In Sung Park MD, PhD
Department of Neurcsurgery
g National University School of Medici
and Gyex i University Hospital
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Hypoplastic superficial sylvian vein Pterional Approach
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Subarachnoid dissection

Fig BA-B _ The parachiasmatic cisterns as recog-

nized under the operating microscope from the

pterional approach.

1 Sylvian cister with midde cerebral artery

2 Olfactory cister (base) with olfactory tract

3 Carotid cistern with internal carotid artery

4 Interpeduncular cistern (lateral recess) with
posterior communicating art

5 Crural cistern with anterior choroidal artery

6 Chiasmatic cistern with chiasm

7 Lamina terminalis cistern with anterior cerebral
and anterior communicaling artery

8 Callosal cistern (ant. part) with distal anterior
cerebral artery A,

S.v.

= ICA

AN 7/\T
Fronto-orb. -
M,
Lstr.
Fronto-oper. inf.tr. MCA

sup.tr.MCA

Fig24A-B The variations of the widith of the proximal Sylvian cistern and the position of the middle cerebral artery (M).
Tem. = Temporal lobe, Fr. = Frontal lobe.

Tem.—=)) ‘Fr.

s /O

Fig25A-B The proximal part of the lateral fronto-orbital gyrus (Fr.) heriating into the temporal lobe (Tem.). M = Middle
cerebral artery (A). The proximal part of the superior temporal gyrus hemiating into the lateral fronto-orbital gyrus (B).

Landmark of Sylvian dissection

Proximal control

Proximal to Distal dissection Distal to Proximal dissection
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Lateral Sylvian dissection

Medial Sylvian dissection

How to clipping of aneurysm
7

,f: ‘(// D Qe ¢
N ‘,‘ U\a

Superior Medial Lateral

esen
dus projection with left middle cerel

Posterior Inferior

br

al

tation of the principal direc-
artery
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Permanent Clipping

CASE

* M/70
* Brief Hx. : Sudden Onset HA (H-H Gr. 2)
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CASE

F/50

* |Incidental An
— Lt. MCA bifurcation An. On MRA

TFCA

Complication CASE
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Thank you for your attention

92



Cporc maelatery] | ok maysaere] 2016 KSCVS—SKEN &% 1%

A Jol-ﬂ

How to Clip of ACA aneurysm

How to Clip of ACA Aneurysm

SRS SHYEY

goly

Aneurysm location and Approach

Frontotemporal
Approach

> Al segment

Anterior
communicating
artery

Frontotemporal Approach

 Trans-eyebrow Approach
— Suprarobital

— Superciliary

— Trans-ciliary

— Eyebrow incision

— Lateral subfrontal

« Lateral supraorbital A.

* Pterional Trans-sylvian A.

+ Trans-eyebrow Approach

+ Lateral supraorbital A.

+ Pterional Trans-sylvian A.

Difference of surgical view

Trans-slyvian

Subfrontal
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Trans-sylvian

* Sylvian dissection

+ Advantages
— Wider view
— Proximal control: ICAB
— Minimal olfactory nerve traction

+ Disadvantages
— Prominent deep or superficial sylvian vein
— Sylvian cistern type

Lateral Supraorbital

Lateral Supraorbital

+ Advantage
—Short cut to a-comm. a
— Proximal control: ICAB — Al proximal
— Need not sylvian dissection

+ Disadvantage
— Olfactory nerve injury
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FRIAL

0%

Lateral Vs Trans-ciliary = N

J

o 2Rt A AER : brain swelling®® &
* Aneurysm configuration
— Location : height from Planum Sphenoidale

— Direction(projection) :ant, sup, inf, post

Parent vessel :dominancy

— Shape, size

SAH distribution

A Inerior projection

a
h

C Superior projection D Posteror projection

95



Cporc maelater] | ok maysae] 2016 KSCVS—SKEN &F C1+3BZt

Al Status- Approaching Site

Arachnoid dissection

 Carotid cistern

* Sylvian cistern

» Chiasmatic cistern

* Basal cistern

* Interhemispheric cistern

« ICA

Proximal control

* Ipsilateral Al
» Contralateral A1

Surgical view

* Brain relaxation

— Cistern opening

— Arachnoid dissection

— Ventricle tapping

— Laminar terminalis opening
» Gyrus rectus resection

CSF drain - Laminar Terminalis

Opening
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Gyrus Rectus Resection:

+ Woring space Specific consideration

+ Subpial approach
CopticN

Unexpected rupture

Rl T + Temporary clipping
\/ ! Flow confirm
Olfactory nerve injury

Interhemispheric approach Interhemispheric approach
* For a-comm. Aneurysm: * For DACA Aneurysm:
— High location — Navigation guided

— Approaching route — Approaching route

— Avoid venous injury

Key Note

+ Angio-architecture
— Aneurysm projection
— Aneurysm location
— Al dominancy
+ Approaching route : sylvian vs subfrontal
+ Step by step
— Brain relaxation
Arachnoid dissection
Proximal control -Unexpected rupture
Olfactory nerve inspection
Gyrus rectus resection
Temporary clipping
Permanent clipping
Inspection
Flow confirm
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How to coil assisted by STENT

How to Coil Assisted by
STENT

- Workshop by Video for Beginner-

N
]
Ju
fix}
Qo
El
i
2
0x
)
0E
o
r=
oY
o
=

oy
ox
o

Virchow's Triad

1. Blood flow
2. Endothelial thrombogenicity

3. Hematologic thrombogenicity

Anti-PLT agents

1. to modulate
endothelial / hematologic thrombogenicity
2. Drug Resistance: aspirin, clopidogrel

3. Sufficient period before coil embolization

Stent: cell design

Open-cell Closed-cell

1. Recapturing 27t 1. Recapturing 7t
2. 20| A cell size7} LA

SHX| 2L}

2. Hu & AX™ S cell size

technique

Technique: stent deployment

1. Unsheathing technique

2. Push & Pull-Back technique
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Technical considerations
of stent deployment

1. Incomplete stent apposition.

2. Landing zone of distal/proximal ends.

Configurations of stenting for
bifurcation aneurysms

1. Single stent
2. Horizontal
3. Y-configuration
i. kissing-Y
ii. Crossing-Y
iii. Non-overlapping Y
4. Waffle cone
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How to Coil Assisted by Balloon

S Mo}
=1
THP HPYE

HEF ZUMALEA] balloond wl$- 831 toolo|t}, £3] wide necked aneurysm, aneurysm neckol|4] branch7}
7IXN8h= 7%, unfavorable geometry(aspect ratio (2) aneurysm< balloong AMg3le] g3tz og g8 4= Qi)
Wide necked aneurysmX| 29| stentE Hx} o] AMESH= FAlolU 2HEE FHATAA X7} Ho Qlojof s
HAEL FHAAE B-B3lof = o] itk 53] EdE R SHEARE 2 Qg XN FrFo] 4

A gom 2 balloono] Bt} ¢ #-8& 4= It} Balloon remodeling technique(BRT)-2 Jacques Moret 5| 1997

S0 2 7|&3 o 2 hypercompliant $-& compliant balloon catheterZ aneurysm neckS crosssfe] $]x|AJX]
T vAN=EZeg FUFE ZAHElal balloon inflation ZFEjold F LS packingdtt}, Detachol] 2b4] balloon
deflation )& packingdt F o] oFgZ 1z dolslal ¢FZ o] balloon inflation 3}l detachdl= Aot} 2 &
F71H4Q1 FY packingAldlE o] g A4S WHESH= Aot} Side wall aneurysmeolli= F2 compliant balloon?]
HyperGlidet} Scepter C7} AME-E|3L bifurcation aneurysm|4 aneurysm neckollA branch?} 7|A8}e] o]& H5 3]
of 3= TR A-$oll= Supercompliant balloong] HyperFormo|u Scepter XC7} 2 ARE-HT}, Hypercompliant
balloong ZA27| overinflationd}H aneurysm neck© 2 herniation=HA] neckollA] 7|AlJk= branch-& H3&&
2 91o] p—com aneurysmel] E¥A 0 2 ALE-ET} Fiorella%-S 2009%d BRTS] HEH 0 2 dHH balloon inflationdF 3
o 7le] ZUES HEH O 2 packingdhe] ZY massS 2HF3} Al7]= conglomerate coil mass techniques 7]& 3}
Jrt. o]= original BRT9l| H]3} balloon inflation, deflation WHE-& #4~3}¥F0 24 vessel manipulationg %438} &}
I E a2 FAS AT 4 = Aol ok Balloone 2 dR/E xSt 749~ thromboembolic complication
$J3lo] EolRA| =& balloon inflation®]] kA HF=A] heparing bolusZ injectiondle] ACTE 2—38] AT | =% 3
of st} FUMAEA] balloond ¥HEHF FEA| temporary clip?t WEEPIRZ 3t dixshr] $ls)

endovascular neurosurgeon©] WF=A] Zeojol & H4: &8 AlE L

[¢]

Balloon assisted coiling technique

@ ARgol 9kA Balloon catheter lumeng 70% FJAE irrigationd}e] airE $HA3] A|7g T microwireE ¥l Y—
connector®]] three wayS @o} 343} Three way?] 3K Holl= ¢F 3cci =] Z9AI7F B3] 10cc syringeS

E Zof= lcc syringeS AE3IL A 3| wire shapingS 3F F- test inflationS AJ8¥8}e] balloon e S 15}

3l guiding cathetere]] insertion3dttc}, ZAIRFe] -9 lcc rotating syringeE ARESh= Aol ¢ kAE 4 Q)

(@ G6F Envoy guiding cathetero]|] balloon catheter®} FU-& microcatheterES 2] 9-& 7% 7}e3HH balloon
catheterE aneurysm TA7FA] WA ¥ 3 microcatheterE 28l= Ao] &t}

(® ICA aneurysmol] BRTA]oll= balloon microwireE MCA bifurcationg AW 3L tortuousdhA] &2 3ol 91X
AlA wkeFol] ¥RAISE 4= Q1= BallooningA] sudden jumping® @ 218k d#ulddo] Q&S FHAs}s|oF st

@ Balloon inflation®]] 2kA balloon catheterE gentled}A| withdrawd}le] tensions HA3] F &, inflationS A|2Fek
t}. Ballooningell we} EF7} Apcks]7] Alzkebd &7 A3 whiol balloon catheter7} distal2 @] S iA| He=

2 ballooning®@} FAlel| 3 €0 2= balloon catheterE A143] Ao} 3t}
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(® Balloon inflatione ™R FA 2 loopE deploydt & AlRsl= Aol <oFA3SHY roadmapstellA  full
heparinization® Al8JsH] Hc}, Zdo] ekgz oz Wy &3] tf Eof7PA balloons &0 FY frameo]
stable®3lA] 2ol & T}A| inflationd}al detach 3Hc},

© Balloon deflation& 10cc syringe®. aspirationsPd 41 w27 AJ3sk 4= i}

@ BranchE B33} ¢t 5402 & 79+ Hyper—compliant balloons gentle over—inflation 3}¢] balloon®d
B7} neck© & intentionally herniation =7 3k},

SyringeZ balloon inflationg 3}=U|= roadmap’} balloono] Ho|x] kS 749 F71H0F Al balloond}A]
21 balloon catheterZ A| 78}k thA] prepdt 3 ARg-3Fedo} dlt}, Balloon microwire:= 7134 balloon catheter

toz SoPlx| ok fAjslelol de.
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How to coil assisted by Multiple catheter

28I
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Update in the management of intracranial stenosis

1. Medical management and follow up O|5(EHz!cH)
2 Endovascular treatment O|RHU(E-AITH)
3. Surgical treatment 2 2(M20H)
4. Current recommendation and literature review YSA(SAILH)
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Medical Management of intracranial stenosis

Jong Young Lee
Hallym University Kangdong Sacred Heart Hospital

Medical management of
intracranial stenosis

Dual Antiplatelet Therapy
in Stroke patients : Pros vs Cons

Jong Young Lee

Hallym University Kangdong Sacred Heart Hospital

AHA/ASA Guidelines for the Prevention of Stroke
in Patients With Stroke and Transient Ischemic

Attack

Intracranial For patients with recent stroke or TIA (within 30 days) is (10%-99%)  New
of a major the additon of clopidoarel 75 90 days might
be reasonabe (Class It; Level of Evidence 6.
For TiA attributable to 50% t amajor e New
data are tomake a
X (Class I

Fo pallrs i ke TA it o S0% 0 0% st o o o e
tery, Systolic BP below 140 mm Hg and high-Intensity statin therapy are
Tecommontad (Cass  Love o Eenc .

For patients with a stroke or TIA attributable to moderate stenosis (S0%-69%) of a major
Intracranial artery, angloplasty or stenting s not recommended given the low rate of stroke on
medical management and the Inherent periprocedural fsk of endovascular treatment (Ciass l;
Level of Evidence B)

1. New cholesterol recommendation
Is consistent with 2013 ACC/AHA
cholesterol guideline'®

2. Class changed from b to |

New recommendation

or TIA attributable Intracranial
arlery slenlmg with the Wingspan stent system is not recommended as an Intial treatment,
the time of the stroke or TIA

{Gas . Loveaf Evrco B)
For p or TIA attributable to Sever Intracranial
artry, the usetuiness of angloplaty alone o placement ofstes othertan the Wingspan

stent ks unknown and is considered investigational (Class I1; Level of Evidence C).

1. Change from 50% t0 99%
stenasis 1o 70% to 99% stenasis

2. Rewording to mention Wingspan
device used In SAMMPRIS

For

stroke after
therapy, placement of a Wingspan
stent or otner
Forp 0%-99%) of a major and actively
Insttution of aspir therapy, the usefuiness

of angloptasty alone or placement of a Wingspan stent or other stents Is unknown and Is
considered Investigational (Ciass ft; Level of Evidence C)

™
achievement of systolc BP <140 mmHg,

New

New recommendation

Stroke 2014;45:2016-2236

“Combined aspirin and clopidogrel therapy for
high-risk patients with atherothrombotic stroke”

Meta-analysis of RCTs of anti-PLTs therapy
Antithrombotic Trialists’ Collaboration sw2e02

= Overall, % reduction of any serious vascular events
+ ARR
— 36 per 1000 treated
for2 years
among those
with previous stroke or TIA 2
— 22 per 1000 treated =
for 3 weeks i i T
among those ; s 1 |
with acute stroke < ot

» Aspirin failure
— Require more potent treatment, such as new anti-PLTs agent or
combination anti-PLTs therapy

History of DAPT trial

Combination th of dopid

PY P 9

I and aspirin

D
1D

JEE@?@H

. D]EE@H@E%

1il
i

E

CAPRIE, 1996

» Design & Objective
— RCT
— To compare clopidogrel with aspirin
* Inclusion
— 19,185
— Patients with recent ischemic stroke,
recent MI, or symptomatic PAD.
* Primary outcome
— Composite of ischemic stroke, Ml, or vascular death.
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Clopidogrel is more effective and slightly
safer than aspirin as secondary prevention.

20

Cumulative risk (%)

p=0.043

T T T T T T T T T T T
0O 3 6 9 1215 18 21 24 27 30 33 36

Time since randomisation (months)
Patients A:9586 9190 8087 6139 3979 2143 542
atrisk C: 9599 9247 8131 6160 4053 2170 539

Figure 3: Ci risk of |
infarction, or vascular death
A=aspirin; C=clopidogrel.

ic stroke, dial

y

History of DAPT ftrial
in patients with ACS or after PCI

w°

CURE, 2003

+ Design & Objective
— RCT
— To compare clopidogrel plus aspirin with aspirin
monotherapy
* Inclusion

— 12,562
— Patients with acute coronary syndromes without ST-segment
elevation

+ Primary outcome

— Composite of cardiovascular death, nonfatal Ml, or stroke
during one year

The combination of clopidogrel plus aspirin is more
beneficial than aspirin monotherapy
in patients with acute coronary syndromes.

Placebo

Clopidogrel

0.04 P<0.001

Cumulative Hazard Rate

X T T T 2}
3 6 9 12

Months of Follow-up

No.aTRisK
Placebo 6303 5780 4664 3600 2388
Clopidogrel 6259 5866 a9 3604 2018
Figure 1. Cumulative Hazard Rates for the First Primary Outcome (Death from Cardiovascular Causes,
Nonfatal Myocardial Infarction, or Stroke) during the 12 Months of the Study.
The results demonstrate the sustained effect of clopidogrel.

W

CREDO, 2002

+ Design & Objective
— RCT
— To compare clopidogrel plus aspirin with aspirin
monotherapy
* Inclusion
- 2,116

— Patients who were referred for PCI, or thought to be at high
likelihood for requiring PCI

+ Primary outcome

— Composite of death, Ml, or stroke during one year

The combination of clopidogrel plus aspirin is
beneficial in patients undergoing PCls,
with or without drug-eluting stent placement.

Figure 4. Combined End Point Results at 1 Year for Clopidogrel vs Placebo

£
§
d
i
£
3
o
H 3 g ) B
Months Fom Randorzain
ot
Gopaart 1059 o1 2 0o o1
P 1050 w2 o0 e o

Data are shown as occurrence of death, myocardial nfarction, or stroke at 1 year. The relative risk reduction
for clopidogrel compared with placebo is 26.9% (95% confidence interval, 3.9%-44.4%; P=.02)
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DAPT trials
in patients with ACS or after PCI

* The combination of clopidogrel plus aspirin is
more beneficial than placebo plus aspirin

- in patients with acute coronary syndromes

- in patients undergoing PCls, with or

without drug-eluting stent placement.

w°

Optimal duration of DAPT

in patients with ACS or after PCI

= DAPT beyond 1 year after stenting with DES
significantly reduced the risks of stent thrombosis
and major adverse cardiovascular and cerebrovascular
events, but was associated with an increased risk of

bleeding.

Stent Thrombosis

N Engl J Med 2014;371:2155-66.

Major Adverse Ca

Cerebrovascular Events

1‘8 Z‘l 2‘6 2‘7 3'0 }'K o 12 15 18 21 24 27 30 33

Optimal duration of DAPT
in patients with ACS or after PCI

* No apparent benefit but instead harm with extension
of DAPT beyond 1 year after stenting with DES when no
event has occurred within the first year after stenting

, We

Lancet 2014; 384: 1577-85

Primary endpoint Main safety endpoint

DAPT trials
in patients with ACS or after PCI

* The combination of clopidogrel plus aspirin
is more beneficial than placebo plus aspirin

- in patients with acute coronary syndromes

- in patients undergoing PCls, with or

without drug-eluting stent placement.

* Duration < 1 year

History of DAPT ftrials
in patients with ischemic stroke

CHARISMA, 2006 =,
* Design
- RCT
— To compare clopidogrel plus aspirin vs placebo
plus aspirin
* Inclusion
- 15,603

— Patients at high risk of cardiovascular events.

* Primary outcome

— Composite of MI, stroke, or cardiovascular death
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CHARISMA: No benefit from dual
antiplatelet therapy in the overall .
cohort of stable patients studied...
__10f
£ N=15,603
o gk L 7.3%
T Placebo S —-S-589%
- + aspirin . «"
£ 6f -
2 o]
v 4k L Clopidogrel
b ‘_a‘ + aspirin
= e
g 2F P Relative risk reduction 7%
= = P=.22
[%

O L L L L J

0 6 12 18 24 30

Months

Outcomes in CHARISMA

END POINT CLOPIDOGREL PLACEBO RELATIVE P

AND ASPIRIN /AND ASPIRIN RISK WITH VALUE

(N =7,802) (N =7,801) CLOPIDOGREL
Efficacy end points
Primary efficacy end pointa 6.8% 1.3% 0.93 22
Death from any cause 4.8% 4.8% 0.99 .90
Death from cardiovascular causes 3.1% 2.9% 1.04 .68
Myocardial infarction (nonfatal) 1.9% 2.0% 0.94 .59
Ischemic stroke (nonfatal) 1.7% 21% 0.81 .07
Stroke (nonfatal) 1.9% 2.4% 0.79 .03
Secondary efficacy end pointb 16.7% 17.9% 0.92 .04
Hospitalization for unstable angina, 11.1% 12.3% 0.90 02

transient ischemic attack, or revascularization
004/

Safety end points e
Severe bleeding 1.7% 1.3% 1.25 .09
Fatal bleeding 0.3% 0.2% 1.53 A7
Primary intracranial hemorrhage 0.3% 0.3% 0.96 .89
Moderate bleeding 12.1% 1.3% 1.62 <.001

aMyocardial infarction, stroke, or death from cardiovascular causes
b Myocardial infarction, stroke, death from cardiovascular causes, or hospitalization for unstable angina, a transient ischemic

attack, or revascularization procedure

MULTIPLE RISK FACTORS®

Major risk factors
ype 1 or 2 diabetes

Diabetic nephropathy

Inclusion criteria in the CHARISMA study

Why (-) ?

Ankle-brachial index < 0.9
Asymptomatic carotid stenosis (= 70% of luminal diamete|

Patients at high risk of
cardiovascular evenits 72

In patients with established cardiovascular
disease (CAPRIE-like, but stable CHARISMA cohort)

More than one carotid plaque (evidenced by intima-media thic| 8

i I 20
Minor risk factors Ay
Systolic blood pressure = 150 mm Hg (despite 3 months of t 2 major or I
Primary hypercholesterolemia Fiogei Al Cardiovascular Death/MI/Stroke I
Current smoking (> 15 cigarettes/day) - o - lacebo  Clopidogrel ~ HR (95% & Cl)  p-value
Male sex and age = 65 years, or female sex and age = 70 1 maljor and 2 minor risk factors Prior MI R 8.3% 6.6%  0774(0.613,0.978) 0031
ESTABLISHED CARDIOVASCULAR DISEASE Or blished Cardi lar Ds.
Documented coronary disease - Prior IS = 10.7% 84% 0780 (0.624,0.976)
Angina with documented multivessel coronary disease But, more stable patients cohort ror : 4% { ' i oz
History of multivessel percutaneous coronary intervention
History of multivessel coronary artery bypass grafting §
Myocardial infarction Prior PAD —_—— 8.7% 7.6% 0.869 (0.671,1.125) 0285

ARISMA e =

Documented cerebrovascular disease CH = 2yrs N? h.Te
Transle_nt ischemic aimackAdunng prior 5 years [ Entire Cohort + 8.8% 7.3% 0.829 (0.719,0.956)  0.010
Ischemic stroke during prior 5 years CAPRIE 1wk- <35days
Documented symptomatic peripheral arterial disease 6 mon f 1
Current intermittent claudication and ankle-brachial index < 05 2
History of intermittent claudication and previous interventi CURE/CREDO - acute

(ie, ion, peri | bypass, or angi I

0° STINT
¥ Limitation of CHARISMA
Time from onset to randomization . . .
Relatively low risk patients
Time of Ischemic Event Prior N | | d th t t f : t
to +Aspitin Placebo + Asplirin HR (95% 1) ncluae the patients 1or primary prevention

Within 30 days
Between 30 to 300 days
Between 300 days to 30 months

8.2% (86/1,053)
6.7% (68/1,014)
6.8% (68/997)

(

More than 30 months 6.6%(71/1,078)

10.5% (109/1,041)
8.0% (83/1,036)
8.0% (81/1,018)
7.2% (74/1,034)

0.773 (0.583-1.025)
0.831(0.603-1.146)
0.848(0.614-1.171)
0.918(0.663-1.271)

Adapted from DL Bhartt et al , Journal
of the ACC. 2007

- ~40%

* Include patients with established cardiovascular
disease, but mostly chronic stage
— ~89% : 30 days after index event

— ~50% : 300 days after index event
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MATCH, 2004 e MATCH, 2004 e

« Design 7;‘::?;:;1;:);;2%3'
— RCT ? ]
— To compare clopidogrel plus aspirin vs clopidogrel plus é 2
placebo ? 8
* Inclusion f r
« Patients with TIA or IS within 3 M and at least 1 additional

vascular risk factor 0 3 6 9 2 15 18

Time since randomisation (months)

& 2 co Patients at risk
P"mary Outcome Asgmn 3797 3576 3440 3321 3229 3130 2441
an
= . . o - clopidogrel
Composite of M, stroke, vascular death, re-hospitalization i N T

an
dopidogrel

Why (-) ?
H
MATCH, 2004 Du :
Y The difference between CURE and MATCH
1. The difference of time from onset to randomization
Number (%) with event Difference (%) between P
Aopiinand  Placeboand _ aspirinand placebo (95% CI) | InCURE, 14.2 hours. In MATCH, 26.7 days |
clopidogrel clopidogrel Erentrate () Fovous plcebe
(n=3759) (n=3781) n Aspknand Masboand itk
Life threstening bleeding ) 96 (3%) 49(1%) 126 (06410188) 00001 cuingennt 15 TR
Fatal bleeding 16 (<1%) 11 (<1%) 013 (-0-14t0 0:40) 05 U7 156 —_—
Non-fatal bleeding 81 (2%) 38 (1%) 115 (0-59 t0 1.71) (g et s
Symptomaticintracranial 40 (1%) 25 (1%) 040 (-0-01t0 0:82) O i vH mE B
haemorrhaget oL dpao , i —
haemorrhage 32(1%) 17 (<1%) 040 (004 t0 076)
Major bleeding 73 (2%) 22 (1%) 1.36 (0-86 t0 1-86) <0-0001 2. The diffe of pati type
Minor bleeding 120 (3%) 39 (1%) 216 (1-51 t0 2-81) <0-0001
“Pearson’s x’test. *All symptomatic (and thus primary) intracranial haemorrhages were life-threatening bleeds. In CURE, pati with acute Y Sy \ is)
In MATCH, patients with ischemic stroke
Table 4: Number (%) of patients with bleeding events « Small vessel occlusion, 53 % of all patients
« Large artery di: { is), 34 % of all p

SPS3 (2012) Py Risk of Stroke Recurrence

Secondary Prevention of Small Subcortical Strokes

« Double-blind, i aCCOI'ding to Stl’Oke SUbtypeS

» Subject : lacunar stroke s
Within 180 days symptom onset fEl) P0.001
= Factorial design : ASA (325 mg/day) * + > P00

clopidogrel (75 mg/day), and systolic BP
control (<130 vs. 130 to 149 mmHg)
Outcome : Any recurrent stroke at3 M

p-047

Patient rate (%/year)

015

B -
& =il

Survival free of recurrent stroke

] Ischemic  Intracranial  Myocardial  Alldeaths  Allmajor

5 sl bemortage  narton hemorrhages 06
z = Aspirin (N=1503) = Aspirin + Clopidogrel (N=1517)

3 05
2

» Combination do not reduce the risk of
recurrent stroke among patients with

BESN

Years since Randomization & = 30 6o %0
recent lacunar infarction. Days
i g dwy T S B &y > Annual rate of both major hemorrhage Acturial recurrent stroke risks (95% C1)
e s e wr s a0 (2.1 versus 1.1 percent, HR 1.97, 95% CI 7days 30days 90days
VS 0% 2:0%(0-4-2) 3-4% (05-6:3)

Figure 1. Probability of the Primary Outcome. 1.41-2.71) CE 25%(01-49)  46%(1379) 11-9% (6-4-17-4)
Thic hasard 4 fo the pemasy oktcome, rsrient shvoke, wed 0.2 5RO > All-cause mortality (2.1 versus 1.4 UND 23%(0540.  65%0496) I GE130)
0721012 : 2 z LAA 4-0%(0278)  126%(59-193) 19-2% (11:2-27-2)

percent, HR 1.52, 95% Cl 1.14-2.04)

SPS3 Investigators, etal. N Engl J Med 2012;367:817-25.
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CHARISMA & MATCH

CcMB ICH
* Dual antiplatelets are not beneficial in
non-selective patients.
WMC Lacuna
Lancet Neurol 2010; 9: 689
Risk of Stroke Recurrence ti
after a minor stroke or TIA Question
= 10-20% within 90 days
* Benefit of dual antiPLT therapy (A+C)
B Miorscke in selected patients with high risk of stroke
o recurrence?
E: 15 — In patients with atherothrombofic stroke
:g Minor stroke > (e.g. = 50% significantsymptomatic stenosis)
3 [ ]ij— = More salvageable brain . . . .
= « tPA: Not indicated — In patients with acute or recent ischemic stroke
s‘r[r Log rank p=0-8 » Early recurrence: High (e.g. startwithin 1 days)
T T . — In patients with TIA and minor stroke
0 P gy 0 N (e.g.TIA (ABCD2 2 4) or ischemic stroke (NIHSS 0-3)
Figure 1: Cumulative risk of stroke following a transient ischaemic attack or
minor stroke in the Oxford Vascular Study™
Recent |Atherothrombotic Surrogate endpoint
o CARESS, 2005

* Design: Randomized, double-blinded
* Inclusion : 107 patients
» Symptomatic carotid stenosis > 50%;
ipsilateral TIA or IS in the previous 3 months
* Primary Outcome:
* % of MES-positive patients at Day 7

Day -1 Day 1 Day 2 Day7:1

Clopidogrel 75 mg o.d.

Clopidogrel 300 mg
Dual therapy

Aspirin 75 mg o.d. to all patients from D1 to D71

........... Monotherapy
T T |
t Placebo t Placebood. ¢
MES detection MES detection MES detection

TABLE 3. Summary of Primary and Secondary End Point Results for Both the ITT and Per
Protocol Analyses

Treatment Group Relative Risk Reduction or

Rate Reduction,

End Point Dual Thgerapy ~ Monotherapy % (95% Cl) P
ITT analysis n=>51 n=56
MES present at day 7, n (%) 21(43.8) 40(72.7) 39.8(13.8, 58.0) 0.005
MES present at day 2, n (%) 28 (56.0) 40(74.1) 24.4(-1.2,435) 0.065
MES frequency day 7, mean+SD 1.8+39 59+93 61.4(31.6,78.2) 0.001
MES frequency day 2, mean=SD 3.3+6.4 95+14.6 61.6 (34.9, 77.4) <0.001
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Acute Atherothrombotic Surrogate endpoint Dualtherapy  Monotherapy Difference (95%Cl)*  p
Modified intention to treat
o CLAIR, 2010
? ’ Mean (5D) 3267) 4161 .
= Design: Randomized, open-label, blinded-endpoint DME‘"“" (range) 15030 20029 o0 0292
. . ay 2 n=45 n=50
*Inclusion : 100 patients Mean (5D) o503) 22(36) . .
e Symptomatlc MCA or ICA > 50%; Adjusted mean (D)t 05(01) 18(02) -13(-17t0-0:9) 0.0001
ipsilateral TIA or IS in the previous 7 days Weckion (eanee) oe-9 1028 9kt a0
. Day7 n=43 n=51
* Primary Outcome: Mean (SD) 03(07) 18(27) - -
* % of MES-positive patients at Day 2 Adjusted mean (SD) 03(01) 16(03) -12(16t0-09) | 00004
Median (range) 0(0-3) 1(0-11) 0(-1to0) 0-002
Day -1 Day 1 Day 2 Day7%1 b PT0t0(0|
; Clopidogrel 75 mg o.d. Baseline w25 =31
Clopidogrel 300 mg Mean (SD) 5-8(67) 61(67) s
............ Dual therapy Median (range) 3031 4(1-29) 0(2to1) 0815
Day2 n=25 n=30
Aspirin 75 mg o.d. to all patients from D1 to D71 Mean (SD) 08(1-6) 32(42) -
FE e A L Monotherapy Median (range) 0(0-8) 15(0-18) -1(-2t00) 0002
9 T T | Day7 n-24 n=31
T Placebo t Placebo o.d. 1 Mean (SD) 05(0:9) 22(31)
MES detection MES detection MES detection Median (range) 0(0-3) 1(0-11) -1(-1t00) 0014

Recent | Atherothrombotic Surrogate endpoint
@  CARESS + CLAIR SAMMPRIS, 2011
= Stenting vs Aggressive Medical Therapy for
Dualtherapy _ Monotherapy _ Weight iskratio,M-H,ied, 951 Intracranial Arterial Stenosis
(MAwrss — = 28/50 40154 601% —— 076 (056t 101) z 1009 0.20-
AR 14/45 27150 39.9% — = 058(035t00.95) E 0904
s & ¥ .15
ot s T - o pissnsues) + Aggressive R o
Heterogeneity: *=0-90, =1 (p=0.34) F=0% . £ O 0.10. Medical-management
Fefocoveca it o2 F5 poscios) medical 25 os0d
Microembolic signals at day 7 ma nag eme nt -g £ 0504
(CARESS 21/48 40/55 61:0% —— 0-60 (042 t0 0-86) g 0.40
CLAR 1043 26/51 39.0% — 0.46(0:25t0084) g rou p £ o030 15
Total 3y 66/106 100.0% - 0:54(0-40t0075) —A+C é 0207 )
Heterogeneity: =062, df-1(p=0.43); F=0% e 0.104
Test for overall effect: 2=3.77 (p=0-0002) fOI" 90 days o . . . . .
o2 05 2 i 3 6 9 12 15
Favours dual therapy Favours monotherapy Months since Randomization
No. at Risk
Medical manage- 227 196 164 132 115 92
PTZ‘SEZ:E:’;P 224 182 153 125 98 83
Acute Minor Clinical endpoint
WASID (1995) and SAMMPRIS (2011) FASTER, 2007 oy,
TIA or nondisabling stroke TIA or nondisabling stroke .
within 90 days of enrollment and within 30 days of enrollment and . DeS|g n
> 50? stenosis > 70% stenosis — RCT
T o — To compare clgpidogrel (300 loading, followed by 75
*; ’ plus aspirin @& aspirin / simvastatin vs placebo
g Warfarin ¢ Inclusion
= 9:204] PTAS group, . — Minor stroke (< NIHSS 4) or TIA (symptom including
5 - weakness or dysarthria, & duration > 5 min),
> . — within 24 hours of onset
;; 0.10 Medmal;:b:gemem . Primary outcome
o ! o.05-} : — Stroke (ischemic and hemorrhagic) within 90 days.
& 00 . 6 , . . : . + Stopped early due to low enrollment rate
0 1 o . N ° i i — 392 patients from 18 centers over 30 months)

W

Years after Randomization

42
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Risk difference Risk ratio P
(95% CI) (95% Cl)

Primary efficacy outcomes

Clopidogrel vs placebo

At the margins -38%(-9-4to19) 07(03-12) 019 Double placebo Sii inonly  Clopidogrel only < inand
Inside the table -4:4% (-117t03-0) 0-5(0-2-1.5) 024 (n=95) (n=99) (n=98) clopidogrel
Simvastatin vs placebo (n=100)
At the margins 33%(-23t089) 15(0-8-2:8) 025 Cardioembolic 10 (10-8%) 7 (7-4%) 5(5:2%) 4(41%)
Inside the table 2:6%(-61to11-4) 13(0-6-2-9) 055 004/_‘- Lacunar 26 (28:0%) 24(253%) 28 (28:9%) 35 (36-1%)
e Risk difference (95%C)  p* Large artery 27 (29:0%) 21(221%) 25(25:8%) 21 (21:2%)
o dopidogrell Coprogeell Other 2(2:2%) 1(11%) 1(1:0%) 1(1-0%)
(n=194) (n=198) Unknown 28 (30-1%) 42 (44:2%) 38 (39-2%) 36 (37-1%)
Intracranial haemorrhage 0 2(10%) 1% (-0-4t02:4) 05
T ——— Only pati ith an ischaemic cerek ular event are included in this table.
Severe 0 1(05%) 05%(-05t015) o Table 4: Mechanism of event leading to randomisation by treatment allocated
Moderate 0 2(1.0%) 1% (-0-4 t0 2-4) 05
Mild 0 1(0-5%) 0:5% (-05t01:5) 10
Total symptomatic 0 6(3:0%) 3:0% (0-6to5:4) 0.03
Total asymptomatic 27 (13-9%) 61(30-8%) 16:9% (8-8t025.0) 0.0001
Acute |Minor Clinical endpoint

CHANCE, 2013

* Design & Objective
— RCT
— To compare clopidogrel (300 loading and 75/day) + aspirin
wiith aspirin for 21 days
* Inclusion
5,100
— TIA(ABCD?2 2 4) or minor ischemic stroke (NIHSS 0-3) within
24 hours from onset
— Exclude possible CE/ previous ICH
— Study drug administration within 24 hours from onset
* Primary outcome
— New stroke (ischemic or hemorrhage) at 3 months

il

ASA

Smg from Day 2 to 3 months
75-300mg* ASA 75mg from Day 2 to 3 months

Grovi2 Placebo clopidogrel

S00mg.

75mg from Day 2 o 3 months

|
i
| Clopidogsel Clopidogrel 75mg from Day 2 to 3 months
: 300mg
Growpl ! ASA ASA 75mg from Placebo ASA from
i 75-300mg* D2 to Day21 £2 Visit Diy 2T 2210 3 months
i
i oY i
! Day | LI | L 1 V72 l V72 i
i —77 T 77 T 77 !
i S M3
Patients with TIA or ! ) ]
minor stroke i 3 Month Visit 1
: or final visit 1
(9047 Days) i
(Within 24 hours of symptoms onset) | |
! i
' i
H M3
Selection inclusion + exclusion criera | : # : # I #
verified) + informed consent signed ! Day 1 Day2
i
i
i
i
i
i
i
i

Primary end point : any recurrent stroke
(ischemic or hemorrhagic) at 90 days

vv-os 1.0

08 Hazard ratio 0.68 (95%Cl, 0.57 to 0.81) P<0.001

@
£
g 1.00
@
s
:g! 0.6 095 Clopidogrel-aspirin
T
2
g 04 090
1z Aspirin
085
2 30 60 90
0.0
0 30 60 920
Days since Randomization
No. at Risk
Aspirin — 2586 2307 2287 1906
Clopidogrel - aspifin  —— 2584 2376 2361 1989

Wang Y et al CHANCE investigators ISC 2013 presentation

Secondary combined outcome: stroke,
MI, death from cardiovascular causes

1.0
@
£ &

os H 08 Hazard ratio 0.69 (95%CI, 0.58 to 0.82) P<0.001
vl ° =
2 1.00
)
£ os
K 0.95 Clopidogrel - aspirin
o
@
% 0.4 0.90
s Aspirin
<
3 02 085
30 60 920
0.0
0 30 60 920
Days since Randomization

Wang Y et al CHANCE investigators ISC 2013 presentation
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However...

Is the CHANCE trial true savior of dual therapy ?

Aspirin Clopidogrel-Aspirin  Hazard Ratio 1 Higher event rate:
Outcomes P Value = =
(N=2586) (N=2584) (95% CI) 8.2% (clopidogrel group) vs 11.7% (placebo)
Event Event Event Event 3 ¢
cf. In FASTER trial : 7.1% (clopidogrel group) vs 10.8% (placebo)
No. Risk No. Risk
In CRCS-5 (Korea): 3.1% (3 months), 4.8% (1 year)
Any Bleeding 41 1.6% 60 2.3% 1.41(0.95-2.10) 0.09
2. Poor control of risk factor
Severe Bleeding 4 02% 4 02%  0.94(0.24-3.79) 0.93 3 3
« Less than half were on any drug for hypertension during follow-up.
Moderate Bleeding 4 0.2% 3 0.1%  0.73(0.16-3.26) 0.68
Anti-hypertension drug* 886{30.5%) 928(36.2%) 02
Mild Bleeding 19  07% 30 12%  157(0.88-2.79) 0.13 Atk dlabetes diig™ 335(13.0%) 31259 o5y
Lowering-ipid drug* 1076{41.9%) 1096{42.8%) 052
Death from any cause 10 0.4% 10 0.4%  0097(0.40-2.33) 0.94
Wang Y et al CHANCE investigators ISC 2013 presentation
Acute |Minor Clinical endpoint :
2015 Meta-analysis
H Ischemic stroke A wC Risk ratio isk ratio
ongoing RIS 7ot ™ s e s s
7 Short-term combination
Bal Dit Sollier 2009 0 10 1 12 02% 0.39[002,873] .
CARESS 2005 1 51 4 56 04% 0.27 (003, 2.38]
CHANCE 2013 216 2584 307 2586 24.1% 070 (060, 083] .
_ » A o Argares CLAIR 2010 0 26 2 52 02% 023001,458]

O} s s el scadbvine et it FASTER 2007 7 198 23 194 A4.5% 072040, 1.31] o =
ClinicalTrials.gov o | ] suboisc 219 20 mm 0r006000 [ ‘
Sertinof s iy oo et ook Novancea Sexc | el St by Top | Gesay T e =

sud  Heleog) Homorrhagic stroke . s skt sk atio
FindStudies  AboutClinical tudies  Submit Studies  Resources  About This Site Study or Subgroup Events Total Events Total _ Weight _M-H Fied, 95% CI M-H, Fived, 95% 1
| longte| Shortterm combination
Home > Find S > Sear Resuls > Stuy Rccrd Detal Textsis | ChARS)| 8o DitSoller 200 o poo Notestimable
55 2005 ot estimab
2000 Seise| CHANCE 2013 8 ase4 5 2506 168% 10010362661 —_
Trial record 2 of 10776 for: POINT —| Cubtora| CLAR2010 0 46 0 52 Not estimable
« Previous Study | Returntolist | Next Study » CAT Totalew ;ﬁlgjg‘g’% & i N ;32 @ Z;x zééj & ‘3‘05 ﬁ;‘y‘j"; g‘}i &'
CHy  Heterog|  Joo) 1 10 - » -
Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke (POINT) Trial (POINT) TSN eterogenely Chi2 = 097, = 1, p = 032) P = 0%
Gl Totaltgs|  TestforoveralleffectZ = 045 p = 065)
This study is. y ( tacts and L ) Identifier: 201 Totlewd -
NCT00991029 — long-term combination
Vet ecemser 2015ty Unversty ofCaform, San Francisco o M e o a9 2 — _
o Fist receive October 6, 2008 Testfor | yyaucis 2000 2 Smou S0 1381053391 -

f Last updated: December 1, 2015 — SPS32012 B 1517 1503 186 [0.79, 4.37] e
University of California, San Francisco Last verified: December 2015 P s %llb’l‘nla\ (95% Cl) 7471 7468 167 [1.10, 2.56] >
Colaborators: Histor o Changes otal vt
Neurological Emergencies Treatment Trials Network (NETT) ———————| Heterogeneity: Chi’ = 1.00,d.f = 2, (p = 061); F = 0%

Medical University of South Carolina MATCH 2004 Test for overall effect: Z = 239 (p = 002)
The EHMES Coporitien PS3 2012 Total (95% C1) 10360 10368 1000% 159 (1.08,233] Y
Information provided by (Responsible Party): T | Total events 2
Universityof Calfora, San Francisco Heterogeneity: Chi - 2.4, d . 4, (p - 066) F - 0%
Test for overall effect: Z = 236 (p = 0.02) an | o1 19
Test for subgroup differences: Chi = 0.36, d.f. = 1, (p = 055 P = 0% Favours (A+Q) Favours (AV/C)
g o o =

Optimal duration ?

Thank you for your attention
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Endovascular treatment

Lee Jae Il,, M D,

Department of Neurosurgery Interventional Neuroraddiology School of Medicine, Pusan National University
Pusan National University Hospital Busan, Korea

3 SHE o A 7L Update in the management of intracranial stenosis
2016 KSCVS-SKEN & H+2%t : Endovascular treatment

Scientific session |

Update in the management of intracranial artery stenosis
: Endovascular treatment

LeeJae ll,M.D.

School of Medicine, Pusan National University
Pusan National University Hospital
Busan, Korea

Characteristics of intracranial artery

* More tortuous than extracranial artery

* Small vessel size

+ Tapering in diameter from proximal to distal
* Stroke due to thromboembolism

* No elastic external lamina -> Easy to rupture

Current Stent technology

Intracranial endovascular revascularization

+ Balloon mounted stents

+ Stent technology + Semi-compliant balloon for expansion
« IER History (before and after SAMPPRIS trial)

+ IER cases and complication cases + Self expanding stents

« My intracranial stenting for ICAD after SAMMPRIS * Sheathed, low trauma approach

« My technical consideration of IER + Gentle, radial force maintains lumen
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Balloon mounted stent Self expanding stent

Stent (stainless

steel, cobalt-

chromium, cobalt- Balloon

chromium with supporting

platinum, or ntinol) the stent
Guidewire with coiled
platinum-tungsten tip

— \
Marker band (platinum,

platinum-iridium or
)

Jostent FlexMaster, Abbott, USA

i

;gs»/ﬁ

Wingspan, Stryker, USA

Current Stent technology

BMS SES
(Balloon mounted stent) | (Self expanding stent)

Stiffness stiff, difficult to delivery Flexible, easy to delivery
Predilatation No Often yes, Two steps
Stent sizing Critical (over or undersize) Easy (approximation good)

Oversize : dissection or rupture

Undersize : poor wall apposition, TE

Risk of vessel rupture High (due to ballooning pr.) Low

Restenosis Passive support Continuous radial force

Inward crush resistance Positive plaque remodeling

History of intracranial endovascular
revascularization

Balloon angioplasty

+ 1980's First report

+1990's Many individual series of cases reports

: >90% success rate, 0-20% complication rate
Balloon mounted stenting

+2000's Many case series

: >90% success rate, 0-15% complication rate
Drug eluting stenting

+ Sirolimus-eluting stent and paclitaxel-eluting stent

Jun, 2004, Stroke

SSYLVIA trial (Stenting of Symptomatic atherosclerotic
Lesions in the Vertebral or Intracranial Arteries)

+ Symptomatic, >50% stenosis, Neurolink stent (Guidant Corp, IN)

+ Success rate 95%, 39% symptomatic restenosis after 6 months,
7.3% stroke after 30 days

+ FDA granted a humanitarian device exemption to treat patients

15t PNUH case (2002.12.18)

: 68/M, r_ninor stke

69/M, VBI Sx

b 0 G
s 17 A
I il /A
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BMS (Jo stent 4/12mm)

78/M, Acute minor stroke

History of intracranial endovascular
revascularization

Wingspan and
Gateway balloon system

Stenting planning

+ Symptomatic intracranial stenosis more than 50%

* Pre-procedure

« ASA 300mg or 325mg p.o. before 3 days or 300-650mg po on the day
before the procedure

« Clipidogrel 74mg p.o. before 3 days or 225mg po twice the day before the
procedure

* Under GA, ACT >250 sec.

* Post procedure
* Heparin to maintain ACT 2 to 3 times or PTT 70 to 90 for 24 hrs
« ASA 300 or 325mg daily
« Clopidogrel 75mg daily or ticlopidine 250mg p.o. twice a day for 30 days
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| .
Gateway™ PTA Balloon Catheter
Gateway'™ P 1A balloon Catheter NG ® S 3
| ! Wingspan® Stent System
Inflation Lumen
/ 35F
Se ot . Unified Over-The-Wire
Guidenire Se— e, Vo Configuration (OTW) Selt
Lumen . ST S Expanding Stent
Dual Lumen Catheter Shaft System
Nominal Stent 25,30,35, 40,
Shaft Configuration DrveeeThes e (TI) A Diameters (mm) 45
Dual Lumen Catheter. guidewire por, balloon nflation port 26/
Balloon Diameters (mm) 15,20,225,25,275,30,325,35, 375,40 U y 5""('"5;’;“"5 9,15,20
Balloon Lengths (mm) 9,15,20
" " Recommended 014" exchange
Balloon Material LEAPBISofiLEAP® semi-complant balloon mateial e o
Nominal Inflation Pressure 6Gatm
Fund But Focnas 12am Recommended | GF (minimum 064 D),
14 atm -2253 25mm diameters only Guide Catheter 90cm length
—
10 the system. : = artery umen diameter i paten's weh mracranal atherosclerotc dsease. refractory to medical theragy, in miracranal vessels wi
e e i ol e et o
D — wsws T —

Stent technique

+ Balloon size
+ Match the lesion length (9, 15, 20mm)
+ Balloon norminal diameter <80% of parent vessel diameter

« Stent Size : Stent Diameter

Labeled Stent Self-Expanded | Recommended Vessel
Diameter Stent Diameter Diameter
25mm 2.8mm >2.0 and < 2.5mm
30mm 34 mm >2.5 and < 3.0mm
3.5mm 3.9mm >3.0and < 3.5mm
4.0mm 4.4 mm >3.5and < 4.0mm
45mm 49mm >4.0 and < 4.5mm

Stent Length
g:snslent requires a minimum of 3mm proximal and distal to the

+The stent length should be at minimum 6mm longer than the
lesion lenath

70/F, Acute minor stroke Stenotic degree : 83%
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Reference M1 diameter : 3.1mm

Stenotic diameter : 0.5mm, 83% stenosis ((1-0.5/3.1)X100, WASID)
Stenotic length :10mm

Gateway balloon 2.5/9mm, Wingspan : 3.5/15mm

\

September 15, 2011

The NEW ENGLAND JOURNAL of MEDICINE

|| ORIGINAL ARTICLE ”

Stenting versus Aggressive Medical Therapy
for Intracranial Arterial Stenosis

CONCLUSIONS

In patients with intracranial arterial stenosis, aggressive medical management was
superior to PTAS with the use of the Wingspan stent system, both because the risk
of early stroke after PTAS was high and because the risk of stroke with aggressive
medical therapy alone was lower than expected. (Funded by the National Institute of
Neurological Disorders and Stroke and others; SAMMPRIS ClinicalTrials.gov num-
ber, NCT00576693.)

non-stroke-related death, 0.4%) (P=0.002). Beyond 30 days, stroke in the same ter-
ritory occurred in 13 patients in each group. Currently, the mean duration of follow-
up, which is ongoing, is 11.9 months. The probability of the occurrence of a primary
end-point event over time differed significantly between the two treatment groups
(P=0.009), with Lyear rates of the primary end point of 20.0% in the PTAS group

and 12.2%in the medical group.

* The results of the SAMMPRIS trial alarmed most
experienced interventionists in Korea for two reasons

* The high recur or comﬁh’cation rate in the stenting arm (20%, the
first year) was higher than expected

+ The recurrent stroke rate in the aggressive medical treatment arm
was lower than WASID trial (12.2%, 1% year vs. 22.5% WASID)

+ Intracranial atherosclerotic disease (ICAD) accounts for 33-
50% of all ischemic strokes esp. in the Asian

« Important public health issue in Korea

* WASID trial (2005, NEJM)
(wafarin-asprin symptomatic intracranial disease)

: Warfarin was associated with sj?niﬁcantlyl higher rates of adverse
events and provided no benefit over aspirin‘in this trial. Aspirin
should be used in preference to warfarin for patients with
intracranial arterial stenosis

Reasons

1. Subgroup analysis

: Stenosis >70%, 1-year risk stroke 22.5%, TIA 14%
2. Aspirin monotherapy vs. dual antiplatelets

3. Intensive management of risk factors

60/M Acute minor stroke,
Stent malposition
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2 years follow up DSA (No Sx.)

In-stent restenosis but no Sx.-> Superiority of best medical treatment
. —

A A

Limitation of SAMMPRIS or Wingspan stent

+ Two steps technique of Wingspan stent

+ Arterial dissection could develop during angioplasty
+ Rapid inflation of balloon -> dissection

+ Lower radial force

»Vessel characters (perforators) : BA, MCA vs. VAICA

Proximal BA (Numerous Perforators),
VBI

| lyerF/U

Rt distal M1 (Numerous Perforators),
TIA

Acute in-stent thromboembolism
in M2 sup. Trunk (Snowplow effect)
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Lt petrous ICA (intracranial extradural ICA)

Published in final edited form as:
Lancet. 2014 January 25; 383(9914): 333-341. do1:10.1016/S0140-6736(13)62038-3.

Aggressive medical treatment with or without stenting in high-
risk patients with intracranial artery stenosis (SAMMPRIS): the
final results of a randomised trial

Interpretation—The early benefit of aggressive medical management over stenting with the
Wingspan stent for high-risk patients with intracranial stenosis persists over extended follow-up.
Our findings lend support to the use of aggressive medical management rather than PTAS with the
Wingspan system in high-risk patients with atherosclerotic intracranial arterial stenosis.

Original Investigation

Effect of a Balloon-Expandable Intracranial Stent
vs Medical Therapy on Risk of Stroke in Patients
With Symptomatic Intracranial Stenosis

The VISSIT Randomized Clinical Trial

2015, JAMA

. MD:
MD. PhO: James Leska, PhO; Pamela Pitzer:
Danyl R. Gress, MD: for the VISSIT Tal Investigators.

M. MD; 1.
Jandira Ramos, MPH; Allcia C. Castonguay. PhD: Stanley Bamiwell, MD: Wade s. Smith, MO:

CONCLUSIONS AND RELEVANCE Among patients withsymptomatic intracranial arterial
stenosis, the use of a balloon-expandable stent compared with medical therapy resultedin an
increased 12-month risk of added stroke or TIA inthe same territory, and increased 30-day
risk of any stroke or TIA, These findings do not support the use of a balloon-expandable stent
for patients with symptomatic intracranial arterial stenosis.

2012, Stroke
Randomized Controlled Trial of Symptomatic Middle
Cerebral Artery Stenosis
Endovascular Versus Medical Therapy in a Chinese population

Zhongrong Miao, MD, PhD"; Lidan Jiang, MD'; Hao Wu, MD, PhD; Yuhai Bao, MD, PhD;
Liqun Jiao, MD, PhD; Shenmao Li, MD; Jian Wu, MD, PhD; Yang Hua, MD, PhD; Yan Li, MD;
Junlei Zhu,MD; Fengshui Zhu, MD; Xuezong Liu, MD; Feng Ling, MD, PhD

iminal angioplasty and stenting

Background and Purpose—To investigate the effcacy and
ic mi b i treatment n alow-isk Chinese

safety of percutancous translus
(PTAS) for Lartery red with i

pt
population.

Methods—A prospective, randomized, controlled, single-center clinical trial was conducted comparing PTAS with medical
treatment for symptomatic middle cerebral artery stenosis (270%). Patients were enrolled according to 1:1 enroll ratio
PIAS: ThePTAS . 4 % :
standard medical treatment (aspirin 100mg plus clopidogrel 75mg/d), and all the patients were under strict control of
the risk factors. The end point events were any kind of ipsilateral stroke or transient ischemic attack, or death from any
origin during 1-year follow-up.

Results—The enrollment was stopped after 70 patients were enrolled from August 2007 to December 2010, with a 30-day
rate of end point events of 8.3% versus 5.9% (P=0.69) for PTAS and medical group, respectively, and I-year rate of end
point events of 19.4% versus 17.6% (P=0.85), respectively. Th ignil dif basel st
between the 2 groups. The mean follow-up time, which was ongoing, was 9.9+3.9 and 9.7£4.4 months, respectively.
‘Among the risk factors, hypertension was the independent related to the outcome (P=0.015).

Conclusic f &

middle cercbral artry stenosis in a low-risk Chinese population. History of hypertcnsion increases therisk of ecurrent
ischemic events. (Stroke. 201 2:43:3284-3290.)

Key Words: angioplasty and stenting m antiplatelet agents w middle cerebral artery w stenosis m stroke
w transient ischemic attack

Intracranial stenting for ICAD before
SAMMPRIS result

+ Symptomatic (Stroke or TIA) intracrnial severe (>70%) stenosis

+ Dual antiplatelets (asprin 100mg, clopigodrel 75mg)
medication for 5 days before procedure
+ Coronary balloon mounted stent (Jo-flexmaster stent)
+ Wingspan stent system (Stryker, Kalamazoo, M, USA)
 available since 2005 in USA and available since 2010 in Korea
+ Balloon angioplasty only (Gateway balloon)

Intracranial stenting for ICAD after
SAMMPRIS result

* Patients selection

+ Two or more stroke despite aggressive medical
management with 70-99% stenosis. (last stroke
occurred more than 7 days ago)

+ >40% decrease in cerebral blood flow (CBF) at the
stenotic arterial territory compared to CBF at the reference
area by CT or MRI perfusion

+ No vascular reserve on SPECT study with diamox
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+ Treatment planning

+ Antiplatlets agent (which one, how long and much)

» Resistance test (VeryfyNow system, Accumetrics, USA, Turbidimetry)
» Aspirin reaction Unit (ARU) : <550, 43, >550, B34
* P2Y12 reaction Unit (PRU): <240, HtS ®F

% Inhibition : 40-60% XX, <40% WS & s}, <20% Li’d

* GRAVITAS study : Verify Now PRU 230 O|Ab&tA} 31 ﬂ*iﬂm;q S8
150mg.|.}75mg Afol_l AIUI_._}XIﬁ}_I A|.m M:lgmx AHEWENS HEPgtﬂg
24> WS s S0 (T: 101) 55 EE 2820

& 2 55 29 gol
M Q081 S715HK] ST (14% vs2.3%) [ A Sast 27N

Hgo| ATt sEjaE S2Ic 13 18% QWO Harke J55)
ofgict

+ Resistance drug change
» Triple antiplatelet therapy (aspirin, clopidogrel, cilostazole)

My Strategy for Intracranial artery
stenosis

* Recurrent symptomatic patients failed with best medical
therapy, more than 70% intracranial stenosis

-> Intracranial Endovascular Revascularization consider

+ Asymptomatic or 1<t stroke patient with severe stenosis
« Optimal medical therapy (aspirin 100mg + clopigodrel 75mg)
« Antiplatelets resistance test -> drug modification
« Strong life-style modification
: Stop smoking, HT : BP <140mmHg, HT with DM <130mmHg,
Dyslipidemia : LDL<70, Regular exercise, Diet)

* Regular image follow up (6 month CTA or 1 year MRA)

+ ICA intracranial-extradural segment (Cavernous or petrous)
+ Vertebral artery V4 segment (less perforators, straight)

-> Symptomatic severe (more than 70%) intracranial stenosis patient
could be good candidate for primary scheduled stenting

+ BMS could be used in Mori type A intracranial arterial
stenosis

* Ref.: Mori type A, short (5 mm or less in length), concentric or
moderately eccentric, and less than totally occlusive

My technical consideration

* Primary stent and post ballooning

+ Undersize preballooning for stent delivery and post stenting same
size ballooning

* Minimize arterial dissection and maximize arterial dilatation
+ Considering Mori classification, distal M1, mid basilar artery

{numerous perforators or small vessel diameter) or small
vessel diameter

-> Balloon angioplasty alone

PNUH cases
Acute stroke Intracranial artery stenosis
(remnant stenosis ot occlusion)
Before Wingspan (-2009'd) 8 40
After Wingspan (20101-201214) 193 21 (98%)
And before SAMMPRIS
After SAMMPRIS (20134-) 1 6

PNUYH cases

Acute stroke Intracranial artery stenosis
(remnant stenosis or occlusion)

Before Wingspan (-20094) 0 0
After Wingspan (201014-201214) 8

And before SAMMPRIS

After SAMMPRIS (201314-) 7 2

45/M, Lt MCA acute stroke (2016.5.)

1 day F/UNRA

\
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68/M, Rt MCA acute stroke (2016.6.)

Remnant stenosis after
revascularization (TICI >IIb)

1 day F/U MRA

2015963 YUY 30 7|Z

N

5 FI R
—
2 A % ArAgaAde AA &0 27
® | 293 FA2 §4 [ FA00 FAGovacanal anay) AUE ARIEE 19 220l AUl § | $AZW §Hintracranial anery) 2UE 48 tHE) 4 4ol AWNE
AWE A19ES) el (48, o ugE 47 4 S

-4 §- -4 §-
ARG W% o4 FAZBE AUD YN CAZFHotemal carotid 7). #3489 W% 0|4 FAZ HUY YA (42 5% (temal carotid
atay), tral atery), 43 54V | atey) tral atery), v,
A5 (Bashr atary)) 71345 (Bashr atay)

ER LELLEIE CR R
(4] A2014-1683, *14101.41%)

o devsteR a4

<goidD>

n#34:
39 7153 BUY 2E FHONAE oA §, $5 Fo JebAe AR
o), ghelohu), ol B2 APl 424 Fiol GE 24

15/F,

¥

Solitiare thrombectomy after failed Penumbra

75/F,

Wingspan stenting for recanalization
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50/M, Rt MCA acute stroke

Remnant stenosis (thrombus) Stenting

Thank you for your attention!
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Surgical treatment

Jeong Eun Kim
Department of Neurosurgery, Seoul National University College of Medicine, Seoul National University Hospital

UPDATE 2016
KSCVS-SKEN

UPDATE IN THE MANAGEMENT OF
INTRACRANIAL STENOSIS

- SURGICAL TREATMENT-

Jeong Eun Kim

Historical Background

1967 Donaghy & Yasargil
First STA-MCA bypass

Patch and bypass in
microangional surgery.
Microvascular Surgery

Microneurosurgical arterial
reconstruction. Surg

International Cooperative EC/IC Bypass Study
1977-1985

1377 patients,

714 randomized to best medical care

663 randomized to STA-MCA bypass
F/U duration

No patients were lost to follow-up

56 months (28 to 90 months)
Result

Bypass patency rate: 96%

Failure of extracranial-intracranial arterial bypass to reduce
the risk of ischemic stroke.

N Eng J Med

Historical Background

1963 Woringer & Kunlin
First described an EC-IC bypass procedure.
Proximal ICA occlusion

Saphenous vein graft
Anastomose entre la carotide primitive at la carotide
intracranienne ou la sylvienne par greffon selon la
technique de la suture suspendice.
Neurochirurgie

International Cooperative EC/IC Bypass Study
1977-1985

Indication
TIA or TMB within 3 months before entry
Minor stroke in the carotid within 3 months before entry
At least 8 weeks after acute ischemic ND

Asymptomatic ICA or MCA occlusion [the largest subgroup]
Inaccessible atherosclerotic steno-occlusive ICA
Atherosclerotic stenosis or occlusion of the MCA trunk

Critique of EC-IC Bypass Study

Many patients operated outside the trial
Patients assigned to surgery: 663 patients
As many as 3,000 patients outside the trial
Inclusion of patients with stenosis
MCA stenosis showed worse outcome with surgery!
Maybe initially embolic stroke
Increased thrombosis at stenosis after EIAB
= Occlusion of stenotic lesionin 14%
No evaluation of cerebral hemodynamics !
Inclusion criteria: symptom and angiography
No perfusion study, no CT or MRI
Timing of surgery
At least 8 weeks after stroke (or TIA)
Most serious recurrence happens within 1 week
Very low incidence of recurrence after 6 weeks
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A tof Assessment of
SSLSalENtY : Hemodynamic Compromise
Hemodynamic Compromise

PET: CBV, CBF, OEF, CMRO,
Quantatative, OEF measurement
Decreased cerebrovascular reserve capacity e i o oRNIghiTSKIgroLD

. . . Limited availability: esp. '5O-labeled
rCBF before & after vasodilatory stimulation radiotracers
Hypercapnea or acetazolamide

SPECT: CBV, CBF
Increased rCBYV or rCBV/rCBF (MTT)

Good availability
Increased OEF Qualitative: normal hemispere as control

Hemispheric diaschisis
Some controversy over prediction value

Xenon CT
TCD

Ideal

O Water PET Stage CPP(%) CBF

IME SEECT Autoregulation 60-100 N

9
)
Q
el
5
>
o}
2
8
(@)

HMPAOSPECT

Misery Perfusion  40-60
ECD SPECT

Penumbra 20-40 H

Infarction <20 lu
60 80 100

True CBF
JCBFM, 1996 I

Misery Perfusion vs. Stroke Risk

COSS (The Carotid Occlusion Surgery Study)
- PET Study -

Background
Based on PET OEF (STLCOS)
2 yr ipsilat stroke: medical vs. surgical = 40% vs. 24%
Design : July 24, 2002 - June 24, 2010
Ischemic stroke within 120 days (Barthel Index = 12/20)
Angiographical occlusion
1year ; )
OEF ratio > 1.130
Screened 4967 > Enrolled for PET 705 > Randomized 195
2 years : Medical group 98 vs. Surgical group 97
Primary end points
Ipsilateral ischemic stroke within 2 yrs
Grubb JAMA 1998 ‘ All stroke & 30 days after operation/randomization
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COSS (The Carotid Occlusion Surgery Study)

Results

2-yearipsilateral stroke rate
23% (Medical group) vs. 21% (Surgical group), p=0.7279
15% strokes within 30 days in Surgical group

Surgical graft patency
98% at 30 days vs. 96% at 2 yrs

Improvement in mean ipsilateral/contralateral OEF ratio
Improved from 1.258 to 1.109 for surgery group

Conclusion

Because of improved non-surgical recurrence, there was no
overall EC-IC bypass surgical benefit for 2-year stroke
recurrence rate

AMA 2011

JET study

Interim report: published in Japanese journals
Surg Cereb Stroke 2002 P=0.0577 (n=128, primary end point)
Surg Cereb Stroke 2002 046 (n=196 , primary end point)
Nihon Rinsho 2006 P=0.046 (n=196 , primary end point)

Ipsilateral stroke
Medical group: 11
Surgical group: 3

Relative risk reduction: 74% !
P=0.042

Critique: No surgical complications ?

JET-2 study

True threshold of CBF and CVR for subsequentischemic stroke
without bypass in symptomatic major cerebral arterial occlusive
disease
Comparison with medical artm of JET study including patients with
CBF<80% and CVR<10% as a historical control
Result

Incidence of ipsilateral stroke recurrence was significantly lower

Conclusion
EC-IC bypass surgery is unlikely to benefit patients with CBF>80% or CVR>10%

Japanese EC-IC Bypass Trial (JET)

From Nov. 1998 to Mar. 2004
Minimum F/U: 2 years
28 centers in Japan

Surgical indications

TIA or minor stroke within 3 months

123]_|MP (N-isopropyl-p-iodoamphetamine) SPECT
MCA territory
CBF < 80% of normal control
CVRC < 10%
= Moderate group <10%
= Severe group < 0%

JET 2nd Interim Analysis

Registration

Medically-treated
Surgically-treated

Total

Primary end point

Medically-treated 9(17.3%) 5(10.9%) 14 (14.3%)
Surgically-treated 3(5.8%) 2 (4-3%) 5(5.2%)

12 (12.5%}) 7(7.6%) 19(9.7%)

STA-MCA anastomosis: Results

Sundt(1985) 415 4%
Chater(1983) 400 i 2%

EC/ICbypass 3%{major)

study (1985) 3 Sl w0

» Average results of STA-MCA anastomosis
Mortality :1~2%
Major morbidity 1 2~4%
Patency 1 96~99%
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Diagnostic Criteria of Adult MMD
Practical Indications Rule-out Principles in SNUH

Occlusion or severe stenosis of ICA or MCA
No evidence of embolic stroke

Failure of best medical treatment

SPECT: decreased reserve capacity

Occlusive Pathology
Non-atherosclerotic >> atherosclerotic
Chronic progressive >> acute & abrupt

romuscular dyspla:

Symptoms & hemodynamics rfan synd
Progressive >> continual >> single episode

My Bypass Policy for Adult MMD
SNUH y Byp: y

Surgical Indications
Moyamoya Disease

Atherosclerotic occlusion of carotid artery

Symptomatic Pseudoaneurysm Hemodynamical instability
Repeated hemorrhage TFCA D-SPECT, perfusion CTIMR
Asymptomatic but progression on MRA, CTA, TFCA

Functionally independent: KPS = 70 Glue ~ ———> Direct bypass
embolization

No acute infarction/hemorrhage within 4 weeks

Hemodynamically unstable

D-SPECT with perfusion CT or perfusion MR ASL Progression

FUCTA/MRA

Perioperative Management

Intra-operatrive brain protection

PCO,> 40mmHg

Mild hypothermia: 33~34°C

BP : 20 — 30 mmHg higher than pre-op. BP

Penthothal 100mg IV bolus before MCA clamping
Post-op management

BP : 20 — 30 mmHg higher than pre-op. BP

Maximal SBP: less than 150 mmHg
Fluid & electrolyte balance
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Perioperative Management

Pre-op.
Antiplatelet agents:
D/C 1 week before op.
Angicogulation:
D/C wafarin 3~4 days before surgery, with heparinization
D/C heparin 6 ~8 hours before surgery

Intra-op.

No use of iv bolus heparin
Post-Op.

Moyamoya disease: no use of antiplatelet

ASD: start the same preop. Antiplatelet from POD #1
Hyperperfusion syndrome

Steroid: dexamethasone 4mg iv q 6 hours for 2 days

Cilostazole SR 200 mg qd

Check and adjustment of anticonvulsant level
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Current recommendation and literature review

BaY

S5yl

Introduction

Intracranial atherosclerotic stenosis (ICAS) of a major intracranial artery is one of the most common causes of
stroke worldwide and is associated with a high risk of recurrent stroke compared with other stroke subtypes.
Recent clinical trials have improved understanding of risk factors associated with stroke recurrence, imaging
characteristics that are associated with prognosis, and treatments that significantly reduce stroke recurrence in
patients with ICAS. Although the results of these trials are changing the standard of care for patients with ICAS,
they also emphasize the need for further research into identification of patients at highest risk of stroke from
ICAS and development of new therapies to lower the risk of stroke in these patients., In this paper, we aim

to define the optimal treatment strategies for this devastating disease, ICAS with literature review.

Methods
MEDLINE and PubMed searches of the English literature were performed with the following keywords:

intracranial atherosclerosis, extracranial-intracranial bypass, intracranial stenting, Wingspan, drug-eluding stent,
stroke, and medical therapy. The relevant literature was reviewed and was supplemented as necessary from the
bibliography of selected articles, with a particular focus on articles which discussed therapeutic interventions for

ICAS.,

Management

Medical Management

Anticoagulation vs Antiplatelet Therapy

Anticoagulation was first reported as a treatment for symptomatic ICAS in 1955. Subsequently, data from a
retrospective study suggested that warfarin was more effective than aspirin for stroke prevention in patients with
symptomatic ICAS, However, the results of the Warfarin Aspirin Symptomatic Intracranial Disease (WASID) study
not only demonstrated the role for medical therapy in ICAS, but also provided important information regarding
the natural history. Based on the WASID data (a double-blinded, randomized trial comparing aspirin [1300 mg
per dayl with warfarin [target international normalized ratio (INR) 2—3]) showed no benefit of warfarin over
aspirin for prevention of stroke and vascular death in patients with ICAS. Aspirin was also shown to be safer
than warfarin, with a lower rate of death and major hemorrhage than warfarin. Although the WASID trial was
not designed to study the importance of risk factor control, several important conclusions are reached from its

substudies, Thus, while lowering blood pressure during follow up appears to reduce recurrence risk.
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Choice of Antiplatelet Drug

The use of shortterm dual antiplatelet therapy (aspirin and clopidogrel) could be particularly effective at
lowering the early risk of stroke recurrence in patients with ICAS. In the Clopidogrel plus Aspirin for Infarction
Reduction (CLAIR) study, patients with recently (<7 days) symptomatic ICAS who were given clopidogrel (300
mg for the first day, then 75 mg per day) plus aspirin (75—160 mg per day) had significantly lower rates of
microembolic signals detected by use of TCD on day 2 and day 7 after randomization than did those given
aspirin (75—160 mg per day) alone, Additionally, when the recurrent stroke events in the CLAIR study were
combined in a weighted analysis with the events from the similarly designed Clopidogrel and Aspirin for
Reduction of Emboli in Symptomatic Carotid Stenosis (CARESS) trial (limited to patients with recently [within 3
months] symptomatic »50% extracranial carotid stenosis), patients given aspirin alone had significantly more
recurrent stroke events than did those given aspirin and clopidogrel combined.

The antiplatelet agent cilostazol, a phosphodiesterase inhibitor, might decrease progression of atherosclerosis in
patients with symptomatic middle cerebral and basilar artery stenosis. In the Trial of Cilostazol in Symptomatic
Intracranial Arterial Stenosis (TOSS-2), a randomized, double-blind, multicenter clinical trial, combination
antiplatelet therapies were compared for efficacy in preventing the progression of symptomatic ICAS amongst
457 acute ischemic stroke patients with symptomatic stenosis in the M1 segment of the MCA or in the basilar
artery; the groups were aspirin 75—150 mg daily combined with either cilostazol 100 mg twice daily or
clopidogrel 75 mg daily. New ischemic lesions or hemorrhagic events did not differ significantly between the
cilostazol and clopidogrel groups. However, the overall cardiovascular event rate was significantly lower than
in the WASID trial, perhaps due to the extensive use of statins and aggressive risk factor control. No data have
been published for the superiority or equivalence of other antiplatelet regimens such as monotherapy with
clopidigrel, cilostazol, or extended release dipyridamole, or the combination of dipyridamole and aspirin for

stroke prevention in patients with symptomatic ICAS,

Risk factor modification

Results of secondary stroke prevention trials focusing on lowering of LDL concentrations or blood pressure
showed significant reductions in recurrent stroke risk with a statin and angiotensin- onverting-enzyme (ACE)
inhibitor, Data for the specific effect of risk factor control on risk of recurrent stroke in patients with ICAS
are based on post-hoc analyses of the WASID and SAMMPRIS trials, The WASID trial also suggested that control
of BP and LDL-C may reduce the risk of subsequent stroke. By contrast with the common practice of
maintenance of slightly raised blood pressure in patients with ICAS to reduce the risk of stroke from distal
hypoperfusion, post hoc analysis showed that patients with mean SBP >140 mm Hg had a significantly
increased risk of recurrent stroke compared with patients with mean SBP (140 mm. Additionally, patients with
a mean LDL-C >100 mg/dL had a significantly increased risk of recurrent stroke compared with patients with
mean LDL-C (100 mg/dL. The recommended levels of LDL-C should be less than 70 mg/dL for a low rate of
vascular events, Aggressive medical therapy in both arms consisted of aspirin 325 mg/d, clopidogrel 75 mg/d
for 90 days after enrollment, intensive risk factor management that primarily targeted SBP (140 mm Hg ({130

mm Hg in patients with DM) and LDL-C (70 mg/dL, and a lifestyle modification program,

129



Cporc maelater] | ok maysae] 2016 KSCVS—SKEN &F C1+3BZt

Surgical Management

Endovascular treatment

From endovascular treatment emerged as a potential option for stroke prevention for ICAS in the 1980s, with
rapid advances in endovascular technology, the use of endovascular therapy for patients with ICAS has become
increasingly common. Options include angioplasty alone, balloon-expandable stents, and angioplasty followed
by placement of self-expanding stents, However, all published studies examining the safety and utility of these
endovascular treatments for patients with ICAS represent case series, often with limited data about long- term
outcome and restenosis rates, Almost no randomized trials comparing these treatments against medical therapy
have thus far been reported.,

Primary Angioplasty

Angioplasty alone was typically used to treat severe ICAS in patients with recurrent ischemic events on medical
therapy. In current practice, the technical success rate (defined as reduction of stenosis to { 50%) of angioplasty
is more than 80%, and restenosis rates range from 0% to 30%. Retrospective single-center studies have reported
a 30-day rate of stroke or death varying between 0% and 50%. Some of the variability in the outcome data is
attributable to the heterogeneity of the patients treated. Generally, lower complication rates were reported in
less acute cases whereas higher rates of stroke and mortality were recorded in patients with unstable symptoms.
Device development and improvements in the technical aspects of the procedure, such as the application of
undersized angioplasty balloons and a slow balloon inflation technique, have shown more promising results.
Nevertheless, there are no prospective, multi-center, externally adjudicated studies on angioplasty alone to treat
ICAS and no data comparing patients treated with angioplasty alone versus concurrent medically treated
controls, Angioplasty alone is often associated with immediate elastic recoil of treated arteries, residual

post-procedure stenosis in as many as 50% of treated patients, restenosis, and dissection,

Balloon-Expandable Stents

Because of these limitations of angioplasty and the success of stenting in the coronary circulation, stenting
became the preferred endovascular treatment for ICAS for most interventionists, The initial studies of intracranial
angioplasty and stent placement with balloon-mounted stents were retrospective case series in which high
technical success rates (90%—98%) were reported. Initial experience with percutaneous angioplasty and
stenting (PTAS) with coronary balloon expandable stents showed improved post-treatment luminal diameters
compared with angioplasty alone; however, difficulty in navigation of the intracranial vessels, and trauma during
balloon inflation and deployment of the stents, resulted in high morbidity and mortality rates. More recently,
single-center studies have reported the initial experience with 2 new balloon-mounted stents specifically
designed for intracranial use. One study evaluated the use of the Apollo stent (Micro-Port Medical) in 46
patients and demonstrated a technical success rate of 91.7%. However, delivery of the stent was limited in some
cases by vessel tortuosity, and there was a relatively high rate of restenosis (28%). The other study used the
Pharos intracranial stent (Micrus) in 21 patients, Seven of these patients received urgent intervention after acute
stroke for hemodynamic instability and progressive worsening of stroke or after thrombolysis, The remaining 14

patients underwent elective treatment after a TIA or minor stroke. In these 14 patients, a technical success rate
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of 85.7% and a procedure-related complication rate of 28.5% was observed,

Drug-eluting stents (DESs) were shown to greatly decrease the restenosis rates in coronary artery disease, and
there have been attempts to duplicate this success in the treatment of ICAS. Initial work using DES in
intracranial disease by Abou-Chebl et al, treating a small number of patients demonstrated a similarly promising
decrease in short-term restenosis rates compared to bare metal stents, However, due to the known risk of
delayed stent thrombosis, combined with the lack of long-term data, DES in the treatment of ICAS has largely
fallen out of practice.

Self-Expanding Stents

In 2005, the FDA approved the self-expanding Wingspan stent (Stryker Neurovascular, Freemont, CA, USA) for
use under the humanitarian device exception in medically refractory patients with transient ischemic attack or
stroke secondary to 50—99% stenosis of a major intracranial artery. This approval was based on a European/
Asian study of 45 patients, The main results of the study were that the stent was successfully delivered in 44
(98%) of 45 patients, the 30-day rate of stroke or death was 4.4%, and the 12-month rate of ipsilateral stroke
or death was 9.3%. Only 3 (7.5%) of 40 patients had restenosis at 6 months, and none were symptomatic,
Subsequently, the results of two multi-center registry studies in the USA (the National Institutes of Health
[NTH]-sponsored Wingspan registry and the US Wingspan registry) suggested that intracranial PTAS with the
Wingspan stent could be done with high technical success rates and with 30-day stroke rates of 6—9%.,
These data compare favorably with the outcome in the WASID study and due to the initially promising and
conflicting results of the Wingspan stent, the SAMMPRIS trial was designed. As noted earlier, the SAMMPRIS
trial, which began enrollment in 2008, assessed high-risk patients with 70—99% ICAS who had had a stroke or
transient ischemic attack within the preceding 30 days to establish whether aggressive medical management plus
angioplasty and stenting with the Wingspan system was superior to aggressive medical management alone for
stroke prevention, SAMMPRIS had enrolled 451 patients before enrolment was stopped in April, 2011, because
of the high risk of periprocedural stroke and death in the PTAS group. The 30-day rate of stroke or death was
14 - 7% in the PTAS group and 5 - 8% in the medical group. The 1-year primary endpoint (30-day rate of stroke
and death and ischemic stroke after 30 days) rates were 20 - 0% in the PTAS group and 12 - 2% in the medical
group. The findings from SAMMPRIS showed that aggressive medical management was superior to PTAS in the
treatment of patients with high-risk symptomatic ICAS., What has been released about this trial thus far implies
that optimizing medical management remains the first treatment of choice for symptomatic intracranial
atherosclerotic disease. Risk factors that were significantly associated with periprocedural ischemic events were
non-smoking (possibly because smoking increases the conversion of clopidogrel to its active metabolite), basilar
artery stenosis, diabetes, and older age, whereas risk factors associated with periprocedural intracranial
hemorrhages included high percentage of stenosis and clopidogrel load associated with an activated clotting
time above the target range. Possible explanations for the higher periprocedural events in SAMMPRIS than in
the previous registries include the higher severity of stenosis needed for enrollment in SAMMPRIS and the earlier
treatment in SAMMPRIS (within 30 days of the qualifying event), which might have increased the risk of PTAS,

Additionally, SAMMPRIS had a more rigorous adjudication process, with local evaluation by study neurologists
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(not required in the registries) followed by external blinded adjudication by a committee of expert neurologists.
The SAMMPRIS trial did not address those patients who had failed optimal medical therapy. Endovascular

treatment in these patients may still play an important role in optimizing clinical outcome,

Microsurgical treatment

Extracranial-Intracranial Bypass

Extracranial to intracranial (EC-IC) bypass surgery was the most commonly used and most thoroughly studied
surgical technique for stroke prevention in patients with symptomatic ICAS. Flow augmentation in the setting
of anterior circulation ischemia can be achieved surgically, Typically, the superficial temporal artery (STA) is
anastomosed to the middle cerebral artery (MCA) provided sufficient flow is obtained via the STA. The EC-IC
study published in 1985 quickly led to a sharp decline in the use of this intervention for anterior circulation
ICAS, since it failed to demonstrate any reduction in strokes compared to best medical management. Briefly,
1377 patients were randomized to surgery plus medical management versus medical management alone,
Long-term follow up at 55 months revealed no benefit with regards to stroke prevention, Upon closer
examination, several shortcomings become apparent in this study. First and foremost, patients who had ICAS
who were not amenable to carotid endarterectomy and who demonstrated symptoms were included in the
study, with disregard toward hemodynamic compromise. Thus, patients who may have had disease due to
embolic phenomenon and small vessel disease who would not have benefited from EC-IC were indiscriminately
included in the study. Second, many patients who underwent surgery did so outside of the trial, potentially
implicating that those who needed the surgery more urgently were omitted, thus diluting the beneficial effects
of the procedure. Several single-institution case series examining the technical success and perioperative safety
of direct EC-IC bypass for ischemic cerebrovascular disease have been published. In series that reported on
EC-IC bypass for ischemic cerebrovascular disease including ICAS, the overall bypass patency, perioperative
morbidity, and perioperative mortality rates vary from 87% to 99%, 0% to 6%, and 0% to 8%, respectively.
Instead of these criticisms, the Carotid Occlusion Surgery Study (COSS) and the Japanese EC-IC Bypass Trial
(JET) were underway in the United Stated and Japan, respectively, to assess the potential for a newfound
usefulness of this operation if the patients are selected based on a more sophisticated analysis of hemodynamic
compromise., As recently announced premature stopping of the COSS suggested that among participants with
recently symptomatic ICAS and hemodynamic cerebral ischemia, EC-IC bypass surgery plus medical therapy did
not reduce the risk of recurrent ipsilateral ischemic stroke at 2 years, it is unlikely that direct EC-IC bypass will
be proven effective for patients with ICAS-ven for those who have “failed” medical therapy and who have
documented impaired cerebral hemodynamics. However, some groups have still suggested that assessment of
cerebral hemodynamics with sophisticated imaging techniques may identify a subgroup of patients with ICAS
who have hemodynamic impairment that would benefit from surgical revascularization and STA-MCA bypass
surgery in carefully selected patients with symptomatic severe ICAS results in significant improvement in

hemodynamic parameters and reduction in stroke recurrence.

Indirect Bypass

Others have begun to explore potentially less morbidity-causing indirect revascularization techniques to treat
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patients with ICAD. Recently, Komotar et al. examined the role of indirect surgical bypass as a method of
promoting angiogenesis and enhancing cerebral blood flow in patients with ICAD. In their series, 12 patients
with ICAD and impaired cerebral hemodynamics were treated with indirect bypass: 11 underwent
encephaloduroarteriosynangiosis, and 1 received bur holes with dural and arachnoid incisions. Perioperative
morbidity was 27%; there were no perioperative deaths. Also, follow-up data showed that only 2 patients had
increased perfusion in previously hypoperfused areas, and 5 patients suffered repeat ischemic infarction. In
comparison with a meta-analysis of 4 studies of patients with symptomatic ICA occlusion and severe
hemodynamic failure who were treated medically, it was observed that indirect surgical revascularization
provided no protection against subsequent ischemic stroke, Based on this small retrospective case series,
indirect surgical revascularization for patients with ICAD does not appear to be indicated and lacks therapeutic

potential,

Treatment recommendations

On the basis of current data from randomized trials, we recommend the following treatment for patients with
symptomatic ICAS. Patients with moderate stenosis ({70%) or patients whose transient ischemic attack or stroke
occurred more than 30 days ago (even if they have )»70% stenosis) should be treated with aspirin (325 mg/day)
and intensive risk factor management that primarily targeted SBP (140 mm Hg ({130 mm Hg in patients with
DM) and LDL-C (70 mg/dL. In WASID, the stroke rate would be even lower with intensive risk factor
management, For patients with 70—99% stenosis and events within the past 30 days, a combination of
clopidogrel (75 mg per day) with aspirin (325 mg per day) for 90 days seems warranted, on the basis of the
results of SAMMPRIS and CLAIR, followed by aspirin (325 mg per day) alone plus intensive risk factor
management, We do not recommend the use of clopidogrel in addition to aspirin for more than 90 days after
initiation of treatment because of the risk of major haemorrhage from more prolonged use of dual antiplatelet
therapy. However, the benefit of prolonged use of dual antiplatelet therapy for high-risk patients with
intracranial stenosis might outweigh the risk of major hemorrhage, but this effect will need to be proven in

future trials before the treatment can be recommended.

Conclusions

Symptomatic ICAS is a significant health burden, and often times, leads to recurrent, disabling strokes. The
natural history of ICAS is poorly understood, as are optimal treatment strategies. The results of long-term
outcome studies assessing the utility of both microsurgical and endovascular treatment options continue to
support the fact that multifaceted medical management that incorporates short-term dual antiplatelet treatment
(for 90 days) followed by aspirin monotherapy, coupled with intensive management of vascular risk factors is
the treatment of choice for stroke prevention in these patients. Despite this aggressive medical management, a
large subgroup of patients is still at high risk of recurrent stroke. As further research focus on identification and
treatment of patients suffering from this devastating disease and refinements in both microsurgical and

endovascular techniques continue, patients suffering from this devastating disease may have other alternatives,
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Intracranial Atherosclerosis Recommendations of AHA 2014

1.

For patients with a stroke or TIA caused by 50% to 99% stenosis of a major intracranial artery, aspirin 325
mg/d is recommended in preference to warfarin (Class I, Level of Evidence B). (Revised recommendation)
For patients with recent stroke or TIA (within 30 days) attributable to severe stenosis (70%—99%) of a major
intracranial artery, the addition of clopidogrel 75 mg/d to aspirin for 90 days might be reasonable (Class IIb;
Level of Evidence B). (New recommendation)

For patients with stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery, the data
are insufficient to make a recommendation regarding the usefulness of clopidogrel alone, the combination
of aspirin and dipyridamole, or cilostazol alone (Class IIb; Level of Evidence C). (New recommendation)
For patients with a stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery,
maintenance of SBP below 140 mm Hg and high intensity statin therapy are recommended (Class I, Level
of Evidence B). (Revised recommendation)

For patients with a stroke or TIA attributable to moderate stenosis (50%—69%) of a major intracranial artery,
angioplasty or stenting is not recommended given the low rate of stroke with medical management and the
inherent periprocedural risk of endovascular treatment (Class III; Level of Evidence B). (New
Recommendations)

For patients with stroke or TIA attributable to severe stenosis (70%—99%) of a major intracranial artery,
stenting with the Wingspan stent system is not recommended as an initial treatment, even for patients who
were taking an antithrombotic agent at the time of the stroke or TIA (Class III; Level of Evidence B). (New
recommendation)

For patients with stroke or TIA attributable to severe stenosis (70%—99%) of a major intracranial artery, the
usefulness of angioplasty alone or placement of stents other than the Wingspan stent is unknown and is
considered investigational (Class IIb; Level of Evidence (). (Revised recommendation)

For patients with severe stenosis (70%—99%) of a major intracranial artery and recurrent TIA or stroke after
institution of aspirin and clopidogrel therapy, achievement of SBP (140 mm Hg, and high-intensity statin
therapy, the usefulness of angioplasty alone or placement of a Wingspan stent or other stent is unknown
and is considered investigational (Class IIb; Level of Evidence C). (New recommendation)

For patients with severe stenosis (70%—99%) of a major intracranial artery and actively progressing symptoms
after institution of aspirin and clopidogrel therapy, the usefulness of angioplasty alone or placement of a
Wingspan stent or other stents is unknown and is considered investigational (Class IIb; Level of Evidence

(O). (New recommendation)

10, For patients with stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery, EC/ IC

bypass surgery is not recommended (Class I1I; Level of Evidence B),
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tents of the manuscript may have been previously presented (not
published) [See Example Below]

Example : Portions of this work were presented in abstract
form/ in poster form as 11th Japanese & Korean Friendship
Conference on Surgery for Cerebral Stroke, Korean Society of
Cerebrovascular Surgeons, Seoul, Korea, September 14, 2012.
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(2) Abstract

An abstract, comprising a maximum of 250 words, is required
for all submissions. Only the original work should be formatted
with appropriate four headings : Objective (general or specific
goals of the study), Methods (methods used to achieve the study
goals), Results (results/findings of the study), and Conclusions
(conclusions drawn from the work). Case report, technical notes,
historical vignettes, and other manuscripts should not be sepa-
rated into these four headings. An abstract should begin with a
clear and concise statement of the paper’s purpose with sub-
sequent details that support the authors’ conclusions. If your
manuscript involves a clinical trial, please provide the registra-
tion number of the clinical trial, the name and URL of the regis-
try at the end of the Abstract (Not to be considered in the max-
imum 250 word limit).

Keywords should include 3 to 6 words or phrases to assist in-
dexing and retrieval of the submitted work. It should be based
on Medical Subject Heading (MeSH) of Index Medicus
http://www.nlm.nih.gov/mesh/MBrowser.html.

Running head also contains no more than 6 words in English.

(3) Introduction
This section clearly states the purpose of the study, concisely
discusses the rationale for the undertaking, and briefly summa-
rizes the review of the literature. Excessive details of any perti-
should be
Discussion section. Limit the use of direct quotations and ex-

nent background information reserved for the

pressions from the review of the literature.

(4) Materials and methods

Materials and Methods section should include sufficient details
of the design, objects, and methods of the article in order, as
well as the data analysis strategies and control of bias in the
study. The authors should identify any statistics software and
statistical test used to analyze the data, and provide the pro-
spectively determined p-value that was taken to indicate a sig-
nificant difference. Statistical misconduct may lead to wrong
conclusion. Therefore, when any statistical misconduct is sus-
pected, we will request raw data, which will be reviewed by spe-
cialists for statistics.

Human Studies:

With any studies involving humans, please state the following
in this section: 1) Approval of the study by the local institutional
review board (IRB) and 2) Acknowledgement of obtaining in-
formed consent. Also, please provide the registration number of
the clinical trial, the name and URL of the registry. Although
data or images identifying the study patients and/or volunteers
are generally forbidden in the manuscript, if any identifying data
or images are included in the manuscript, the authors must also
submit a signed release form, permitting publication in both print
and electronic version from the study patient/volunteer or person
authorized to give consent.

INSTRUCTIONS TO AUTHORS

Animal Studies:

Please refer to the Guide for the care and Use of Laboratory
animals (Institute for Laboratory Animal Research, National
Research Council. Washington, DC: National Academy Press,
1996) for detailed standards of conducting an animal research.
With any studies involving animals, please state in this section
that the study was performed in accordance with those standards
and the study animals were humanly treated and handled in the
study.

Our JCEN Editorial Board members reserve the right to judge
the appropriateness of all studies on humans and animals. Please
refer to Special Consideration for additional information and
guidelines for patient confidentiality and manuscript submission
of human and animal studies, Also be mindful that as a con-
dition of publication in the JCEN, the authors agree to share all
materials, methods, and data for future laboratory experiments
and clinical trials to either reproduce or verify the study.

(5) Results

This section reports on the current study’s findings in an or-
derly manner following the Methods section. The concise sum-
mary of all the significant findings should not refer to or include
any previous literature or investigations. The authors should de-
scribe logically their results of observations and analyses per-
formed using methodology given in the previous section and
provide actual data. For biometric measurements in which con-
siderable amount of stochastic variation exists a statistical treat-
ment should be used in principle. Experimental results should be
described using Arabic numbers and the SI unit system. Actual
p-values should be reported rather than threshold.

(6) Discussion
This section not only presents any major findings of the study
but also clearly and concisely details their significance.
Discussion is a reiteration of the Methods and Results sections,
but offers original insights and significance about the specific
findings in the study. The authors may wish to use subheadings

for organization and readability.

(7) Conclusions
This section restates the major findings of the study and details
any potential implications and/or applications.

(8) Acknowledgments

This section is to acknowledge those who have made con-
tribution to the study but do not qualify for authorship [Refer to
Authors and Contributors in Special Considerations for the cri-
teria for authorship]. Lab technicians, data collectors, medical
editors, and any employees from sponsoring agencies and in-
dustries are some examples used in the past. For each acknowl-
edged person, please specify the type of contribution made.
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(9) Disclosure
This section is reserved to state a potential conflict of interest
(i.e. financial, professional, personal, etc.). If no conflict of inter-
est exists or could be construed as existing, under the Disclosure
section, please state the following : “The authors report no con-
flict of interest concerning the materials or methods used in this
study or the findings specified in this paper.”

(10) References

All references should be alphabetized by the first author’s last
name. Only references cited in text must appear in the reference
list and marked in the form of superscript at the end of the sen-
tences they were used in text. The domestic reference should be
cited in English language. When a work has six or less authors,
cite the names of all authors. When a work has over six authors,
cite the first six authors’ name followed by “et al.” JCEN refer-
ence style is in accordance with the reference style of the national
Library of medicine (NLM). Please refer to http:/www.nlm.nih.
gov/citingmedicine. Abbreviations for journal titles should be
congruent with the style of Index Medicus.

When choosing references to use, consider only published and
easily accessible articles. If the references are not properly for-
matted according to the JCEN requirements, the manuscript will
be returned to the author for correction.

Please do not include the following in the References section:
* software

* equipment manuals/ drug information

* secondary citations

any unpublished data: Manuscripts or portion of the data there-
in that have been submitted to a journal, but not yet published.
This also includes electronic publication (i.e. e-pub).

The JCEN verifies the completeness and accuracy of all refer-
ences during the editing process. The authors are responsible for
all the contents of their references, and we will contact you and
request a copy of verification for all unavailable references. We
also recommend a prompt response from the authors to avoid
any delays in the publication process. We will remove all refer-
ences without verification. Authors must include in the References
section all the references cited in the text body.

Examples of references:

Journal

Coubes P, Cif L, El Fertit H, Hemm S, Vayssiere S, Picot MC
et al. Electrical stimulation of the globus pallidus internus in pa-
tients with primary generalized dystonia: long-term results. J
Neurosurg. 2004 Aug;101(2):189-94.

Authored Book
Jefferson G. The Invasive Adenomas of the Anterior Pituitary.
Springfield, IL. Charles C Thomas, 1995, p. 56-60.

Article or Chapter in an Edited Book

Bloodworth JMB Jr, Kovacs K, Horvath E. Light and electron
microscopy of pituitary tumors, in Linfoot JA (ed). Recent
Advances in the Diagnosis and Treatment of Pituitary Tumors.
New York: Raven Press, 1979. p. 141-59.

(11) Tables and figures legend

They should contain sufficient details as to be intelligible with-
out reference to the main text. Each table should be printed on
a separate sheet.

All tables must be in English and contain enough information
to be understood without referring back to the main text. Make
sure all tables are created, formatted, and edited on Microsoft
Word. Each table contains a table number, title, appropriate cita-
tions of table text, correct scientific notation (if applicable) and
description in the table legend (in alphabetical order) of all ab-
breviations and symbols used. Table footnotes should be prop-
erly indicated with superscript symbols in sequence: *, f, %, §,
II', o, **, T, ¥F. All units of measurements and concentrations
should be included.

For Literature Review Tables: All references should be listed
in the first (left) column by first author’s last name et al. (if nec-
essary), and the year of publication (i.e. Kim et al., 2012). Do
not use numbers to cite references in the table. Make sure all
references in the table are cited appropriately in the Reference
section.

For all figures, the authors must provide figure legends. They
should be in present tense and should not repeat information
found within the text. All figure legends consist of the following :
1) Type of Figure (i.e. magnetic resonance (MR) image, Northern
blot, photomicrograph, or bar graph); 2) Key Features/ Findings.
Please make sure to include the definitions of all abbreviations
and/or labels. For all photomicrographs, clearly state the staining
technique used and the original magnification (e.g. Masson tri-
chrome, original magnification X 200). For all electron micro-
graphs, include a bar with a legend indicating the distance that
bar represents (e.g. Bar = 5 pm) or a statement specifying the
original magnification. Place the figure legends at the end of the
manuscript following the Reference section.

(12) Open Researcher and Contributor ID (ORCID)

“ORCID is an open, non-profit, community-driven effort to
create and maintain a registry of unique researcher identifiers
and a transparent method of linking research activities and out-
puts to these identifiers.” ORCID gives to you a persistent digi-
tal identifier which distinguishes from other researchers. Your
work is recognized through integration in key research workflows.
And application programming interfaces (APIs) which support
system-to-system communication and authentication make auto-
matically linked with your manuscripts. You can easily get
ORCID ID. http://www.orcid.org. If you want more information
about ORCID, please visit as below. http://orcid.org/about.
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3) Case Reports

The case reports, presenting on 5 cases or fewer, are organized
in the following order : Title page (the first page), Abstract,
Introduction, Description of Cases, Discussion, Conclusions,
References, Tables, and Figures or Illustrations. If necessary, sub-
headings for the Case Report(s) section (i.e. History, Examination,
Operation, Pathological Findings, and Postoperative Course) can
be used. Apply all aforementioned submission and formatting re-
quirements in preparation for submission.

4) Other Types

There is no word limit for these types of articles. If appro-
priate, Abstract, Introduction, and Methods sections should be in-
cluded along with any additional sections. All aforementioned
submission and formatting requirements apply.

5. FIGURES AND ILLUSTRAIONS

We strongly encourage the authors to provide publication-qual-
ity, high-resolution images to ensure the highest-quality re-
production of the figures in the JCEN. However, we are not re-
sponsible for the quality of images in print if the submitted fig-
ures do not satisfy the JCEN’ recommendation/ requirements. If
you have questions, please consult a graphics specialist.

1) File Requirements

Photographs should be submitted individually (Namely, if
Figure 1 is divided into A, B, C and D, do not combine them
into one, but submit each of them separately). If the quality of
the photographs is considered as inappropriate for printing, re-
submission of them can be requested by the journal. Authors
should submit figures in black and white if they want them to
be printed in black and white. Authors are responsible for any
additional costs of producing color figures. The description of
each figure should be stated separately and attached to the end
of the article text.

Submitted as a separate file, each figure must be saved with an
appropriate figure number as the file name (i.e. Fig. 1A jpg). If
the figure contains more than one part, authors should combine
them in the correct orientation, and for all figures containing more
than 2 parts, please designate appropriate letters to figure parts.

2) Resolution
For JCEN submission, publication-quality figures should be at
the following resolutions:

Line Art (Image composed of lines and text without tonal
or shaded areas): 1200 dpi

Halftones (A continuous tone photograph, which contains on
text): 300 dpi

Combo (Image contains halftone+ text or line art elements)
1 600 dpi

PMC: 500 dpi

INSTRUCTIONS TO AUTHORS

3) Color Mode
The JCEN requires the RGB color mode for all color files.

4) Fonts

The authors are responsible for all spelling error in the figures.
Please check all figures for spelling errors before submission. If
we detect a spelling error that cannot be corrected, we will re-
turn the figure to the authors for correction. We recommend a
prompt response from the authors to avoid any delays in the
publication process.

5) Photographs

The JCEN requires omission of all identity revealing in-
formation in photographs of all study participants (patients or
healthy volunteers). For all submissions with photographs lead-
ing to identification of the participants, the authors must obtain
the patient consent form. If the participant is younger than 20
years of age, infirm, or dead, an authorized guardian must sign
the form. See Studies Involving Humans in Special Considerations
for more information. We request that the authors either fax or
email the signed consent forms to the Editorial Office, or upload
with the submission files.

6) Electron Micrographs and Photomicrographs

For submission with electron micrographs, please provide
measurement bars indicating the original magnification and with
photomicrographs, please include a legend stating the original
magnification and the type of staining method used.

6. ADDITIONAL FORMS FOR SUBMISSION

The authors must submit ‘Registration and Copyright Assignment
Agreement Form’ (Download at http://the-jcen.org) and ‘ICMIJE
Form for Disclosure of Potential Conflicts of Interest’ (Download
at http://www.icmje.org/coi_disclosure.pdf). The authors can up-
load these completed and signed forms during submission. For all
missing documentations, the authors will be contacted by the
JCEN Editorial Board. Therefore, it is important for the corre-
sponding author to verify his/her email, as well as the contact in-
formation of all of the coauthors. If an author is deceased prior
to publication of the manuscript, we require that next of kin com-
plete and sign ‘Registration and Copyright Assignment Agreement
Form’ and ‘ICMJE Form for Disclosure of Potential Conflicts of
Interest” on behalf of the deceased author.

7. ACCEPTED MANUSCRIPTS

After the manuscript has been accepted for publication, the
corresponding author must be available to respond to questions
that may arise during editing and composition. Therefore, it is
important for the corresponding author to confirm his/her email
address before submission and to check emails regularly. If there
are changes to in your email address or phone and fax numbers,
notify the Editorial Office promptly.
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1) Page Proofs/ Electronic Proofs

The JCEN will send page proofs in a PDF file to authors for
review and correction. Please note that corrections or approval of
the proofs must be returned by email within 72 hours of receipt
because we cannot guarantee the inclusion of the corrections past
the 72-hour deadline. Since the JCEN policy is that all submitted
manuscript is edited to comply with JCEN style, stylistic
changes cannot be made at this time. Moreover, we may require
an additional review, delaying publication of manuscript if the
author wishes to make last-minute rewrites or substantial alter-
ations to the Results and Conclusions sections.

2) Reprints

The reprint order form is available on the JCEN homepage.
Authors will have access to this form when we send an email no-
tification for accessing their page proofs. Please note that the
JCEN Editorial Office does not accept reprint orders; all inquiries
regarding reprints should be directed to Hyun-Sook Lee at IB
Planning (Tel: 82-2-2274-9275; E-mail: ib9275@ibmed.co.kr).

3) Publication Charge
As of 2013, the publication fee is US$100. This is subjected
to change according to the society’s financial situation.

4) Charge for Printing Color Figures

The JCEN does not charge for black and white figures in the
print version of the paper or for inclusion of color figures in the
online version.

However, for all authors regardless of membership, color printing
fee is US$25.00 for the first and second page and US$20.00 for
each additional page. If the author wishes to include color figures
in the print version of the paper, please contact Hyun-Sook Lee at
IB Planning (Tel: 82-2-2274-9275; E-mail: ib9275@jibmed.co.kr).

8. SPECIAL CONSIDERATIONS

1) Authors and Contributors
(1) Authorship
The JCEN agrees with the International Committee of Medical
Journal Editors (ICMJE) that authorship should reflect all 3 of
the following criteria:
* Substantial contributions to conception and design, or acquis-
ition of data, or analysis and interpretation of data
* Drafting the article or revising it critically for important in-
tellectual content
» Final approval of the version to be published (Uniform
Requirements for Manuscripts Submitted to Biomedical
Journals: Writing and Editing for Biomedical Publication at
http://www.icmje.org.)
Please obtain completed and signed copy of the Copyright
Assignment forms for all listed authors to acknowledge their
contributions to the paper.

For all the manuscripts under peer review or during manuscript
production, all authors must approve in writing to add or remove
an author’s name and to change the listed order of the authors.
The manuscript should also note any authors deceased at the
time of submission, and the corresponding author is responsible
for obtaining a completed Copyright Assignment and Conflict of
Interest forms from the person who inherited copyright on the
decreased author’s behalf. Please refrain from excessive authorship.

Addition or removal of an author’s name during peer review
or manuscript production must be approved in writing by all
authors. Any change in the order of authors listed should also
be approved in this manner. If an author is deceased at the time
of submission, this should be noted and the person who inherited
copyright (usually the author’s next of kin) should complete the
Copyright Assignment and Conflict of Interest forms on the de-
ceased author’s behalf. Excessive authorship is not viewed favor-
ably by the Editor-in-Chief or the Editorial Board members.

(2) Group authorship

If the submitted manuscript is a large-sized study (e.g. multi-
site or multinational clinical trials) with numerous researchers
and clinicians, each group should designate one or two inves-
tigators who will be responsible for the contents of the manu-
script to partake in writing the manuscript. All authors selected
from a group should meet the three criteria for authorship and
sign the Copyright assessment form. If the listed author repre-
sents a study group, the submitted manuscript should include the
phrase “on behalf of the [name of the study group]” next to the
author’s name. Please include in the Appendix section all re-
searchers and clinicians involved in the study under appropriate
the affiliated group.

(3) Authors of manuscripts on clinical trials

Please include all pertinent data and information related to the
clinical trials in the manuscript.

If any of the authors in the submitted manuscript is sponsored
by manufacturers of either drugs or surgical devices, please in-
clude the submission letter stating total access to all data and da-
ta analysis was given and no influence or bias from this sponsor-
ship occurred.

(4) Corresponding author

The corresponding author is responsible for representing all
authors listed in the manuscript, for the integrity of the study
and submitted manuscript, and future correspondences with
JCEN Editor-in-Chief and Editors. It is critical that during the
peer-review process, the corresponding author communicates any
suggested revisions by JCEN to all authors of the study. Once
the manuscript is accepted and is in the editing and revision
process, JCEN will chiefly contact the corresponding author for
all inquiries and approval. JCEN Editorial Office communicates
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via email so please make sure the most accurate and updated
email address of the corresponding author is given at the time
of submission.

(5) Other contributors
For all contributors that do not meet the three criteria for au-
thorship should be mentioned in the Acknowledgments section.
The corresponding author is responsible for obtaining and keeping
all written permissions from contributors in the Acknowledgments
section.

2) Originality of Work and Attribution to Other Works Quoted
or Paraphrased

JCEN allows authors to submit studies that have been pub-
lished in a brief abstract or presented at a scientific meeting or
in a webcast. However, we strongly encourage submission of
work that has not been previously published in whole or in part.
Please avoid submission of work that is built upon work done
in a previous project or is a duplicate publication (publication of
material that substantially overlaps material already published in
print or electronically). If any part of the manuscript is a duplicate
publication, the authors must notify the JCEN Editor-in-Chief at
the time of submission and upload a copy of the previous work
at the time of submission or at the request of the reviewers.

All paraphrases and quotes (less than 200 words) from other
studies must be referenced in the Reference section of the paper.
If the authors wish to include a long quote (more than 200
words), please obtain permission from the copyright owner. In
any cases, please avoid copyright infringement.

3) Suspicion of Scientific Misconduct

For all suspected or alleged scientific misconduct, JCEN re-
serves the right to forward that manuscript to an appropriate au-
thority (such as the authors’ institution[s] or the study’s funding
agencyl[ies]) for investigation. If scientific misconduct is proven,
JCEN reserves the right to retract the published article.

4) Sharing of Resources and Data

Authors must agree to share the methods and materials neces-
sary to reproduce laboratory experiments and clinical trials, to
verify and build on the findings of the studies, to use in academ-
ic and noncommercial research as a condition of publication.

(1) Methods
This section includes sufficient details of the methods used in
the study for repetition by qualified investigators. While it is ap-
propriate to refer to previous works with similar materials and
methods, this section should include enough information for the
reader to understand methods used to achieve the study goals
without referring to other authors’ works.

For methods that have been previously published in another ar-

INSTRUCTIONS TO AUTHORS

ticle or book, please cite that publication along with a brief de-
scription of the methods provided in the manuscript. This brief
description should contain enough information for the reader to
understand the methods used. For extra information that would
beneficial for replication of this study should be made available
for use by other researchers via an accessible database, personal/
professional website, email, or other means.

(2) Materials
For academic and noncommercial research purposes, the au-
thors are expected to freely share materials generated in their
laboratories, such as cell lines, reagents, and other items that are
not readily available. For all materials, the authors are expected
to identify the source/ provider of the materials.

(3) Data

For academic and noncommercial research purposes, the au-
thors must make their data (i.e. high-resolution structural data
and nucleotide sequences) available insofar as possible.

For all clinical trials and studies involving microarrays, regis-
tration is required. The registry name and number must be speci-
fied in the manuscript and in the appropriate place in the manu-
script submission site. See Studies Involving Humans for addi-
tional information.

5) Studies Involving Humans

All submitted manuscripts to JCEN involving patients or
healthy volunteers must adhere to the principles set forth in the
World Medical Association Declaration of Helsinki

(http://www.wma.net/en/30publications/10policies/b3/ind-
ex.html). Please include in the Methods section that the protocol
followed adheres to these principles.

(1) IRB approval
Please include in the Methods section a statement showing that
the relevant institutional review board (IRB) or ethics committee
approved the study protocol. At the time of submission, the hu-
man subjects’ assurance number or equivalent identifier is
required.

(2) Informed consent
Please include in the Methods section a statement showing that
informed consent was obtained from the study participant
(patient or healthy volunteer) or, in the case of an underage
(younger than 20 years of age) or incapacitated participant, from
the person authorized to give consent (i.e. the legal guardian or
next of kin).

(3) Clinical trials
In accordance with ICMIJE, all interventional clinical trials (A
prospective study involving at least 1 treatment group and 1
comparison group receiving another treatment or no treatment)
should be registered. Please include the registration number of
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the clinical trial and the name and URL of the registry in the
Methods section of the manuscript and at the end of the Abstract.
JCEN cannot accept manuscripts for review for unregistered clinical
trials before patient enrollment. Please refer to the World Health
Organization (http:/www.icmje.org/update MayO0S.html#tablel) to pro-
vide the minimal registration data set. All specific sources of
funding for the clinical trial should be clearly stated in their
manuscripts. For report on randomized trial results, please refer
to the Revised CONSORT Statement and follow the design of
the CONSORT flow chart and the checklist of items to include
(http://www.consort-statement.org/consort-statement/).

6) Confidentiality of Patient Identity

The use of personal information in JCEN journals must be
comply with the Personal Information Protection Act, available
online at www.law.go.kr

(1) Names and identifiers

All patients and healthy volunteers must remain anonymous
(See ‘Exceptions’). Any names, initials, dates of birth, resident
registration numbers, or other coding numbers revealing the
reader to patients’ or healthy volunteers’ identity should not be
included in the manuscript’s text, figures, and tables and in any
supplementary materials. The JCEN requires specific dates of
hospital stay to be excluded, but allows month and year showing
the time course of a disease or treatment.

(2) Photographs, imaging studies

All photograph or imaging data revealing the identity of all
study participants (patients or healthy volunteers) must be
excluded. For preserving patient confidentiality, it is not suffi-
cient to use photographs that only mask out their eyes. The gen-
eral rule of thumb is that the study participants viewing photo-
graphs for submission should not be able to readily identify
themselves. All patient/volunteer names, identifying numbers,
and dates of imaging studies must be excluded.

(3) Pedigrees
When submitting pedigrees to the JCEN, the authors are re-
quired to conceal the identity of the patients and their family
members. Preserving the scientific integrity of the report, the au-
thors may report less specific data for protection of patient
confidentiality. Please state omission of identifiable information
for patient confidentiality in the manuscript.

(4) Exceptions - use of identifiers
For all manuscripts containing recognizable images or other
identifiable data, the JCEN require the authors to obtain a writ-
ten approval of publication (in print and electronic forms) of
identifiable information from the study participant or, in the case
of participants younger than 20 years of age or incapacitated/ de-
ceased, the authors may obtain the written approval of publication

from the legal guardian or next of kin, respectively.

7) Studies Involving Animals

The JCEN requires all studies involving animals follow the
Guide for the Care and Use of Laboratory Animals (Institute for
Laboratory Animal Research, National Research Council.
Washington, DC : National Academy Press, 1996 (http://www.nap.
edu/openbook.php?record_id=5140) and adhere to the Animal
Protection Act, Clinical Trial Animals Act, Enforcement Decree
of Clinical Trial Animals Act, Enforcement Rule of Clinical
Trial Animals Act, and other federal, state/province, and local
laws and regulations. In the Methods section of the manuscript,
please provide the number of animals were used, brief descrip-
tion of their living conditions (i.e. housing, food and treatment
protocol), type and amount of sedation- or anesthesia-inducing
agent used, and if applicable, the sacrifice protocol. The JCEN
expects all animal studies receive the approval of the local in-
stitutional animal care and use committee (IACUC) or equivalent
for IACUC approval number or equivalent must be entered dur-
ing the JCEN manuscript submission.

8) Other Considerations
(1) Studies involving microarrays
Please adhere to MIAME (minimum information about micro-
array experiment) standards (http://www.mged.org/Workgroups/
MIAME/miame.html) for conducting microarray studies. Please
ensure that the accession numbers and repository names are in-
cluded in the manuscript.

(2) Studies involving high-resolution structural data and nu-
cleotide sequences
The authors are expected to use accessible databases (i.e. the
Protein Data Bank (http://www.rcsb.org/pdb/home/home.do), data-
base members of the International Nucleotide Sequence Database
Collaboration (GenBank, the European Molecular Biology
Laboratory [EMBL], and the DNA DataBank of Japan [DDBJ];
http://www.insdc.org/) to design and conduct studies involving
high-resolution structural Data and nucleotide sequences. Please
ensure that the accession numbers and repository names are in-
cluded in the manuscript.

(3) Studies involving embryonic human stem cells
The JCEN also accepts studies involving embryonic human
stem cells for publication if the conducted studies satisfy the ap-
plicable national, state/province, and local laws and regulations.
Please provide a statement in the Methods section of the manu-
script expressing adherence to such laws and regulations.

(4) Studies involving recombinant DNA
Please refer to the Guidelines for Research Involving
Recombinant DNA Molecules issued from the US National
Institutes of Health (http://grants.nih.gov/grants/guide/notice-files/
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NOT -OD-02-052.html). The authors also should ensure that all
local laws and regulations are met. In the Methods section of the
manuscript, statements, showing that the study protocols satisfy
these principles and regulations are required.

(5) Systematic reviews and meta-analyses
Please review the PRISMA Statement (http://www.prismastate
ment.org/statement.htm) before submission.

INSTRUCTIONS TO AUTHORS

9. DISCLAIMER

For all articles published in print in the JCEN journals and on-
line at http://the-jcen.org, the JCEN and Editors are not held re-
sponsible for the views and opinions expressed by the individual
authors. All advertisements in the publication are not for en-
dorsement of products. Once the authors submit manuscript to
the JCEN for review, they are consenting to the JCEN’ rights to
check for plagiarism and upon any detected infractions, to take
appropriate actions at our discretion.
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