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Department of Interventional Neuroradiology, Hospital Clinico
Universitario de Valladolid, Spain

Dr.Mario Martinez-Galdamez graduated in Medicine and Surgery in 2004 from the Complutense University
of Madrid. He trained as a Radiology Specialist the Puerta de Hierro Hospital, Universidad Auténoma de
Madrid, with trainingin Interventional Neuroradiology between 2004 and 2009. He obtained the American
certification by the “Educational Commission of Foreign Medical graduates” (ECFMG) in 2013. He is Head
of the Neuroradiology Unit at the Valladolid Clinical Hospital from 2012 implementing endovascular care
of the Stroke Code, and Radiology Chairman at Hospital La Luz QuironSalud in Madrid. From a research
and teaching point of view, he is the author of more than 60 articles in national and international scientific
journals and has beenaregular principal investigator of clinical trials since 2007.He has made more than 100
presentations in national and international congresses, being also a regular reviewer of the main national
and international journals of the speciality. He is member of the main national and international medical
societies, member of the Evaluation Committee Madrid-MIT M+Vision Consortium and has completed his
executive leadership training at ESADE Business school. Since 2018, he has been recognized as “Fellow of
the European Board of Neurointervention” and currently serving as Chair of the “Ad-hoc Skills Training
Committee” at ESMINT.
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Vincent Costalat

Department of Neuro-Vascular Unit, CHU Montpellier -
Hopital Gui de Chauliac, France

[Education]

1997 First Cycle medical studies Exam, University of Medicine(Montpellier)
2007 Medical Doctor Diploma, University of Medicine(Montpellier)

2011 Ph.D, University of Medicine(Montpellier)

[Professional Experience]

2008 -2011 Senior Registrar, CHU Montpellier

2011-2014 Hospital practitioner, CHU Montpellier

2014 - Present  Hospital practitioner and Professor of university, CHU Montpellier
2016 - Present  Head of Neuroradiology Department, CHU Montpellier
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fusion technique for delivery of microcatheter into the targeted
shunt pouch of dural arteriovenous fistulas
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thrombectomy for acute ischemic stroke: propensity score
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Free paper |. Aneurysm

Association of the aortic arch calcification on chest X-ray
with procedural thromboembolism after coil embolization
of cerebral aneurysm

Seung Hwan Kim, Taek Min Nam, Ji Hwan Jang

Department of Neurosurgery, Samsung Changwon Hospital

Objective: Procedural thromboembolism after coil embolization of cerebral aneurysms can occur due
to fragmented atherosclerotic plagues in the aortic arch. The purpose of this study was to investigate
the relationship between aortic arch calcification (AoAC), observed using preoperative chest X-ray, and

procedural thromboembolism after coil embolization of cerebral aneurysms.

Methods: From January 2019 to December 2020, 66 patients underwent coil embolization of ce-
rebral aneurysms at our hospital. AoAC was assessed based on the presence of calcification using a
preoperative chest X-ray. Procedural thromboembolism was defined as a new positive lesion on diffu-
sion-weighted imaging within 7 days after the procedure.

Result: Procedural thromboembolism occurred in 34 (51.5%) patients. It was associated with AoAC
(calcification [52.9%] vs. no calcification [6.3%], p < 0.001), aneurysm type (aneurysm with incorpo-
rated branches [63.9%] vs. sidewall aneurysm [36.7%], p=0.047), and longer procedural time (100.2 +
34.1 minvs. 79.7 £ 24.9 min, p=0.007). On multivariable logistic regression analysis, AoAC (adjusted
odds ratio [OR]: 23.566, adjusted 95% confidence interval [Cl]: 3.921-141.654, p=0.001) and aneu-
rysm type (adjusted OR: 5.501, adjusted 95% Cl: 1.455-20.799, p=0.012) were independent risk fac-
tors for procedural thromboembolism.

Conclusion: AoAC on preoperative chest X-ray seemed to be associated with a significant increase in
the procedural thromboembolism rate. Our study suggested that procedural thromboembolism after
coil embolization of cerebral aneurysms might result majorly from the fragmented atherosclerotic
plagues in the aortic arch, and preoperative chest X-ray could be a useful tool to predict the risk of pro-

cedural thromboembolism.

www.konesonline.orkr 17
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Endovascular treatment of 1253 middle cerebral artery
aneurysms

Hyun-Seung Kang, Kang Min Kim, Sung Ho Lee, Won Sang Cho, Dong Hyun Yoo, Young
Dae Cho, Jeoung Eun Kim

Department of Neurosurgery, Seoul National University Hospital

Objective: The middle cerebral artery (MCA) is one of principal sites of intracranial aneurysms, where
open surgical treatment and endovascular treatment are available. We aimed to study on the outcomes
of endovascular treatment in patients with MCA aneurysms, including both ruptured and unruptured,

in asingle tertiary referral hospital.

Methods: During the period from December 1997 to June 2021, 1253 MCA aneurysms were treated
with endovascular means, including 134 ruptured (10.7%) and 1119 unruptured aneurysms (89.3%).
450 aneurysms (35.9%) were treated in the setting of multiple aneurysms which were treated in the
same treatment session. Among the patients with ruptured MCA aneurysms, Hunt and Hess grades
were Grade |in 7, Grade Il in 68, Grade Il in 38, Grade IVin 19, and Grade V in 2.

Result: Various technical treatment methods were used including double microcatheter technique and
microcatheter protection technique. Stent assistance were required in 337 aneurysms (26.9%) and
sole stenting was used in 5 among them. Balloon remodeling was used in 12. Trapping or segmental oc-
clusion was used in 14 with or without bypass.

Procedure-related events occurred 29.3% (annual range, O to 66.7%) in ruptured aneurysms and 6.0%
(annual range, O to 16.0%) in unruptured aneurysms (P<0.00001). Among patients with ruptured MCA
aneurysms, good recovery was achieved in 100% in Grade | patients, 93% in Grade Il, 71% in Grade

[11, 53% in Grade IV, and 0% in Grade V. Among patients with unruptured aneurysms, excellent clini-

cal outcome could be achieved in 99% of patients. One patient with giant MCA aneurysms died after
stent-assisted coiling. Among cases where adequate follow-up imaging was available 6 months or more
after treatment (n=1015), stable aneurysm occlusion was maintained in 89.0% and major recurrence
and/or retreatment occurred in 5.1%.

Conclusion: With proper case selection, endovascular treatment could achieve excellent clinical out-
come with an acceptable retreatment rate for patients with unruptured MCA aneurysms. Stricter case
selectionis required in patients with ruptured MCA aneurysms.
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Free paper |. Aneurysm

Comparison of prognosis between stent assisted coil
embolization and non-stent assisted coil embolization in
SAH patient with vasospasm

Jae Won Park

Department of Neurosurgery, Cheonan Chungmu Hospital

Objective: From March to October 2021, 32 coil embolization was performed. Among them, symp-
tomatic vasospasm requiring pharmacologic angioplasty occurred in 5 cases, and when the prognosis
was analyzed, it was considered that there was a difference between stent assisted coil embolization

and non-stent coil embolization.

Methods: Due to the risk of using a dual antiplatelet in the treatment of SAH caused by ruptured aneu-
rysm, it is a general trend that stent insertion gives psychological resistance to neurosurgeons. Remote
site ICH is fatal while using anti platelet agent. Vasospasm management did not artificially lower MAP
to maintain CPP, and angioplasty using nimodipine was performed when neurologic symptoms oc-
curred. Among the 5 cases, 4 patients underwent non stent coil embolization and 1 patient underwent
stent assisted coil embolization. The prognosis was recorded in 2 patients with mRS 6, 1 with mRS 2,
and 2 with mRS O.

Result: Case 1 patient was treated with non stent coil embolization with Ruptured PcoA an. and Rt.
Case 2 patient underwent non stent coil embolization with ruptured ICA bifurcation an., Rt. and an-
gioplasty 3 times. mRS O was recorded. In Case 3, stent assisted coil embolizatoin was performed with
Ruptured PcoA An., Rt., and angioplasty was performed twice, and the current prognosis was recorded
as mRS 2. Case 4 patient underwent non-stent coil embolization with ruptured DACA An., Rt. and an-
gioplasty 6 times, but died. Case 5 patient underwent non stent coil embolization with ruptured PcoA
an., Rt. and angioplasty twice, but died.

Conclusion: There is no reason to avoid using stents in the treatment of young age, ACA aneurysm,
and ruptured aneurysm patients with high Fisher grade.

www.konesonline.orkr 19
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Avatar, the digital twin : application in neuroendovascular
surgery

Wonki Yoon

Department of Neurosurgery, Guro Hospital, Korea University

Objective: The complexity of cerebro-vasculature anatomy frequently makes it difficult to understand
what is happening during endovascular treatment in spite of technological development of angiography
machine.

Methods: The procedure completely depends on and follow the guide of the images displayed on the
2-dimensional (2-D) high-end flat monitor. Vessels and the target lesion hide and overlap each other.
These features diminish the surgeon’s confidence about the safety and procedural success. 3-dimen-

sional (3-D) images are also helpful but they are limited on the 2-D screen.

Result: Mixed reality is a new technology as a combination of virtual reality and augmented reality. Ho-
lographic 3-D vascular avatar, the digital twin vascular model is loaded on the transparent visor and it

looks like real 3-D model in front of human eyes with the real world.

Conclusion: Here, a case series of coil embolization of unruptured intracranial aneurysms performed
with aid of holographic mixed reality is presented. The merits of application of mixed reality would be
briefly discussed.
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Morphological and clinical risk factors for the rupture of
posterior communicating artery aneurysms: significance
of fetal-type posterior cerebral artery

Ahmed Alsanbari, Yong Sam Shin, Jai Ho Choi
Department of Neurosurgery, Seoul St Mary's Hospital, The Catholic University of Korea

Obijective: Posterior communicating artery (PcomA) aneurysm can be classified into sidewall or bifur-
cation types based on the anatomical variation of fetal-type posterior cerebral artery (fPCA). The aim
of this study was to investigate the significance of fPCA as an independent risk factor for the rupture of
PcomA aneurysm and to evaluate other associated morphological and clinical risk factors.

Methods: \We retrospectively reviewed clinical and radiological findings of 255 patients with PcomA
aneurysms, which were treated in a single tertiary institute between January 2009 and December
2016. Univariate and multivariate analyses were performed to evaluate the associations between mor-
phological and clinical variables and rupture status. Subgroup analysis was also performed based on
the aneurysms with and without fPCA.

Result: Fifty-five out of 255 PcomA aneurysms (21.6%) were associated with fPCA. Multivariate lo-
gistic regression analysis showed that the superior direction of aneurysm dome (OR 9.106, p=0.007),
the presence of a bleb (OR 4.780, p<0.001), a high aspect ratio (OR 1.878, p=0.045), and fPCA (2.101,
p=0.040) were significantly associated with PcomA aneurysm rupture. In the fPCA group, only the
presence of a bleb varied significantly between ruptured and unruptured PcomA aneurysms. However,
in the non-fPCA group, larger aneurysms, the superior direction of dome, the presence of a bleb, and a
high aspect and dome-to-neck ratio were significantly higher in the ruptured aneurysm group than in

the unruptured aneurysm group.

Conclusion: The results demonstrate that fPCA may be an independent risk factor for rupture, espe-

cially together with the presence of a bleb.
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Evaluation of stent apposition in the LVIS Blue stent-
assisted coiling of distal internal carotid artery aneurysms:
correlation with clinical and angiographic outcomes

Min-Yong Kwon, Young San Ko, Sae Min Kwon, Chang-Hyun Kim, Chang-Young Lee

Department of Neurosurgery, Keimyung University Dongsan Hospital

Objective: To evaluate the stent apposition of the LVIS Blue in distal internal carotid artery (ICA) an-
eurysms, examine its correlation with clinical and angiographic outcomes, and determine the predictive

factors of ischemic adverse events (IAE) related to stent-assisted coiling.

Methods: We retrospectively analyzed a prospectively maintained database of 183 consecutive patients
between January 2017 and February 2020. The carotid siphon from cavernous ICA to ICA terminus was
divided into posterior, anterior, and superior bends. The anterior bends were categorized into angled (V)
and non-angled types (C, U, and S) depending on morphology and measured angles. Complete (CSA) and
incomplete stent apposition (ISA) were evaluated using unsubtracted angiography and flat-panel detec-
tor computed tomography. Dual antiplatelet therapy (aspirin 200mg and clopidogrel 75mg) was admin-
istered. Clopidogrel resistance was defined as less-responder (>10%, <40%) and non-responder (<10%)
based on the percentage inhibition (%INH) of the VerifyNow system. IAE included intraoperative in-stent
thrombosis, transient ischemic attack, cerebral infarction, and delayed in-stent stenosis. Multivariate lo-

gistic regression analysis was used to determine the predictive factors of ISA and IAE.

Result: There were 33 ISAs (18.0%) and 27 IAEs (14.8%). The anterior bend angle was narrower in
ISA (-4.16+25.18°) than in CSA (23.52+23.13°) (p<0.001). The V- and S-type were independently cor-
related with ISA (p<0.001). However, treatment outcomes including IAE (15.3% vs 12.1%), aneurysmal
complete occlusion (91.3% vs 88.6%), and recanalization (none of them) did not differ between CSA
and ISA (p>0.05). The %INH of 27 |AEs (13.78+14.78%) was significantly lower than that of 156 non-
IAEs (26.82+20.23%) (p<0.001). The non-responder for clopidogrel was rather the only significant
predictive factors for IAE (p=0.001).

Conclusion: The angled and tortuous anatomical peculiarity of carotid siphon caused ISA of the LVIS
device, however it did not affect clinical and angiographic outcomes, while the non-responder for clopi-
dogrel affected the IAE related to stent-assisted coiling.
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Mass effect after using a flow diverter for symptomatic
unruptured large and giant cavernous or paraclinoid
internal carotid artery aneurysms

Jung Cheol Park, Gung Ju Kim, Eun Ji Moon, Won Hyoung Park, Joon Ho Byun, Deok Hee
Lee, Jae Sung Ahn

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

Objective: Mass effect associated with large or giant intracranial aneurysms is one of the problems for
traditional endovascular treatments. The flow diverter (FD) is a new device that avoids the need for
dense coiling. This study was performed to investigate whether use of FDs can relieve the aneurysmal

mass effect caused by aneurysmal compressional symptoms.

Methods: We retrospectively evaluated patients with compressional symptoms caused by unruptured
aneurysms who underwent endovascular treatment with an FD at our center from January 2014 to

June 2021. Follow-up neurological examinations were performed to observe variations of symptoms.

Result: In total, 46 patients with 46 large or giant cavernous (n=35) and paraclinoid (n=11) aneurysms
were treated by FDs during the periods. Among 46 patients, technical success of FD placement was
achieved in 45 patients. Initial presentation of compressional symptoms was observed in 22 patients
(5 visual field defect, 15 diplopia with/without ptosis, 2 facial hypesthesia). All 45 patients underwent
the last clinical follow-up at least 6months. Regarding compressional symptoms of optic compression,
3 (60.0%) patients showed improvement, 2 were fully recovered, and 1 showed incomplete improve-
ment. However, two (40.0%) patients showed no change, and one showed newly developed worsening
symptoms without preoperative visual symptom. Of these 15 patients with diplopia, the improvement
of symptoms showed in 9 (60.0%), no significant change in 4 (26.67%) and aggravation of the symp-
toms in one. The two patients with facial sensory change were all showed improvement of symptoms.
The size of the aneurysm, a duration of symptoms, association with partial thrombosis and recanalized
growing after first coil embolization might contribute to unfavorable outcomes of mass effect-related

symptoms.

Conclusion: Use of the FD in large of giant aneurysms might help to alleviate the compressional symp-

toms caused by intracranial aneurysms.
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Results of double Low-Profile Visualized Intraluminal
Support (LVIS) Blue stenting for treatment of fusiform
cerebral aneurysms

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

Department of Neurosurgery, Seoul National University Bundang Hospital

Objective: The Flow diversion technique is increasingly used for reconstructive endovascular treat-
ment of fusiform cerebral aneurysms. In the computational fluid dynamics, the double Low-profile Vi-
sualized Intraluminal Support (LVIS) Blue stenting resulted in a better flow diverting effect than a single
flow diverter. The aim of this study was to describe the clinical and angiographic outcomes of LVIS Blue

double stenting for fusiform cerebral aneurysms.

Methods: Between March 2016 and July 2020, the double LVIS Blue stenting was attempted in 25
fusiform cerebral aneurysms. The patient’s medical records and radiological images were carefully re-

viewed.

Result: The technical success rate was 100% (25/25). Six aneurysms (24.0%) were located in the ante-
rior circulation and 19 aneurysms (76.0%) were in the posterior circulation. Intraprocedural thrombo-
embolic complications occurred in 1 patient (4.0%). During the follow-up period (26.1 + 14.8 months),
there were no deaths and delayed complications. The mean angiographic follow-up duration was 24.8 +
13.3 months. The final follow-up complete occlusion rates were 88.0%. One (4.0%) patient experienced
continued filling of the aneurysm required retreatment. There was no significant in-stent stenosis and

branch occlusion covered by stents.

Conclusion: The double LVIS Blue stenting technique is a feasible and relatively safe endovascular

treatment for fusiform cerebral aneurysms. Further study in a larger population may be warranted.
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. Geographically clearly defined
area in a hospital,

. where stroke patients are
admitted and

. cared for by a multi-professional
team (medical, nursing, and
therapy staff)

™ A P e
Stroke unit; 2%, Z&st o1t
* Consistent, clear lowering mortality in acute stroke patients

German's study
ecular trend of post-stroke mortality

Table3, oty t Desgrtee Sote Certer andNonspaed Hosldls
fi (%)

|
Desgated ol | Nondesinte

d | Adwedlotaly P
= Carer 1= 157) | Hosptal=156%0) | Ofference (5 C° Ve
1 npg 1809 30 W
- 1 ik} B84 -3 il

R 1 | 25 i
" o W | wem) | Hdes o

JAMA 2011 (4): 373-380, 1S 2013, 9(3)-260-265

- HEZ K2 W] 3%

H * tPAuse: 3.8% - 10.1%
Stroke unit e384
+ Time to treatment: 171.7 - 145.7 minutes
* Regional system 2 &}

e Regonl PrnayStoleCener P<001

P=009 et

Patients, %

4 } %, Patients treated with tPA

March2010to March 2011 to March 2012 to
February 2011 February 2012 December 2012

JAMA Neurol. 2013;70(9):1126-1132. doi:10.1001/amaneurol 2013.293

— Regional triage system: Routing to PSC —
+ Structural transformation
\ M v Al Stroke Center 29| by routing
£ | P ¢ protocolsO HEE = 213
R RN SRR B2 HOEoR 4 1s%in

~" 4 i§ ;‘ 4 ,"_.;'. ’ 2000 - 53% of the US population
N = i A A by the end of 2010)

Y

Regional care system: Triage to Right hospitals

Stroke. 2012:43:1975-1978.. Stroke. 2016:47:1381-1384, Stroke. 2019:50:¢187-e210.

Access to Endovascular Capable Facilities
via Ambulance or Helicopter

Organized hospital system

Policy state, Recommendation

+ All levels of stroke centers should
work within their region in an
integrated fashion, providing and

sharing best practice. (New)

Stroke. 2012:43:1975-1978., Stroke. 2016:47:1381-1384, Stroke. 2019:50-¢187-6210.
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‘Recommendations for the Establishment of Stroke Systems
of Cae A 2019 Updte
A Plcy Staesent From the American Sreke Association

4. Stroke. 2019:50:¢187-6210. Presse Med. 2016: 45: 8399-e408, Stroke. 2016:47:1381-1384

Aim of stroke care system

+ All patients with acute stroke, potentially eligible for acute-
specific treatment, should be transferred to hospitals with

adequate capacity and expertise to administer such treatment.

—®

“
i

—®
u

o —®
m
—®

i

+ To ensure the effective delivery of
Thrombectomy by qualified

providers in the right hospital.

|+ Hub-and-spoke system

* Hub: EVTS2] advanced
treatment

* Spoke: tPA S MO K| EF X E
+ Relied on physician-physician
evaluation and communication

rather than a specific set of
triage criteria.

Stroke. 2013;44:2961-2984.

Stroke network in Catalonia
~7.5 million inhabitants

(13
(] o

Stroke. 2016:47:1381-1384

Issue 1. location, regional disparity and care system

+ Initially transferred to the nearest Stroke Center, regardless of

hospital type and patient’s characteristics
+ suspected LVO in PSC, secondarily transferred to a CSC s offered.

1 mANB C

Population
EVT rate
(100K
inhabitants)

2013 2014 2015

[ssue2. Tr

Transfer

Picture to department
|

g Di’eft acOR 0.75[95% C10.62 - 0.90)
311.5minutes Transferred
o on
s 5 0% 2% 50¢ 75 00
] 395 829414 35 ]
a Modified Rankin Scale score
CEINERNEY K1 O 1 (O
; 229 minutes

Stroke. 2019:50:00-00. Circulation. 2017:136:2311-2321.

Clinical evidence and real-world experience: Time effect
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Stroke units X

SU Availability

Stroke units O

e R Reege B4R

Annual Stroke Vol.

CENTER FE
DISPAR'TY’ Annual IVT case ﬁ 0 ° 6 0 6 0209/ Q 9

KOREA

oooaoooaao

Annual EVT case 62.0% 24.5% 13.4%
o's T
* WA HAE AZH100%F Ofat HA0| % 51%

* EVT: 62%7} 745 24 O[3

Korean Stroke Society

20144 ~ 20174 5E3 WAy

(5374 AEf) New for 2018
Thrombectomy-
Capable Stroke

Center

e

20184 ~ 20218
(704 M)

2019 118
HEFHE HEFHE TS
(PSC + EHAAE 4F)

£

1000 - 1200

Acute Stroke Ready
Hospitals

1200- 1800

. Wide range of hospitals;
2003

Ju\y ‘

2 1 Academic medical center,
) tertiary care facilty

standard stroke care;
stroke unit; uses tPA

Rural hospitals; basic care;
drip and ship; use tele-
techno\ogws

Key differences

TSC

Mechanical Thrombectomy 15y 15/y

SAH N/A 20y
Intervention for Aneurysm N/A 15fy
Intravenous thrombolysis NA 25y
Interventionist Competency CAST-certified CAST-certified

15MT/yr 15MT/yr

SU/icu Yes Yes

(Critical Care services Neuro-Critical Care services

24/7 Neurosurgical Sevices Not Mandatory Mandatory

Research N/A required

Guidelines AHA/ASA, Joint Commission AHA/ASA, Joint Commission
2005 Brain attack Coalition

SVIN 2018

Program Concept ASRH. Psc

The Joint Commission Stroke Certification Programs - Program Concept Comparison

TS

Elghity

ighifyrequiements; s2 o e | Genere elgaily f
slﬂ"ﬂamzéd mathod of daliverng Care | stardardizad methed o deli enng care

a| *Generl lgaiity eqievents use cf
astandardizec metod of celivaring care

Genel i

for stroke cara. for siioke cae.

Table 1. TSC Certification
Eligibility Volume Requirements

Number of neuro- | Minimum number | or, Minimum
interventionists | of thrombecto-  { number of
mies in the thrombectomies
previous 12 in previous 24
months months
1 12 2%
2 24 48
8] 36 7

¢ Organzz on st e et \
meshan cal hrombzstomy &nd oS-t

cadure care fo at least 15 palients
WD ischermic stroke over the past L2
months (or 30 over past 24 mantis)
“Heucnlererionss w1 parm
meshen zal hramcactomy e e g
g apEyig o ezt eation must
pefom 15 machenical hrombectom
over 2 past 12 momns or 0.
Dest 24 months) iprasedLres petorrad]

alhospas e ban e e aphing
\ 07 7SC certificzron can be Includec) )

re.
*Teamert o 20 SAH tauseq oy anat-
ysmanraly 40 cer 2 yesrs)
*Capadl o teating aneuysms by pe-
Torming L5 endovascukr co ing or mi-
crosurgice!cliping orccedures annually
30 cier 2 veers)

Digznizalan s e g
ecraniel ombeony and st
cedur carefora et 15 peferls

e 0 e gasi 12
0 ovar past 24 months).

2 wis's vho pefom
mectaniel b ombectny at e -
nizaton &ppiing for oertietin must
peram 13 mechan cal tromkectomies
i T pest 12 monts (30 o
Dast 24 miorths) (ocedurss perime

at Fospials ol han e one appying
ws: cerifzalion can b2 incluged)

Comparisonis used b

“The Joint Commission. The Stroke

Centfication Pograms - Program Concept

with permission. Current s o 08/01/19

5| ZZMH (Stroke Center)

| MEFK & LSS (Thrombectomy-
capable Stroke Center, TSC)
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Luncheon Seminar

Challenges and perspectives in neurorecovery:

Multi-modal drug

Ht O of
_ o

H |
S AMITH

CHALLENGES AND PERSPECTIVES IN
NEURORECOVERY: MULTI-MODAL DRUG

Neuroprotection & Neurorecovery after Stroke

KEUN YOUNG PARK

SEVERANCE HOSPITAL

YONSEI UNIV. COLLEGE OF MEDICINE

PERILESIONAL EDEMA AND ISCHEMIA

+ ICH CATHETERIZATION
+ MANNITOL
* GLYCEROL

* DESMOPRESSIN

STROKE AND BRAIN INJURY

+ PRIMARY INJURY

+ SECONDARY INJURY

- PERILESIONAL EDEMA AND ISCHEMIA
- Excirotoxiciry
- INFLAMMATION

- OxATvE sREss Neuroprotection

- APOPTOSIS

Perilesional edemoyischemia

Oxidative stress

Depolarization/Excitotoxicity

Inflommation

www.konesonline.orkr 61
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Main mechanisms of neuronal death

/Excitotoxic'gy

Peri-infarct
depolarizations Inflammation

Excitotoxicity

Apoptosis

Minutes

From Dirnagl, ladecola, Moskowitz Trends Neurosci, 1999
From Renee JT, Robert V. Brain Sciences. 2013

Nimodipne versus laceb for acute schemic troe

Patentor poulaton: eopl ith acute scheicstoke
Seting:inpatets

Ca 2% S Nimodipine for AIS

Comparisonpaceso

outcomes strative comparativeriss*(55% ) Relatieetiect  No.of
————ma partiipants
Assumedrisk Correspondingisk (tudies)
Placebo Nimodiine
INTRACELLULAR CAZ“\ = EXcIToToxicITy :lmamam,a-e»m 410per1000 464per 1000 :w-‘,::’:n om0
lowsp W
Desthattheendoftreament  125perlotd 13pertonn 16306
CA? - DEPENDENT ENZYME 1 2
Destattheendolfolowsp  20perio0d 2sper 1000 0
119
NIMODIPINE, (NICARDIPINE, FLUNARIZINE, ISRADIPINE)
Rewrenceal 2pericen 0per1o0n 76

lowsp w
WELL-ESTABLISHED IN SAH, BUT NOT IN OTHER STROKE Kb evts urngemert G4per 00 Tiperlon mosOue &N
peied 16
i uiogumert 2peioh peion w8
e i

Jing Z et al. Cochrane Database of Systematic Reviews. 2019/

INFLAMMATION

STEROID X

STATIN

Exciotoricty

DOWNREGULATION OF
MEVALONATE AND ITS
DERIVATIVES

Release of Cytokines/
Inflarmatory Mediators

TARGETING KEY CELL
SIGNALING PATHWAYS

From Renee JT, Robert V. Brain Sciences. 2013 From Chen CJ et al. Neurology. 2019
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Logistic Regression of Inpatient Statin Use and

Simvastatin in aneurysmal subarachnoid haemorrhage
- v (STASH): a multicentre randomised phase 3 trial

A] Modesof sl

3 Peter Kirkpatrick, Carol . Tumer,Chistopher Smith,Pter Hotchinson, Gordon D Murry, for te STASH Collborators
30
H vy * " — Plsbo
e Simiastatin40mg

%5

o
0
0 10 0 0 N

Time,d

¥ No benefit in the use of simvastatin

i for long-term or short-term outcome

v Inpatient statin use is o R 3 ouf in patients with aneurysmal SAH
associated with improved v |
outcomes.

Log anky' 0296
1,p-0586

v Cessation of statin use is s @ % w
associated with worsened | Followp(dar)
outcomes. From Alexander CF et al, JAMA Neurology. 2014 Figure 3:Kaplan-Melersurvivalcorve From Lancet Neurology. 2014

STATIN AND RISK OF ICH HIGH-DOSE STATIN AND RISK OF ICH

Statin Therapy and the Risk of Intracerebral Hemorrhage
A Meta-Analysis of 31 Randomized Controlled Trials

James S. McKinney. MD: William J. Kostis, PhD. MD Active Control Risk ratio Risk ratio
Study or subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Background and Purpose—Statin therapy decreases the risk of ischemic stroke. An increased risk of intracerebral ]

hemorthage (ICH) has been observd in some studis. To investigae this isue, we performed a meta-analysis of ATOZ 2004 265 0 2% 06% 1281072,227.27)
randomized contolld s using i thtrepored ICH. ¥ OVERALL STATIN ALLHAT 2002 S0 5 5185 60%  341(126,924)
Methods—We performed a lterature search of Medline, Web of Science, and The Cochrane Library through January 25, THERAPY WAS NOT JUPITER 2008 8901 9 801 108%  0.89[0.34,230)
2012, and identified additional randomized controlled trials by reviewing reference lists of retreved studies and prior § NS,
metz-analyses. All sndomized contrlled tias of statin therapy tha reported ICH or hemorrhagic stroke were ncluded. ASSOCIATED WITH RISK LIPID 1998 412 9 4502 108% 188084422
The primary outcome variable was ICH. Thirty-one randomized controlled trials were included. All analyses used OF ICH. PROSPER 2002 291 10 2913 11.9%  081[0.32,204)
random effects models and iy was not observed in any of the analyses. TNT 2005 4995 17 5006 204%  0.94(048, 1.86)

Results—A total of 91 588 subjects were included in the activ ip and 91215 in the control group. There was no SPARCL 2006 2365 3 2%6 395% 167[1.09,256]

significant difference i incidence of ICH observed in the active treament group versus control (OR. 1.08; 93
2 )ICH ik was not reltedtothe degree ofhow-density ipoproteinreduction o achieved low-density VAT HTINGRN RS TR LY
lipoprotein cholesterol. Total stroke (OR, 0.84; 95% C1. 0.78-0.91: P<0.0001) and all-cause mortality (OR. 0.92: CI, SHLCoES % Total (95% CI) 31099 31105 100.0%  1.53[1.16,2.01]
1‘:‘2\?-1\% P=0.0007) were significantly reduced in the active therapy group. There was no evidence of publication T i . o
i E . L
Conclusions—Active statin therapy was not associated with significant increase in ICH in this meta-analysis of 31 Heterogeneity: 2= 10.01, df = 6 (P = 0.12); # = 40% 0'02 0r1 1v0
randomized contolled trials of tain therapy. A significant reduction n al troke and all-cause mortality was observed Testfor overall effect: Z = 3.02 (P = 0.002) i %
wilh statin therapy. (Stroke. 2012:43:2149-2156.) Statins better Statins worse

FINGOLIMOD

Combination of the Inmune Modulator Fingolimod With Alteplase in Acute
Ischemic Stroke

APilot Trial

Cell type Type of receptor Function

Zilong Zhu, Ying Fu, Decai Tan, Na Sun, Wei an, Guogiang Chang, Yinhua Dong, Xiaolin Xu, Qiang Liu, DeRen Huang, and

+ FINGOLIMOD : ol o Fu-Dong Shi=]

Originally published 22 Jul 2015 | hitpsidoi org'10.1161ICIRCULATIONAHA 115 016371 | Circulaton. 2015;1321104-1112

G o ; Fingolimod for the Treatment of Intracerebral

PHOSPHATE RECEPTOR
‘ s SRR el Al Hemorrhage
 UseD N MS omuncair A 2-Arm Proof-of-Concept Study
i ) Ying Fu, MD'; Junwei Hao, MD, PhDY; Ningnannan Zhang, MD, PhD?; et al
> Author Affiliations | Article Information
JAMA Neurol. 2014;71(9)1092-1101. doi:10.1001/jamaneurol.2014.1065

From Wentao Li et al. Frontiers in Neurology. 2016
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CEREBROLYSIN

[ Vot
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* RBC LYSIS — HEME — HEMIN — ] ‘ wor® HE>HE>WE>-:>D
l [ 01 -

Strting foF

+ ROS (REACTIVE OXYGEN SPECIES) g . £ wu e

L ] N
T e m eurorecovery

the,Raw Mateial’tthe AP and ens withthe meicina
product “Cerebrolysin Amgoes,
> This process s unique to EVER harma,

+ DEFEROXAMINE, MINOCYCLINE

Dopaninergic euron

From Molecular Neurobiology

NEURORECOVERY ENDOGENOUS NTFS LIKE PEPTIDES FOUND

IN CEREBROLYSIN

Cerebrolysin mimics NTFs
* NEUROTROPHIC FACTORS (NTFS)

: A FAMILY OF BIOMOLECULES THAT SUPPORT THE GROWTH, SURVIVAL, AND
DIFFERENTIATION OF NEURONS.

v NEUROTROPHINS (BDNF, NGF, NT-3,4)
v CNTF

v GDNF

v IGF

- Ciiary Neurotrophic Factor
erived Neurotrophic Factor
ctor 1

Chen H. et al, Trophic factors counteract levated FGF 2-nduced inhibtion of adult neurogenesis, Neurobiol Aging, 2007 Aug;28(8)1148:62

Cerebrolysin modulates
endogenous NTFs omatre el

Newneurons Dividing cells
mm. . .

Fold changes (meansSE)
Fold changes (mean=SE)

CERE (Wim) ‘CERE (/m)
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NEURORECOVERY CEREBROLYSIN - MULTIMODAL DRUG
X \ \

Neurotrophic support
Regeneration Pathways (sonic hedgehog - shh)

+ SONIC HEDGEHOG (SHH)

: KEY MOLECULE THAT CONTROLS ORGANOGENESIS AND THE ORGANIZATION OF THE CNS,
PNS AND OTHER PART OF BODY.

H Neuroplasticity
' i $ H Neurogen
' ,
[

CERE pim) CERE fam) CERE (im)

Pharmacological Effects

Graphs show mRNA levels in an in vitro experiment Cerebrolysin simultaneously affects different therapeutic levels and processes

CEREBROLYSIN Study design

Cerebrolysin/placebo treatment:

*  Beginning at 24-72 h after stroke onset

* Once daily for 21 days as IV infusion over 20 min (30 m! dosage diluted with 70ml saline
solution)

Standardized rehabilitation program:
Beginning within 48-72 h after stroke onset for 21 days (5 days/week for 2 h/day)
This program included massages, passive and active movements of the upper and lower
limbs
Cerebrolysin and Recovery After Stroke (CARS) The patients continued with 2 x 15 min of active movement for three days per week after
A Randomized, Placebo-Controlled, Double-Blind, Multicenter Trial discharge

Dafin F. Muresanu, MD, PhD, Wolf-Dieter Heiss, MD, Volker Hoemberg, MD, Ovidiu
Bajenary, MD, PhD, Cristian Dinu Popescu, MD, PhD, Johannes C. Vester, Volker W. Rahlfs,
PhD, Edith Doppler, PhD, Dieter Meier, MD, Herbert Moessler, PhD, and Alla Guekht, MD,
PhD, DMedSci

PATIENT POPU Outcoms

+ Primary outcome
Change from baseline in ARAT* scores on Day 90 (mITT-LOCF)

INCLUSION CRITERIA: + Secondary outcomes

AGE 18-80, INCLUSIVE - Gait velocity
~ 9 Hole Peg Test
STROKE IS ISCHEMIC IN ORIGIN, SUPRATENTORIAL, RADIOLOGICALLY CONFIRMED (CT OR MRI), AND HAS A VOLUME >4CM® - NIH Stroke Scale
- Barthel Index
- Modified Rankin Scale
NO SIGNIFICANT PRE-STROKE DISABILITY (PRE-STROKE MRS OF 0 OR 1) - Goodglass and Kaplan Communication Scale
- Line Cancellation Test
- Gap Detection Test

ACTION RESEARCH ARM TEST SCORE (ARAT) <50 - SF-36
- Geriatric Depression Scale

STROKE ONSET 24-72 HOURS PRIOR TO RANDOMIZATION AND TREATMENT WITH STUDY DRUG

NO OTHER STROKE WITHIN THE PREVIOUS THREE MONTHS

S AND KAPLAN COMMUNICATION SCALE >2
« Safety
- Adverse events
EXCLUSION CRITERA: - Vital signs
- Laboratory tests

www.konesonline.orkr 65



2021 CHet 2L HXIZ O etz| FTISt=IHz] & 3]

66

PRIMARY EFFICACY CRITERION
- ARAT SCORE

MITT POPULATION, LOCF; NON-PARAMETRIC ANALYSES

SECONDARY EFFICACY CRITERIA
- MRS

MITT POPULATION, LOCF; NON-PARAMETRIC ANALYSES

42.3% of patients with

o significant

0 1 3 456

»ouum I Slghtdisabiity |memumm|:| |

Cerebrolysin, N=104
* meniSD  101%159 307199
*+ median 00 L 20
* IR uAs 365
Placebo, N=101

Severe disabilty

© omeantSD 107365 2654210 | 159:168
* median 20 270 10
© R 180 440 20

SAFETY

SAFETY POPULATION, N=208

IN CONCLUSION

Duraton ofexposure

+ THE STUDY PROVIDES EVIDENCE FOR BENEFICIAL EFFECTS OF DUAL INTERVENTION WITH
CEREBROLYSIN AND REHABILITATION ON FUNCTION AND GLOBAL OUTCOME PATIENTS AFTER
it : STROKE

Leading towithdraval
| Patients with TESAEs

Drugrelated:

Leading towithdrawal

+ THE LONG-TERM TREATMENT OVER 21 DAYS WITH A DAILY DOSAGE OF 30 ML
CEREBROLYSIN SEEMS TO BE ADEQUATE AND MOST LIKELY SUPERIOR TO PREVIOUSLY
TESTED 10-DAY TREATMENT REGIMENS

Patients who died

patients; %,
event; TESAE

oot related
period

SUMMARY

* STATIN FOR STROKE

* FINGOLIMOD FOR STROKE

+ CEREBROLYSIN FOR STROKE
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Updates in neurorecovery after stroke: EAN Guideline
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Updates in neurorecovery after stroke:
EAN Guideline

WSO Gl tokeFct hest 2020 2016t
Soke Fathest i orea 218 (2014t
“Hills etal 2010

Stroke

[ | cow | o [—

Incidence 13,700,000 105,000 (2004) causes of serious, long-term
Prevalence 80,000,000 690,000 disability worldwide

Death 86/per 100,000 30/ per 100,000 + 15 million people suffer a
Permanent Disability 5,000,000% stroke each year

DALYs 116,445,136 year

Annually five million people

(Disabiity-adjusted lfe years)  63% of healthy life <=70 have permanent disabilty

18% of healthy life <=44

due to stroke
Seung Hun Sheen, M.D,, PhD. DALY " .
Department of Neurosurgery,
NeuroVascular Center, Bundang CHA Medical Center, - ,' .
CHA University College of Medicine A w ﬁ N
()
T
. AHA/ASA Guideline
Treating strokes
Guidelines for Adult Stroke Rehabilitation and Recovery
Reducing A Guideline for Healthcare Professionals From the American Heart
N Stroke Association/American Stroke Association

.Huspi’ralizaﬂun
Stroke Unit
+Prevent complictions
P
() e reventdeteriraton
treatment

w1567
Mectaricl

. thrombectomy
Primary (015
prevention *Ceine e

Newroprotection?
“snoking Py
et =
“berdse
*Body weight
» |

“Choleserol

Recurrence
Mortality
Rehabilitation | S8
' Secondary

+Physiotherapy
prevention *+ Occupation
therapy

+Medial

Treatment
+Surgical

treatment
+Way ofving

Endorsed by the Anerican Academy of Physcal Medicine and Relabiliaron and the
American Society of Newrorchabiltaion

+ Early mobilization fter —

stoleisrecommended | (Rt e | s s
in many clinical practice
guidelines .

. far hospitzlized stroke patients be provided in
The AVEKTﬁ"d‘f'QS ‘environments with organizad, intarorofessioral ! A
should affect clinical stoke care.
practice by_r 9f{"‘”g It recommended tra: sroke suvas rceive
present guidelines, but Tehabifaton atan intnsiy commersuraz with 1 B
clinical i toerance,
recommendations should | tigt-dese, vary early motiization witin 24
be informed by future hours of stroxe onset can reduce the odds of

afavorable outome at 3 morths and is nat ' A

analyses of dose-

- tecommended
response associations

Stroke. 2016;47:e98-e169.

www.konesonline.or.kr
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Importance of stroke rehabilitation guidelines

+ Over the past few years, the number of high-quality
scientific studies in neurorehabilitation has significantly

{ { i
40 increased
§11
-‘i &+ strongfocus on stroke rehabilitation guidelines in many
1 countries - important standard of Good Clinical Practice

-
l 14 * The aim is to start with rehabilitation already in the acute
l iv treatment

Cerebrolysin® included in stroke rehabilitation guidelines of
top reference countries and EAN guideline

frean

Class 2, Level B

With regards to a specific peptide preparation,
there is evidence of positive effects in
rehabilitation{Cerebrolysin® (30 ml over 3 |
[weeks or longer) (Class 2, Level BJcan
improve rehabilitation of the upper extremity
after a stroke.

There is no convincing evidence for food
supplements or vitamins. Stem cell therapies
are still being studied, and trials will be
completed in the years to come

German stroke rehabilitation guideline 2020

Evidence 1b, Recommendation B

6. Recommendations

C ysin can be considered for (sub) acute stroke patients
with relevant arm paresis when treatment targets are motor
function recovery of the hand / arm function and overall

[| functional recovery (evidence 1b, assessment of effects:
moderate quality; recommendation grade 0; strong
consensus)

If used, the drug should be started as quickly as possible (from
24t0 72 hours after the stroke) and, if tolerated, prescribed
for[22 days) once a day, intravenously, in addition to
rehabilitation [evidence 1b, assessment of effects: moderate
quality; recommendation grade B; strong consensus}| Specific
information by the manufacturer must be taken into
consideration.

‘Ad WA ot souBaTION
&%
c).(, s sty

Canadian stroke rehabilitation guideline 2020

Evidence Review Clinician’s Handbook Executive Summary
[
T m T
[wj Stroke Rehabilitation Chrician Handbook | 202) m @
P
E Srmommin

= e e

= pro

= A‘ﬁ o s e i i iy
e ek

)
Mo b ey s e e e .

Canadian stroke rehabilitation guideline 2020

f Evidence
Intervention Motar Function ADLs Stroke Severity
»

Cerebrolysin

Conclusions

limb motor function, dexterity,

Iiving.

Please note that an error occurred here! Stroke Severity should
be mentioned instead of dexterity. Correction requested!
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Overview about medications in guideline &%
Cerebrolysin® - the best ranked drug in the guideline

Cerebrolysin

Leovodopa Evidence is mixed

Atorvastatin Evidence is mixed

Antidepressants may
be beneficial

Steroid injections
‘may not be beneficiol

Antidepressants

Steroids

1a
o IIIIIIII I

*3 new studies which are negative = information will follow!

Botulinum A likely
improves spasticity

All 3 guidelines recommend Cerebrolysin in

* Improvement of motor functions
* Improvement of Activities of daily living (ADL)
* Improvement of quality of life (QoL)

NotwFucion o [

\(
Imgyovement ofmotor || Enhancement of Inaease quilty
finctons Acities ofdaiylving flfe

NS J
p S

su= = [E]

N[

CARS treatment concept in guidelines recommended
Pharmacological treatment starting in acute phase + Rehabilitation

e i i i i i isdiidiided

LN Ouy | Dy | Doy | Dy | Dup | Dy | Dy | Duy | Day | Dy | Dy |Day | Day | Dy | Doy Day | ay | Dy | O | Day | Day | Dy | O | Day | Day | Dy | By | Doy | ay
1 § 8 (B U[15]|6]17[18 2|8

2(3]4]5 AR |58\ 78|80

Physiotherapy
Active movements

Physiotherapy
Actve-+Passve movement °
oflimbs, massage

Treatment
30mlfor 21 days

15t EAN Guideline in neurorehabilitation

Received: 3 Ao 001 | Areeptec 17 My 2020
DOL 10111835

suropean gurnl
of neurokogy
GUIDELINES folizcic BT

European Academy of Neurology and European Federation
of Neurorehabilitation Societies guideline on pharmacological
support in early motor rehabilitation after acute

ischaemic stroke

Ettore Beghi'c | Heinrich Binder® | CodrutaBirle? | Natan Bomstein |
Karin Diserens® | Stanislav Groppa® | Volker Homberg' | Vitalie Lisnic® |
Maura Pugliatti® | Gary Randall® | Leopold Saltuari™ | Stefan Strilciuc'? o |
Johannes Vester® | Dafin Muresanu™ o

15t EAN Guideline in neurorehabilitation

Results: Upon manually screening 17969 unique database entries (of 57001 original
query results), interventions underwent meta-analysis. Cerebrolysin (30 mi/day, intrave-
nous, minimum 10 daye) and citalopram (20 mg/day, oral)are recommended for cinical use
for early after acute ischaemic stroke. The remaining interventions
identified by our systematic search are not recommended for clinical use: amphetamine
(5, 10 mg/day, oral, citalopram (L0 mg/day, aral, dextroamphetamine (10 mg/day, oral),
Di-Huang-¥i-Zhi (2 18 g/day, oral), fluoxetine (20 mg/day, oral), ithium 2 x 300 mg/day,
oral), MLC601(3 x 400 mg/day, oral), Sinhibitor PF-03049423 (6 mg/
day, oral). No recommendation ‘for’ or ‘against! is provided for selegiline (5 mg/day, oral).

Iesties with safety and tolerablity

Fluswetine and ithium.

(Conclusions: This guideline provides information for clinicians regarding existing phar-

macological support in interventions for neurorecovery after acute ischaemic stroke.

Updates to this material wil potentially elucidate existing conundrums, improve current
i D, i optians for stroke survivors.

KEYWORDS
‘early motar rehabilitation, ischaemic stroke, neurarehabilitation

Joint-Guideline with the EFNR

EFNR The European Federation
of NeuroRehabilitation Societies

Three ways how the EAN develops guidelines

1. The EAN develops their own guidelines

2. The EAN endorses guidelines originally created by other European Medical Societies, provided they
follow the same/similar methodologies like GRADE

3. The EAN also endorses the creation of guidelines in collaboration with other other medical societies.

This EAN-Guideline is a joint guideline with the EFNR and
has been developed by a task force consisting of members of EAN and EFNR.
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Importance of EAN guideline

* PAN-European Recommendation

+ Largest neurological society worldwide

+ Globally acknowledged - Outreach to all other global regions (e.g. USA)
+ Go-To-Guideline - First choice for decision-making

Cerebrolysin included in
PAN-EUROPEAN GUIDELINE!

European Academy of Newrlogy and European Federaton
of Neurorehabitaton Soieties gideline n pharmacoogial
supportn eary motorrehabltation afer acute
ischaemicstoke

by’ | Henh gt | ot | Nan ot |
KD’ | S Gopp | Vol e | Vel |
Mara P | Gyt | Lot | St
-

Creation of the EAN Guideline

+ Searching and selecting studies, data collection, risk of bias assessment, statistical

analysis, was done by:
o Systematic Reviews and Meta-Analyses
(PRISMA)

o Cochrane Handbook for Systematic
Reviews of Interventions

PRISMA

PRI\ TANSTARENT REFORTING
of SYSTEMATICREVIEWS
ond METAANALSSES

B 4
‘\‘

* Statistical analysis and scaling of recommendations were made by

o GRADE
(= Grading of Recommendations, Assessment,
Development and Evaluations)

Welcome to the GRADE working group

o et - v e

Randomization raises
el quaty
RCTe high
Observational low
o | 1- Rakofbias
2| 2 Inconsistency
1 3. Indireciness
% | ¢ mprecisin
G| 5. Publication bias
Oucome  Not
oy, Summay ofrdings A
&3 esinakg = et
K
GRADE s
&
Evidence synthesss
Methodology
Recommencation
‘Grade recommendations (?mm!-‘"
(Evidence to Recommendafion) wally of erence
«For oragainst (drecton) J T 3 1053 OCONES S
+Strong or condiionaiweak (strength) “:;z‘o o mmm
gl d s G Fomulaie Recommendations (1 |&..
BRI “Thepanel mmmm..;m‘u ?
3 .
3 Baencs berefshas xmiwm o
g ‘F?a:;::e’i;‘;g:e;xmiy _____ “The panel recommends fo not.”
Transparency, clear, actonable
2 Resource use fapleai) ﬂi‘ Research?

EAN Guideline Development

(GDP* ensures the conformitywith
EAN rues

ontrol guidelineprocess

90

3 Submit to Journal

Agolopouiaw 3avo

s

Scientific Panel doctors from

of doctors from

Eectonof lecionof ortovote on topics disciplines, ke MSor |

Chair  Members

relevant o their relatons
with industry!
Consensus based decson!

eplepsy, outsidethe EAN

ipling th
president of EAN wil
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Atermis 2 years
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foran additonal term

Guideline research questions

RESULTS

In patients with early motor rehabilitation after acute ischemic stroke,
does a pharmacological treatment impact patient

+ early motor performance (1 and 3 months after stroke)
+ neurological function (1 and 3 months after stroke)
+ global functional outcome (1 and 3 months after stroke)

+ safety (serious adverse events)

compared with standard/usual care?
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PICO Questions Highest quality evidence for Cerebrolysin®

Cerebrolysin® is the best evaluated drug in the EAN guideline

Patient/problem:  Acute ischemic stroke

Intervention: Pharmacological intervention in the first 7 days after stroke * 4xhigh-quality evidence

Cabrin
rymae el Lot

) o + 1xmoderate quality evidence et
Comparison: Neurorehabilitation alone + 1 xlow qualty evidence = s
Qutcomes (N =4): early motor performance, neurological function, ) e —

global functional outcome, safety y evidence means the results e e
can be expected in clinical practice e
Setting: Early motor rehabilitation after acute ischemic stroke :

Effects in all relevant stroke rehabilitation domains

Best results for Cerebrolysin® Proven safety

\“ICAQ

Q

Global functional
outcome

Early motor

e o ae Neurological function

(month 1, month 3)

(month 1, month 3) (month 1, month 3)

=

Cerebrolysin® shows beneficial effects in all domains!

CARS trials, ECOMPASS, Bornstein Meta-Analysis and some other studies
triggered inclusion into EAN guideline!

NO difference between Cerebrolysin® and Control Group regarding SAEs*

S S sheeents

Recommendation FOR USE for Cerebrolysin® Evaluation of Citalopram 20 mg
Pharmacological intervention Daily dose Recommendation Evidence quality
Amphetamine 5mg, 10 mg Against use + 4 xmoderate quality evidence
Cerebrolysin 30ml FOR USE + 1xlow quality evidence
Citalopram 10mg Against use
Citalopram 20mg For use Results
Dextroamphetamine 10 mg Against use « “small difference...”
Di-Huang-Yi-zhi 36g Against use * “noindication for beneficial effects...”
Fluoxetine 20mg Against use
Lithium 600 mg Against use Safety
MLC601 (NeuroAiD) 1200 mg Against use + “No reliable information on SAEs”
Phosphodiesterase-5 inhibitor 6mg Against use
Selegiline 5mg No recommendation
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Talos-Study with Citalopram 20mg - Borderline Significance

Two evaluated drugs FOR USE
Title: Neuroregeneration and Vascular Protection by Citalopram in Acute Ischemic Stroke (TALOS)

ARandomized Controlled Study Cerebrolysin Citalopram 20 mg

Originally published  https://doi.org/10.1161/STROKEAHA.117.020067 Stroke. 2018,49:2568-2576

Objective: detect improvement in functional outcomes and cardiovascular protection in non-depressed, first-ever ischemic stroke

Key Facts
* Placebo-controlled,randomized, double-blind RCT with 642 patients(italopram n=319 and placebo n= 323)
+ Onset oftreatment: withi 7 days after stroke
* 2corprimary outcomes
+ Changes i functona disabilty (measured by mRS)

d dr Citalg s rated as follow:

Cerebrolysin® i the best
h del das follow:

4 xmoderate quality evidence
1xlow quality

P o 1

* Study medication was given as add-on to standard medical care and treatment duration and follow-up was 6 months

Ixtigha
1 qualty
1xlow quality evidence

Results “small difference...”

Eary Citalopram treatment did not improve functional recovery n nondepressed ischemic stroke patents within the fist 6 months, although a
borderlinestatstcal significant efect was observed inthe analysis population. The rsk of cardiovascular events was similar between treatment

groups, and citalopram treatment was well tolerated. liable infe SAES"
Rating of Cerebrolysin in GRADE
R R Formulating recommendations in EAN guideline
0
o Wo‘é\& ol “‘%;;ﬁ" “;‘Iwi,‘a“‘ Rk g
o gt RN o Otsencnatlon Atwo-round approach was used:
- SRR 1. Rkotbas
Rate of Quality P | Qe Cika s « Itround:  The direction of recommendation (‘For use’ /* Against use’)
3 HIGH L 2} ogreson
G osone g 5|5 piicaionties + 2"round:  The strength of each recombination was defined ——— ‘Strong’
0| owome Nt B,
Moy 1. Largeefiec ‘Weak'
. 2 Dose
Grade ofrecommendztions 3 Opeghs Desirable effects < Undesirable effects Desirable effects > Undesirable effects

> For USE!

Eviree synihesss Benefit < Risk Benefit > Risk
Recommendation B
1*round
) B ) p— Against Use
Formulate Rec T ’ qualty of evidence
2 ..recommends that...” @,m(\imm 01055 uicomes based o0 2 round Weak

tion 6, Fig 1- https/gdt grack

BN
Byconsidering balance of consequences KQ‘
. " {eidenceto eoommendaiors)
Cerebrolysin got'three times a Qulydetin
the best evaluation! q Baance benefishams
0 Values and preferences =
2 Feasbty equiy and xcepabity i

Guideline

“The panel recommends fo not..”
Transparency, clear, acionable
Research?

Q Resource use ( appicable)

Comparing AHA & EAN Guidelines

. -
" . o Treatment recommendation Cerebrolysin

&

Cerebrolysin: weak recommendation / @-on therapy Atiated inthe
%ﬂ:’gﬁmm similar to Class 2a ' 30mlforat ' tostandard first days after
o A et least 10 days rehablitation acteischemic

stroke

Very similar to CARS treatment

Continuum
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Strongest recommendation for Cerebrolysin® Key Messages

“This guideline found sufficient evidence to recommend use of ) * 1'EAN guideline for neurorehabilitation after stroke
Cerebrolysin in moderate-severe cases, as an add-on therapy to
standard rehabilitation, when initiated in the first 7 days after

acute ischaemic stroke.” * Highest quality evidence

¢ Best results in all domains

* Strongest recommendation for Cerebrolysin®

“...Cerebrolysin add-on treatment should be prioritized in * Proven safety

moderate-severe stroke cases (NIHSS 28).”

Conclusion

1. Cerebrolysin recommended by guidelines of top reference countries and
EAN Guideline

2. The best drug for stroke recovery in the guidelines THAN K YO U !
3. Highest evidence in motor functions, ADL and quality of life

4. Start from acute phase up to 21 days (At least 10days) with 30ml
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Is 3 years adequate for tracking completely occluded
coiled aneurysms?

Eung Koo Yeon, MD," Young Dae Cho, MD, PhD,? Dong Hyun Yoo, MD,? Su Hwan Lee, MD,*
Hyun-Seung Kang, MD, PhD," Jeong Eun Kim, MD, PhD,* Won-Sang Cho, MD, PhD,* Hyun
Ho Choi, MD,’ and Moon Hee Han, MD, PhD*®

'Department of Radiology, KyungHee University Medical Center, KyungHee University College of Medicine;
’Department of Radiology, Seoul National University Hospital, Seoul National University College of Medicine,
Seoul; *Department of Neurosurgery, Dongguk University llsan Hospital, Dongguk University College of
Medicine, llsan; ‘Department of Neurosurgery, Seoul National University Hospital, Seoul National University
College of Medicine; *Department of Neurosurgery, Chung-Ang University Hospital, Chung-Ang University
College of Medicine; and °Department of Radiology, Veterans Health Service Medical Center, Seoul, Korea

J Neurosurg 133(3):758-764, 2020

Objective: The authors conducted a study to ascertain the long-term durability of coiled aneurysms

completely oc-cluded at 36 months’ follow-up given the potential for delayed recanalization.

Methods: In this retrospective review, the authors examined 299 patients with 339 aneurysms, all
shown to be com-pletely occluded at 36 months on follow-up images obtained between 2011 and
2013. Medical records and radiological data acquired during the extended monitoring period (mean
74.3 + 22.5 months) were retrieved, and the authors ana-lyzed the incidence of (including mean annual

risk) and risk factors for delayed recanalization.

Results: A total of 5 coiled aneurysms (1.5%) occluded completely at 36 months showed recanaliza-
tion (0.46% per aneurysm-year) during the long-term surveillance period (1081.9 aneurysm-years), 2
surfacing within 60 months and 3 developing thereafter. Four showed minor recanalization, with only
one instance of major recanalization. The latter involved the posterior communicating artery as an ap-
parent de novo lesion, arising at the neck of a frmly coiled sac, and was unrelated to coil compaction or
growth. Additional embolization was undertaken. In a multivariate analysis, a second embolization for a
recurrent aneurysm (HR = 22.088, p = 0.003) independently correlated with delayed recanalization.

Conclusions: Almost all coiled aneurysms (98.5%) showing complete occlusion at 36 months post-
embolization proved to be stable during extended observation. However, recurrent aneurysms were
predisposed to delayed recana-lization. Given the low probability yet seriousness of delayed recanali-
zation and the possibility of de novo aneurysm formation, careful monitoring may be still considered in

this setting but at less frequent intervals beyond 36 months.

Keywords: aneurysm; coiling; follow-up; recanalization; vascular disorders

www.konesonline.orkr 77



2021 [Het 2 HXIZ0lste| ETISt=iz] & S22

HAZSHHE st=d(SClI 2E)

Discrepancy between MRA and DSA in identifying the
shape of small intracranial aneurysms

Youngseok Kwak, MD,* Wonsoo Son, MD,? Yong-Sun Kim, MD, PhD,? Jaechan Park, MD, PhD,?
and Dong-Hun Kang, MD?

'Department of Neurosurgery, School of Medicine, Catholic University of Daegu; and Departments of
2Neurosurgery and 3Radiology, School of Medicine, Kyungpook National University, Daegu, Republic of Korea

JNeurosurg 134:1887 -1893, 2021

Objective: The authors evaluated the sensitivity and accuracy of MRA in identifying the shape of small-

sized unrup-tured intracranial aneurysms.

Methods: Small (< 7 mm) unruptured intracranial aneurysms initially detected by MRA and confrmed
by DSA between January 2017 and December 2018 were morphologically reviewed by neuroradiolo-
gists. Regularity or irregularity of an-eurysm shape was analyzed by two independent reviewers using
MRA without DSA results. DSA fndings served as the reference standard for aneurysm shape. Irreg-
ular shape, which in small aneurysms is associated with a higher likelihood of rupture, was defned as
positive, and MRA sensitivity, specifcity, and accuracy were determined by using evaluations based on
location, size, and MRA magnetic strength (1.5T vs 3T MRA). Multivariate analysis was performed to

deter-mine risk factors for false-negative MRA results for irregularly shaped aneurysms.

Results: In total, 652 unruptured intracranial aneurysms in 530 patients were reviewed for this study.
For detecting aneurysm shape irregularity, the overall MRA sensitivity was 60.4% for reviewer 1 and
60.9% for reviewer 2. Anterior cerebral artery aneurysms had the lowest sensitivity for location (36.7%
for reviewer 1, 46.9% for reviewer 2); aneurysms sized < 3 mm had the lowest sensitivity for size (26.7%
for both reviewers); and 1.5T MRA had lower sensitivity and ac-curacy than 3T MRA. In multivariate
analysis, location, size, and magnetic strength of MRA were independent risk fac-tors for false-negative

MRA results for irregularly shaped aneurysms.

Conclusions: MRA had a low sensitivity for detecting the irregular shape of small intracranial aneurysms.
In particu-lar, anterior cerebral artery location, aneurysm size < 3 mm, and detection with 1.5T MRA were

associated with a higher risk of irregularly shaped aneurysms being misjudged as regular.

Keywords: magnetic resonance angiography; intracranial aneurysm; aneurysm shape; digital subtrac-
tion angiography; sensitivity; accuracy; vascular disorders
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Multiple overlapping stent treatment for symptomatic
unruptured intracranial vertebral artery dissecting
aneurysms

Yong Cheol Lim

Department of Neurosurgery, Ajou University Hospital

Objective: To evaluate the outcomes of multiple overlapping stent (MOS) treatment for symptomatic

unruptured intracranial vertebral artery dissecting aneurysms (uis-VADAS).

Methods: This retrospective study evaluated 35 patients with 35 uis-VADAs who were treated using
multiple overlapping stent between March 2016 and July 2021. Clinical and radiographic data, includ-
ing procedure-related complications and clinical outcomes assessed using the modified Rankin Scale

(mRS) at the time of the last follow-up, were collected and reviewed.

Result: There were 13 (37%) female and 18 (63%) male patients, and the mean patient age was 45.56
years. The mean follow-up duration was 26.7 months. Mainly, double stents were used to treat patients
with uis-VADAs, including LVIS stent within Enterprise in 23 patients, double Enterprise stents in 8
patients, Solitare within Enterprise in 2 patient, Alpha stent within Enterprise, and double LVIS in 1 pa-
tient respectly. There were 1 (0.3%) patients who had peri-procedural minor stroke. Angiography at the
12-month follow-up in 28 patients showed favorable occlusion (OKM grade C3 + D). All of the patients
had no symptoms at all (modified Rankin Scale O) at the last follow-up. No re-treatment or delayed an-

eurysm rupture occurred during the follow-up period.

Conclusion: Reconstructive technique with MOS is a feasible and effective modality for the treatment

of uis-VADAs, showing excellent occlusion rate and clinical outcome.

www.konesonline.orkr 79



2021 [Het 2 HXIZ0lste| ETISt=iz] & S22

2+ Al 2 OIELBEE

Machine Learning-based Three-months Outcome
Prediction in Acute Ischemic Stroke: A Single
Cerebrovascular-specialty Hospital Study in South Korea

Doug ho Park, Su Yun Lee, Eun Hwan Jeong, Hae Jong Kim, Hae Wook Pyun, Hae Min Kim,
Yeon-Ju Choi, Young Soo Kim, Sun Tak Jin, Dae Young Hong, Dong Woo Lee, Mun-Chul Kim

Department of Neurosurgery, Pohang Stroke And Spine Hospital

Objective: Functional outcome after acute ischemic stroke is of great interest to patients and their
families as well as physicians and surgeons making clinical decisions. This study aimed to develop
machine learning (ML)-based functional outcome prediction models in patients with acute ischemic

stroke.

Methods: This is a retrospective study using a prospective cohort database (Korean Stroke Registry).
Patients admitted to single-center with acute ischemic stroke from January 2019 to March 2021 were
included. We utilized variables at the time of admissions, such as demographic factors, stroke-related
factors, laboratory findings, and comorbidities. Five ML algorithms were applied to predict a favorable
functional outcome (modified Rankin scale O or 1) at 3-months after stroke onset. Model performance

was evaluated mainly by the area under the receiver operating characteristic curve (AUC).

Result: A total of 1,066 patients were finally enrolled, and 745 (69.9%) of them showed a favorable
outcome. Regularized logistic regression showed the best performance with an AUC of 0.86 (95% con-
fidence interval [Cl],0.82-0.90). Support vector machines represented the second-highest AUC of 0.85
(95% Cl, 0.81-0.89) with the highest F1-score of 0.86. All the ML models applied showed AUC > 0.8.
National Institute of Health Stroke Scale at admission and age were consistently the top two important

variables for generalized logistic regression, random forest, and extreme gradient boosting models.

Conclusion: ML-based functional outcome prediction models in acute ischemic stroke were validated,
readily applicable, and are useful. In particular, regularized logistic regression represented the best

model performance.
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KoNES WEB registry: Procedural characteristics
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Symposium Il. New Trends in Neuroendovascular Surgery

KoNES WEB registry:
Procedural Characteristics

Zos (M2t
KoNES WEB investigators
KoNES X212 87191 28]

KoNES WEB investigators
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WEB introduction in Korea

#(2019.10.) 3 aneurysms, treated with WEB in Korea
®(2021.8. ~ 2021.11.) 52 aneurysms, treated with WEB in Korea
* 13 physicians, 11 hospitals

* Data collected as of November 2021....
* 49 patients, 51 aneurysms
* 11 physicians, 9 hospitals

KoNES WERB registry: Demographics

* 49 patients (31 females, 18 males) fm=1.7:1
* Mean age, 62.7 (range, 43 to 80)

* 51 aneurysms; Unruptured

* Location: MCA [22 (43%)], Basilar tip [16 (32%)], ACoAA [13 (25%)]
* Mean width, 5.9 mm (range, 2.9 to 10)

* Mean height, 5.3 mm (range, 2.8 to 10.1)

* Mean neck, 4.6 mm (range, 2.3 to 8.6)

www.konesonline.orkr 83
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KoNES WEB registry: Demographics

* 49 patients (31 females, 18 males) f:m=1.7:1
* Mean age, 62.7 (range, 43 to 80)

+ 51 aneurysms; Unruptured
* Location: MCA [22 (43%)], Basilar tip [16 (32%)], ACoA [13 (25%)]

KoNES WEB registry: Aneurysm dimensions

* Mean width, 5.9 mm (range, 2.9 to 10)
» Mean height, 5.3 mm (range, 2.8 to 10.1)
* Mean neck, 4.6 mm (range, 2.3 to 8.6)

VMCA An. of W2.9 H5.3 N3.8
vMCA An. of W3.7 H28 N2.8
vMCA An. of W10.0 H7.0 N7.5
vBAtip An. of W8.3 H10.1 N5.3

KoNES WEB registry: Antiplatelet medication

* Pre-medication * Post-medication
* CPG/ASA [38] (1wk preop) * CPG/ASA [34] (1 mo to 3 mo)
* PSG/ASA[12] (1d preop) *CPG [4]

* CPG/ASA/CSZ [1] *ASA[T]
+ Changed to ASA/CPG on POD#4 [1]

* PSG/ASA[3] (1 wk to 1 mo)
* none [1]

KoNES WEB registry: Access

» Distal access catheters

* 6Fr. Sofia [38]

* 5Fr. Sofia [12]: BA tip (5), MCA (4), ACoA (3)
* 6Fr. Navien 1]

* Microcatheters

* VIA-17 [35]; VIA-27 - VIA-17 [1]
* VIA-27 [10]; VIA-17 - VIA-27 [1]
* VIA-33 [4]

KoNES WEB registry: WEB

* WEBSL 10 3] * WEBSL6[8]
* 1171006 * WEBSL5[7]
* WEBSLI[3] «WEBSL4.5[5]
* WEBSL§[7] « WEBSL4[5]
* 8/5— 8/4;9/4 — 8/4;7/3 — 8/3
* WEBSL7[12]

83703, 14— 713 *WEB SLS 4 [1]

* WEB device changes in 6 instances [12%]

KoNES WEB registry: WEB Plus

' N=6 (12%)

* Microcatheter protection 3]
* Stent assistance [2]

* Balloon assistance [1]
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KoNES WEB registry: Procedural events

+ Sticky detachment [4]

+ [nadvertent partial branch compromise [4]

+ [nadequate expansion of WEB [2]

+ Rotation of WEB [2]

+ Thromboembolism [1]

* Cerebral infarction (1] (2.0%) — Good recovery (sensory symptoms)

*No bleed

KoNES WERB registry: Post-procedural events

* Cerebral infarction [2] (3.9%)
*+ POD #4
* POD #54

* Good recovery

KoNES WEB registry: Summary

= Well-applicable in bifurcation aneurysms
* Antiplatelet medication!
® Occasional device changes

* VIA microcatheters, 3.9%
* WEB, 12%

* Acceptable symptomatic procedure-related events
* Procedural, 2.0%
* Post-procedural, 3.9%
* No mortality; Rare significant morbidity

* Anticipating follow-up results

www.konesonline.or.kr
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Safety and Efficacy of Shield technology: aneurysm size or

location matters?

Mario Martinez-Galdamez

Department of Interventional Neuroradiology, Hospital Clinico Universitario de Valladolid, Spain

KoNES

Korean Neuroendovascular Society

“Safety and Efficacy of Shield technology”
aneurysm size or location matters?

Mario Martinez-Galdamez, MD, FEBNI

Director, INR Unit, Hospital Clinico Universitario de Valladolid
Chairman, Radliology Department, Hospital La Luz, Madrid
Chair, Ad-hoc Skills Training Committee , ESMINT
Spain, Europe

Hospital La Luz
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DEFINITIVE RECONSTRUCTION OF CIRCUMFERENTIAL,
FUSIFORM INTRACRANIAL ANEURYSMS WITH THE 2008
PIPELINE EMBOLIZATION DEVICE —

(OBJECTIVE: The Pipeline embolization device PED); Chestnut Medical, Menlo Park,
[
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Marked decrease in coil and stent utiization following
introduction of flow diversion technology

ruru Crbet Gusgp L, i Kles Hany O

New devices

ORIGINAL RESEARCH

Marked decrease in coil and stent utilization following
introduction of flow diversion technology

Emanuela Crobeddu,' Giuseppe Lanzino, David F Kalmes,” Harry J Cloft?

u Balloon-assisted colling
Stent-assisted coiling

# Flow diversion

W Liuid embolization

Log number of publications
s
2011 s
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Lozano CS, Lozano AM, Spears J. The Changing Landscape of Treatment for Intracranial Aneurysm
Can J Neurol Sci. 2019;46(2):159-165
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Matched Comparison of Flow Diversion and Coiling 2 ye ars
in Small, Noncomplex Intracranial Aneurysms

Nohra Chalouh, MD"! large, gint, or

BadihDaou, W' complex aneutysms. Coling remains a fstine treatment for small, morphologically

Guilherme Barros, MD" shmpk aneurss. o

Robert M. Starke, MD' 5 ?

N G aneurysms typcally amensble tocollng). .

George Ghobria, MD" (<10 mm),

Richard Dalyl, MD" coling were identied. These patiens were matched in a 11 fashion with 40 patients

David Hasen, MD* i gender,

L o' -

5 2ge, gender, and aneurysm size. The complication rate did not differ between the 2

A s s

RobertH.Rosenwasser, MD'
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P Ny ameancnonga o Five-Year Results of the Pipeline for Uncoilable or

vinSahoa MOPRD® Bl ] Anelu'ysms Trial

Henry H. Woo, MD ) i

Demetis K Lopes HD' i y rysm teatment it the

AdnanH.Siddiqui, MDPRD'  E orUncalableor

Felipe C. Albuquerque, MO  ijeq Aneurysms linical il

David J.Fiorella, MD PhD* i tril, i ICA)

Isi Saatci, MDY aneurysms in 107 subjects were treated with the PED. Patients were followed per a

Saruhan,Cekirge, MDY Sandarcized protocol 2t 180 d and 13, and 5 yr. Aneurysm occlusion,in-tent stenoss,

Aaron. Berez, WD" . :

Dl Chr D RESULTS: The pimary endpoint of complete aneurysm occlusion t 180 d 736%) was
previousy P

Zeolterentel, MD' progressively increased over time to 86.8% (19/9), 53.4% (7176, and 952% (60/63) at |

Miklés Marosf, WD 3,and 5 1, respctivel ious device-elated

Pter K, Nelon, MD' eventsat]3, 1961196, 35% (385, There
were 4 37%) eported deaths n our il Seventy-€igh of 81 patentswith 5

oG Hepd sl ifed Rank i
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TABLE 1. Aneurysm OcclusionatFollowup Tme Points*

Follow-up time point
Occusiontype 1804 Iy 3yr syr
Complete occlusion Ta6% (78/106) 86.8% (79191 93496 7176) 95206(60/63)
Resdual neck 75% (8106) 55%(5/9) 264276) 164163
Resdualaneurysm 57%(6/106) S5%(5/9) 26%(276) 32%(0/63)
Other 1325 (141106 22%09IF 131761 00% (0/63)

Newcaroti ocusins,

Based onarghogapnic magingateah Hlowup
icldes3carotd occsors.

TABLE 6. Clincal Outcomes Based on the Modifed Renkin
Scale (mRS)

™S 3y syr
0 @ ]
1 ] "
2 2 2
3 1 2
4 2 1
5 0 0
[ 4 4
Nomfs ] 2

Intemational Retrospective Study of the Pipeline Embolization
Device: A Multicenter Aneurysm Treatment Study

B Kol 3 HielD._cpos,E Bosard, A beaf, S Caige, D el P s, Loy C MeDougall & Sy, | vk,
H0e . b Bourgcha, S Dsht, = egads Amandon WE el Tuver Y, EK Woodrd, W i,

i andF L

Small (n=386) (N=473)

Large n=339) (N=357)

Giant n=62) (N=66)

Anterior  Posterior  Anterior  Posterior  Anterior Posterior Total (n=793*®
Complications (n=372) (n=14) (n=309) (n=30) (n=52) (n=10) (N=906)

Mean aneurysm size (mm) 5122  60*26 U48+40 150*43 288+53 291+72 107=77
Spontaneous rupture 0(0%) 0{0%) 2(0.5%) 0(0%) 3(58%) _ 0(0% 5(0.6%)
Intraparenchymal hemorrhage 709%)  0(0%) 8(26%)  0(0%) 3(58%)  1(10.0%) 19(24%)
Ischemic stroke 0RO B2 B3 T(Bs%) 2000%  3TH)
Parent artery stenosis 103%  0(0%) 103%) 0% 0f0%  0(0% 2(03%)
Cranial neuropathy 0% 0(0%) 2068 00% 0%  0(0% 2(03%)
Neurologic morbidity BU8H M) UEA% 1% REBK 3p00%  5974%)
Nerologic mortalty 6068 0% Blgw  267% 3089 3000%  30(38%)
Neurologic morbidity and mortality? Wk 243%)  WET%  3[00% DB 4@00%)  67(B4%)

(all patients)
Neurologic morbidity andmortality  T/32134%) V2(83%) 2/29109%) Y29(03%) 1/SB5%) VBN Sy/M(14%)

(patients with unruptured aneurysms)
Neurologic morbidityandmortality ~ 8/51(57%)  2(500%  4/8(22%) 0A(0%)  0A(0%)  11(00%)  W/76(84%)

(patients with ruptured aneurysms)
Neurologic morbidity andmortality ~ 1/294(7%) 0/7(0%)  W/A7(55%)  Y/B(54%) 7/37089%) V5(00%)  3Y/574(57%)

(excluding ruptured, dissecting, or

fusiform aneurysms)

2015.AINR

Interational Retrospective Study of the Pipeline Embolization
Device: A Multicenter Aneurysm Treatment Study

OF Kalles 3 Hael,.cpes,F Roscad, & enft, Coig, D el P e, Ley, € Mg, .Sy e,
oo, F.Abugqerue H Bzt SR G, Degad e ME el . Tumer K Woodar W i,
i andF L

Interational Retrospective Study of the Pipeline Embolization
Device: A Multicenter Aneurysm Treatment Study
BF ol e cpe B, b, o, e, Loy CHOmigi A e ik,

oo, F.Abugqerue H Bzt SR G, Degad e ME el . Tumer K Woodar W i,
i andF L

Small(n=386) (N=473)  Large (n=339) (N=357)

Giant (n=62) (N= 66)

Small (1=386)(N=473)  Large (n=339) (N=357)

Giant n=62) (N=66)

Anterior  Posterior  Anterior  Posterior  Anterior Posterior Total (n=793)*® Anterior  Posterior  Anterior  Posterior  Anterior Posterior Total (n=793)*®
Compli (=372)  (n=W4)  (n=309)  (n=30) (n=5))  (n=10) (N=906) Complicati (1=372)  (n=1)  (n=309)  (n=30)  (1=52)  (n=10) (N=906)

Mean aneurysm size (mm) 5122 60*26 M8+40 150*+43 288+53 291+72 107+77 Mean aneurysm size (mm) 5122 60*26 M8+40 15043 288*53 91+72 107=77
000%  0(0% 2(05%) | 0(0%) 3(58%) | 0(0%) 5(06%) Spontaneous rupture 00%)  0(0%) 2005%  0(0%) 3(58%)  0(0%) 5(06%)
Intraparenchymal hemorrhage 709%)  0(0%) 8(26%)  0(0%) 3(58%)  1(100%) 19(24%) Intraparenchymal hemorrhage 709%) _ 0(0%) 8(2.6%) 0{0%) 3(58%)  1010.0%) 19(24%)
Ischemic stroke VR M 662 B3 T[BS%) 2000%) %) Ischemic stroke Q7 Er) b2 1px  7(3s% 2p009]  wlerd
Parent artery stenosis 1039 0% 039 o0% o0y 0@y 2(03%) Parent artery stenosis 1039 0(0%) 103 0% o0 004 2(03%)
Cranial neuropathy 0(0%)  0(0%) 2006%)  0(0%) 0(0%) 0(0%) 2(03%) Cranial neuropathy 0(0%)  0(0%) 2006%)  0(0%) 0(0%) 0(0%) 2(03%)
Neurologic morbidity BE8H) %) 408% 1B R 3% 5904%) Neurologic morbidity BU8H M) UEA% 1% REBK 3p00%  5974%)
Neurologic mortalty 606% % Bl%)  2067%)  3(58%)  3B00%  30(38%) Neurologic mortalty 6068 0% Blgw  267% 3089 3000%  30(38%)
Neurologic morbidity and mortalty’ W) 243 WETH 3(00%) DRE3FY  4400%  67(84%) Neurologic morbidity and mortality’ Wk 243%)  WET%  3[00% DB 4@00%)  67(B4%)

(all patients) (all patients)
Neurologic morbidityandmortality  /30(34%) /R(83%) 2/29119%) 3/29003%) W/5I(B5%) YI(B3% Sy (14%) Neurologic morbidity andmortality  T/32134%) V2(83%) 2/29109%) Y29(03%) 1/SB5%) VBN Sy/M(14%)

(patients with unruptured aneurysms) (patients with unruptured aneurysms)
Neurologic morbidityandmortality ~ &/51(57%) V2(500%)  478(224) 0A(0%)  01(0%)  (00%)  W/78(84%) Neurologic morbidityandmortality ~ 8/51(57%)  2(500%  4/8(22%) 0A(0%)  0A(0%)  11(00%)  W/76(84%)

(patients with ruptured aneurysms) (patients with ruptured aneurysms)
Neurologic morbidity and mortality /29437 0/7(0%) WU (55%)  2/B(54% 7/37089%) V5(00%) 3/574(57%) Neurologic morbidity andmortality ~ 1/294(7%) 0/7(0%)  W/A7(55%)  Y/B(54%) 7/37089%) V5(00%)  3Y/574(57%)

(excluding ruptured, dissecting, or (excluding ruptured, dissecting, or

fusiform aneurysms) fusiform aneurysms)

2015.AINR 2015.AINR

Intemational Retrospective Study of the Pipeline Embolization
Device: A Multicenter Aneurysm Treatment Study
Ol D g, B, A Bl ol Bl e, Loy C Do . S oo,

H0e . b Bourgcha, S Dsht, = egads Amandon WE el Tuver Y, EK Woodrd, W i,
6 o and L

Small (n=386)(N=473) Large (n=339) (N=357)

Giant n=62) (N=66)

Anterior  Posterior  Anterior  Posterior  Anterior  Posterior Total (n=793*®
Complications (n=372) (n=14) (n=309) (n=30) (n=52) (n=10) (N=906)

Mean aneurysm size (mm) 5122 60*26 M8*40 150*43 288+*53 291+72 107+77
Spontaneous rupture 00% 0% 2054 00%  368%)  00%) 5(06%)
Intraparenchymal hemorrhage 709%)  0(0%) 8(26%)  0(0%) 3(58%)  1(10.0%) 19(24%)
Ischemic stroke VR WE) b2 B3 7(BS%) 20008 WET%)
Parent artery stenosis 103%  0(0%) 103%) 0% 0f0%  0(0% 2(03%)
Cranial neuropathy 0% 0(0%) 2068 00% 0%  0(0% 2(03%)
Neurologic morbidity BUSY M) 08K B3 RDBI) 3p00W  59p4%)
Neurologic mortali 606% 100 15(9%) 2670 3(58% ! 30(38%)
Neurologic morbidity and mortality* (k) 2043%)  27(8T%W)  3(00% (I 4(00%)]  67(84%)

(all patients]
Neurologic morbidity and mortality ~ 1/32134%) V12(83%) 23/291079%) 3/29(0103%) 1/5I(35%) 3/9(B3%)  53/T(14%)

(patients with unruptured aneurysms)
Neurologic morbidityandmortality ~~ &/51(57%) 205004 478(224) 00(0%)  01(0%)  1A00%)  W/76(84%)

(patients with ruptured aneurysms)
Neurologic morbidity andmortlity ~ 1/294(7%) 0/7(0%)  W/27(55%)  2/B(54% 7/37(89%) V/5000%) 3Y/574(57%)

(excluding ruptured, dissecting, or

fusiform aneurysms)

2015.AINR
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Normoresponder to aspirin/clopidogrel
Discharged on steroids

7 days after embo: sudden death at home
No CT/MRI performed.
Family denied autopsy

“Coils may exhibit favorable effects in stabilizing thrombus” AP View
My approach in Giant aneurysms: if possible 2 staged proc: 1st Coil, 2nd FD

Massive organizing intraluminal thrombus and mural thinning at the site of rupture.Aneurysm wall extremely thin with mural
necrosis, loss of fibrous tissue and medial smoothmuscle cells, and infiltration by macrophages from the adventitial surface

Kulcsar Z, Houdart E, Bonafé A, et al. Intra-aneurysmal thrombosis as a possible cause of delayed aneurysm rupture after
flow-diversion treatment. AJNR Am J Neuroradiol. 2011;32(1):20-25.

www.konesonline.orkr 89
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EVOLUTION OF THE PIPELINE™ EMBOLIZATION DEVICE

Pipeline™ Flex
Embolization Device with
Shield Technolog,

Pipeline™ Embolization Pipeline™ Flex
Device Embolization Device

=CE Mark in June 2008 =CE Mark in March 2014 =CE Mark in March 2015

»Same implant »Same implant with the
*Modified delivery addtionofa
% '_ 0 system allowing Phosphorylcholine surface
e e o
deployment
human red blood cell
Same delivery system as
Pipeline™ Flex device

90 [HEt-/EENXI=OlStR]
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J Theomb Thrmbolysis
DO I0100TS11239015-12280

@

In-vitro thrombogenicity assessment of flow diversion
and aneurysm bridging devices

Gaurav Girdhar' + Junwei Li? - Larisa Kostousov” + John Wainwright’
Wayne L. Chandler*

“Measurement of thrombin generation”
0

Flex

Thrombin (nM)
8

0
0
No Sample
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Ao
0 - A M
0 0 10

Time (min)

“Significantly less thrombogenic”

80 FD devices AB devices
| )
[ A |
¥
g 6 .
£
5
2
€ 4
: i
-
3 20
4 ™
0.
%"'e "‘l/% ‘7@* ""@” Sig -’o/,-k/ l,
Moy ry
e .
Devices

G. girdhar et al. in-vitro thrombogenicity assessment of flow diversion and
aneurysm bridging devices. j thromb thrombolysis. published online: 15 may
2015

@ oL RACH
Thrombogenicity of flow diverters in an ex vivo

OFANCES shunt model: effect of phosphorylcholine surface
modification
Adatha W Hoon | Gavesu s ? I Wainasiaht 2 Mo T Hindc!
i , 2016 Polshed ty

Basic science

ORIGINAL RESEARCH

Thrombogenicity of flow diverters in an ex vivo
OPNACAS chunt model: effect of phosphorylcholine surface
modification

Matthew W Hagen,' Gaurav Gitchar, John Wainwright 2 Morica T Hinds'

Th

Radiolabeled platelet deposition

PED+Shield

“Thrombogenicty offlow diverters n an exvivo shunt model:effet of phosphosrylcholine surface modifiation”
Journalof Neurointerventional Surgery. Oct 2016

eNeurologicalSci 14 (2019) 77-84

Contents lists available at ScienceDirect

eNeurologicalSci

journal homepage: www.elsevier.com/locate/ensci

Thrombogenicity assessment of Pipeline, Pipeline Shield, Derivo and P64
flow diverters in an in vitro pulsatile flow human blood loop model
Gaurav Girdhar’, Samantha UbI", Reza Jahanbekam”, Sinduja Thinamany”, Anna Belu’,
John Wainwright’, Michael F. Wolf**

“Medtronic Newovasular,Inine, CA, United Sttes
" Medironic Core Technologie, Minneapols, MN, United States

DERIVO PIPELINE PIPELINE SHIELD

4. High resoluton Scanning Electron Microscopy (SEM)
Pipeline Shield devices (30, 300, 2000, magnification).

the inraluminal surfaces of Derivo, P64, P:

www.konesonline.or.kr
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Fig. . High resolution aptical microscopy images of thrombus accumulation on the cross ection surfacesof the ends of Derivo, P64, Pipeline and Pipeline Shield f i
devices for all 3 experiments (both ends o each ofthe 4 devicesis shown at 50 magnificaion). Derivo Pot Fpolne  PeinStied NoDavice
SRaVLES
CASE SERIES
Diffusion-Weighted Imaging-Detected Ischemic Lesions Diffusion weighted image documented cerebral
following Endovascular Treatment of Cerebral Aneurysms: ischemia n the postprocedural period following
A Systematic Review and Meta-Analysis pipeline embolization device with shield technology
o5 O i, Ot 005 ey B ot O sk treatment of unruptured intracranial aneurysms: a
prospective, single center study
Stylianos Pids, ZGeurg\'os Mantzizaris,1 Vasileos MamaI‘is,2 Konstantinos B‘arkas,1
: : : Antonios Tsanis,” Stavroula Lyra,* Kuriakos Karkoulias, Tigran Petrosyan,
DWI documented ischemic lesions: itk
* 45% Simple coiling
*+ 44%BAC
+ 43%SAC ) I
o 18% DW! ischemic lesions
* 67% Flow diversion

“PED Shield ”
CEMark | n: 500t PELEX PFLEX (enrolling)
PFLEX study*
SHIELD study*
2018 | 2019 INSPIRE registry*

In-vitro te)stmg OCTinitro
— studies
SHIELD CLINICALSTUDY = compierep | L YearfU
N: 205 pts ENROLLMENT | SHIELD
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PFLEX study*

PFLEX

(CASE SERIES
Periprocedural outcomes and early safety with the
OMNACES 60 of the Pipeline Flex Embolization Device with
217 shield Technology for unruptured intracranial
aneurysms: preliminary results from a prospective
clinical study

Mario Martinez-Galdamez, " Saleh M Lamin, Konstantinos G lag\'osf

Thomas Liebig,* i F Cieri.*® Rene Chapot,” Luc Stockx ® Swarupsinh Chavda,”
Christoph Kabbasch,* Giuseppe Farago,” Hannes Nordmeger,” Thiery Boulanger,®
Mariangela Piano,® Edoardo P Boccardi®

ORIGINAL RESEARCH
0)

Treatment of intracranial aneurysms using the
OPENACCESS . . . h
pipeline flex embolization device with shield
2018 technology: angiographic and safety outcomes at
1-year follow-up

Mario Martinez-Galdmez, Saleh M Lamin,” Konstantinos G la%‘\osf Thomas Liebig,*
Elisa F Ciceri* Rene O\apon7 Luc Stocke® Swarupsinh Chavda,

Christoph Kabbasch,* Giuseppe Faragd,” Hannes Nordmeyer Thierry Boulanger®
Mariangela Piano,” Edoardo P Boccardi®

New Devices

-PFLEX CLINICAL STUDY-

OPEN ACCESS

clinical study

(CASE SERIES

D periprocedural outcomes and early safety with the
use of the Pipeline Flex Embolization Device with
Shield Technology for unruptured intracranial
aneurysms: preliminary results from a prospective

Mario Martinez-Galdémez," Saleh M Lamin, Konstantinos G Lagios,*

Thoms Liebig,* Elisa F Cicer*® Rene Chapot,” Luc Stockx Swarupsinh Chavda,2
Christoph Kabbasch,* Giuseppe Farago,® Hannes Nordmeyer,” Thieny Boulanger®
Mariangela Piano,” Edoardo P Boccardi®

Study overview

Study Design:

= Prospective, single-arm,
multicenter clinical study

= Up to 50 patients

= Follow-up at 30 days, 6 months,
and 1 year

Study Objective:

» To assess the technical success and safety of the Pipeline™ Flex
Embolization Device with Shield Technology™

Study population
NausoNcRTERA

Age 18-80 years

Subject pre-selected for flow diversion
therapy.

Unruptured target aneurysm

o Parent vessel diameter 1.5-5.0 mm
distal/proximal to the target IA.

Target aneurysm located in the:
o Internal carotid artery (up to the
carotid terminus) OR
o Vertebral artery segment up to and
including the posterior inferior
cerebellar artery

Written informed consent provided

Subarachnoid hemorrhage or major
surgery in the past 30 days

Anatomy not appropriate for treatment
(e.g. severe intracranial vessel tortuosity
or stenosis), or history of intracranial
vasospasm not responsive to medical
therapy

Known contraindication to Pipeline™
Shield device as per IFU

Pregnant or breastfeeding women or
women who wish to become pregnant
during the length of study participation

Study endpoints

* Rate of device deployment success at the target site

* Incidence of major stroke in the territory supplied by
the treated artery or neurological death at 30 days
post-procedure due to procedural complications
related to the Pipeline™ Flex Embolization Device with
Shield Technology™.

“IntrePED: the 30-day stroke rate was 2.7% in the subgroup of small aneurysms

* Rate of device resheathability and redeployment
success

* Rate of device-related neurological adverse events at
30 days post-procedure

www.konesonline.orkr 93
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Patient population

DEMOGRAPHICS
* Enrollment period: March to October 2015

* 50 patients with 50 target aneurysms

+ 2 cases in which device covered arterial segments that
included an additional aneurysm, however only 1 target
aneurysm was included in analysis

* Mean age: 53.0 £ 13.01 years

* Female: 82.0% (41/50)

ANTIPLATELET REACTIVITY TESTING

= Antiplatelet reactivity testing done at the discretion of investigator
* Reference values:

= Test performed in 21/50 (42.0%) of patients

Test Result
Platelet test (N=21)
PRU 162.5¢79.69
" Clopidogrel
0<PRU <60 1(48%) hyper-responder
60< PRU <240 17 (81.0%)
Clopidogrel
PRU >240 3 (143%) hyporesponders
ARU 458.2¢8061
ARU <550 16 (76.2%)
Aspirin- borderline
ARU <550 5 (238%) o e

hyporesponders

Patient population
TARGET ANEURYSM CHARACTERISTICS

100% Maximal Diameter
76%
80% (38/50)
60%
40%
20%
0%
Small (<10 mm) Large Giant (225 mm)
(10< and <25 mm)
Neck width (mm) 5.0642.120
Dome-to-neck ratio 15240852

SHIELD STUDY

@ ORIGINAL RESEARCH
NS Periprocedural to 1-year safety and efficacy outcomes
with the Pipeline Embolization Device with Shield
technology for intracranial aneurysms: a prospective,
post-market, multi-center study

Hal Rice," Mario Martinez Galdamez, Markus Holtmannspéter Laurent Spele,*
Konstantinos Lagios,* Maria Ruggiero © £ Pedro Vega,” Hemant Sonwalkar®
René Chapot,” Saleh Lamin™

L1°0L sE poysnand 151y BINS JUSAIOUIOINGN [

SHIELD STUDY

STUDY DESIGN Post-market, prospective, observational, single-arm, multi-center

To assess the performance of the Pipeline™ Flex Embolization Device with
Shield Technology™ in a large real-world, post-market setting

Pipeline™ Flex Embolization Device with Shield Technology™

MAIN OBJECTIVE

ENROLLMENTS 205 subjects in 21 centers

INCLUSIONCRITERIA EXCLUSION CRITERIA
Major surgerywithin the past 30 days.

. Subject has provided written DRF orinformed consent u 2. TorgetlAlocatedinthe baslarartery

theIRB/EC-approved consent form and agrees to comply witl
protocolrequirements

. Atleast 18yearsofage.

. Subjecthasalreadybeenselectedforflowdiversiontherapyas
theappropriate treatment

. Subjecthasa targetlA thathasa parent vesselwith dameter
1.5-5.0mmdistal/proximal to the target IA.

3. Subjectwith anatomynotappropriateforendovascular treatment
Stentisin placeinthe parentarteryat thetarget A location.

5. Subject withanacutely (within 30 days) rupturedaneurysmwitha
H&Hgrade

6. Anykn traindicationto treatmentper FU.

7. Healthofthe subject may be compromisedby the subject's
enroliment.
Pregnantor breast-feedingwomen
Subjectis currentlyenrolledinapotentiallyconfoundingdrugor
devicetrial

0. Legalincapacity
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BASELINE CHARACTERISTICS

548:128

ANEURYSM CHARACTERISTICS

Never ruptured

Acutely ruptured
Previously treated

Small: 50.0% Medium: 33.8%
Large: 13.7% Giant: 2.5%

Saccular: 94.1%  Fusiform: 4.9%
Pseudo: 1.0%

Risk Factors

8% 6%
216%
2%
4% s 34% 3%
F pertension Hyperbpidemia A eart
o 9 b se

EFFICACY ENDPOINTS AT 1 YEAR — CORE LAB ASSESSED

Complete Occlusion without

parent artery stenosis (>50%)
or retreatment (all locations)

11,7%

Last FUP

99.2% 97.5% 98.9%

0.77% 254% 1.06%

Table 3 Primary effectiveness endpint through 1 year post-
procedure by aneurysm location (FAS population with observed data)

Primary effectiveness endpointt Rate* 95% Cl

Al aneurysms

1431200 (71.7%) ~ (65.0% to 77.7%)

Intracranial ICA (C2-C7 including terminus) ~ 109/144 (75.7%) ~ (67.9% to 82.4%)

Non-intracranial ICA
a
Vertebral
MCA
ACA

AComm

28145 (62.2%) | (46.5% to 76.2%)
112(50.0%) | (1.3%to 98.7%)
8/13(61.5%) | (31.6% to 86.1%)
1M3(53.8%) | (25.1% to 80.8%)
68 (75.0%) | (34.9% to 96.8%)
69 (66.7%) | (29.9% to 92.5%)

SAFETY ENDPOINTS AT 1 YEAR - CEC ADJUDICATED

Major Stroke in the Territory

supplied by the treated artery
or Neurological Death

3.23%

SERIOUS EVENTS OF INTEREST

Maior Stroke 29% Intra-parenchymal hemorrhage

Minor Stroke “ Sub-Arachnoid hemorrhage
Death Targetaneurysm retreatment

NO events in V4 aneurysms

15%

INSPIRE Registry

PFLEX study*
SHIELD study*
INSPIRE registry*

www.konesonline.or.kr
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INSPIRE: Background and design Endpoints

MAIN OBJECTIVE To evaluate product efficiency and safety in real-life data for large world- PRIMARY ENDPOINT Complete aneurysm occlusion (R&R 1)
wide patient group without significant parent artery stenosis
DESIGN Post-market, prospective, observational, single-arm, multi-center, registry (< 50% stenosis) or retreatment
DEVICES Multiple devices, including Pipeline SHIELD SECONDARY ENDPOINTS |+ Aneurysm occlusion
+ Device and procedure related adverse events
Core Laboratory Yes * Parent artery stenosis
Clinical Events Committee Yes * Aneurysm retreatment

Anti-platelet regimen

ClinicalTrials.gov Identifier NCT02988128

Presented today: a first glance at the 1-year results of the first 100 patients treated
with Pipeline Shield in the INSPIRE registry

. MORPHOLOGY
Demographics
100 PATIENTS RUPTURED
Agely) 53.8£12.8(100)
Female 77.0% (77/100)
MAIN RISK FACTORS
None 17.0% (17/100)
Hyperlipidemia 20.0% (20/100)
Cigarette Smoking 44,0% (44/100)
Hypertension (controlled) 48.0% (48/100)

Procedural characteristics and APT Primary endpoint at 1 year

97.6% successful device implants (123/126)
+ Total procedure time: 72 min (+ 42)
* Total microcatheter time: 16 min (£ 15)
+ Cumulative fluoro time: 30 min (+ 19)

Complete Occlusion and full Parent Artery Patency without retreatment

Trple, 2% Single, 7%

In 18% of patients, adjunctive coiling was used

71%

SINGLE ANTI-PLATELET THERAPY

Aspitin 3 Core Lab Anterior, 1 death, unrelated 3 patients lost to
judi i to device or X
Copitogel ) adjudicated Posterlor aqd follow-up
distal circulation procedure
Prasugrel 2
No TIA or stroke was reported n these patients
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Secondary Endpoints

COMPLETE ANEURYSM OCCLUSION

LOCATION MORPHOLOGY

ICA 79% (50/63) Saccular 743% (55/74)

Acom 50% (2/4) Fusiform 60.0% (6/10)

MCA 67% (6/9) Pseudo 100.0% (3/3)

VA 50% (3/6)

BAS 50% (1/2) SIZE

PCA 100% (1/1) Small 72.9% (43/59)

SCA 0% (/1) Large 720% (18/25)

Pericallosal 100% (1/1) Giant 100.0% (3/3)

‘ Core Lab ‘ ‘ Significant stenosis ‘ ‘ Aneurysm retreatment ‘ Retreatments due to
adjudicated (>50%) in 1 patient in 2 patients incomplete occlusion

Safety Outcomes
Site-reported Serious Adverse Events

MedDRA term ‘ All Device Related Serious AEs All Procedure Related Serious AEs
Carotid artery aneurysm 1/100 (1.0%) [1] 1/100 (1.0%) [1]
Cerebellar infarction 1/100 (1.0%) 1] 1/100 (1.0%) [1]
Ruptured cerebral aneurysm 1/100 (1.0%) [1] 1/100 (1.0%) [1]
Somnolence 1/100 (1.0%) [1] 1/100 (1.0%) 1]
Contrast media allergy 1/100 (1.0%) [1]
Abnormal Pedal Pulse 1/100 (1.0%) [1]
Headache 1/100 (1.0%) 1]
Carotid Artery Dissection 1/100 (1.0%) [1]

Rate (n/N) (%) [# of events]
Related means "Causal" and "Possible".

+ Data are site-reported (CEC adjudication ongoing)
+ CEC adjudicated one reported non-serious AE as major stroke in the treated area
+ 1 death occurred, but was unrelated to device or procedure

DATA SUMMARY OF PIPELINE STUDIES

PUFS 1Y PREMIER 1Y PFLEX 1Y SHIELD1Y  INSPIRE 1Y
Device Classic Flex Shield Shield Shield
# Subjects 108 141 50 204 100
Aneurysms Large & Giant  Small & Medium Al Al All
Locations ICA ICA ICA& VA Al Al
Complete Occlusion w/o
significant stenosis (<50%) 74% 79% 74% 72% 1%
or retreatment
Major stroke in treated
territory or neurological 5.6% 2.2% 0% 3.3% 2.0%

death

Safety and efficacy of Pipeline flow diverter with or without Shield technology are consistent across all
studies and all aneurysm sizes and locations

Conclusions

Analysis of the first 100 patients treated with the Pipeline Shield in INSPIRE
+ Final analysis will contain >500 patients

Core Lab adjudicated efficacy outcomes
+ Complete aneurysm occlusion: 73%
+ Parent Artery Stenosis >50%: 1%
+ Complete occlusion and full parent artery patency without retreatment: 71%

Low incidence of stroke and neurological death: 2%

INSPIRE results show great consistency with previous Pipeline studies,
in all sizes and locations of aneurysms

Still to come in full analysis:
+ Core lab adjudicated data of >500 patients (all patients in follow-up)
+ All adverse events adjudicated by CEC

Single center analysis: 96 aneurysms

Total Remmnant | IntersticiumRR |  Parent NOFU
occlusion RR2 3 artery
RR1 occlusion

< 3mm Very small 88,9% 5,6% 5,6%
>3-<11 mm Small 70,5% 16,4% 4,9% 33% 4,9%
211-<25mm 53,8% 30,8% 0,0% 0,0% 15,4%
Large
225mm Giant 66,7% 0,0% 0,0% 0,0% 33,3%

Intraoperative complications

Stent Aneurysm Embolic
thrombi rupture branch

< 3mmVerysmall  889% 11,1%

>3-<11 mm Small 88,5% 82% 0,0% 33%

>11-<25 mm 92,3% 7% 0,0% 0,0%
Large

225 mm Giant 100% 0,0% 0,0% 0,0%
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Conclusions-Shield

* Thromboembolic complications are the main problem with flow
diversion in general.

* In vitro studies have shown than PED Shield is less thrombogenic
than previous generations.

* PFLEX study has corroborated the safety and efficacy of the PED
SHIELD for the treatment of intracranial aneurysms.
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The Future of Neuro Intervention - Robotics, Remote Assist &
Evolve

Vincent Costalat

Department of Neuro-Vascular Unit, CHU Montpellier - Hépital Gui de Chauliac, France
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Coexistent coronary artery disease in patients with
cerebral artery stenosis evaluated by simultaneous
cerebral and coronary angiography

Jae Hyun Shim

Departments of Neurosurgery, PMC General Hospital

Objective: Cerebral artery stenosis (CAS), either extracranially or intracranially, shared the common
pathogenesis with coronary artery disease (CAD). We conducted a study of simultaneous cerebral and
coronary angiography to detect the rate of coexistent CAD in patients with CAS and a difference in ac-
companied CAD whether the location of the CAS.

Methods: Clinical data of patients from May 2019 to October 2021 were collected. The clinical
characteristics, whether the location of the CAS was extracranially, intracranially or tandem stenosis,
presence of significant (>50%) CAD, and whether percutaneous coronary intervention (PCl) was per-

formed were retrospectively analyzed.

Result: A total of 195 patients (female 85, 43.6%; age 70+10.9) received combined angiography.
Among them, 33 patients (16.9%) had no obvious CAS, 58 (29.7%) had extracranial stenosis, 76 (39.0%)
had intracranial stenosis, and 28 (14.4%) had tandem stenosis. Significant CAD was observed in 102
(52.3%, among them 61 (31.3%) underwent PCl), and coexistent CAD was significantly frequent in pa-
tients with CAS (p70 (OR 2.917, 95% Cl 1.488-5.717, p=0.002), and tandem stenosis (OR 4.023, 95%
Cl1.457-11.113,p=0.007).

Conclusion: Simultaneous cerebral angiography and coronary angiography might be considered when

patients with CAS were male, old age, previous stroke history, and tandem cerebral artery stenosis.
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Intraprocedural flat-detector rotational angiography and
image fusion technique for delivery of microcatheter into
the targeted shunt pouch of dural arteriovenous fistulas

Jai Ho Choi', Bum-soo Kim?, Yong Sam Shin*
Department of Neurosurgery® and Radiology?, Seoul St Mary's Hospital, The Catholic University of Korea

Objective: We aimed to investigate the efficacy of intraprocedural flat detector computed tomogra-
phy-based rotational angiography and image fusion (FDCT-RA and IF) technique to aid the navigation
of microcatheter and to confirm the placement of the microcatheter in the targeted pouch during
transvenous embolization (TVE) for intracranial dural arteriovenous fistula (DAVF).

Methods: For FDCT-RA & IF, initial dual-rotation angiography was performed to obtain subtraction,
mask, and native fill images. During the navigation of the microcatheter, we conducted single-rota-
tion angiography with reduced FOV without contrast media and fused with initial subtraction image
to identify the microcatheter going to the right direction or being placed in the targeted shunt pouch.
We retrospectively reviewed clinical and radiological features of fifty-three DAVFs treated by TVE be-
tween January 2009 and February 2020 in a single institute.

Result: This technique was used in 18 out of 53 DAVFs. DAVF location (p=0.001), sinus occlusion sta-
tus (p=0.001), and access route (p=0.005) were significantly different between the two groups with
or without this technique. In DAVFs involving anterior condylar confluence and cavernous sinus with
ipsilateral inferior petrosal sinus (IPS) occlusion, we mainly used this technique. We could easily navi-
gate occluded IPS or an alternative access route including a facial or superficial temporal vein using our
technique. Complete occlusion rate was higher in cases with this technique (n=17, 94.4%) than without
this technique (n=28, 80%, p=0.163).

Conclusion: FDCT-RA and IF can be an effective and helpful technique for navigation of a microcathe-

ter into the targeted shunt pouch.
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Short- and long-term mortality after thrombolysis and
thrombectomy for acute ischemic stroke: propensity score
matching with 5-year follow-up using A nationwide big
data

Jae Sang Oh, Sung Ho Lee, Ho Jun Lee, Dong Sung Shin, Sukh Que Park , Seok Mann Yoon,
Bum Tae Kim

Department of Neurosurgery, College of Medicine, Soonchunhyang University

Objective: It remains unknown whether intravenous thrombolysis (IVT), thrombectomy, or post-stroke
antithrombotic medication lower short- and long-term mortality in acute ischemic stroke (AlS). This
study aimed to investigate the efficacy of IVT in AIS using propensity score matching with a nationwide
big data, to determine whether acute management could reduce short- and long-term mortality, and to

identify risk factors influencing short- and long-term mortality in AlS.

Methods: We analyzed data collected from 2013 to 2014 by the Acute Stroke Assessment Registry,
prospectively collected database including a nationwide data from 216 pre-selected hospitals. We ana-
lyzed this AlIS data and then tracked the administrative data of these patients with AlS. During a period
of 6 months, 20,202 acute stroke patients were admitted to emergency departments. Of these, 18,691
patients were admitted for AlS. Patients with a diagnosis of acute ischemic stroke were included in this
study. Overall, 14,394 ischemic stroke patients were enrolled after excluding 4,297 patients with no
detailed record of IVT. We divided the patients into two groups: 1) Non-IVT group (13,071 patients)
and 2) IVT group (1,323 patients). The IVT group was subdivided into two groups: IVT within 2 hours
after symptom onset and IVT between 2 and 4.5 hours after symptom onset. We divided the National
Institutes of Health Stroke Scale (NIHSS) score into 5 grades: 1-4, 5-7, 8-13, 14-21, and 22-42 by
neurological status at the emergency department. Vascular risk factors, including smoking (current
smoker, ex-smoker, and non-smoker) and atrial fibrillation, were collected. The Charlson Comorbid-
ity Index (CCl) was determined by ICD-10 code and based on this, patients were divided into three
groups: 0, 1, and >=2. Propensity score matching was used to match IVT and control cases with a 1:1
ratio. The primary outcome was survival up to 3 months, 1 year, and 5 years, as assessed using Kaplan-

Meier estimates and Cox proportional hazards.
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Result: In total, 14,394 patients with AIS were recruited from March-June 2013 and from June-
August 2014. Of them, 1,323 (9.2%) received IVT with tPA (tissue plasminogen activator) and 229
had missing data for at least one variable required to calculate the propensity score. These patients
were excluded from this study. Of the 2,634 remaining subjects, 1,317 patients treated with IVT were
matched with 1,317 patients treated without IVT. Overall, 286 (10.9%) patients were treated with in-
tra-arterial mechanical thrombectomy. Measures of balance diagnosis indicated that the sample was
adequately matched, with standardized difference of mean propensity scores between groups of <
.01 . After propensity score matching, 1,317 patients treated with IVT were matched with 1,317 pa-
tients not treated with IVT. Survival was higher in the IVT group (median, 3.53 years) than in the non-
IVT group (median, 3.37 years, stratified log-rank test, p < .001). Compared with the non-IVT group,
thrombolysis performed within 2 hours significantly reduced the risk of 3-month mortality by 37%, and
thrombolysis performed between 2 and 4.5 hours significantly reduced the risk of 3-month mortality
by 26%. Thrombectomy significantly reduced the risk of 3-month mortality by 28%. Compared with no
post-stroke medication, post-stroke antiplatelet medication was associated with 51%, 55%, and 52%
decreases in 3-month, 1-year, and 5-year mortality risk, respectively. Post-stroke anticoagulant med-
ication was associated with 51%, 54%, and 44% decreases in the risk of 3-month, 1-year, and 5-year
mortality, respectively.

Conclusion: Compared to non-thrombolysis, thrombolysis reduced short-term mortality by 47%.
Thrombolysis and thrombectomy are associated with improved short-term survival, although they did
not significantly reduce long-term mortality. Post-stroke antithrombotic medication could significant-
ly reduce both short- and long-term mortality of patients with AIS. Faster active management in the
acute phase and post-stroke antithrombotic medication are important for good short- and long-term
outcomes in patients with ischemic stroke.
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Procedural and demographic factors for re-occlusion
in intracranial atherosclerotic occlusion treated by
mechanical thrombectomy plus balloon angioplasty or
intracranial stenting

Hyun Gon Lee, Seung Hwan Kim, Sung-Chul Jin

Department of Neurosurgery, Dongnam Institute of Radiological & Medical Sciences

Objective: Re-occlusion will be potential to influence clinical outcome adversely after mechanical
thrombectomy plus rescue treatment such as balloon angioplasty or intracranial stenting in acute in-
tracranial atherosclerotic occlusion (ICAS). We retrospectively evaluated demographic and procedural
factors for re-occlusion after mechanical thrombectomy plus rescue treatment in acute intracranial

atherosclerotic occlusion.

Methods: From January 2013 to December 2020, 46 patients with ICAS who underwent mechani-
cal thrombectomy and rescue treatment included our study. Patency of the lesion within 2 day after
mechanical thrombectomy and rescue treatment was classified into patency group (n=31, 67.4%)
and re-occlusion group (n=15, 32.6%). We compared the demographic and procedural factors of both
groups.

Result: Intravenous tissue plasminogen activator (t-PA) of patency group (n=18/31 (38.3%) was more
than that of re-occlusion group (n=1/15 (7.7%)) with statistical significance (p=0.045). The number
of thrombectomy attempt of re-occlusion group was significantly more than that of patency group
(median(IQR), 2(1-3) vs 1(0-2), p=0.002). In multivariate logistic analysis, the independent predictor
of re-occlusion was the number of thrombectomy attempts (odds ratio, 3.761 [95% Cl, 1.416-9.990],
p=0.008)

Conclusion: In our study, the number of thrombectomy attempts was an independent risk factor of
re-occlusion in ICAS treated by mechanical thrombectomy and rescue treatment.
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Effectiveness of anchoring with balloon guide catheter
and stent retriever in difficult mechanical thrombectomy
for large vessel occlusion

Ho JunYi, Bum-Tae Kim, Dong-Seong Shin

Department of Neurosurgery, Soonchunhyang University Bucheon Hospital

Objective: A distal navigation of a large bore aspiration catheter during mechanical thrombectomy (MT)
is important. However, delivering a large bore aspiration catheter is difficult to a tortuous or athero-
sclerotic artery. We report the experience of anchoring with balloon guide catheter (BGC) and stent
retriever to facilitate the passage of an aspiration catheter in MT.

Methods: \When navigating an aspiration catheter failed with a conventional co-axial microcatheter
delivery, an anchoring technique was used. Two types of anchoring technique were applied to facilitate
distal navigation of a large bore aspiration catheter during MT. First, a passage of aspiration catheter
was attempted with a proximal BGC anchoring technique. If this technique also failed, another anchor-
ing technique with distal stent retriever was tried. Consecutive patients who underwent MT with an
anchoring technique were identified. Details of procedure, radiologic outcomes, and safety variables

were evaluated.

Result: A total of 67 patients underwent MT with an anchoring technique. Initial trial of aspiration
catheter passage with proximal BGC anchoring technique was successful for 35 (52.2%) patients and
the second trial with distal stent retriever anchoring was successful for 32 (47.8%) patients. Overall,
navigation of a large bore aspiration catheter was successful for all (100%) patients without any proce-

dure related complications.

Conclusion: Our study showed the usefulness of anchoring technique with proximal BGC and distal
stent retriever during MT, especially in those with an unfavorable anatomical structure. This technique
could be an alternative option for delivering an of aspiration catheter to a distal location.
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Can computed tomographic angiography be used to
predict who will not benefit from endovascular treatment
in patients with acute ischemic stroke? The CTA-ABC
score

Jung Soo Park, Ha Young Choi, Jong Myong Lee, Eun Jeong Koh

Department of Neurosurgery and Research Institute of Clinical Medicine of Jeonbuk National University-Biomedical Research
Institute of Jeonbuk National University Hospital

Objective: The objective of this study was to develop a score to predict patients with acute ischemic
stroke (AIS) who will not benefit from endovascular treatment (EVT) using computed tomographic an-

giography (CTA) parameters.

Methods: The CTA-ABC score was developed from 3 scales previously described in the literature:
the Alberta Stroke Program Early CT Score (O-5 points, 3; 6-10 points, 0), the clot burden score (0-3
points, 1; 4-10 points, 0), and the leptomeningeal Collateral score (O-1 points, 2; 2-3 points, 0). We
evaluated the predictive value of CTA parameters associated with symptomatic intracranial hemor-
rhage (sICH) or malignant middle cerebral artery infarction (MMCAI) after EVT and developed the
score using logistic regression coefficients. The score was then validated. Performance of the score
was tested with an area under the receiver operating characteristic curve (AUC-ROC).

Result: The derivation cohort consisted of 115 and the validation cohort consisted of 40 AlS patients.
The AUC-ROC was 0.97 (95% confidence interval [Cl], 0.94-0.99; p<0.001).

Conclusion: Our CTA-ABC score reliably assessed risk for sICH and/or MMCAI in patients with AIS
who underwent EVT. It can support clinical decision-making, especially when the need for EVT is un-

certain.
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In vitro comparison of vacuum pressures and suction
forces generated by different pump system for aspiration
thrombectomy

Sum Kim, Jong Young Lee

Department of Neurosurgery, Kangdong Sacred Heart Hospital, Hallym University College of Medicine

Obijective: Direct aspiration thrombectomy is an increasingly utilized technique in endovascular stroke
treatment that relies on vacuum and suction force to remove the clot. This report assesses the pres-
sures and forces generated by different pumps.

Methods: Vacuum pressures were measured using a vacuum gauge with closed tip for aspiration
pumps (60-mL syringe, Penumbra Jet Engine, Penumbra Max, and Stryker Medela AXS). Using an arti-
ficial thrombus made from polyvinyl alcohol hydrogel, suction force generated on an artificial thrombus
was assessed by 5Fr, 6Fr Sophia intermediate catheter and penumbra Jet Engine. Subsequently, cal-
culated suction forces based on pressure and catheter tip size (force = area x pressure) and measured

suction force were compared.

Result: A 60-ml Syringe generated the highest maximum aspiration pressure (98.2 + 0.2 kPa), following
Penumbra Jet Engine (96.1 + 0.2 kPa), Penumbra MAX (94.3 + 0.2 kPA) and Stryker Medela AXS (76.4
+ 0.2 kPa). Using the Penumbra Jet Engine, a larger-bore catheter was associated with higher tip force.
Measured suction force of 5Fr Sofia was 10.6 + 0.5, and 18.1 + 2.4 gf for 6Fr Sofia. Calculated suction
forces of 5Fr Sofia was 12.6 gf, and 22.2 gf for 6Fr Sofia.

Conclusion: A 60-ml syringe generates the highest vacuum pressure. Among commercially available
pumps, Penumbra Jet Engine generates the highest vacuum pressure and it was comparable with a 60-
ml syringe. A catheter with a larger inner diameter generates higher suction forces on aspiration. The

data on measured suction force and calculated suction force were comparable.
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Should we always retrieve? endovascular treatment
outcomes in emergent large-vessel occlusion due to
underlying intracranial atherosclerotic stenosis

Jong-Hoon Kim, Young-Jin Jung, Chul-Hoon Chang

Department of Neurosurgery, College of Medicine, Yeungnam University

Objective: This study aimed to compare treatment outcomes between patients who received Stent-re-
triever thrombectomy (SRT) and those who received first stenting without retrieval (FRESH) for treat-
ing emergent large vessel occlusion (ELVO) due to underlying intracranial atherosclerotic stenosis
(ICAS).

Methods: Consecutive patients with intracranial ELVO who underwent endovascular treatment at
Yeungnam University Medical Center between January 2017 and December 2020 were retrospec-
tively selected. ICAS-related ELVO was defined based on a remnant stenosis of >70% or a lesser
degree of stenosis with a tendency toward reocclusion and/or flow impairment during endovascular
treatment. The patients with ICAS-related ELVO were divided into two groups: SRT and FRESH.

Result: 62 consecutive patients with ELVO due to ICAS were enrolled in this study. Among the 62 pa-
tients, 32 (51.6%) underwent SRT, whereas 30 (48.4%) patients underwent FRESH. There were no sig-
nificant intergroup differences in the rate of successful reperfusion. However, symptomatic intracranial
hemorrhage was significantly more common in the SRT group than in the FRESH group (18.8% vs. 0%;
odds ratio [OR]: 14.962, 95% confidence interval [Cl]: 0.804-278.311, p = 0.024). Favorable function-
al outcomes were significantly more frequent in the FRESH group (93.3% vs. 40.6%, OR: 20.462, 95%
Cl: 4.137-101.21, p < 0.001). The multivariate logistic analysis showed that FRESH (OR: 7.243 [95%
Cl: 1.095-47.91]; p = 0.040) was an independent predictor of favorable functional outcomes.

Conclusion: FRESH could be a feasible solution when considering procedural simplicity and focusing

on the cause of occlusion.
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Short and long-term outcomes of subarachnoid
hemorrhage treatment according to hospital volumein
korea: a nationwide multicenter registry

Jae Sang Oh, Sung Ho Lee, Ho Jun Lee, Dong Sung Shin, Sukh Que Park, Seok Mann Yoon,
Bum, Tae Kim

Department of Neurosurgery, Soonchunhyang University Hospital

Objective: Subarachnoid hemorrhage is a potentially devastating cerebrovascular attack with a high
proportion of poor outcomes and mortality. Recent studies have reported decreased mortality with the
improvement in devices and techniques for treating ruptured aneurysms and neurocritical care. This
study investigated the relationship between hospital volume and short- and long-term mortality in pa-

tients treated with subarachnoid hemorrhage.

Methods: We selected subarachnoid hemorrhage patients treated with clipping and coiling from
March-May 2013 to June-August 2014 using data from Acute Stroke Registry, and the selected sub-
arachnoid hemorrhage (SAH) patients were tracked in connection with data of Health Insurance Re-
view and Assessment Service to evaluate the short-term and long-term mortality. During a period of 6
months, 20,202 acute stroke patients were admitted to the emergency departments. A total of 5,047
(25%) patients suffered an acute hemorrhagic stroke. To analyze and compare the effect of treatment,
patients who received conservative treatment for SAH were excluded. A total of 4,422 patients were
excluded as their initial Glasgow Coma Scale (GCS) was either not recorded on admission, or they did
not receive surgical treatment (clipping or coiling). Six hundred and twenty-five patients were treated
with surgical clipping (n = 355, 57%) or endovascular coiling (n = 270, 43%). To avoid the intentional
cut-off level bias, we divided patients into two groups according to the number of clipping and coiling
procedures conducted in a hospital: high-volume hospitals (> 20 cases per year); and low-volume hospi-
tals (< 20 cases per year).6 We divided the severity of clinical status into two groups according to GCS
on admission: 1) severe clinical status (GCS < 9); and 2) mild clinical status (GCS > 10). To divide the
severity of clinical status in patients with SAH, we determined a cut-off score of GCS 9 because it pre-
dicted poor outcome after SAH in a previous study.7 Economy status was divided into health insurance
and medical aid. Based on smoking history, patients were divided into current smokers, ex-smokers,
and non-smokers. The Charlson Comorbidity Index (CCI) was determined using the ICD-10 code and
was divided into two groups: O and > 1. The use of emergency medical services (EMS) before arrival at
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the hospital, onset-to-door time, and door-to-image time were also collected. The mortality rate after
admission was divided into five categories: within 14 days; within one month; three months; one year;

and five years.

Result: The in-hospital mortality within 14 days in the high-volume center was significantly lower than
that at the low-volume center (9.0% vs. 16.7%, P = 0.004). The one-month mortality at the high-volume
center was significantly lower than that at the low-volume center (14.1% vs. 24.4%, P = 0.001), and the
three-month mortality at the high-volume center was significantly lower than that at the low-volume
center (15.5% vs. 26.3%, P = 0.001). The one-year mortality at the high-volume center was significantly
lower than that at the low-volume center (17.1% vs. 27.0%, P = 0.003), and the five-year mortality at
the high-volume center was significantly lower than that at the low-volume center (20.0% vs. 30.0%, P
= 0.004). On Cox regression analysis of death in patients with severe clinical status, low-volume hos-
pitals had significantly higher mortality than high-volume hospitals during short-term follow-up. On
Cox regression analysis in the mild clinical status group, there was no statistical difference between

high-volume hospitals and low-volume hospitals.

Conclusion: In subarachnoid hemorrhage patients treated with clipping and coiling, low-volume hos-
pitals had higher short-term mortality than high-volume hospitals. These results from a nationwide
database imply that acute SAH should be treated by a skilled neurosurgeon with adequate facilities in a
high-volume hospital.
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Direct contact aspiration thrombectomy using large bored
suction catheter: a single center's experience

Dong-Keun Hyun, Se-yang Oh, Yu shik Shim

Department of Neurosurgery, Inha University School of Medicine and Hospital, Incheon

Objective: Direct aspiration thrombectomy has accepted a technique for acute ischemic stroke (AlS)
after introducing A Direct Aspiration First Pass Technique (ADAPT). The ACE68 reperfusion catheter
is a newly introduced large bore aspiration catheter. We report our initial experiences with ADAPT
with ACE68 catheter as the first-line technique.

Methods: We retrospectively reviewed the stroke registry of our institute. We enrolled AlS patients
who underwent mechanical thrombectomy (MT) using ADAPT with the ACE68 catheter from Decem-
ber 2019 to May 2021. Baseline characteristics, angiographic and clinical outcomes were analyzed.

Results: During the period, 56 patients were treated. Mean age was 67.8 years and mean baseline
National Institutes of Health Stroke Scale score was 14.3. Successful recanalization (modified Throm-
bolysis in cerebral infarction score 2b or 3) could be achieved in 46 ADAPT (75.0%) and 52 stentre-
triever-combined procedures (92.9%). A first-pass effect was achieved in 28 procedures (50%). Mean
puncture-to-recanalization time was 33.1 minutes with ADAPT (26.2 minutes with first-pass effect),
and 39.4 minutes with stentretriever-combined procedures. Symptomatic intracranial hemorrhage
occurred in 4 patients (7.1%). Favorable outcome (modified Rankin scale O, 1, 2) was achieved 26.8% at
discharge and 41.1 % at 3 months after discharge.

Conclusions: ADAPT with large bore catheter achieved high rate of reperfusion with first-pass effect,
short reperfusion time, and acceptable clinical outcomes. Utilizing these technique and devices recom-
mends as a safe and effective first-line strategy for AlS to require MT.
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Case report: Trans-radial coil embolization of basilar tip
aneurysm in patient with difficult aortic arch

Donghwan Jeong

Department of Neurosurgery, Hallym University Dongtan Sacred Heart Hospital

Objective: Transfemoral access is usually preferred to transradial access for ease of use and familiarity
for most Korean neurointervensionist. Transradial access has some advantages in specific situations.

Here we present a successful trans-radial coil embolization of basilar tip aneurysm case.

Methods: A 76-year-old female came to outpatient department with a chief complaint of headache.
Eight-millimeter sized basilar tip unruptured aneurysm was diagnosed on computed tomography
angiogram. In diagnostic transfemoral cerebral angiography session, proper right vertebral artery
selection was impossible with lack of angiocatheter controllability (especially, torquability) owing to
severe dolichosis of aorta. Left vertebral angiography was also insufficient due to direct arch origin and
angiocatheter kickback. So, trans-radial coil embolization was planned. A 6-French sheath was placed
in the right radial artery with Seldinger technique. Ulnar arterial patency was confirmed before guid-
ing catheter delivery. A 6-French guiding catheter was placed in the right vertebral artery easily. The
Y stent assisted coil embolization was successfully performed for saving ipsilateral posterior cerebral

and superior cerebellar arteries.

Result: The patient was released from hospital on second postoperative day without any complications
including radial artery problem.

Conclusion: Trans-radial access could be an effective and easy alternative corridor in the patient with
difficult aortic arch.
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Proximal carotid artery angioplasty and stenting
considerations in a patient with anomalous right vertebral
artery originating as a side branch from right internal
carotid artery

Seong-Cheol Park

Department of Neurosurgery, Hallym Hospital

Objective: Anomalous origin of a right vertebral artery originating from right internal carotid artery is
a very rare anomaly. Because of the anomaly in which both internal carotid artery and vertebral artery
is located distal to proximal internal carotid artery, distal protection during proximal carotid stenting
may be more complex. Carotid stening in a 73 years old male patient with this type of anomaly is re-

ported.

Methods: The patient visited emergency department due to imbalance and frequent fall probably
related to vascular dementia or other type of dementia. Obey command was possible and no focal
weakness was evident. However, the patient showed imbalance and partial dysphagia. Multiple severe
stenosis including right proximal internal carotid artery, right intracranial internal carotid artery and
left vertebral ostium were found. Multiple previous infarctions were found and multiple tandem steno-
sis were found. Right proximal internal carotid artery showed more than 68.3% stenosis with residual
lumen 1.7mm/5.35mm and another proximal carotid artery and the other intracranial tadem stenoses
were present. Intracranial 75% severe stenosis was treated by balloon angioplasty three years ago. The
patient showed clopidogrel resistance and clopidogrel changed to ticagrelor. Right proximal internal
carotid artery angioplasty and stenting was planned with distal protection. Several distal protection
options, internal carotid artery protection, vertebral artery protection or both artery protections were
considered.

Result: Considering vessel angulations and intravascular approach difficulty, right internal carotid ar-
tery distal protection was done with Spider embolic protection. Right proximal internal carotid angio-
plasty and stenting were performed with balloons and Protege stents. Postprocedurally, 1.7mm steno-
sis was improved to 3.21mm and 68.3% stenosis was improved to 40% stenosis. Twenty days later, left

vertebral ostium balloon angioplasty was also performed. lly.
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Conclusion: No neurologic change or additional stroke was found postprocedurally for 3 months. The
patient was transferred to rehabilitation hospital. Anomalous original and branching of right vertebral
and internal carotid artery can cause distal protection difficulty in a rare case. In literature review, both
anomalous right vertebral artery origin from common carotid artery and internal carotid artery are
rare anomalies. Probably anomalous right vertebral artery origin from right internal carotid artery is
rarer type. Unlike common carotid artery origin, internal carotid origin vertebral artery may require
additional concern during proximal carotid stenosis treatment.
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Case report of unruptured aneryusm treatment by WEB
system

Jaewoong Lee, Sukh Que Park

Department of Neurosurgery, Soonchunhyang University Seoul Hospital

Objective: Conventionally, Platinum coils are inserted into the lumen of the aneurysm for treating
an unruptured aneurysm. Endovascular therapy for cerebral aneurysms is evolving. New techniques
continue to be developed for treating cerebral aneurysms like stent-assisted coiling, ballon-assisted
coiling, and flow diverters, etc. Wide-neck bifurcation aneurysms (WNBAs) can be difficult to treat with
either endovascular or open surgical methods. Woven EndoBridge (WEB) intrasaccular therapy for the
treatment of wide Neck aneurysms is approved by The United States Food and Drug Administration
(FDA\) since 2018’ However, in Korea, the above technology has not yet been included in the insurance
standards and has not been used in many clinical trials. The purpose of this cases report is to discuss

WEB embolization’s usefulness by looking into some cases treated by the WEB system.

Methods: We treated four patients with web embolization from August 2021 to November 2021. All
4 cases is MCAB unruptured aneurysms (Rt : 3, Lt : 1). Regular transfemoral cerebral angiography was
performed on all cases before surgery, and dual antiplatelet was taken to every patients. It was per-
formed as elective surgery, and brain magnetic resonance angiography was taken for all patients the

next day after surgery.

Result: All patients treated by WEB embolization had wide-neck aneurysms and the average aspect
ratio was 1.16. The average procedure time is 3minutes 26seconds. We didn't change devices for an-
eurysm embolization. Thromboembolic events were not observed in all patients during surgery, and
residual aneurysms were not observed in brain magnetic resonance angiography performed the next
day.

Conclusion: Aneurysms with wide neck remain a challenge for endovascular treatment. The WEB de-
vice is an effective therapy for wide-necked bifurcation aneurysms. This device is an important tool for
the treatment of WNBAs, particularly for patients in whom surgical clipping carries high risks. the de-
velopment of new techniques and materials in the treatment of aneurysms makes endovascular treat-
ment of intracranial aneurysms safe and we think the WEB device can be an alternative for treating
WNBA:S.
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Treatment result of anterior choroidal artery aneurysms
mostly treated with coil embolization: a single-center
experience

Eun-Oh Jeong, Hyon-Jo Kwon, Hyeon-Song Koh

Department of Neurosurgery, Chungnam National University Hospital

Objective: The anterior choroidal artery (AchA) is relatively small in diameter and the AchA aneurysms
are also usually small in size and often closely attached to the artery. Therefore, in many cases, it is of-
ten challenging to perform coil embolization because of its serious risks such as thromboembolic occlu-
sion and perforation. So aneurysmal neck clipping has still been widely performed despite the increase
in coil embolization for aneurysm treatment. We have treated 92.1% of AchA aneurysms with coil em-

bolization and report the results.

Methods: \We retrospectively analyzed the data base and medical records of patients who underwent
coil embolization for AchA aneurysms. The clinical and imaging results, procedure related complica-
tions were investigated after coil embolization from January 2006 to October 2021 in Chungnam Na-

tional University Hospital.

Result: A total of 93 AchA aneurysms were consisted with 63 (67.7%) unruptured and 30 (32.3%)
ruptured aneurysms including 1 ruptured aneurysm (1.1%) re-embolized at the POD 192 due to coil
compaction. There was no re-embolization in the unruptured aneurysm. After the initial coil emboliza-
tion, complete occlusions were attained in 40 (43.0%), neck remnants 43 (46.2%) and sac remnants 10
(10.8%). Follow-up radiologic studies after 6 to 174 months were performed in 74 (79.6%) aneurysms.
As aresult, complete occlusions were noted in 51 (68.9%), neck remnants 20 (27.0%) and sac remnants
3(4.1%). The only procedure-related complication (1.1%) was ipsilateral MCA territory ischemic insult
caused by guiding catheter-induced blood flow arrest during procedure. After coil embolization, there

was neither delayed rupture nor re-rupture.

Conclusion: Based on our results, treating anterior choroidal artery aneurysm with coil embolization is
a safe and effective treatment option.
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P-07

Outcome of ruptured anterior communicating artery
aneurysm treatment comparing between surgical clipping
and endovascular coiling - A single center analysis

Jung Soo Park, Ha Young Choi, Jong Myong Lee, Eun Jeong Koh

Neurosurgeryand Research Institute of Clinical Medicine of Chonbuk National University-Biomedical Research Institute of
Chonbuk National University Hospital

Objective: The optimal treatment modality of ruptured anterior communicating artery (ACoA) aneu-
rysms is unclear. We aimed to evaluate the outcome of ruptured ACoA aneurysm treatment to com-
pare the endovascular coiling and surgical clipping and investigate predictors for favorable outcome.

Methods: We conducted a retrospective analysis of consecutive 213 patients with ruptured AcoA
aneurysm treated with endovascular coiling or surgical clipping in single tertiary neurosurgical center
from January 2010 to December 2020. Patients were dichotomized into coiling and clipping groups.
Baseline patient’s demographics, aneurysm characteristics, clinical outcomes and complications were
evaluated.

Result: 213 eligible patients were included in the study. 94 patients (44.1%) underwent surgical clip-
ping and 119 patients (55.9%) underwent endovascular coiling. The mean age of patients in the coiling
group was higher than the clipping group (60.3 + 13.2 versus 53.5+ 13.4, P

Conclusion: Patients with ruptured ACoA aneurysms can be safely and effectively treated by both
clipping and coiling modalities. But this study suggests, although collaboration of coiling and clipping is
important, it may be beneficial to consider coiling as the first option for ruptured ACoA aneurysms.
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Safety and efficacy of neuroform Atlas and LVIS stent for
the treatment of unruptured Intracranial aneurysms

Sung Ho Lee, Jae Sang Oh, Seok Mann Yoon

Department of Neurosurgery, Soonchunhyang University Cheonan Hospital

Objective: Two self-expandable stents, Neuroform Atlas and LVIS stents have been widely used for the
treatment of complex intracranial aneurysms because of their low profile design. However, the impact of two
different stents on clinical and angiographic outcome of stent-assisted coiling (SAC) in patients with intra-
cranial aneurysms has been debated. The purpose of this study is to compare the initial and follow-up angio-
graphic outcomes and perioperative complications of SAC between Neuroform Atlas and LVIS stent groups.

Methods: Between May 2015 and June 2021, all patients treated with Neuroform Atlas or LVIS SAC
for unruptured intracranial aneurysms at our institution were eligible for this study. Double overlap-
ping stents or Y stent was excluded. A Time-of-flight magnetic resonance angiography, catheter angi-
ography, or both were used to evaluate occlusion status after coiling. The clinical characteristics and
angiographic results were reviewed.

Result: We evaluated 192 consecutive cases: 104 Atlas and 88 LVIS (including LVIS Jr) stents. Patient
demographics and aneurysm morphology were not different between Atlas and LVIS groups. The mean
follow-up durations were 10.91+5.83 and 14.20+9.21 months for Atlas stent and LVIS groups, respec-
tively (P=0.013). The mean packing density was not significantly different between two groups; Atlas
stent (32.92+12.86%) vs. LVIS stent (34.59+12.90%) (P= 0.372). Immediate postoperative complete
or near complete occlusion rate (Raymond I, and 1) was not significantly different between two groups
(61.5 % in Atlas group vs 67.1 % in LVIS group). Further occlusion of coiled aneurysms were evident
during follow up in both groups. Final angiographic outcome of Raymond | or Il was not significantly
different between two groups (85.1 % in Atlas group vs 92.9 % in LVIS group). Peri-procedural event
rate was significantly higher in the LVIS group (11/88, 12.5%) than Atlas group (4/104, 3.8%) (P=0.026).
However, the permanent complication occurred in 1 case of LVIS group.

Conclusion: Even though peri-procedural event rate is higher in LVIS group, permanent complication
rate is not different. SAC using Atlas or LVIS stent is safe and effective for the treatment of unruptured
intracranial aneurysms. Most of the aneurysms with postoperative Raymond |l was completely occlud-
ed during follow up after SAC. Immediate postoperative and follow up angiographic results were simi-
lar between two groups.
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Is it safe to discontinue antiplatelet medication after stent-
assisted coil embolization? If so, when is the best time?

Noah Hong, Young Dae Cho

Department of Neurosurgery, Seoul National University Hospital

Objective: Antiplatelet maintenance after stent-assisted coil embolization (SACE) is generally consid-
ered essential to avoid post-procedural thromboembolic complications. However, there is still debate
as to whether it is safe to discontinue antiplatelet drugs after SACE or when is the best time to do
so. We investigate herein the clinical outcomes experienced by patients who discontinue antiplatelet
agents after SACE.

Methods: From a prospective database, we retrieved the data for 120 consecutive patients (harboring
130 aneurysms) in whom antiplatelet agents were discontinued after SACE between January 2010
and December 2019. We defined thromboembolic complications associated with discontinuation as
neurologic or radiographic ischemia that occurred within 6 months of discontinuation of antiplatelet
agents; the lesion was required to be correlated with the stented artery.

Result: The mean time of discontinuation of antiplatelet medication was 31.4 + 18.3 months after
SACE (median, 26 months). The majority of patients stopped antiplatelet medication between 18 and
36 months after SACE (74 patients, 61.6%). Laser-cut closed-cell stent was most commonly applied in
91 aneurysms (70.0%), followed by braided closed-cell (n=29; 22.3 %) and laser-cut open-cell stent 10
(7.7 %). No patients experienced cerebral ischemia related to discontinuation of antiplatelet medica-

tion.

Conclusion: Our preliminary study suggests that it may be safe to discontinue antiplatelet medication
after SACE in patients at low risk for ischemia. The optimal time to discontinue might be around 18 to
36 months after SACE. Large cohort-based studies or randomized clinical trials are warranted to con-

firm these results.
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Is there a change of initial severity of subarachnoid
hemorrhage (SAH) by ruptured intracranial aneurysm over
time?

Young Deok Kim, O-ki Kwon, Seung Pil Ban

Department of Neurosurgery, Seoul National University Bundang Hospital

Objective: The treatment of unruptured intracranial aneurysm is increasing every year. However, the
change of initial severity of subarachnoid hemorrhage (SAH) by aneurysm rupture is unclear.

Methods: We include the patient who visited our emergency center with SAH by aneurysm rupture
from 2003 to 2020. The initial Hunt-Hess grade and modified Fisher grade were obtained using previ-
ous medical records and image studies. We categorized Hunt-Hess grade |, Il into mild group and Hunt-
Hess grade Ill, IV and V into severe group. Also. We divided Fisher grade |, Il into mild group into mild
group and Fisher grade Ill, IV into severe group. We analyzed the change of the proportion of severe
group from 2003-2020 over time. The Mann-Kendall analysis method was used for evaluating statisti-

cal significance of the initial severity trend over time.

Result: A total of 1023 patients with SAH by aneurysm rupture was identified. The proportion of se-
vere group of Hunt-Hess grade was ranged from 15.4% to 39.1%. The Mann-Kendall test was revealed
that there is no trend of the severity of Hunt-Hess grade over time (P-value 1.00). In the aspect of
modified Fisher grade, the proportion of severe group was ranged from 56.7% to 92.3%. The trend of
severity of modified Fisher grade was also not significant statistically (P-value 1.00). These means that

there was no improvement or aggravation of the initial severity of Hunt-Hess grade and Fisher grade.

Conclusion: We found that there was no improvement of initial severity of SAH by aneurysm rupture

over time despite increasing treatment of unruptured intracranial aneurysms.
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The usefulness of hyperacute Stroke MRI protocol

Won-Deog Seo’, Myeung-Saup Kim®, Mun-Chul Kim? Dae-Young Hong?, Ji-Gang Park?

‘Department of Neurosurgery, Daegu goodmorning Hospital,
“Department of Neurosurgery, Pohang Stroke and Spine Hospital

Objective: In patients with hyperacute stroke, time is a very important factor in determining the prog-
nosis. In general, protocol using CT scan is used, but with the development of MRI technology, MRI
imaging time has been shortened a lot compared to before, now there isn't much difference in doing
a CT Scan or MRI. Moreover, as the time window for acute ischemic stroke increased to 24 hours, the

importance of multimodal diagnostic images also increased.

Methods: Hyperacute stroke MRI protocol is composed of Diffusion + Flair + Gre + Carotid MRA(E) +
Perfusion. Hyperacute stroke MRI sequences are implemented to shorten the scan time and it provides
various information whether to perform Thrombectomy and at the time of performing Thrombectomy.

Result: Fast scanning techniques (Compressed sensing, Multiband sense) and selective MRI Sequence
images were used. It takes a total of 05:54min scanning time with a Diffusion 01:07min, Flair 01:30min,
Gre 01:10min, Carotid MRA(E) 37s, Perfusion 01:30min.

Conclusion: Despite shortening the scanning time through the Hyperacute stroke MRI protocol, infor-
mation such as ischemic core volume, large vessel occlusion, diffusion / perfusion mismatch, diffusion /
flair mismatch and susceptibility vessel sign can be obtained like Routine MRI.
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Transvenous Onyx embolization assisted with coils for the

treatment of cavernous sinus-dural arteriovenous fistula
(CS-DAVF)

Won Huh

Department of Neurosurgery, Hanil general hospital

Objective: A cavernous sinus-dural arteriovenous fistula (CS-DAVF) is an abnormal arteriovenous
shunting lesion involving the dura mater within or near the CS wall. Endovascular treatment is general-
ly considered to be the most effective treatment for CS-DAVF, and transvenous Onyx embolization has
been found to be safe and effective. But, because of the risk of embolization of a normal draining vein
and migration to an unwanted site, injecting Onyx against the flow of the fistula is technically challeng-
ing.

Methods: Herein we report a case of transvenous Onyx embolization assisted with platinum coils.

Result: A 79-year-old woman presented with ptosis of the right eye, diplopia, and severe headache.
Cerebral angiography showed the right-sided CS-DAVF fed by multiple branches of the bilateral exter-
nal carotid arteries. And it also revealed the dangerous reflux to deep venous drainage. We treated the
CS-DAVF using transvenous Onyx embolization assisted with partial coil embolization of cavernous
sinus for the purpose of some decrease in shunting flow and so the sophisticated Onyx cast formation.

Complete angiographic obliteration has been achieved and there was no post-procedure complication.

Conclusion: Transvenous Onyx embolization assisted with coils is safe and effective treatment for CS-
DAVF.
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Deep-learning-based cerebral artery semantic
segmentation in neurosurgical operating microscope
vision using indocyanine green fluorescence
videoangiography

Min-seok Kim'", Joonhyuk Cha?, Seonhwa Lee?, Lihong Han', Wonhyoung Park®, Jae Sung
Ahn4, Seong-Cheol Park®>67*t

!Clinical Research Team, Deepnoid

2Inha University Hospital

°Department of Bio-convergence Engineering, Korea University

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

°Department of Neurosurgery, Gangneung Asan Hospital, University of Ulsan College of Medicine

°Department of Neurosurgery, Seoul Metropolitan Government - Seoul National University Boramae Medical Center
"Department of Neurosurgery, Hallym Hospital

"These authors contributed equally to this study as the co-first authors. 5 and é are former affiliations and 1 and 7 are current
affiliations.

Objective: There have been few anatomical structure segmentation studies using deep learning. Num-
bers of training and ground truth images applied were small and the accuracies of which were low or
inconsistent. For a surgical video anatomy analysis, various obstacles, including a variable fast-chang-
ing view, large deformations, occlusions, low illumination, and inadequate focus occur. In addition, it is
difficult and costly to obtain a large and accurate dataset on operation video anatomical structures, in-
cluding arteries. In the present study, we investigated cerebral artery segmentation using an automatic
ground-truth generation method.

Methods: Indocyanine green (ICG) fluorescence intraoperative cerebral videoangiography was used
to create a ground-truth dataset mainly for cerebral arteries and partly for cerebral blood vessels,
including veins. Four different neural network models were trained using the dataset and compared
automatically. Before augmentation, 35,975 training images and 11266 validation images were used.
After augmentation, 260499 training and 90129 validation images were used.

Result: A Dice score of 79% for cerebral artery segmentation was achieved using the DeeplLabv3+
model trained using an automatically generated dataset. Strict validation in different patient groups
was conducted. Arteries were also discerned from the veins using the ICG videoangiography phase.

Conclusion: We achieved fair accuracy, which demonstrated the appropriateness of the methodology.
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This study proved the feasibility of operating field view cerebral artery segmentation using deep learn-
ing and the effectiveness of the automatic blood vessel ground truth generation method using ICG
fluorescence videoangiography. Using this method, computer vision can discern blood vessels and ar-
teries from veins in a neurosurgical microscope field of view. Thus, this technique is essential for neuro-
surgical field vessel anatomy-based navigation. In addition, surgical assistance, safety, and autonomous
surgery neurorobotics that can detect or manipulate cerebral vessels would require computer vision to
identify blood vessels and arteries.
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Contralateral collateral flow via anterior communicating
artery, is it reliable influencer for acute internal carotid
artery occlusion?

Dong Sub Kim, Seung Yoon Song, Dong Hoon Lee, Jae Hoon Sung

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

Obijective: A presence of an anterior communicating artery (A-com) collateral flow is a good prognos-
tic factor for revascularization in patients with anterior circulation ischemia. This retrospective study
aimed to investigate the effectiveness of A-com collateral circulation in distal ICA occlusion by compar-
ison with cases of M1 segment occlusion after mechanical thrombectomy (MT).

Methods: We analyzed patients with acute ischemic stroke who received endovascular interventions
for distal ICA, M1 segment occlusions between January 2017 and December 2020. We divided pa-
tients into MCA and ICA occlusion groups, and latter group was subdivided into two groups according
to the presence of definite A-com collateral which was defined when there was definite MCA distal
flow at the occluded site on brain CT angiography. Favorable outcome was defined as a modified Rankin

scale (mRS) score of O-2.

Result: Total 164 patients (median age, 72 years), 66 with distal ICA, 98 with M1 segment occlusion,
were included. Among distal ICA occlusion group, 17 patients had definite A-com collateral. The total
intervention time was longer in ICA occlusions (median, 60 minutes, p < 0.001) compared to M1 group
(44 minutes). The incidence of favorable outcomes of M1 occlusion group was significantly greater
(P<0.001) than that ICA occlusion group. But, there was no statistical difference in two ICA occlusion
groups regardless of presence of definite A-com collateral on both procedure time and clinical progno-
sis. When ICA occlusion group with A com collateral is compared with M1 occlusion group, there was a
tendency that mRS of M1 occlusion group was lower than that of the ICA occlusion with definite A-com

collateral group, but there was no statistical difference.

Conclusion: The A-com collaterals from contralateral side cannot warrant or influence final outcome
in acute ICA occlusion. Despite of presence of A-com collaterals, rapid recanalization procedure should
be performed without delay.
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Middle meningeal artery embolization treatment of
chronic subdural hematoma after unruptured aneurysm

clipping surgery

Haemin Kim
Department of Neurosurgery, Pohang Stroke and Spine Hospital

Objective: Chronic subdural hematoma is a rare complication of unruptured aneurysm clipping sur-
gery. There are many studies on risk factors for chronic subdural hematoma after surgery, but not
many studies on treatment. We report a case of a 60-year-old-male-patients.

Methods: A 61-year-old male patient has no specific medical history other than gastric cancer sur-
gery in the past. He underwent clipping surgery on right middle cerebral artery unruptured aneurysm
in April this year. About two months later, he visited the emergency room with a left weakness, and
showed chronic subdural hemorrhage on the right. We performed one burr hole trephination. About 1

month later, we found a recurrence again. We performed right middle meningeal artery embolization.
Result: There is no recurrence after 4 months of middle meningeal artery embolization.

Conclusion: Middle meningeal artery embolization offers the potential for a minimally invasive, less
morbid treatment in this case. We think this treatment could be an alternative to chronic subdural he-

matoma that repeats after aneurysm clipping surgery.
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Outcomes of carotid artery stenting and carotid
endarterectomy by a single neurosurgeon

Myung Ji Kim, Hyunjun Jo, Jong-il Choi, Sang-Dae Kim, Dong-Jun Lim, Sung-Kon Ha

Department of Neurosurgery, Korea University College of Medicine, Ansan Hospital

Objective: The prevalence of stroke in adults with carotid artery stenosis (CS) is known to range from
10% to 20%. Stroke following carotid revascularization is a serious consequence that has a significant
impact on treatment options. Many randomized controlled trials (RCTs) and meta-analyses comparing
carotid endarterectomy (CEA) and carotid artery stenting (CAS) have been conducted. A recent me-
ta-analysis revealed that the increased risk of CAS is mostly due to arise in periprocedural stroke in pa-
tients over the age of 70. Existing RCTs and meta-analyses included a large number of patients, but the
subjects of diagnosis, treatment selection, and performance are heterogeneous. Thus, we retrospec-
tively reviewed data and analyzed the treatment outcomes in patients with symptomatic or asymptom-

atic CS treated with CAS or CEA by a single neurosurgeon at a single institution.

Methods: A retrospective analysis was performed on all patients who underwent carotid revascular-
ization between September 2016 and December 2020 at a single institution. Patients with a follow-up
period of less than 6 months after CEA or CAS were excluded. Patients with a transient ischemic attack
(TIA) or stroke within 180 days and with angiography confirmed > 50% carotid stenosis, according to
method described by North American Symptomatic Carotid Endarterectomy Trial (NASCET) before
carotid revascularization were deemed symptomatic. Patients with no recent (in the last 6 months)
neurological events and carotid stenosis > 60% by angiography were considered asymptomatic. The
primary outcomes were stroke, Ml, and death during the periprocedural period. We also evaluated as-
ymptomatic diffusion weighted image (DWI) hyperintense lesion, TIA within 30 days, ipsilateral intra-
cerebral hemorrhage, cerebral hyperperfusion syndrome, cranial deficit, ipsilateral stroke or TIA after

30days, restenosis, and mobile thrombus during the follow-up period.

Result: A total of 61 patients (50 men and 11 women) who underwent CEA or CAS were enrolled in
the present study. Among them, 36 (59%) underwent CEA and 25 (41%) underwent CAS. Of the 44
symptomatic patients (72.1%), 35 (79.5%) experienced infarction and 9 (20.5%) experienced TIA with-
in 180 days before carotid revascularization. Seventeen (27.9%) had asymptomatic carotid stenosis.
There was no significant difference in age between the two groups (CEA, 70.3 £ 8.1 vs CAS 68.9 + 10.6,
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p = 0.582). None of the patient-specific characteristics including medical comorbidities differed signifi-
cantly between the two groups. Statistically significant differences were found between the two groups
with respect to degree of carotid stenosis (CEA, 87.0 + 9.1 vs CAS, 80.5 + 9.3, p = 0.007). All patients
with confirmed plaque ulceration before carotid revascularization underwent CEA (CEA, 100% vs CAS
0%, p < 0.0001). Plague hyperintense signal was found in 25 (69.4%) patients who underwent CEA and
9 (36.0%) patients who underwent CAS, which was significantly different between the two groups (p =
0.018). No periprocedural death or Ml was reported in the present study. Two (2.3%) periprocedural
strokes occurred, both of which occurred on the ipsilateral side. One (2.8%) was a disabling stroke that
occurred immediately after surgery in the CEA group, the other one (4.0%) was a non-disabling stroke
that occurred 6 days after the intervention in the CAS group. With respect to rates of periprocedural
stroke, Ml, and death, there was no significant difference between the two groups. There were no sig-
nificant differences CEA and CAS for the event-free survival rate for stroke following carotid revascu-

larization during the follow-up (p = 0.806).

Conclusion: In the present study, we analyzed treatment outcomes of patients who underwent CEA
and CAS by a single neurosurgeon. Favorable results in terms of overall periprocedural complication
rates were observed compared with previous RCT and meta-analyses. Since there was no significant
differences in age between CEA and CAS group in the present study, when deciding which treatment
to select, “accessibility” of whether CAS can be performed should be considered rather than age. A
hybrid neurosurgeon can determines which treatment is safer and more feasible during diagnostic
angiography and perform the selected treatment. If the selected treatment fails, the other treatment
option can be immediately pursed. Further studies involving a larger number of cases and continuous

follow-up are necessary to confirm our conclusions.
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*samyang®

Q-Guard

Topical Hemostatic Dressing / Bleeding Control / Kaolin
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2x2

Hemostatic Dressing
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Hemostatic Dressing
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Hemostatic Dressing
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EMBOTRAP® Il Revascularization Device is designed to engage
and grip clots differently, fo remove various thrombus types and is
engineered to maximize the First Pass Effect (FPE)

CERENOVUS KOREAEI2 EmboTrap2 £ Z&tste], A9 Z = Acute Ischemic Stroke
X120 =20| &= o2 MELE MM o225 ot B ZSLICt.

Designed to engage and grip differently - Dual Layer Design

Open —
Outer Cage

First Pass
Success?
mTIClz 2b

— Inner Channel

Closed
End-Mash

93%

clot successfully
removed at end
of procedurel
mTICIz 2b

- Works on a broad range of clot types

- A next generation stent retriever
form advanced clof research

® RECOMMENDED VESSEL ~ MICRO CATHETER WORKING DEVICE TP
EVDS/I!BQTE\)AP I nave CATALOG # DIAMETER COMPATIBILITY DIz LENGTH LENGTH LENGTH
S 5x21 ETO07521 21 mm 194 cm
= 16-560 mm 0021" I 50 mm 4 mm
) 5x33 | ET007533 38mm  195cm

* The FPE is a direct correlation of the ability thrombectomy device fo restore complete recanalization (TICI 2¢-3) in a single pass through clot.

Zaidat OO, et al (2018). Primary Results of the Multicenter ARISE Il Study
(Analysis of Revascularization in Ischemic Stroke With EmboTrap). Stroke.

References: C E R E N OVU S
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e Power Players

in Dyslipidemia Treatment

4

LDL-C X[ X
Aefo] Zof SO LICH

E'l eI XE LS l°f /X LTEY

5mg 10mg/5mg
Eu’ .y 10mg H |'u I H A 10mg/10mg
S 20mg — > 10mg/20mg
(2SHIAEIEIZS) 01|X|E|D|H/§*I:I HAEFEIZES)
A New Standard in Hyperlipidemia Treatment A New Paradigm in Hyperlipidemia Treatment
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Antiplatelet agent
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Clogrelz:

(clopidogrel bisulfate)
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StarClose SE™

Vascular Closure System

o “SEE” the difference
~4 - Secure
fﬁ * Easy

« Extravascular



Synergy Aspirator

Control Syringe
(8/10/12ml)
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Ace airvent RHV o
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O
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HHERL IEEPH &M EX| 8= X2 FEIE Y BX| 5
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‘{: Ace airvent RHV
"o,
;\\\"
\'\
9 mini 7 mini
RHV RHV
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Extension Line
Braid Type 1200psi(ID: 1.8 ,0D: 3.7)
Braid Type 1500psi(ID: 2.4 ,0D: 4.8)

Extension Line
Non-Braid Type 500psi(ID: 1.8 ,0D :3.3)

Manifolds
/2/3/4port)

EAL: 0|2 A 227 Tt 2 700 EYE|3 0138 DS 7013
Tel : 031-609-1212 Fax :031-609-1215 E-mail : hbmsales@hubiomed.co.kr
http://www.hubiomed.co.kr
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Injectable calcium channel blocker

Perdipine’nj.

(Nicardipine HCI

A= ] Acute stoke £HA12| BP ZEA| Nicardipinelt Labetalol2| f&4 H|id
[ HTSH ] Acute stoke 21X12| BP ZHA| Nicardipine Labetalol®| R&4 Bl
[HTH ] SBH DU UMst= HUEE, XIFUsEY, SYHEE22 S
[ 151844 | Prospective, pseudo-randomized2 47|

Reference 1. Liu-DeRyke X, et al, Neurocrit Care, 2013;19(1):41-47.

==

SOMY2CIH® FAIM(L|FF2CI TG L) 10mg/10mL [HEAE X 22 0| o 1mL 5 FSLE - UZIZCBHMA(P)-1mg, 7)) : FARES, 7|EF EIHH| : G, D-A2H|E [&
Ol ugito] AFHR|: 0] 42 MMHFAIY E= 5% ZEGFAMOZ 3IM510|, JMUZIZLTCZM 0.01~0.02%(0.1~0.2mg/1m) 8AUS FHEHHYFSHAL, 2. SEL
FHUZIZEHORA 0.01~0.02%(0.1~0.2mg/1ml) 84S HEHFYFHIAL. [AEY2l FoAAR] [F1] 1)USFAME 87] HHA| REIIH0| S0 £X8S R E £ gloo

FAHS=

=T

7|2 FIHLL0] ST 0f A= XL F0{5k= ZR0=, 218 HE0| 7k5 et S ZAIE0A £|419| 2 7H0|=211S HZSHHA, Het S 2K

EZO2 SZA0| LYASH 18M Eih HOISKICHAIC 2 2 Nicardipine 26F, Labetalol 28% & 54% S2

or

-2 A 0l U SRI0| FHNK|, SEY UHUS [BY-8] 1. +2Al
AMHFAIH E= 5% HEIFAMOZ S|MGIH0,

234 nEYUE: 0 2 M2
2 4 9Io0= 3, 01210], K= FOBILILE 2) 0] S WS SIS &K & HES

f2I MEIS Si5| SUIERIGIN SO13HLCL [271] 1)0] °F & CIE SIS 2I2IEARfR0) B85S E Bol5o| 7[22(0]
S BIA} 2SN HORN, 10| (hSUEHE - SDHBE, B|HYASAZE HU4E7IHel 90mmHEDIZh, MRSAT} ol 3t 3)ZHUSHORA| Wefsizo| S} ot o SYNTYMER HUSHLEAS 217t (0]217]
SHOIBHE HDMATT B7HHICH= BN 4 USLICL [OIHS] (1) 05t 0JBHS - HMAHE(0.1-5% O[5 : RAASZS0| LIEf S 0[40| AT FS 018 BXlok Ll ILIC - H45, S8 2242H0.1% 0J2H :

HAZ, SETRI0] LIEND 4 QUSLIC - BB 22) - SHOl0A 2 AKX X282 S Tat 8K 5 1% DI20PIN Y52 E8 52 o3t LIETE 10} ULk [Rae] 30°0) B EH HE AR 10mg : 10mL/BS
X102 [HZ2 SOI0lAE] [Rfel) S=Ciolo AT FABA PHYEHL] 2019.11.04

K2 HEE Q0fH YR FHALTE M2t ZA HAH 5171 AFZI0|LE XPMSH AR SAL ST O X|(www.daiichisankyo.co.kr)Lt 2J9f

T S

tE2HL2Hnedrug.mfds.go k)2l QIAE HEE FsH FHAIR.
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Azurion

The New Class.
Smart Interventional Suite.

Philips Azurion, a new-generation image guided therapy platform
that transforms the interventional suite.
There’s always a way to make life better.

innovation4¥you





