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1999, 3 — 2005.
2008. 3 — 2010.
2016. 9 — 2020.

2
2
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M.D. Seoul National University College of Medicine

M.S. Seoul National University

(specialty: interdisciplinary program in neuroscience)

Ph.D. Seoul National University graduate school of Medicine
(specialty: translational medicine)
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2
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Resident, Seoul National University Hospital (specialty: neurology)
Public Health Doctor (Obligation to male doctors in Korea)
Department of Neurology, Chilgok Geriatric Hospital

Clinical Fellow, Department of Critical Care Medicine,

Seoul National University BunDang Hospital (specialty:
neurocritical care)

Clinical Fellow, Department of Neurosurgery,

Seoul National University BunDang Hospital (specialty:
neurointervention)

Clinical Fellow, Department of Neurology,

Seoul National University BunDang Hospital (Specialty: stroke)
Clinical Assistant Professor, Department of Neurology,
Gyeongsang National University Changwon Hospital

Assistant Professor, Gyeongsang National University School of
Medicine, Department of Neurology

Clinical Assistant Professor, Department of Neurology, Asan
Medical Center

Associate Professor, Department of Neurology, Asan Medical
Center, University of Ulsan, College of Medicine

Member of the Korean Neurological Association

Member of the Korean Society of Critical Care Medicine

Member of the Korean Neurocritical Care Society

Member of Neurocritical Care Society

Associate editor of the Journal of Neurocritical Care

A member of the academic committee of the Korean Stroke Society
A Secretary of the general committee of the Korean Stroke Society
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I Session 1. Ischemic stroke etiology

TOAST classification and
its connection to LVO / IAT

ot = M
o
de0gd g3

Contents
* TOAST Classification
* Madifications of the TOAST classification

* Endovascular considerations for LVO
* ICAD occlusion vs embolic occlusion

Classification of ischemic stroke

* Ischemic stroke is a heterogeneous neurological disorder.

* Its functional outcome, recurrence, and strategies for secondary
prevention differ by subtype.

« To institute adequate treatment as rapidly as possible and to enable
robust research in these areas, accurate classification of different
stroke syndromes into homogenous subgroups is important.

16



TOAST Classification
(Trials of Org 10172 in Acute Stroke Treatment)

Subtype
Large-artery atherosclerosis (embolus/thrombosis)
Cardicembolism (high-risk / medium risk}
Small-vessel occlusion (lacune)
Stroke of other determined etiology
Stroke of undetermined etiology

a. Two or more causes identified

b. Negative evaluation

c. Incomplete evaluation

Stroke, 1993 Jan:24(1):35-

Large-artery atherosclerosis

.

Cortical/cerebellar lesions
Brainstem/subcortical
lesions > 1.5 cm

Significant (>50%) stenosis
or occlusion of relevant
artery due to atherosclerosis

.

Clinical findings
* Cortical symptoms
= Brainstem sign
*+ Cerebellar dysfunction
* Prior Hx of TIA
*+ Carotid bruit
Exclude sources of
cardiogenic embolism

Stroke mechanisms in patients with LAA

J Stroke 201416:27
Stroke 2012:43:3313

17



I Session 1. Ischemic stroke etiology

Cardioembolism

* Multiple vascular territory, hfo TIA, systemic embolism
* Embolic source wju: EKG, TTE, 24h holter, etc.

High-risk source
Mechanical prosthetic valve
Mitsal stenosis with AF

AF [other than lone AF)
LAA thrormbus

Sick sinus. syndrome

Recent M (<4 weeks)

LV thrombass

Dilated cardiomyopathy

Akinetic left ventricular
segment

Atrial ryoma

Infective endocarditis

Medium-risk source
Mitral valve prolapse
Mitral annulus calcification
M5 without AF

LA turbulence (smoke)
Atrial septal aneurysm

FFO

Atrial flutter

Lone AF

Bloprosthetic cardiac valve

Nonbactérial thrombotic
endacarditis

Congestive heart fallure
Hypakinetic left ventricular
sagmant

M =4 weeks, <6 months

Cardioembolism: modified

High-risk source
Mexchanical prosthetic valve
Mitral stenosis with AF

AF {other than lane AF)
LAA thrombus

Sick sinus syndrome

Rircent Mi {24 weeks)

LV thrombus

Dilated cardiomyapathy

Akinetic left ventricular segment «— N

Atrial mysoma

Infective endocarditis

Papillary fibroel

Aheurnatic
disnase

Medium-risk source
Mitral valve prolapse
Mitral annulus. calcification
M- wihand-AR

LA turbulence (smoke)

Atrial septal aneurysm

PFO

Hypakinetic left ventricular
segment

Mitral annulus cakification

aneurysm without

Complex atheroma in ascending o

praximail aortic anch

Small-vessel occlusion (lacune)

* Subcortical/brainstem
lesions < 1.5 cm

* No cortical dysfunction

+ Cardioembolic source (-)
relevant artery stenosis (-)

18




Stroke of other determined etiology

Vasculopathy
a. Noninflammatory vasculopathy
arterial dissection
fibromuscular dysplasia
vasospasm
reversible cerebral vasoconstriction syndrome (RCVS)
radiation-induced vasculopathy
Moyamoya disease
heseditary disease - homacysteinuria, Fabry disease, CADASIL, te
b. Inflammatory vasculopathy
isclated angiitis of CNS

gaint cell arteritis

collagen vascular disease — polyarteritis nodosa, Churg-Strauss
syndrome, S

infectiows artersopathy ~ syphilis, Ths, AIDS, bacterial/viralfiungal
infection

towic-related arteriopathvy = amphetamine, cocaine, (50, heraln

nevplasm-related arteriopathy

Hematologic cause
. Disorders of coagulation
protein C / 5 defickency
Antiphaspholipid antibody syndrome
b. Red cell disorder
sickle cell amemia
palycythemia vera
. Platelet disorder

essential thrombodytosis

Miscellaneous unusual cause

MELAS (mitochondrial encephalopathy, lactic acidosis, and stroke-like
episode)

atypical embolism - fat, air, tumor, cholesterol

cerebeal venous thrombesis

Stroke of undetermined etiology

* Two or more causes identified

Stroke of undetermined etiology

* Negative evaluation

* Incomplete evaluation

19



I Session 1. Ischemic stroke etiology

Limitations of TOAST classification

* Undetermined etiology T*: 25-39%

Cerebrovase Dis 2016:41:87-95

Cerebrovosc Dis 2009; 27:493-501

MRI-based Algorithm for classification

* Recanalization status after thrombolytic therapy

* Follow-up recanalization status without thrombolytic therapy

* SVO: a single lesion with the largest diameter of <20 mm

* Relevant artery stenosis or occlusion
* LAA-LC (large artery atherosclerosis with lacune)

* LAA-BR (large artery atherosclerosis = branch atheromatous disease)
* LAA-NG (large artery atherosclerosis with normal angiography): AChA, single

territory of cerebellum, medulla oblongata

+ Stenosis < 50% was also regarded as being relevant when clinical syndromes,
lesions patterns on DWI, and new imaging technigques such as high-resolution

wall imaging supported its relevance.

A Stroke, 2014 Sep16(31E161-

20




Stroke subtype: Baseline characteristics
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I Session 1. Ischemic stroke etiology

Special categories of MAGIC: Recurrent
stroke

— PureLiA — LR
LELY ST — LALE
0.08
006 -
o -
00z
0o "
03 €0 00 300 A0
Days after index stroke
Wussbor vk
P LAL 1507 UTE 165 1 1% =
AR W = =l 1] ™ [
LAANG 18 1M 1= w w =
Wi o 3 n i} m 0
o oW m [ ® v

Weed for trialsof | Need for limécal trials of warious
anticosguiant vi antiplatelet drsgs | antiplatelet drogs, including comisnation therapees

SAMA Newreaf 2019 Jul 1:76(71R55-

Endovascular considerations for LVO
: Intracranial atherosclerosis vs Embolism
* Stent retriever or direct aspiration system — primarily

designed for recanalization of the occluded artery by
removing embolus.

Recanalization may not be sufficiently achieved if a significant
atherosclerotic stenosis is present at the occlusion site.

* 1CAS occlusion: frequent in Asian countries

MCA M1 ICAT Vertebrobasilar
acclusion occlusion occlusion
[n=78) n=54) [n=25)
Atherosclerotic 181(23) i(6) 10 (40)
Embalic 58 (74) 44 (81) 13(52)
Dissection 1) 112) 1(4)
Undetermined 10 6(11) 1(4)

J Stroke. 2017;19(2):143-151.
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Surrogate markers suggested of ICAD occlusion
: Before starting IAT

ICAS-0  EMB-0
Cliical factors

Younger age ++ +
Male gender -+ +
More severe initial severity + 4
Relative frequency in vertebrobasilar bed ++ i+
Relative frequency in MCA M1 + (R8s
Relative frequency in ICAT + 44
Higher total cholesterol level + +
Slmhiﬂl; ++ +
Atrial fibrillation + et

Surrogate markers suggested of ICAD occlusion
: Before starting IAT

Imaging factors ICAD-Occlusion Embolic occlusion
*Clot ign on GRE = e

Hyperdense artery sign.on CT

Smaller baseline DWI lesion volume Ll +

Large territorial infanct pattern

Scattered/border-zone infarct pattern s +

Vesse calcification in VB bed on CT - +

Truncal type occlusion ++ +

ICAD occlusion: During IAT
— Truncal type occlusion

* Branching site occlusion

+ Truncal type occlusion

Newrology. 2006 Oct 11,87(15):1542-1550.
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I Session 1. Ischemic stroke etiology

ICAD occlusion: During IAT
— Interval angiographic change

Reocclusion at 10 min follow-up

Repeat recan
IA tirofiban (0.

Cerebrovare Dv D004;37:350-5,

ICAD occlusion: During IAT
— Fixed focal stenosis

Front Neurs! 2019;9:1195.

ICAD occlusion: Post-IAT

* Residual stenosis 2 50% at short-term follow-up angiography or image
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Comparisons of ICAD occlusion identification methods

* Truncal type occlusion / Branching site occlusion
* |dentification before |AT using CTA.
* Not applicable with CAT technigue.
* Risk of false identification

A
MCA M1

* Interval angiographic change / Fixed focal stenosis
* Most explicit method
* Not applicable before IAT.
* Applicable with both SRT and CAT technique.

Take home messages

* Importance of stroke classification: functional outcome, recurrence, and
strategies for secondary prevention differ by subtype.
* TOAST Classification
* LAA /CE/SVO /0D /UE
+ Limitations of TOAST Classification: Lacune <15mm, LAA: stenosis 250%, UD etiology T
* Reclassification of stroke etiology
* nonstenosing atherosclerotic plaque
* potential embolic sources: atrial cardiopathy, subclinical AF, PFO, occult cancer, etc.
* LVO-IAT: ICAD-occlusion vs embaolic occlusion

* Surrogate markers for ICAD-occlusion

* Clinical: younger, men, smoking, AF(-), truncal type occlusion, scattered-border-zone
infarct pattern

« Angiographic: Truncal type occlusion, reocclusion tendency, fixed focal stenosis
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I Session 1. Ischemic stroke etiology

AF and Cardioembolic stroke

AL
= o
32 o 18 2

H>

0

27| LH 2t

Contents
+ Epidemiology of atrial fibrillation and stroke
* Management of thromboembolic risk
» In/Outpatient monitoring considerations
+ Stroke risk based on atrial fibrillation burden

+ Anticoagulation in AF

Epidemiology of Atrial Fibrillation
and Stroke

Epidemiology of Atrial Fibrillation in the US:
Rising Prevalence of the Disease

As of 2010, 2.66 million Americ
ans are estimated to have AF!
Lifetime risk for developing AF
is high?
= 1lin 4 for men and women
aged >40 years
+  Prevalence increases rapidly
with age’
- 38% for persons =60 years old
- 9% tor persons =80 years old

Age, HTN 1

At with &F [mllions)

1990 1995 2000 2005 J010 J015 FORG 3025 2000 2035 7040 045 2050

AF prevalence is predicted to
increase by 2.5 fold by 2050

ear

ket Ao ER8 o1 . it 3101 2130
2 Lol b 0 o1 o Crenionon, 208101001 306K,

160 4% ot A 0TLITO02975 G AL 1 LM, 00 E2ESIT.07S,

Independent Risk Factors for Atrial Fibrillation
* Framingham Heart Study

7 I Men' (N=2090)
6 Il women® (N=2641)
5
™ 4
3 o
O, ,d,n‘p w»@
2 2 AD01 g0y
Pc0.05 ADOS poos
L]
Age DM HTN MI
(per10y)
9595, C1
[Men | 2825 [ 1020 [ 1220 [ 1020 [ 3166 | 1225 |
iml 1926 | 1112 | 11-18 | o818 | 4284 | 25-4.5 |
2-¥ AP wan 1EE bolow—p pou s WAF was dosgomnnd |
Eelp b oA i

e i
gt 1 5k Bt 4 o o s,
T8 = drabmten e '] - boact lndern LA
Tecrama

W M:H AMEIT] BaSeidd, +
remodeling T
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Uncontrolled :
BP T
AF + 555: Pause

Atrial Fibrillation

= AF presents with a wide
range of symptoms!
- May also be asymptomatic
+ Impact of asymptomatic AF?
- Potential for underlying
electrical and structural
damage to atrial myocardium
* While AF symptoms alone
may not always be severe,
untreated disease can result
in significant morbidity and
mortality?

Atrial Fibrillation and Cryptogenic Stroke
Why AF Matters

= AF increases the risk of stroke five-folds
— AF related stroke are more severe (bedridden & death 1)

- After standard neurologic evaluation, 36% of stroke
survivors are classified as cryptogenic
— AF/Atrial Flutter are intermittent in 30% of stroke patients

- AF detection in cryptogenic stroke changes patient
treatment
— QOnly indication for stroke patients to receive anticoagulation
— Prevent future strokes by treatment of underlying cause
= Interrupt natural history progression of atrial fibrillation

* But difficult because of low detection of
paroxysmal AF in real world practice.

Management of Thromboembolic Risk

CHADS:VASc Scoring

Risk factor Score
{ aw Congesfive heart foilure/LV dystunction 1
H Hyperension 1
A Age 265y 1
D Diobeles mellitus 1
Isz Shroke,/TIA/TE 3 I
v Vascular disease (priar my infarc tion, 1
arfery disease, or aorfic plague)
A Age 65-Tdy 1
Sc Sex category (le female gender) 1

Maximum Score 9

CHADS,-VASc score = 2 (DOAC EE)

Lip G¥. et ol., Ches! 137, 263-272. 2010 =>stroke+AFZ 10| !

Comparison of Stroke Risk

n
= CHADS, s o 127
E & CHADS;-VASE
Score
CHADS, waf T 55 ms 172 ar 37 o9
cohort
CHA,DS, wol 59 15 124 ns na 15 RT3 a9 20

AMSe eshant

Polbeg L Fr M S U2 RHL0 180

Anticoagulation for AF
: Stroke Risk Reduction

Warfarin Better Control Better

AFASAK

BAATAF |Iojm

Reduction of
all-cause mortality
RRA 26%

Reduction of
stroke
RRAR 62%

100% 50% 0 -50% -100%

Hart &t al. Ann intern Mad, 1999:131:492-501.
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I Session 1. Ischemic stroke etiology

Distribution of INR Values in Patients with Stroke (Panel A) and
Controls (Panel B) and Odds Ratios for Stroke According to INR
Value (Panel C).

E »n
i 5 =
i E .
£ 5
3 2
% ;
2 o - — ® =~
s =
e i
b b
\
\
2 b
2 ‘\\ Target INR in AF ; 2-3
1 o i
O >
€ L3

Hilek EM ot ol H Ergl J bisd 1996:335:540-545

Oral anticoagulants vs. Aspirin

for stroke prevention in AF
Individual patient meta-analysis of 6 randomized trials
(N=4052)

]

A1 Sroses oo ok A
nan| =P
£F o
2 o
EE 2 -
Mo e R
CuAoigune wa  ww e mr w v e em o
PR i me  wa s

In/Outpatient Monitoring Considerations

Cardiac Diagnostics Landscape

Event Recorder

«24-Hour Holter 14-30 Day Mobile Card

iac Telemetry Monitor

Loop recorder

Sousco: Frost & Sulvan soport. Nerth Amonean Caecies Mondicing sed Diegnos; Sunoes Marots

Stroke Risk Based on
Atrial Fibrillation Burden

How Much AF do you need to have
a stroke: 24 hours?

3 .

2 son e

2 L

2 .

% 8% -

H Log Rank test P=0.03

E g e

‘E —— N AF of AF apisodes shorter than 1 day

- 9%

2 - - -AF opisodos longer than 1dday o+

% o . . . — .
L} & 12 18 24 30 EL

Follow-up (menths)

U Y28, QASIH QYL risk F

Cagicei & ot ol IACC XI5 41513
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How Much AF for a Stroke
Assert Study

episodes >17 hours, annual rate of
stroke or systolic embolism was 4.89
(05% CI, 1.96 to 10.07)

stroke

o THC SLr iy SLETTHC
Embolism (HR 2.49 [1.28-4.85);
p=0.007)-> fiqure

sy, 2508 o Subeirecss Ml Dirstan s e Tt 2 Sk, N ng M 201206400 133,

Anticoagulation in AF

AF Management (2020 ESC)

Patierr with Atrial Fibellation; Evgibe for Oral Anticoaguiation
'3

55 patients oot el mecha ol eart abers o mterate v il e |
¥

Ko
+
Saep 1 tderitty borwercih gatierits

|
L3

Low savolos rick?
HCHADE,VASE score: 0 in mates 1 in females

Mo Yos
i &
Fep i Mo arthrcmbotic
[ S| i all AF patients with reatment

(male) or 22 (femalc)

8nd Plag gl
e
#9 8 Fran0n b winhold AL

*NOAC-> DOAC (Direct oral anticoagulant)

CHADS: VAZ:
. VKA being considened, calculate SAMe

TT.R, seare: ¥ score 0-2. mary considar VICA
treatmant (0.9, warfarin) or NOAC; ¥ s

1 n
=1 {make] or =2 (femaie) 22 {male) or 23 {femaie)

+
DG shesdd b consiasned

{Cinas in)
+ ehazkal eounLsling fer VIGA LSS 5 halp gacd
Biep 3 Begi NOAS (o ¥ anticoagulation control, cf reccruider he s
n Bherageutio rarge) of NOAC instoad. TTIR ideaity >70%,

HOALS generally recommended
B8 fratine thenapy for DAC

CESC —|

20 P Gundeines

HAS-BLED score

Hypertension, Abnormal Liver or Renal Fxn, Stroke, Bleeding,
Labile INR, Elderly, Drugs or Alcohol

HAS-BLED* scare | Number of Number of Bleeds per 100
patients bleedings patient years
o 798 e
1 1288 13
2 744 14
—— ,
a4 a6 a
5 8 1
] 2 o
7 =
B = — =
9 = — =
Total 307 a8 i o

et 20010 Mo | 34051 1093100

DOAC Dosing recommendation

’ Edoxaban
Standard 150mg bid 20mg) qd Smg bid B0rmg g
Dosed

Reduced Dose  110mg bid 15mg qd 25mg bid g gd

BYZYAE  -/1F BYS MAX  CrCl=50mimin
. 2% (204 o))
A 1Mimg i F3

482 & 2% o 8l 8 2 8216 oja
En HEp

JUTO : 10mg Ko - 3 Blkg 0% - ME Blkg 0j2}
a2, veragamil 8 =L}H0| BO4 O] 4 = GrEl £ 50mb‘min
o) <5<Cr 1.5 mp/d O & -P-Gp YN YR,
cyclosporine, dronedarone,
i,
ketoeonazole...

Age
B:-:I-,- weight
C-ezﬂxmne clearance

D'gg concomitant use

Clinical Outcomes DOACs vs Warfarin

Meta-analysis of Pivotal RCTs
42,411 patients: DOACs
29272 patients: warfarin

WAL fevents) Wasarin [versts) (95 ) P

LA [0 : § DEGCS30EY)  poon

ROCEET R oty Mo0n  ou

MaEET st nhoméross)  oes

EHGAGE AF-ThM 435 Biosa) o

Comibised jandoe eie7I0a) w0
[ 4 . 0

Fiagore 1 Stucke ou vystemic embobic events
ot are ¥, urlest othervwess indicated Hetimgenerty: Fad s, patd 3 NOACsnew oral anticragulins. Bitark eatio *Osbigntran 150 ms twice dadby. TRrvancsaban
20 g one ity g asan 5 g tesce dadly §Edon b 60 g orce dady.

DOACs: 19% RR reduction in stroke of systemic embolic event

ol CT, Giugliaro RP. Braumeald £, A mets-analyss of randomised trisls. Lencet 2014; 38: 895-62
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I Session 1. Ischemic stroke etiology

Clinical Outcomes DOACs vs Warfarin

Meta-analysis of Pivotal RCTs
42,411 patients: DOACs -
29272 patients: warfarin

DOACs vs Warfarin
Ischemic stroke: non- ) & —
inferior [t P

- Hemorrhagic stroke: 51% %
RR reduction

S ———
et s, e, A e Pty

- All-cause mortality: 10%
RR reduction e T
- Major Bleeding : similarto == -
warfarin S - <

Foull T, ot ol A smta-anatynin of rancamiveed tish. Lancet 2014 380 95543

Clinical Outcomes DOACs vs Warfarin: In Asian

Samke and SE RE LY
[

Stroke and systemic embolization
+  RE-LY trial and ARISTOTLE trial

Asian subgroup: numerically greater
relative risk reduction than that from
non-Asians

Aaisn (N=2782) n-Auian [N=15331)

S (AR5

Ason (N°195%) _ Nom ion (4-36.208
DOACs ars preferentially indicated in Asians

Chiang CE et al. Theomb Haemaost 2014,111:780-T97
Yasaka M. of al. Ghc J 2014.76:2367 2372

Aalan (N=932)

[r———
hon: fsian [W=13,323)

Clinical Outcomes DOACs vs Warfarin: In Asian

ICH s vemhge L
+ Xa inhibitors .
- Asian subgroup:
numerically greater ¥ man
relative risk reduction |7
than that from non-  |"]

risacranal Herarthisge (FLKLT-4

Asians s . ot
Major bleeding T TS Sl o
s RE-LY trial and ! I

ARISTOTLE trial

- Asian subgroup:
numerically greater
relative risk reduction |
than that from non-
Asians

Asian [N«1.935)  Mon-Asks

DOACs are preferentially indicated in Asians

Chang CE o1 al Thromir Haemost. 2014111 788797,
1al Cr § 2014 TR FIE7-3373

Stable coronary disease + AF

+ 1st Recommendation

— Single NOAC in stable coronary disease with AF
(any kind of NOAC available)

» 2nd Recommendation
- Individualization-> Aspirin may be applied for long
period in high risk patients or those with rapid
plaque progression

Karean J Med. 2018:93(2):110-132

PTCA patient with AF

« 1st Recommendation
=38 2%: Warfarin (well controlled INR) or
NOAC C} 7t
« 2nd Recommendation
—3H &9 for certain time (1-374¥) -> 28 8
=]
=
+ 3rd Recommendation
— NOACZ 2A|(aspirin, clopidogrel)} ALEA|
M Ale A,

Korean | Med. 2018;:93(2k110-132

High risk of gastrointestinal
bleeding

« 1st Recommendation

—Apixaban 5mg bid or Dabigatran
110mg bid in high risk of GI bleeding

Korgan / Med. 2018 85(20116-32
veih et 3l Blood! 414 (FLI0N0-8
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Renal impairment and
on dialysis
« 15t Recommendation
- Anticoagulation not appropriate in AF patient on
dialysis
- 2 Recommendation
— CCr 15-50ml/min & CHA2DS2-VASc>2: low dose
NOAC (In case of Apixaban, cr 21.5mg/dL, agez80
or weight<60kg (27}X])-> 2.5mg bid)
— CCr 15-50ml/min & CHAZDS2-VASc>2: Warfarin
* Not Recommended

— NOAC not recommended in patients with
CCr<15ml/min —updated!

Korean | Med. 2018,93(2):110-132

Elderly (age>75)

* 1% Recommendation

— Apixaban 5mg bid in patients with age=75 (In case
of Apixaban, cr =1.5mag/dL, age=80 or weight<60kg
(27t&])-> 2.5mg bid)

» 2 Recommendation

— Dabigatran 110mg bid, Rivaroxaban 20mg qd, or
Edoxaban 60mg qd in patients with age=75

Apixaban showed superiority on bleeding in patients
agez75 (ARISTOTLE trial subgroup study)

Korean J Med. 2018;93(2x110-132

Take Home message

— AF detection in stroke changes patient
treatment & prognosis

- Anticoagulation: do not use underdose unless
gigh bleeding condition: use recommended
ose

— Beneficial DOAC over warfarin in patients
with AF & stroke

— For rate control of AF, consultation to
cardiologist
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I Session 1. Ischemic stroke etiology

Cardioembolic stroke 1: Overview and intra—IAT /
post—IAT care

E3
MEotatEd MFa

Contents

Postprocedural management of blood pressure

Postprocedural management of blood glucose

Postprocedural management of antithrombotics : IVT, IAT, acute stenting

END management: stroke progression, symptomatic hemorrhage, cerebral edema

The influence of BP on clinical outcomes in acute ischemic
stroke

Cerebral blood flow is passively dependent on the mean arterial pressure in the ischemic brain

BP changes may result in hyper- or hypoperfusion in the ischemic penumbra

BP t —+ hemorrhagic transformation, cerebral edema
BP | — conversion of the ischemic tissue into infarct core

AUNR: 200627(4) 725735
Karean | Crit Care Med 2014 May 29028 93-58
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Blood pressure management of acute ischemic stroke:
current guidelines

/120mm Hg who did not receive IVT or IAT and do not have a comorbid condition
requiring acute antihypertensive treatment

2. Early treatment of hypertension is indicated when required by comorbid conditions
(acute coronary event, acute HF, aortic dissection, postthrombolysis sICH, preeclamsia, etc.)
C 1g BP initially by 15% is probably safe

(3. <185/110 mmHg before IV fibrinolytic therapy, maintain <180/105 mmHg for 24 hours

4. Starting off restarting antihypertensive therapy during hospitalization in patients with
BP >140/90 mmHg who are neurologically stable is safe and is reasonable

Stroke. 201849.046-295.

Blood pressure management after IVT

Mertasty a2 3 mansny

(R s i gt
[ ——
e M i

g

s WOHHOATY TRANSI STIOMGAM) ST

ARy GONIEIN OGN SN e
o o ot

B R E .

.

Swroke. 2000 800 2442.2040, Lancet 201%; 303 ATT-840

* Current guidelines: SBP <180, DBP <105 after IVT
* More research is needed to determine the optimal level of SBP after IVT

(SBP 141-150 mmHg might be optimal after IVT)
* SBP 130-140 (144.3) vs, SBP <180 (149.8) after IVT; ICH , no improvement in functional outcome

Options to treat arterial hypertension in patients with
AIS who are candidates for acute reperfusion therapy

Patient eligible for acute reperfusion therapy except that BP is >185/110 mm Hg

Labetalol 10-20 mg IV over 1-2 minutes, may repeat 1 time; or

Nicardipine Smg/h IV, titrated up by 2.5 mg/h every 5-15 minutes, maximum 15mg/h; when desired BP reached, adjust to
maintain proper BP limits

If BP is not maintained at or below 185/110 mmHg, do ot administer alteplase
Management of BP during and after rtPA or other acute reperfusion therapies to maintain BP at or below 180/105 mmHg
Monitor BP every 15 mi for 2 hours from the start of rtPA therapy every 30 minutes for 6 hours, and then every hour for 16

IT systolic BP is =180-230 mm Hg or diastolic BP >105-200 mmHg

Labetalol 10 mg IV followed by continuous IV infusion 2-8 mg/min; or
Nicardipine 5 mg/h IV, titrated up to desired effect by 2.5 mg/h every 5-15 minutes, maximum 15 mg/h
If BP is not controlled or diastolic BP =140 mm Hg. consider IV sodium nitroprusside

Swroke. 20184904699
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Blood pressure management after IAT

If reperfusion is achieved, aim for moderate or normal BP
goal of SBP <140 or 160 mmHg

In patients with tandem lesions who undergo adjunctive
extracranial stenting, or in patients with intracranial lesions

who undergo intracranial stenting, more intensive BP
lowering may be warranted

In patients with incomplete reperfusion (TICI 2a or less), it is
judicious to maintain an upper BP limit of <180/105 mmHg

Stroke. 2018,49:2801-2807

Blood pressure management after IAT

[BP measure Outcerms

OR (95% Cl
IW:M sar Theee month funciicnal indepardance imRS 0-2) 0,70 (0.58-0.87] I
Maximum SEE Threw-maonth 149 [1.18-1 8I
Maximum DBP Thraa-manth functional indepandanca mis 0-2) 0E3 (063-1 08}
Maximum DBP Throo-month mértality 1.26 [0.94-1 691
Ashiaved BP goal Outeoms OR [95%. C1)

™ A \
=
[modified Rankin Scale score 0-2)

Permissive hypertension® 1.00 Ireference categary) z
it 24 h following IAT
Madsrate BP control” 275(0.73-1035) Maximum SBPT-> 3-month mortality 1, functional
Inbarnsive BR antrsl® 128(020-8.12) independence J-
Three-month mortality Intensive (140,90 mmHg)
Permissive hypertenaion” 100 reference categery) Moderate {(160/90 mmtix)
Permissive hypertension (<220/110 or <180/105mmHg after IVT)
Intensive BP control® 1.00(0.99-1.04) Mederate BP control 3-month mertality -

MNewnology. 20017,85540-547

Blood pressure management after IAT

sICH Hemicraniectomy

>evuvaeeoyuenBEY

Higher mean SBP within 24 hours of successful mechanical thrombectomy was associated with a higher likelihood
of sICH, mortality, and requirement of hemicraniectomy

Seroke: 2013 52440-2454
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More intensive BP control during the first 24 hours after IAT may improve outcomes in patients with large vessel

occlusion followed by successful recanalization

Fusr Meurol, 7019:81:216-222

Blood pressure management after IAT; BP-TARGET trial

poupinelsE)  grpindb0) (%) e (9574 01} et targe
P cems: [ICH Bk 2456 h). group (=158} greup (=160} [ e atha (95% €1}
Mok fud AT BEIGY 4% ERN5T(43%) 096 (D6 Safety outcomes
Leu Sprptomabic KHat 177154 {11%) 157 (%) 168 (0754377}
Wmigartution anabpist  E7ICE AN BALED AN LT (NEL 8 153 24h-36h
Seendary sttomes Faserchymal 157154 {10%] VRIIGT () 130 (5SR D
# oo abile utoome EW1STA5%) 09305810 haerratoma type 7 a8 28g9)
e geaen 01 1.4H) 2ah-36h
:':r:n:::;m;m RIS (3 A2H83 (%) 1 h 6T o0 147 all mortaltysl 17152 (Z1%) 241153 (16%) 146 (08010
Tellewt- i vt 263)
Change in NBISE 415537 A458i0-38) 0317033
e it 1436 Hypotensies events. 127158 (%) SA60 (3] 253 (08680 7.41)

* Acute ischemic stroke with LVO that was successfully treated with endovascular therapy

* Primary outcome: Radiographic intraparenchymal hemorrhage at 24-36 h

* Intensive SBP target group (100-129 ) vs. standard care SBP group (130-185) : 42% vs. 43%, no difference

ity oy 201G/ LETE 442321 3EY X

AXC (%) migeL’
9 [#E=120}
126 {100-152)
154 {123-185)
183 (147-217)

5
6
7
8
1. In patiants with an ischemic stroke or TIA 2 212 (170-249)
wha also have disbetes, the goal for glycemic u 240 {193-282)
1
1z

HbA1c goals

control should be individualized based on the 269 (217-314)
risk for achverse events, patient characteris-
ties and prefennces, and, for most patients, 296 (240-347)
especially those <85 years of age and without i e b

life-limiting comaorbed iliness, achieving a goal i ity et g
ol HbAle 7% is recommended 1o reduce =
risk for microvasculas complcations. ™

Target HbA1c <7%

Less stringent HbA1c goals (<8%)

History of severe hypoglycemia
Limited life expectancy

“ Advanced microvascular or macrovascular complications ERe— I
Extensive comorbidities )
Long-standing DM Disbetes Care 20204X5ugpA1): S66-576
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I Session 1. Ischemic stroke etiology

Glycemic control in acute ischemic stroke: current
guideline

Recommendation and COR unchangad
from 2013 AIS Guidelines. LOE
amended to conform with ACC/AHA
2015 Recommendation Classification
System.

Recommendation and COR unchanged
from 2013 AIS Guidelines. LOE amended
1o conform with ACC/AHA 2015

Recommendation Classification System.

should be treated in patients with

1. Hypoglycemia)
AIS,

2. Evidence indicates that persistent in-hospital hyperglycemia during the first
24 hours after AlS Is associated with worse outcomes than normaglycemia,

and thus, itis 1o achieve blood glucose
levels in a range of 140 to 180 mg/dLand to closely monitor to prevent

YPOgTY

Stroke 201950:0344-0418

Poststroke hyperglycemia and outcome in acute ischemic
stroke

sl o4 ikl gheco: kv

s | il 3 pearrie Syrarri 4 Poarend
Acass doart

[ E u u
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o iferonce) LIMTALR 180 (0882311 ami
8 irerence) LiTRTa 134 -2 30 um:
i — LIS RTI- 81 130 A2 16 ain
" 2 w
i o o
pr— 13T (A1 4T 185 -2 8y am
1 ernec) 116 (-1 151 (088257 0l
R — AR |29 05T 6 a

Higher glucose levels in the ER were significantly associated with increased risk of all-cause
mortality (HR; 2.18, 95% Cl, 1.36-3.48) and cardiovascular death (HR, 1.91; 95% CI, 1.01-3.61)

European joumnal of Neurology 2012, 19:884-891

Hyperglycemia and infarct evolution

Mature Review Meurol. 200006: 145-155
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Intensive vs. standard treatment of hyperglycemia and
functional outcome of acute ischemic stroke: SHINE trial

T Tmtted
AT e et ooty b

urw«mw“um
i b g
1151 Randompat
541 £l
iy 3 ki
S Ll Finionshacan,
3 Ratmrs: or Sy srbusriend B Pt or bgally sban
i Intensive glucose control (80-130 mg/dL) vs.
TR TR Standard treatment (80-179 mg/dL) up to 72
Hi e SO it I hours
i;m:;T:‘t“f :;:::;"::::‘m » Favorable outcome at 90 days : mRS 0 (NIHSS 3-7),
3 iyt 1 Maamg s mRS 0-1 (NIHSS 8-14), mRS 0-2 (NIHSS 15-22)

4 Tliged iy wolaten 3 0o
2 Tr v et Al § Tinddvosd pumst s Ll

Severe hypoglycemia (< 40mg/dL)

JAMA, 2019,322(45326-335

Intensive vs. standard treatment of hyperglycemia and
functional outcome of acute ischemic stroke: SHINE trial
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A favorable outcome occurred in 119/581 (20.5%)
| | I 1 in the intensive treatment group and 123/570
= B o naddtondagdi (21.6%) in the standard group

) Severe hypoglycemia occurred only among
- ol : SR patients in the intensive treatment group

T AR AR P R AR R AR d G A E e
Ll e )
mRS D=1 at 3 months ik 0-2 94 3 months ik, o 3 months.
Hisa,, level Model 1 Moded 2 Model 3 Mesdel 1 Modal 2 Modd 3 Model 1 Model 2 Model 3
Cuaintite
1u (=61%) O5A (0.3, 086) 056 (037, 0BS) .50 (038, 001) 083 (055, 117} 0.8 (057, 121) OF7 (058, 120) 086|064, 194] 086 (064, 115} 0.0 {0.68, 123))
2nd [=61-66%) 1 {Ref 1 [Ref} 1 {Ref) 1 [Ref} 1 {Ref) 1 (Ref) 1 {Ref) 1 [Ref) 1 {Ref)
rd (6.6-7.1%] 090 (061, 133) 080052, 121) 064 (056 131) 107 (075 154) 0.97 (065 143) 105 (068, 158) LO0S |07R, 143) 094 (069,127) 099|073, 135)
= 054 (0.36, 082) 040 (026, 063} 043 {0.27, 068) 055 065, 135} 0.73 {049, 108] 081 (054, 1.22) 082 061 131]  0.63 (047, .85} DET 0,49, 0.91)
062 [0.47, 094) 043 (028 068 047 (029, 075) 075 (052 108) 049(033, 073 054 (035 082) 079(0.59, 105) 055 (041, 075} 0.5 (0.43, 080)
¥ value for overal effect 0,006 <0.0001 00007 03158 B0048 LT 02678 0000 0.0008
Cuito
=10% 1 {Refl L{Ref} 1 {Ref) 1 [Ref} 1 (Ref) 1 [Ref) 1 {Ref) 1 (Ref) 1 {Ref)
068 (0.52, 090) 051 (038, 0.68) 0.53(0.39.072) OS2 [0.65 104} 0.G0(04G,077) 063 (048, 0B3) 052 (067,055 062 (051,075 0.63 {0.52 0.78)
for [ 00063 <0001 <0.0001 00893 00001 00008 0,0361 <0001 <0.0001

Prestroke glucose control with a target HbA1c = 7.0% may be beneficial for neurological recovery

in patients with diabetes undergoing IAT for large vessel occlusive stroke

Diabetes care 2021,44:1-9

37



I Session 1. Ischemic stroke etiology

Postprocedural antiplatelet agent after IAT

o e i i Administration of aspirin (160 to 300mg) is

", recommended in patients with acute ischemic stroke
'é .‘.“ within 24 to 48 hours after onset.
dw
Fw Antiplatelet administration is generally delayed until
; n - 24 hours later

But early administration might be considered in the

y 25 30 315 L0 45 50 55 €0 &5 70 75 a0 presence of concomitant conditions for substantial
Time Froem ek et Reperlvion, & Benefit and rislk

AR, Miau rebiosgry 2006 THZE 190-106

I

Acute carotid or intracranial stenting

Remnant severe stenosis of target vessel
acute coronary syndrome, PCl within a year

Antiplatelet agent within 24 hours after IVT

Score 0 1 2 i 4 5 6

Standand

(n=320) &) r T

Aspirin 202%

e & ==
I T T T T T
i} L] 40 :] ) 106

Patients (%)

» IV aspirin 300mg within 90 min after IVT vs. standard treatment

* Early administration of intravenous aspirin does not improve outcome at 3 month
* The risk of SICH P (4.3% vs. 1.6%, P=0.04)

Lancet 2012 180: 731,737

Antiplatelet agent within 24 hours after recanalization
therapy

Cuicome adies i Adiusted OR (95% CI)_pvalue
Ay T —_— DMEINOAY <001
Sympiomate HT — 0.850352.10) s

0o 10 H 30 40

Fawers vty , Farons sterdend
e e

Cuncome ndices Adjusted OR (856% CI) 0 valus
MRED - 113 monthe —— .08 {0.75.1 589 s
mAS @ -2 al I months” e 132 §0.50-1.53) o.re

0o 10 20 a0 an

Favenrs standan Favvoum aany
i ombots anivombocs

* Early initiation of antithrombotics was associated with decreased odds of having any hemorrhages
(aOR 0.56; 95% CI 0.35-0.89)

* No differences on sICH (0.85; 0.35-2.10) and functional outcome (mRS 0-1 at 3months, 1.09; 0.75-159)

HNewrology. 2016 87 9961002
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Postprocedural (<24hr) antiplatelet use in patients with
ischemic stroke who underwent |AT

sICH (%)| sICH, OR Mortality, oa' mRS 52 | mRS s2, OR

Broeg-Morvay 0.92 18%/23% 0.75 0.61
et al. {0.24-3.46) (0.34-1.67) (0.32-1.17)
Ernst et al. 13% 33% 28%
Memon et al. 14% 23% 60%
Mulder et al. 17%/4% 4.80 33%/17% 246 23%/36% 0.54
(1.77-13.02) (1.27-4.76) (0.28-1.05)
Pandhi et al, 6%/7% 0.81 25%/26% 087 509%/48% 1.11
(0.25-2.68) (0.50-1.85) (0.63-1.97)
Sugiura et al. 13%/3% 5.43
(1.46-20.13)

sICH 6-17%, mortality 18-33%, functional independence 23-60%

Front Meurod 2018 % 238,

Optimal treatment strategy for tandem occlusive stroke

Tt ey e - -
Corrs KA Shenting Grr 1A Sieieg  Garvit 1A —
Angeplisty =
Apenn (Geap 1 Apern firsan D) fGrow X Aless Korwan 4} -
- 00 [ Wt e lEl  pvam g pietem )
131831 an % (651 wo  fooosd o o
s iy num  sson | ooow] oe: o -

i

um s} (1] wom CLE T T
“im (1 o 5m [TTERN T T

+ (Carotid stenting with acute antithrombotics : Highest rate of recanalization and favorable outcome, no difference in sICH

1 Am Coll Cardiol Intv 2018, 11: 1200-1288

Optimal treatment strategy for tandem occlusive stroke

- Thrombectomy i corvical ICA wettng

At least 7 anti pralue
(n=118)
112/138 (B1%) 100/117 (B5%) 045
36T (464 F268 (474 1
50-day Evemable 136 (572 TOLIE (599} 076
LT
90-diy mcetabity 100136 (794) 147118 (129%) LR
/137 (%) 118 (7%) 040
bemarnhagic
complicatons:

= Among patients with carotid stenting with antithrombaotics, there was no significant differences in efficacy and safety

outcomes by type of antithrombotics regimen used (1 vs. 2 antithrombotics agents)
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I Session 1. Ischemic stroke etiology

Postprocedural antiplatelet agent after IAT

* Acute carotid or intracranial stenting

@ DAPT

@) IV tirofiban maintenance <> DAPT

(3) antiplatelet monotherapy : IVT, infarct sizeT*, postprocedural hemorrhagic transformation

Postprocedural anticoagulation after recanalization
therapy

A Oral anticoagulant alone

w3 s

© = e gme s ee o

wd
] . AT T T e
2 | adanimeds s Initiating anticoagulation 4 to 14 days from stroke
LE | [ - b onset was associated with a significant reduction in
primary outcome (stroke, TIA, symptomatic
By B X L L R S T ystemic embolization, symptomatic cerebral
:TIRNEREE N IE NN TR bleeding, and major e tlmmnlal bleeding) ,
1 Dty roem index event compared with initiating before 4 or after 14 days

Stroke. 201546:2175-2182

Postprocedural anticoagulation after recanalization therapy

— )
e 1 N

*
an Cnical wonening
Ieucn on ke | | lesi on ey w -:- -:I |_-“ -
1 T
e [ H o | [Pt e etsmaton | | i 1-3 : TIA with acute ischemic lesion
g nn-mtla-—l | 7 M 5 8 bt 3 2
| < Mild neurological deficit
[ . :mm;m - ] -8: Moderate
™ mo-n D wddm  anddm  oatem 2-14: Severe
[ covormdwommmnowon ]
Based om expert opinion] Ho RET daka svallsble pet =3-28: Hemorrhagic transformation

Eurcpace (2021) 00.1-65
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7. In patients with TIA in the setting of nonvalvu-
lar AF, it is reasonable to initiate anticoagu-
lation immediately after the index event to
reduce the risk of recurrent stroke.

9. In patients with stroke at low risk for hemor-
rhagic conversion in the setting of AF, it may
be reasonable to initiate anticoagulation 2 to
14 days after the index event to reduce the
risk of recurrent stroke 428429437

=]

. In patients with stroke at high risk of hemor-
rhagic conversion in the setting of AF, it is
reasonable to delay initiation of oral antico-
agulation beyond 14 days to reduce the risk
0[ |CH_129-13}

Stroke 2021.52:2364-2467

Postprocedural anticoagulation after recanalization
therapy

Neuroimaging at 24 hours to assess for hemorrhage and guide the timing of antithrombotics

* Small infarct volume (< 30 cc): initiate anticoagulation
* Moderate infarct volume (30-70 cc): 2 to 4 weeks

“ Large infarct volume (> 70 cc): 4 to 6 weeks

Steoke, 2018:4%:2801-2807

Management of early neurological deterioration

Early neurological deterioration: NIHSS = 2 within during 24hr - 7 days after hospitalization

Ischemia progression or recurrence: volume expansion, induced hypertension , timely administration of
antithrombotics
— large artery atherosclerosis

Symptomatic hemorrhage: blood pressure, glucose, tPA reversal
Cerebral edema : osmotherapy, hypothermia, decompression, CSF diversion
— high NIHSS after ERT, failed recanalization

Neurology 201993 e1955-01963

41



I Session 1. Ischemic stroke etiology

Induced hypertension therapy

200
thveshold far newidiagic improvernent
g T £ 10,1 mimHE, nonresporee rate 12.0%
80 1 PE W0 e every M50 min,
for 1 58P "
Macsimat 160 oe/h o dstaricration S.sing tapanng phuse umi SBP
%150' SBP 200 mevig ehresheld has baen reached
v
140 <

Staming ot
FE 017 mgick at 10 coh e e T R e e
Lower eheesheld for neurclogk deterioraton:
1304 & 30 vy, in 108

120 Treatment duration: 5 days (1GR 3-7) @

T T

7 %0
Front. Meurol. 100138 Neurology 201993 e1955-01963

=
[
w

*  Noncardioembolic stroke who were ineligible for revascularization therapy, progressive stroke

*  CBF, oxygen delivery, removal of metabolic waste 1, collateral channels 1

*  Exclusion: intracranial hemorrhage, congestive heart failure, active coronary ischemia {(changes on ECG or

tPA reversal for bleeding complications

ECASS-Il hemorrhage
grade* Imaging eriteria

Hemarrhagic infarction Small punctate petechial change around margins of
type 1 (HIT) infarct bed
Hemarrhagic infarction Confluent petachial within the infarct bed, but na
type 2 (HIZ) mass effect

{homuog yperdensity) <30% of
Type 1 (PHT) infarct bed, mild mass effect

o P ity) =30%of

type 2 (PHZ) finfarct with significant mass efiect, or hemomhage

beyond the infarct borders

Symptomatic hemorrhage or parenchymal hematoma (PH1, PH2) within 24 hours after administration IV tPA

Cryoprecipitate (includes factor VIIl): 10 U infused over 10-30 min (onset 1h, peaks in 12 h), administer
additional dose for fibrinogen level of < 150 mg/dL

Fresh frozen plasma (10-15ml/kg)
Tranexamic acid 1000mg IV over 10 min
aminocaproic acid 4-5g over 1 h, followed by 1g IV until bleeding is controlled

Swroke 201350 e344-2418

Malignant cerebral edema

The greatest risk of cerebral edema within 48-72 hours (30% within 24 hours), and subsequent swelling as
late as 8 days
Decompensation: abrupt — hemorrhagic transformation, gradual- progressive loss of ischemic penumbra

Younger age, proximal occlusion, NIHSS = 15 (nondominant) or = 20 (dominant)
Hypodensity in one-third of the MCA territory, DWI infarct volume > 80 mL, midline shift within 6 hours

Korean J Crit Care Med  201d:May 252\ 93-58
I Mpurointervent Surg 201 7-91258-1266

42



Causes specific ICP management in malignant cerebral
edema

Brain swelling (cytotoxic, vasogenic edema)

Decompressive craniectomy, osmotherapy, TTM

Cerebral artery dilation and CBV increase
Hyperventilation and cerebral vasoconstriction
Venous outflow obstruction
= Head elevation 30 degree, neutral neck position, loosening neck tie, avoidance of jugular venous catheter
Acute hydrocephalus due to CSF outflow obstruction

—+ CSF drainage via EVD

Journal of Stroke 2014:16(3; 145-160

Malignant cerebral edema

-

-
——
‘-
l——

[

Osmotic therapy : hypertonic saline, mannitol (0.5-1g/kg every 4-6 hours)
Hypothermia: 33°C for 48-72 hours (till midline shifting halted)
Hyperventilation : target PCO, of 30 mm Hg (short lived 1-3 hours)
Head elevation: 30-45
Decompressive surgery: age < 60 - both survival and functional benefit, age > 60 - survival benefit
Neurocrit Care 2009:11(3;: 427-436
I Meuro Suro_2017:51258-1266

Summary

* Acute BP management

v <220/120, (re)start anti-HT during hospitalization if neurologically stable
v IVT: <185/110 before IVT, <180/105 for 24 h after IVT by current guideline, SBP 140-150 may

be optimal
v IAT: <140-160 after successful recanalization, <180/105 if recanalization failed, personalized
BP management

« Target blood glucose level in acute ischemic stroke: 140 to 180mg/dL
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I Session 1. Ischemic stroke etiology

Summary

Postprocedural antithrombotics

" Antiplatelet administration is generally delayed until 24 hours later

Early administration of antiplatelet might be considered in the presence of concomitant
conditions for substantial benefit : acute intra or extracranial stenting, remnant severe stenosis
of target vessel, acute coronary syndrome or recent PCl

Anticoagulant: mild- 1~3, moderate- 6~12, severe- 2~3 weeks

END management:

“ Ischemic progression: induced hypertension
Symptomatic hemorrhage: tPA reversal, BP control
" Cerebral edema: osmotic therapy, hypothermia, CSF diversion, decompression
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Cardioembolic stroke 2: IAT

UES S
agl =Y

e NEW ENGLAND
JOURNAL o MEDICINE

A Randomized Trial of Inirasdenal Treatment for Acuse
Ischemic Saroke
Tor Acute in the:

Multicenter Randomized Clinical Trial of
INetherlands [MR CLEAN) - Tims window = B hours

I
I ORIGINAL ARTICLE ]|
I

Thrombectomy for Stroke at 6 to 16 Hours
with Selection by Perfusion Imaging

fer lschemie Stroke trial (DIFFUSE 3)

Thi Therspy q Imaging

I
| ORIGINAL ARTICLE |

Thrombectomy 6 to 24 Hours after Stroke
with a Mismatch between Deficit and Infarct

DW1 or CTP Assessment with Clinieal Mis match in the Trisge of Wake-up and Late Pressnting
Strokes Undergeing Mewrcintervention with Treve [DAWH]
YOUR LOGO

Guideline

2018 Guidelines for the Early Management of Patients
With Acute Ischemic Stroke
A Guideline for Healthcare Professionals From the American Heart
Association/American Stroke Association

Reviewed for evidence-based inmtegrity and endorsed by the American Association of Newrofogical
Surgeons amd Congress of Newrological Surgeons

Endarsed by the Sociey for Academic Emergency Medicine

VAL | Arn

LEVEL (QUALITY) OF EVIDENCE}

Any question about Mechanical thrombectomy
with cardioembolism?

Just Do it

s S O S S s ik,~, AR
IAT : Cardioembolic stroke (?)

ICAS
Neuroendovascular field in Stroke

relatively
comfortable

procedure Em

Embolic
stroke
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I Session 1. Ischemic stroke etiology

Differentiation of Cardioembolic Stroke
22?77

Can't diagnosed in emergent situation

= Cerebral Embolism Task
Force(1986)
- Sudden, Severe Neurologic deficit
- Cause of embolus (Heart diseasa)
T of Vari 3

+ Co-mobidities
- Proximal carotid stenosis
- ICAS

territory 3 . }
= Lacuna infarction with AF
= TOAST classification ‘ (heart risk factor)
- Arterial occlusions due to an - Arterial occlusions due to an
embolus arising in the heart embolus arising in the heart

= Evidence-based causative |
classification system |

- Probable or evident cardio- |
embolism |

= Cardio embolic presentation
without cardioe mbolic risk

Cardioembolic infarction

Acute stroke with atrial fibrillation. The Copenhagen
Stroke Study

=1996 (IV thrombolysis)

ameems b raen
A BT BB IR

g +2021 (IAT)
* 1185 patients
- AF: 217(18%)

= Stroke with AF
- Old age
- More severe
- Higher mortality
- Longer hospital stays
- Lower discharge rate
- Poor functional outcome

Poor prognosis

4

Aggressive treatment

= AF

- Independent factor of Non-
racanalization after tPA

Why Cardioembolic infarction have poor outcome?
=

IV L ey B e el patiensi wich vl Pllsien

| Rt TMALB Ty e, M T e Byt 21

o, i

= Clot dissolution after tPA

1 Daraic S000 B Nachangs B Wemeng - Clot size
el TS - Site of ocelusion
- Clot composition
rr _ - The surface area of clot exposed to
| e bload flow
P T ——— - Penetration of tPA into the clot
s e o LI B T T T structure

Why Cardioembolic infarction have poor outcome?

= Increased risk of death, dweeks

E el o s oo . (stroke with AF)
- Sudden occlusion of large cerabral
VLM eri I arte vl gofres it sl artary

- Insufficiency of collateral flow
- More severe stroke

* AF
- Fresh and old clot mixed in cardiac )
cavity = ICA occlusion (poor Px factor)
- Large thrombi formation in LA{TEE) - PWIIP:\ response factor (preximel
4 occhusion]
- Old and large thrombi may bemore s acelusion rate (no different)

resistant to thrombolysis

_ Stroke with AF are resistant to tPA - But, stroke with AF more frequently

occluded ICA on initial MRA
- More worsening and poor outcome

il = 00 |
e m Ny How about IAT effect? -ﬂ'!'

Effectiveness of IAT on Cardioembolic infarction

Endovascular thrombectomy im patients with acute fschaamic
stroke and atrial fibeillation: 2 MR CLEAN subgroup analysis

B Crvlatervention 7017515 B0 0002 fustd of ot amims avmsd of ot b JO3F

= Why?

- AF group treated anticoagulant before
stroke (tPA contraindication)

- AF group was older, worse functional
condition pre-stroke (poor pragnosis al
basaline)

- 12 years difference (difficult statistical
adjustment)

- Exclude small and lacunar infarction by
embolus

- Reduction infarcl volume was smakler
{relatively large infarct volume at initial
period)

e e

* NO significant different (AF/ no AF)
- AF group trend to small treatment effect

- However, not prove that EVT was less
effective in AF stroke

Paga » 10

Effectiveness of IAT on Cardioembolic infarction

[ER—
Impact of hyperiphdamila and atrial Mbrillation on the efficacy
af llndlcwounlnl reatmant for souts ischemic stroke: & mets-
snalyiis

ongees Dveny'', Lipen B8, Wil Ko/, Mngring Thae, Feny Useg', Togyd
Zre’ 4o e Thag

= Subgroup analysis
- Use rate of Solitaire FR
- High-rate use{>50%) of Salitaira FR
had f bl i outcome

Tabl 12

(compare with medical Tx)

* Pooled 11 RCT for efficacy and
safety of EVT on AIS

Fag s 11
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Effectiveness of IAT on Cardioembolic infarction

* Subgroup analysis » Subgroup analysis

- Low percentage of hyperlipidemia(<50%) - High percentage of AF(>35%)
- EVT Tx had favorable functional outcome - EVT Tx had favorable functional cutcome
{compare with medical Tx) (compara with medical Tx)
B - c S
] o bt i -

Fag s 12

Effectiveness of IAT on Cardioembolic infarction

n o

20 0
) persentage of patissh wih sa ftrilaticn

= Embolus type may be a potential influence
faclor affecting the recanalization rate and
functional outcome
- Cardioembalic stroke can hardly gain benefits
from 1PA

- Cardioembalic stroke can gain benefits from
EVT

T

Swevipre
= Similar result in another study

P 13

Compare AF stroke with non-AF stroke (IAT)

Better i
outcome in atrial fibrillation patients with acute

* TOAST classification

ri - G etiology were significantly mare
ischamic stroke: A single-centar
g S O probable to have a good cutcome (30D) than
L e o o G D o W S O o mmm: eliohogy (49.0% vs 18.8%,

Outcomes in patients with and without AF

AF [tz K- 2F (=80 P Predictons of good M-day clinical outcome [mAS -2 in
mic 33, % b3l oz ultivariste logistic: repression madel
SOL% M Y o7y Consnd Seell 7 = 041
orkaty, % B3k 851 Nagalkerkn 77 = 0 5% Signifc ance (1 Lot
(a2 % TE A T [T=%E
DM-£80
& o d Lt o 011=147
* Jinterventionist Doy o panciere fme <830 min ax 01180
3 Onset <360 028 bn-he
= General'Local anesthesia [ = x| 002053
7 i | P04
= Solumbra Tech. Contard [1]]
= AF- 51%

* Poor outcome predictor (stroke with AF)
- Turned to be a good sutcome predictor in EVT

= Overall substantial reparfusion rale: 63 9%

Fagas 14

Compare AF stroke with atherosclerotic stroke

Collateral Circulation and Outeame in Atheroscleratic
Versus Cardioembalic Cerchral Large Vessel Occlusion

e T it

= Sudden occlusion without collateral flow
- poor outcome predictor of Cardioembaolic
stroke

- Athercaclerosts = coliateral socre high(7)

- Eminglic = collateral score low (7}

ek gl
i €1 e B B

| * MR-CLEAN registry
Collateral circulation

- Quicomes

- Thrambus pervicusnass

) . |
Ll e | = Cardioembolism
- elder
FL L] T
[T A0 ) - Medication[NOAC, warfarin)
sraay G4 3] e rPA ()
Y- e VT, 3 BB 61 mawE] | - Prestroke mRS{high)
| Prosrom s enews ) | s |
a 1T T AT )
] B en TIATI (1
: T m
] Pt TRAT 12 |

‘Compare AF stroke with atherosclerotic stroke

Collateral Circulstion and Outeame in Atheroscherstic
Versus Cardincmbalie Cerehral Large Vissel Ovclusion

* Collateral score
- Cervical carotid atheroscherasismaone good)

Compare AF stroke with atherosclerotic stroke

]

* mRS score(-2)
* Martality

o g, v sy Bama

B T No statistieal difference
e eanie
Seroke. 2007503 360- 33638, L L] 30 -ty
T 1, e Chrvna WA ors g T8 W LT ITeer]
| i - Ll e o e
SR — = 5% # e 230 . LT - Ll
- L 0 . - L
e o e pran e e e vom — — —
e | e o e . Clrdiqs:n:n‘:::hﬂmkl
A e g L A [y e o better
ke e procedural cutcome
et o2 14 Agdn 1 * Why? - Sharter procedural tme (sasy
i T S i [ G group treatedt gulant before siroke (IPA mecins) .
By o) " gacklingtsctor laideiacly
S R P L] Ll . - cardioambolic group was older, worse functional condstion pre-
e o b (poot pr is at bascling) Post EVT eTICI, first pass are betier
ol - Using Non-EV'T dala
::.m ‘:::. - Cardioembaolic group present more severs deficit than other etiology
. — " - Cardioembalic stroke is usually associated with relatively large thrambi resulting mare often In LVO
Frermpr——y T TRRBIS am = Cardioembolis 'Yr i o th
[T ——— [Tist] T ] - Using LVQ cases in this study, group and @roup didn't different
p—— = T om - MCA occlusion 5
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I Session 1. Ischemic stroke etiology

Mechanical Thrombectomy with Sclitaire Stent Retrieval
for Acute Cardioembolic Stroke:

= 20 patients with Solitaire retrieval stent
* Cardio-embolism

- Contralateral ICA merphology

- Arhythmia

- Comorbid heart disease

Faga s 18

Technical success rate for AF stroke

M:F 10:10
tPA 12
medication
‘warfasin 3
‘Bspirin 7
Aspirin+cilostazol 1
TICI2b, 3 16/20(80%)
Reperfusion 2/20 (10%)
hemorrhage
Recanalization 4)20(20%)
failure

AF after acute stroke

Atrial Fibrillation After Acule Stroke

F Viageiimwte, MIL | Mopassiy. WD, F Bagh, NI s €. Vom Mol PO
Sirske Vol 34 No | Jamary 1990

* 2/3 of ischemic stroke may be dary

* Recent AF
- Superficial MCA territory (M/C), 59%
- Parietoinsular region(32%)
- MCA lower division
- Brain stem, 11%

to AF
= Cardiac arrhythmias and ECG change
have been reported after ischemic stroke

- ICH, brain lumor, head trauma, epilepsy,
multiple sclerosis, basilar artery migraine

- Distribution of i

- Statistical difference(p<0.05) recent AF with
cardicembolic stroke

- Left sided infarction 81%
- Lt. MCA Lower division involvement

= First ever stroke
= 24hour ECG monitoring after admission

= 1661 patients included
- 144(B.7%). known AF
- 41(2 5%): recent AF

= Recent AF: sinus riyythm on ECG at admission, AF
discover afer admission on ECG

B il

iy

AF after acute stroke

Atrial Fibrillation After Acule Stroke

F Wiagedlawte MEL | gy, WD, F Begh ML sad 6. Vin Mol Pol)
Sarvke B 34 Mo J Jusary (090

= Recent AF (AF may be not cause of stroke)
- Developed clearly after stroke

- Mo longer than a few days

- Uncomman recumence

- Preponderance of ICH 9.8%

- cardioembobc stroke 0.59%
= ICH eannot be cause by AF

- Echa fail to find source of recent AF

- Echo found source of embolism at Know AF,
cardioembolic stroke patients

= Topographical distribution of infarction
- Recent AF, known AF, cardicembolism

" Recent AF

# Brain stem

- Stem may be arhythmogenic

- Directly involved in cardiac regulation
- Mucleus tractus solitarus
- Dorsclateral nucleus of vagus nerve
- Mucleus ambiguous

* Parietoinsular predominance

. Difficult to explain

- May be insula associated with a higher risk
of developing AF after acute stroke
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Session 2. Carotid revascularization strategy

ZHE - ZEfM(EETH), 242HETS)

o

1. Carotid endarterectomy
LEH(SMICH MEZEAER)

2. EC-IC Bypass
= H7|(n2] 22HE)

3. Carotid stenting
OlSZ(7tScH MEIMEHR)



I Session 2. Carotid revascularization strategy

Carotid endarterectomy

HEHY

AMO MEZtAHS

—

|NASCET (1991) I Carotid stenosis

ECST (1998) CEA vs BMT vs CAS
‘ CAVATAS (2001) ‘ Sex, Age, Degree of stenosis, Time since event

|SAPPHIRE (2004) | Outcomes

*  Peri-procedural outcomes (< 30 days)

? : : *  Death
Race for Carotid Stenosis =———— i ‘;t:ke
SPACE (2008) * Myu(':ardlal m!"allwclmn
*  Cranial nerve injury
|EVA_SS (2014) | * Poslipmccdural outcomes
*  Stroke

ICSS (2015) *  Reslenosis
CREST (2016)

Ewropean Stroke Organization guideline on endarterectomy and stenting for carotid artery stencsis
Eurppean Stroke Journal 2027, Vol &2) XLV

Asymptomatic carotid stenosis Asymptomatic carotid stenosis

CEA vs BMT CEA vs CAS
UNE e 1S :
Endarinraciomy  Medial thisipy Risk Ratho ik Rasio
Sty or fubgroup  Geests  Total Cverts  Total Weight M-W Random 0%% CIVear -1, R, $5% €1
A 1991 L 1 1 1 0.7E (043, 1411 198 ==
ACAL 1994 n (7] 2 a2 M 064 1042, 0.08 1998 =]
ACST 1 2010 = 1560 o8 1560 Se0N 0.76 [0.57, 1,000 2010 -
AMTEE 2015 Fl i 3 T .31 [0.07, 146 2013 —_—
SPACK-2 2019 [ 1oux LM 27ERIK LN 2000 S
ol B 0 450 e R, Y Toal (95% €1 2018 LD Jo0M LIS j0AR L7 -
Tetal evests - “

Totsl evenits 194 190 Patsmeganaity: Tau' = Q00 CW = 853, of = 4 P = 97K F = O%
Haserogeneity: Tau' = 0,00 Chi' = 117, f = 4 1F = 0535 1 = &% T TR pa Tesn fad everad ffect. T = L3319 = 0.32)
Tast for owees effees. 2 = 253 P = 0.004)

[¥]
Endarterecsomry Medical therapy

Quality: Moderate HEE

BMT has evolved since most data was used in this PICO

+ Independent of sex . , - . . .

s InACST 1 trial, age > 75 years shiow i benelit with CEA I avoring C l—.:f\ mainly due to higher peri-procedural stroke or
death in CAS

y and sterting for carotid artery stencsis

Ewropean Stroke Organization guideline on endarterectomy and stenting for carotid artery stencsis
European Siroke Journal 2027, Vol &2) XL European Strode Journal 2021 Vol &2 XL

Euopean Stroke Organization guideline on

50




Asymptomatic carotid stenosis Asymptomatic carotid stenosis
CAS vs BMT BMT
[
i 1.5% 40%
Stenting Medscal Rizk Ratio Risk Ratio g 3.0% % c
Study or Subgroup  Evests Total Events Total Welght M-H, Fixed, 95% 1 M-H, Fived, 95% O é
SPACE-2 2019 & 19 1 113 1000  3.44 (042, 2827] — i 2.5% 28% o
H
Total (95% CI 197 113 1000% 344 (042, 28.23] —— E 2.0% 20% g
Total events 3 1 g e S g
Heterogeneity: ot applicable toos o i 700 . 3
Test for overall effect: 2 = 115 (P = 0.25)
Stenting Medical E s g g
0.5% o §
£ &
o 0% 0 2
Quality: Very ow Group1 Group? Group3 Groupd GroupS Group 6 Group T Group 8
{Bias, Indireciness, Imprecision) Smaking YES YES YES YES YES YES YES NO
. R v P BP2140/80 mmMg | YES NO YES | YES NOo | YEs NO NO
. Ev@ence bascq rcccmmc'ljdatton indicated against CAS asa e s s Tves o T we T we o o
routine alternative to BMT alone Noflow dose statins | YES | YES | NO | YES | YES | WO | NO | Ko
Ewropean Stroke Orga ion guideline on y and stenting for carotid artery stenosis Management of caratid stenosis for primary and secondary prevention of stroke: state-of-the-art 2020 a critical review
Eurgpean Stroke Joumal 2027, Vi &2 -XLW Evvopean Heat Joumal Supplaments (020 22 MIS-ML2

Perioperative mortality & morbidity

mpros Operative Siroke/ des rales I O ran

Trial Publication Year  CEA* CAs*
Symplomatic
NASCET 1991, 1998 6.7%
ECST 2003 75%
EVA-35 2008 39% 9.6%
SPACE 2008 6.6% T4%
ICSss 2010 34% 74%
CREST 2010, 2016 3.2% 6.0%
Asymptomatic
ACAS 1995 23%
ACST 2004 23%
CREST 2010, 2016 14% 2.5%
ACT1 2016 1.7% 1.9%

*30-day any operative stroke/death

“History and Major Trials in Carotid Revaseularization” Supplemental Tables | & 1|

Asymptomatic carotid stenosis

Expert consensus statement

in selected patients 75 years of age or older with > 60%
asymptomatic carotid artery stenosis and an expected
survival of at least five years, who are considered to be at
an increased risk of stroke on best medical therapy alone,
carotid endarterectomy is suggested after careful
consideration of the risks and benefits at a multi-disciplinary
team meeting.

> Risk of in-hospital stroke or death following
endarterectomy or stenting for asymptomatic carotid
stenosis should be as low as possible, ideally below 2%

Sreoks 2018

Ewropean Stroke Ovganization guideline on endarterectomy and stenting for carotid artery stenasis
Eurgpean Strode Joumal 2021 Vil &2) XL

Asymptomatic carotid stenosis

Asymptomatic carotid stenosis

Increased stroke risk

+  Silent infarction on neurocimaging

* High degree or progression of stenosis

*  Echolucent plaque on ultrasound

* Intra-plaque haemorrhage on MRI

*  Micro-emboli on TCD

+  Reduced cerebrovascular reserve on TCD

y and sterding for carotid artery stencsi

Fusmopean Stroke Orga
Eurgpean Stroke Journal 2001 Vil &2 XL

ion guideline on

Practical Real World Statement

+ < 50% stenosis : MILD
+ Risk factor control with lifestyle change and medication
*  Annual carotid duplex surveillance
+  50-69% stenosis : MODERATE
* Intensive medical therapy
+  Tight imaging surveillance
+ >T70% : SEVERE
+  Consider carotid revascularization with BMT
*  Many surgeon adopt more conservative policy until >80%

stenosis

Managemsnt of asymptomatic extracranial cartid athersclerctic disease
Upledate 2021
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Symptomatic carotid stenosis

CEA vs CAS  from meta analysis ICSS, CREST, EVA-3S, SPACE

* In CAS, risk increase with age, if >80 yrs, then
OR 4.15 for procedural stroke/death, not in CEA

* The age effect become apparent in 60-65 yrs

+ CEA superior to CAS in aged >70 yrs

* CEA reduce stroke with moderate (50-69%) and
severe (70-99%) stenosis, except for ‘near

= s
occlusion
Management of canatid stenasis for primary and secandary prevention of stroke: state-af-the-art 2020 a critical review M.ﬂagml:nl af canatid stenasis for primary and secandary prevention af stroke: state-af-the-art 20210 a critical review
European Heart Journal Supplemants (2000 22 MIS-MIZ European Heart Jourmal Supplements (AN 22 MIS-MIZ
Asymptomatic or Symptomatic carotid stenosis CEA vs CAS
CEA vs BMT 1 1 Wi n
S . I B Incidhoncs of Selocted W-day Crsoomes aftar CAS
-
Ssemisg  Endarsereciosy Rivh Rati \
_Soudy or Subgreup Uventy Total Uwemtn  Totsl Webght M-t Nasdom 0T5C1 Year  M-M,Ran % Y
SPACE 1004 54 T n 549 2w T28(1AL 166 208 i
BALASS 2008 o L] o " Mot
Regnibory 104 . N ° W TIN VAT I0ER, 20095 2008 \\'\ \
CRIST 2012 58 1088 & 1108 e 095 j067, 145) 2our -~
Kantucky 2014 P ] 0 " R L9110, 10229 2004
Evh-35 2614 Tomr o B MRS 061[0, 152 208 \/_\ \
ol s Coae 3017 1 @A 3 & AW a3iseain i -
KOS 2018 n 1z L) T e 125 1090, 1.73) 2018
SPACE-2 2019 now + M am 183092, B8] 2020
Total {305 €13 wrr 3047 100N L7 joss, 2a0] - o
Total wepnin. | | n 18 p—
o ot o T Lo nan T e s
Quality: Very low @ .
b ; mprecsi
o - - - Ll wn B E -
S P P
*  Low quality of evidence favoring CEA . i fie i i or time
Peri-procedural stroke after CAS is not decreasing over time
European Stroke Organization guideline on and sterting for carotid artery stencsis Early Outcomes After Carctid Endarterectarmy and Carotid Artery Stenting: A Propensity-Matched Cohort Analysis
Eurgpean Stroke Joumal 2027 Vi &2 XL Neurssivgasy @1-T1 20T
Surgery for CVD in Korea Nation-wide trends in Korea
SOURCE - Nati R Tatsrod Rewiee & Agress
; Total 115301 cases, OURCE : Korean National Health Insnrmrce Review & Assessment (HIRA) Service
|-Bypass__ Malformations __Others excluding IA thrombolysis,
3.7% — 48%  guring 2010 - 2016, a2t
D-Bypass
31% 2663 2708 2659
CEA3.1% 2353 2433
2183 81.0%
816% 8223%
795%
I ) I?ss% I?n’ﬁ
2010 2011 2012 2013 2014 2015 2016
. m=CAS ECEA —+TOTAL
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Biased Practice Trends in KOREA

* Lack of interest in performing CEA
* Wider popularity of endovascular surgeon
+ Tends to prefer non-invasive modality

\ 4

* Need qualified candidate for each intervention
» Candid evaluation for institutional outcome

* Foster competent surgical option

Protocol for Carotid Artery Stenosis

PROCESS

1. Consensus
by Neurology, Neurosurgery, Neuroradiology

2. Review (192 articles)
RCTs, well-designed case-control (IF = 6)

3. Qualifying the proper candidate

Protocol for Carotid Artery Stenosis

Treatment Indications
Symptomatic stenosis > 50%
Asymptomatic stenosis > 80% or
= 50% with contralateral occlusion

Timing

< 2 weeks for symptomatic stenosis

Protocol for Carotid Artery Stenosis

Four categories : based on the selected factors
1. Anatomic approach to carotid artery
High bifurcation, Previous neck dissection, Radiation,
2. Endovascular accessibility
Vascular access, Allergy to contrast, Renal dysfunction,
Type 11 aorta
. Characteristics of stenosis & plaque
Calcification, Uleeration, Length, Collaterals, Tandem lesion,
Contralateral occlusion

4. Cardiopulmonary function

Heart failure, Myocardial infarction, Pulmonary dysfunction

[F%)

Absolute : 3 points, Favorable : 1 point

Table 1. Protocod for selection of a proper surgical treatment opion for carotid artery stencals

Amchuge CAS Favorable CAS Fanvoratie CEA. Absohte CEA
angina inciuding @ history
of coronary SeHng with Ronal tabure withcut Faire of DiA

Heart fadure
ITEE, gection fraction = MM g i b 2 400

Myocardidl infarction Poor coltateral fiow of antenior ‘Complicated atheroma Severe wasculr disease of
within 4 wesks communating artesy o the aicending AoTc arch Tesmosal aceess
Head for open Teart BEGRTY  Carond avtey tandem lesions Type 3 aortic arch Alergic neaction to contrast

Emergerey Stéing g0 . MMPZW

Pukmcraey
IPFE, FEVI1 or DLCO < 508
Contralsteral carotid artery
BN

Corerabneral Lryrngeal paralyss

High sterenis above £2 er
low steriis belowy chvcke

Previcus radiaton of the neck

Presacus radical neck surgery

Restenosn after CEA
Former racheosiomy

CAS = carotid artery stenting: CEA = carotid endartevectorny: TEE = manssophageal echocardiograms D54 = digital subraction cercbral

m.mﬁl- puimcrury function test FEVI = forced expiatory volume i | teondt DLCO = difision capacty of the kg for

Protocol-based Practice

From Oct. 2013 to May 2018
the protocol applied to total 105 consecutive pts

W symptomatic
B CEA ™ asymptomatic
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I Session 2. Carotid revascularization strategy

Total 105 cases M/66 / Lt. Carotid Artery Stenosis / TIA

-

BpProtocol MNeutral ¥ Violation

CAS 73 cases

CEA — no event F(77 | Lt. Carotid Artery Stenosis / Lt. MCA stenc .t MC A infarction

praop
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Neutral 37 (35.2%) cases

no score in 27, equal score in 10
4+CAS in 28 pts/ CEA in 9 pts

mCAS
HCEA

Patient’s preference
in majority

Protocol-Based Decision

» About 60% of the patients can be followed by
the protocol

* Neutral 76% of the patients tend to select CAS

* Individual indication can contribute to improve
overall outcome

¢ There should be “BOTH” options for carotid
stenosis

* Protocol can be a reasonable solution to
correct the inherent bias in clinical practice

Technique

Anatomy

* 4 structures crossing over [CA
= Hypoglossal N / Occipital A/ Facial ¥ / Ansa Cervicalis

Technique

as for Neurosurgeon

= Neurological surgery has yielded favorable outcomes
(D use of the operating microscope
(2) intraoperative monitoring of cerebral function

» Safety

- < 2% in the asymptomatic patient
- < 4% in the symptomatic patient

* The choice of the CEA technique : depend on the
experience and familiarity of the individual surgeon

Technique - Anesthesia
General vs Local

Lancer 2008; 372: 2132-2142
Meta-analvsis, Hajibandeh § et al. Anesthesia, 2018; 73; 1280-1289

* Both General and Local anesthesia are safe
* Surgeon, Anesthetist, Patient — individual base
* Local anesthesia might have some benefit of lower

morbidity and mortality

* Local anesthesia may reduce use of shunts

LA = GA

Technique - shunt

Use of Shunts

+ No evidence for the routine use of shunt

= Little evidence to use one form of monitoring over
another in selecting patients requiring a shunt

Pruitt-Inahara carotid shunt USCI Javid carotid bypass shunt
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I Session 2. Carotid revascularization strategy

Technique - repair
Primary Repair vs Patch Angioplasty
Meta-analysis, Texakalidis P* et al. J Vase Surg, 2018:1241-1256
* Patch angioplasty may reduces the risk of occlusion
and re-stenosis, and risk of stroke / death
= Synthetic / Bovine pericardium / Venous
* Longer cross-clamping time

Primary < Patch

Technique - repair

Primary Repair vs Patch Angioplasty

IContinued from peedous page)

Concluslons: This systematic review showed no conclusive evidence of a difference batween carotid endanerectomy
with pasch angioplasty wersus primany closure of the anedal wall on all-cause monality, < 30 days morality, < 30 days
ok, of ary cther setious adverse events These conchusions are based on data from 15 to 35 years. ago, obtained in
trials with very low certainty according o GRADE, and should be interpreted cautiously. Therefore, we sugoest
conducting new randomized clinical trials patch angioplasty versus primany closune in carotid endarterectomy in

Tatic patients with an internal carotid artery stencsis of 50% o more, Such trials ought 1o be designed
according to the Standard Protocol lems: Recommendations foe interventional Trials statement (Chan et al, Ann Intem
Med 1200-7, 2013) and reported according to the Consolidated Standards of Reporting Trials staternent (Schulz et al,
7. 2010). Uneil conclusive evidence is obtained, the standard of care according 1o guidelines should not be abandoned
Systematic review registration: PROSPERD CRO42014013416 Review protocol publication 2019 DOE hitps/fdoiong/
1017136 brrgopen-2018-026419:

Keywords: Carotid stencsis. Carotid endarterectomy, Patch, Systematic review, Primary closure, Trial sequential analysis,
GRADE

Caratid endarterectomy with patch angioplasty versus primary closure in patients with symptornatic and significant
stencsis: a systematic review with metaanaheses and trial sequential analysis of randomized clinical triaks
Marsman et al. Systemanc Reviews (2021) 10139

Technique
Higher exposure

Blaisdell’s line

: tip of mastoid process - angle of mandible
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58

Expei't consensus statement

Carotid stenosis

12/12 experts concluded that where possible, the indication
for carotid endarterectomy or carotid artery stenting
should be discussed at a multi-disciplinary team meeting.
Consensus decisions can be made in between meetings, in
order not to delay urgent revascularisations.




Role of Bypass Surgery for Acute Ischemic Stroke in the Era of EVT

Efficacy of low flow EC-IC bypass surgery in cerebral ischemic disease is controversial. Since the report of COSS trial
reported in 2011, reluctance on the performance of this surgery has been spread. However, we could have witnessed
many cases of excellent clinical outcome following this bypass procedure in the real-world daily practice when
performed with a narrow and concrete indication. Especially, a symptomatic occlusion of anterior circulation intractable

to medical treatment has been proved to be a good candidate.

In this short lecture, I would like to introduce the possibility of its application to acute ischemic stroke (AIS) caused
by large vessel occlusion (LVO). In the era of endovascular treatment (EVT), surgical management is becoming minor
troopers especially in the battle field of AIS by LVO. The recanalization rate by EVT in acute setting reaches up to 85%
and many prospective trials have proved EVT can improve clinical outcome. However, 15 to 25% patients of AIS by
LVO still require further management rather than medical care. And very late arrival stroke patients have low chance
to be recanalized. Majority of these patients are destined to end up with severe neurologic sequelae. Hence, I started to
perform timely urgent low flow bypass surgery since 2017 and analyzed my case series and pooled data of retrospective
reports. In this lecture, I provide you some data of this study with background knowledge and wish you to participate in

the journey of “Dare to Do, Know and Spread”.
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Carotid stenting

0| =
JHEY NEMEYY

CEA vs CAS

CREST I

CAVATAS

S0 PR YUMEYY

CAVATAS

THE LANCET

Endovascular versus surgical treatment In patients with carotid
stenosis in the Carotid and Vertebral Artery Transluminal
Angioplasty Study (CAVATAS): a randomised trial

CAVATAS investigators®

balloon an ty alone (including stents cas

high-ri irgical patients were xcl

53 WSt JUNEYY
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SAPPHIRE

The NEW ENGLAND
JOURNAL of MEDICINE

e e an OCTORER 7, 3004 T

Protecoed Carotid-Artery Stenting versus Endarterectomy
in High-Risk Patients

by

A in high-risk patients

were after than after CEA

a5y 718943 yuusyy

THE LANCET Articies

Results of the Stent-Protected Angiaplasty wversus Carotid
Endarterectomy (SPACE) study to treat symptomatic
stenoses at 2 years: a multinational, prospective,

randomised trial

* to establish for CAS versus CEA in low-risk

patients

S5 1B HuNEY

Endarterectomy versus Stenting in Patients
with Symptomatic Severe Carotid Stenosis

* Stroke or death rate AS than CEA
: early in the trial, didn
(experienced Endovascular physicians)

+  EWA-35 empha

2 189933 sy
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Session 2. Carotid revascularization strategy

Stroke “ii:

The Carotid Revascularization Endarterectomy Versus
Stenting Trial (CREST)
Stenting Versus Carotid Endarterectomy for Carotid Disease

Wit A. Mantess, MLy © H. Timarss, MD; David Chiv, ML wd ). Begp. MD:
Thowmas G Bl MDY, for the CREST livesti

Haskgrommd snd Paepose

crod 10 CAS. e CEA. The pei
! e

S
i CEA,

WA YUY

no significant difference in the primary endpaint (MI, stroke,
death)

minor strokes - mo

MI and
restenosis rate (>70% or occlusion) — similar
efficacy of CAS and ECA at age of 70 — equal
10-year F/U data (in 2016 report)
primary endpoint (CAS vs CEA)-no difference

ipsilateral stroke (CAS ws CEA) — similar

FHREHRN YUNEYY

CAVATAS
SAPPHIRE
EVA-35
SPACE
(more stroke, less MI)
ICSS

ACT-1

CREST (10 yrs. F/U)

53 WSt JUNEYY
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Ongoing Trials

Asymptomatic Carotid Surgery Trial 2 (ACST-2)
CEA vs. CAS
Asymptomatic stenosis > 50%

European Carotid Surgery Trial 2 (ECST-2)

BMT vs. CEA vs. CAS
Asymptomatic & Symptomatic stenosis = 50%

Stent-Protected Angioplasty in a‘sgmptomaﬁc
Carotid artery stEnosis 2 (SPACE-2)
BMT vs. CEA+BMT vs, CAS+BMT

Carotid Revascularization
Endarterectomy vs. Stenting Trial 2 (CREST-2)
BMT vs. CEA+BMT, BMT vs. CAS+BMT

- Patient selection

- EPD selection

- Stent selection

Patient selection

asymptomatic
symptomatic/s
co-morbidities

i ng)
lesion morphology (ultrasound/angiography)

55 1ESCHera HuaEy

S5 1B HuNEY

E53) 21BRt HUEYY
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CAS Guideline (20{21& 7| &, 2019.08.01 A|&H)

C T —
L FAHY Y EN (Letracranial Carotid artery)

L £7H A8 (Eracranial Carotid antery)
SRS TR M AR N 1 B2 50% o4 AEW 4R
I REUH S0-69% RN n
: “REAF WD G18 Ol BN AU Ea RO MY
i-?;: ::_?Ea “EI& ‘“J Ed Ol S SATN ﬂ!‘riﬁ RN AR
"'ﬁ ﬂ'!{!&

TR SN A AA, B A UAE S o0 B
670/ THN0 WA AT = #i BOE e HNUEE AW

WEHH BT
& R
D71}

-WEY BE7 N e
QBT B WA Ee Wy
-ARNGAFRR. BN BARDE Y AN
WM EE T AEEN
AN BAEH BT
3 BRI 0% 014 FRE ER 0 RB e ok o4 (B FREY Hu 4 BREG G 3k
A 206 (BY S BN HES YA UE T 3T 3216 (B4 Ei= Ao Yoo U0 N e AR)
DUES BRWS] MUE FUE 0% olue AW 0h R’I:I}-sgqa;.q B WU 50% Ol4E R
DA
s-sgﬂw Tl ¥ CHE BE0| Mt GE AF DRUAR 2R WA CHE W0 T RaT BE AR
— YT EE YR Y EE §Y WY M BE
g
LfEE N EER I 4SS Ao B
CERLRLER ELERR b
WG Yo BB 0 =
420 BI10E FRE WET IHE FN0 N0 20T 2EE

WA YUY

CAS Indications

High-Risk Features for Carotid Endartarectonmy

ANATOMIG

Pastis after canoticl endarirecionmy
Bdaten ENOSS
Contralateral ca ceiusion or lanyngeal nene palsy
Prewious rodiation reatment or surgery of the neck Nouroluq ical ln:.tablht‘,
Lesion inaccessible by surgeny |

Meck immabity

Tracheastomy of trachuostoma
Gavere ntracranal stenoais

COMORBID CONDITIONS

heparin treatment
venircular sfection iaction of <30% ultiple st
Songestve heart falurs

] COMmuny arieey bypass or vi replacement ecent stroke
Fenal fafura acute occlusion
Chronic obstructie pumonany deease

Comnany anery cisanss v 1 glam&l-

Flanned peripheral vascular sLrs

Myocardial intarclion wishin & d\-N*f- of the procedure
Age pkder than B0 years

FHREHRN YUNEYY

CAS Contraindications

Neurological
ajor functional impairment
ithin 4 weeks

Anaton
- Inability to achieve safe vascular ac

- Intracranial or AVM requining treatment

ntraindication to aspirin or thienopyridines
- Renal dysfunction precluding safe contrast medium administration

21\t YU EYY
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Different Systems of Cerebral Protection

Distal Balloon Distal Filter Proximal Balloon

£ 1B HUEYY

PercuSurge GuardWire® System

Somewhat complex to use - 2 trained operators

on times 6.5 minutes (quartile 4.5 and 10.5 minutes)...usually well-tolerated

S5 1B HuNEY

The Percusurge Guardwire™ Protection system

Final result
1 with inf ballgon
bsence of flow in the

2 189933 sy
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66

t

W~ Filter protection

A filter positioned distal to the steno
debris while maintaining antegrag

s 78I yuusyn

Emboshield NAV6 Embolic Protection System

53] 2B YuNEY

ev3 SpiderFX™

Retrieval

1g, useful in tortuous v

53 WSt JUNEYY




ANGIOGUARD® RX

55 1ESCHera HuaEy

In vitro carotid flow model

%

AngioGuard

terWire
EmboShield

Percusurge

IR HUNEYY

Flow-limiting Vasospasm after procedure completion

Post-clilatation After filter removal  10min. waiting

Filter

LI
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Dissection

« At the location of the distal, or distal or prox. stent edge
e
Non-flow limiting: Observ

ins

MR UMY

-
thrambus

|

Immediately o
after stenting L “throtigh guiding

Van den Bes

mTe]

Filter occlusion

» large burden of embolic material in the filter
obstructing flow

Rescue Tx.
asm, or thrombus in the stent)

se to the filter
4, Filter retrieval

B3] AW JUMEYY
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Proximal protection

.y

£ 1B HUEYY

The Concept of Endovascular Flow Blockage

S5 1B HuNEY

Mo.Ma®Ultra

2 189933 sy
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70

Mo.Ma®Ultra

Removal of the device

s 78I yuusyn

Proximal protection

53] 2B YuNEY

53 WSt JUNEYY




Carotid stents

—_—

Precise RX Acculink

Carotid Wallstent
Protégé RX

£ 1B HUEYY

Stent Design: What we know

Actually we have 2 different stent

S5 1B HuNEY

Carotid artery stents

Self expandable

Braided mesh wire (Cobalt Alloy) ‘ Nitinol (Nickel-Titanium)

2 189933 sy
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Braided mesh wire (Cobalt-chrome Alloy)

&.g. Carotid Wallstent B

55 MBSHera HuMEY

Nitinol Stents (Nickel Titanium)

5 lcm
"Crown”
pattern 5 segments

53] 2B YuNEY

Nitinol Stents

Open cell design

6z 79990 Hucgy
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Protoge
10.71

Eack
1Tk

WALLSTEN
0000 =]

£ 1B HUEYY

Does Free Cell Area Influence the Outcome In Carotid Artery Stenting?

M. Bosiers, " 6. 0w Dorate.” K. Detoon,” 4, Verbiel' P, Pecters.”
F. Castriota.* A Cremoness® and €. Setaco®

et b Mmripial iyl (8

are highest for the

IR HUNEYY

Randomized clinical trial of open-cell vs
closed-cell stents for carotid stenting and effects of
stent design on cerebral embolization

Carks H. Tin: - B, Bussro, MI,™ Adrisss Hi
- Cipguny Musseall, 50 €. Pasri .

e 1
% (DG, 11408 aned 52 1
o AR

after

E53) 21BRt HUEYY
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Experimentelie Radiciogie RET

Experimental Investigation of Modern and Established
Carotid Stents

Experimentelle Untersuchung von modernen und etablierten
Carotis-5tents

£ Whkagutt | WL Schvridt, . B, € it £ . Sty R, R

MR UMY

FHREHRN YUNEYY

Nitinol

ghten th
ment

53 WSt JUNEYY
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a

+ Better conformability of open cell

£ 1B HUEYY

Mesh Wire Stent

:; Distal kinking

S5 1B HuNEY

Different vessel diameters: CCA - ICA

2 189933 sy
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Conformability to different vessel diameters

4.1 mm |

Baseline After 7.
Pre

LI ™ -~ |; ~AiEE P -~ T - o i’
Safe up to 50% difference in diameter a5 71BSGa Juscyy

Tapered 7-10 x 30mm Stent

4.2 mm

53] 2B YuNEY

Available Stent Length

6z 79990 Hucgy
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Long lesions

-

Vi

Carotid wallstent 7.( Final result
(would approx. correspond to
60mm long Nitinol stent)

Baseline

55 1ESCHera HuaEy

Post-op. Management

. Hyperperfusion (Hemorrhage)

. Acute Cerebral infarction {Ischemia)
. Acute Myocardial infarction

. Restenosis

. CN injury (CN XII)

Return of blood flow to area that has lost autoregulation

< Normotensive BP control

= Hydration, Antiplatelet agent

S5 1B HuNEY
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Session 3. Expert experience for special situations in LVO

g ASE(rHr), FE=(SE)

1. Medium Vessel Occlusions
HAZ(FLTHH )
SHA(Z M)

2. LVO with underlying Intracranial arterial stenosis
SO AZSHP)
UTH(SAITH ZEOoHHEE)

3. Acute tandem EC and IC occlusions
BIMG(SHE L SEFEAHS)
ZZeHS0tHH )



I Session 3. Expert experience for special situations in LVO

1. Medium Vessel Occlusions

MeVO(Medium Vessel Occlusion)

0
)%
al

0R
ot
4
0%
o

A . .
J ~ MeVO (M_edlum Vessel Occlusion)

h]
|
S\

“l

v" Definition
v" Prevalence
v Clinical Outcome

v Best medical tx.
v EVT

v Recent research
v" Conclusion & Proposal

Proposed Definition of MeVO

Table 1 Propased definition of medium vessel occlusion (both A and B have 1o apply)
A) Decluzion in one of the following vessel segments 7
arstorical 1142 sharent ffram she main MCA bifureationnrif reation to the arevlar subeus of the insuls] }

{from the ciroslar sulous of the imuta 10 e enemalsuperior surface of the. 7" 1)
el 1 PAY) -
the ceigin of the anserior scating ameny b3 the origin of the S~ P

ezomarginal artery]'” 't o T S
@ncmmmhdnmmmlmuumkmmm ".JF\ ﬁ'jf’ 2

SR cakisim)y P :‘-':?/-" 7
"— the rginaf he postercr commuricetingatery fo e pointcf enronce i~/ o = Pt
imi.:imnl“ ;
o Gt it et \

E} Substantial clinical deficit {one of the following)

{
\\ AN
| Funticnal | NEFSS 2 5 _7 ’L-\, y hﬂi}

NESS < 5 with chuabiing deficint

“vesce size aBows for sale endovascular thrombectomy baced om avallable technoloqy and technsgues typical
wessel size m MV rarges Trom | be 3mm'™),

tParticulardy important for P2/3 segment oodusions, since the NIHSS score does not accurately captuee dinical
defitits coused by postenivr ceoalation occhasions,™

MCA, midde cerebral arbery: MeVO. medium vessel occuion © NINSS. National Institetes of Health Stroke Scale.

Goyal, M. et al, Mol the nest fFonter? lournal of Newralntervensional Surgery, 2020, 1261 p. 545-547,
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Primary, Secondary MeVO
* Primary MeVO

« Secondary MeVO

— Thrombus fragmentation during EVT
— Clot migration (after iv tPA)

Goyal M, ot al, MelC the newt Sontier” loumnal of Keuralnserensional Surgeny, 2020, 12[67 p. 545-547.

Primary, Secondary MeVO

Table 2. Conceptual Differences Between Primary and Secondary Mevos

Ciinical ¥ Lias

SBever Larger hogical defich

| neurological defic

smaker

Possibly highes EVT treatmendt iates in secondary
MeVOs

Extent of mchema

ol Tesgibty | Cowee

| Smaller; anly the bermory suppled
by the MeNO wil be afiectes

Largrer; more rovimal beritaries thal were
sepplind by the initinl LVO might progress i
irtacction a5 wall

My ba igher becauss thass hs baan fiagman-

Iuchemia i ikely 1o be mare extensve in second-
ary MeV O, which might translate rto worse
outcomes avd a higher risk of hemarhage

Risk of thiomés fragmentalion during EVT mey
‘ationmigration be higher in secondary MeVOn
Wilingness to treat | Lower; risks of EVT and gainng Highor in EVTrelated secondary MeViOs; acoess | Higher EVT treatment rales Tor secondary
wich EVT enckwasculer acces have ko be | has sbeady boon cateblshed 50 brabmont san | compared with primary Me¥Os fverfundestsat-
waighad agunat setemaies nanatt | Ba parnmas mmadinaly mant7)
| n patient with smaller daficitn
Inclscn i a | Foasble Thaborging EVTralatod sosondary MoVOs: ran- | Lack of oquipais for randomizasion of secondary
randomized MeW0 domization would hewe 1o ocour on the angiog- | MeViDs
EVT trial raphiy tabke; ron-EVT-relatad secondary MeVOs:
allen resjuirs repaal vasulr imaging, which is
| ot restingly pertormed and delays treatmen
ENT indicates endovasouler thrombectomy: and MeV0, medium vessed scclusion,

Goyal, M. et al. Secondany Medium Vessed Goolusions: When Clots Mowe Mo Stroke, 2070 5231 p. 1147-1153.

AHA/ASA Guideline

2. Althqugh the henofit i the use of

w%nh%"mh rneasonable hmhﬂuhdm}ﬂh
M50

mmmmhmhmumaﬁnocﬂmimnim Iﬂugmnl Z(Ihj

or MCA segment 3 (M3) portien of the MCAs.

In pooled patient-level data from 5 irials (HERMES, wéich ncluded the 5 trials MR CLEAN, ESWERZ\'MI

SWAFT PRIME, and EXTEND-IAJ, the direction of treatment afiect for

Recommendation reworded for

clarity From 2015 Endevascular, COR
unchamgad. LOE revised.

Sese Tble KOV i v Dt
Supplement 1 for original wording.
Sea Tables XVI| and JLY in ordine Diata

was fivorable in M2 occhusions, but te adjusted cOR was not significant (1,28 [95% 1, 0.51 -.um" In patient-
leved deta pooled from tnals in which the Solitaire was the only or the predommand device used, a prespecried
msta-analysis (SFER Callsboeation: SWIFT PRIME, ESCAPE, EXTENDHA, s REVASCAT) showerd that the drection
of treatment etfect was favarable ko mechanical tombettomy over standard care in M2 occlusions, but the

I DEFSE 2, and IMS 1l

URandmﬁmnnlmfm ”hmﬂh@cdﬂﬂsﬁdﬁhm?ﬂlﬁﬁnhom the Irtention for
51

Th

For Acute

MMMWEMMWWaMWWMWM»MmH
for M2M3 occhsions

OR, 2.2 [95% €1, 1.0-4.7}0."" Thevulor,

does not change subrstantively from the 2015 AHAASA focused update.

AlS T T T

symptom mmdnhmcmnmﬂmmurmmﬂ
arterigs, vertebeal arteries, basilar artery, or posterior cenebral arteries.

the Amesican Hearr

FAecommendation rewarded for
larity from 2015 Endmvsaular. COR
unchanged. LOE amandad t candorm
with ACCIAHA 2015 Recommendation
Classification System,

See Table MCY in orline Data
Supplement 1 for original wording.

Powers, W, ot al, Wﬁﬁrﬂﬂw&#&vmmd-’armlmﬁ Acuite Schemic Strake; NI?W!MM&WMMWWMWM it of Acute Bchemic Strpbe A
far Halthcare Professionals From Associarion/Amenican Stroke Assoclation Stroke, 3019, 5012k p. e344-e414
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I Session 3. Expert experience for special situations in LVO

% of MeVO in AlS (6.7~36.0%)

M3/4
Among all AIS
Smith et al 20% NR 0.3% 1% MR 12% 1.3% MR
Zhao et al 20% ACA/M3/M4, 16% NR MR
Rai et al 4% NR 0.7% NR 2% NR

Among Ant. circulation AIS

Heldner et al 15% 8% 1% NR

Saver, JL. ot al, Thrombectomy for QYL Mogvum Vessel Oochisions: A Conserius SEatement on Present Knowledge and’ Promising Divections. Stroke, 2020, SL3% p. 2572-2884

Natural Course of MeVO

M3/4
Among all AIS

Smith et al 20% NR 0.3% 1% NR 12% 1.3% NR
mRS 0-2 40% 50% 29% 13% 22%
mRS 3-6 60% 50% 71% 86% 78%
(death) (24%) (0%)  (0%) (25%) (0%)

Zhao et al 20% See right ~ ACA/M3/M4, NR MR

16%
Rai et al 4% NR 0.7% NR 2% NR

Sawer, JL. ot al, Theombectamy for Ofstal Medium Vessel Ocokisions A Cansersus Statoment an Prosent Knowledae and Promising Drections. Stroke, 2020, S1085 p. 2872-2884.
Smith, W5 et al. Significance of Large Vessel Intracranin! Gcckisian Causing Actite dschomic Stroke and TIA Stroke, 2008, 40125 p. 3334-3840,

] £
--
Smith et al 20% 40% 60%
(24%)
Zhao et al 20% NA NA
Rai et al 4% NA NA

e ———r
Saver, JL. ot al, Trvombectomy for Dial Modvm Vessel Gochesions: A Consenius S’ﬂ.‘m)ﬁ!’.WﬂhmM}r ang Fromising Dieections: Stroke, 2020, S1{9F p. 25722854
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Smith et al NA 1.3% Al 50% Al 50% (0%)
A2 29% A2 T1% (0%)

Zhao et al 16% NA NA

Rai et al N NA NaA

A 0.7%
# j—
\JJ Knowdecige and Promising

§
Saver, 1L o al, FAnmbeciomy for DNl Modbum Viessed Gookesions A Consensus SEHomeps Exvecsions. Stroke, 2020, 5L p. 2572-2884

MeVO with/without tPA

Fitove T patients ENTERRACT puienns
with MR with McVD)
=1l =1

Figaes 1. Fiow rhart ol imcluied

rateernis v e e sl

ssdunien Me Y from B
RLeCT ard PlowelT vhuddies,

tnciuded in both vdios

MO paticnis
n= ik
Trested with EVT
a=T2
[TrTE——
n=2%

Csped, IM, et al, Clinicw Course of Acufe Schemyic Simde Due fo Mook Vesso! Gookusion Wit and’ It Stavencus Ataplse Teaament. Stroke, 2020, SU11E p. 3232-3240,

MeVO with/without tPA

. MeVO, N=258 patients (INTERR5eCT, PRovelT) 2b/3 mRS 0-2
MIH55 7 (5~12)

ICH

Recanalization (2b/3) 4L.E% 67.4% 9.2%(22/239)
mRS 0.1 (84/201) (174/258) “Al ICH (Sx, Asx)
mRS 0.1.2 : (174/258)
- mRSE 8.9% (23/258)
with tPA, 72.1% (186/258)
- Recanalization (2b,3) 47.2% (75/159)
without tPA, 41.8% (84/281)
- Recanalization (2b/3) 21.4% (9/42)
« Excellent functional outcome (mRS 0-1) a
—  Early recanalization {QR 2.29 [95% CI, 1.23-4.28])
- Mot tPA (OR 1.70 [95% C1 088-3.250)

- Every 2 patients with MeVO,

~  Did not achieved excellent clinical outcome (mRS 0-1) with best medical management
—  Early recanalization was strongly associated with excellent outcome, but occurred in < 50% of patients with iv tPA

Cped, M, ot al, Clinka Course of Acute fscheryic Sirode Bue fo Meakum Vessel Gockusion With and’ Without Strvenous Aleplase Treatment. Stroke, 2020, SU11r p. 3232-3240,
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I Session 3. Expert experience for special situations in LVO

MeVO with/without tPA

Table 3. Intravenous Alteplase Treatment, Recanalizatio)

mRS 0-1 a Early Recanallzatlon
Not tPA .
m Early Recanahzatlon by EVT 7

63084 :7::01 690117 (58.0) 210 (0.958-4.27)
| mRs® ;s .. 0.57 (0.34-0.96)

All OR are adpusied for age, sex, and baseline Nabonal Institutes of Health Stoke Score. miRS indicates modified Rankin Scale;
OR. odds ratio; and rACHL. revised arlenial occlusive lesion score.
“Regresents the commean OR from a properbonal edds medel. The paralie] regression assumgtion was tested with the Brant test

Csped, B, ot al, Ciinica Course of Acute Ischemic Sirade Due o Medum Vesse! Gockesion Wit and Withou! Infravencus Albepiase Trostment, Stroie, 2020, SU11E p 3232-3240,

Early Recanalization by EVT in MeVO

« Angiographic outcome
* Clinical outcome
« Safety

Results, EVT for MeVO

Z = 2b/3 mRS 0-2 | sICH
T = N,1041 |N,748 |N,56
— 76.9% 55.24% 4.16%
P — (1041/1354)  (748/1354) {56/1354)
P—

5 SKH: symptomatic lKKH
Wmdﬂmmﬂwfarmm wessel ocotusion stnode lournal of Newrodntersensional Surgery, 2021, 1307 p. 623-630,
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SVStemIC Review & Meta Analysis

Tahle 2 Systmatic reviras

— -
- TR POl - sl 2D/3 mRS(0

R A Wi’ B s nE 81(SRT) 60(SRT) 6(SRT)
e Ixm%ﬁ ;"f‘:}::;i“ :‘ﬁ_ 87(CAT) 75(CAT) 3(CAT)
Ve s |
i 1 [FEE— ™ o ;1:::‘1 " 81% 59% 10%
— oK 2 Fidan B Fe 69% 59% 6%
L vind
-5
' weoopEmD RS P 78% 63% 5%
ol T

SRT: Stent retrieval thrombectomy
CAT: Contact aspiration thrombectamy

Ospet, ). andd M. Goyal, A review of enclowascular reatment for mechm vessel oochuson strode. Jourmal of Newrlnterventianal Surgery, 2021 13075 p. 623-630.

T e S F AT s W e o - e

2b/c mRS 0-2 sICH
(i nt outcome)

Best Medical T,  41.8% (84/201) 67.4% (174/258) 50% (129/258) 9,2%(22/239)
*AdlLICH (Sx, Asx)

with tPA 72.1% (186/258) 68.3% (127/186)
without tPA 21.4% (9/42) 65.3% (47/72)
EVT for MeVO  76.9% (1041/1354)  55.24% (748/1354) 416% (56/1354)

Review Article & Meta Analysis

Phan et al. N=835

Cwverall 828% 62.0% 5.3%
stent retriever 80.5% 59.9% 5.7%
Aspiration first 86.8% 74.5% 26%

Saber et al, N=1080 81% 59% 10%

Kim et al, N=650 69% 59% NA 6%

Chen et al, N=630 8% 62% 40% 5%

Osped, IM, et al, Chakcal Course of Acute Lehenic Stode Due 1o Medium Mssel Occluaiin WS and Withau! Bitraviendus Altaplise Traabment Stioke, 2020, SL1LE p. 3232-240,
Opel, 1. andd ML Goyal, A rvaew of enclwasculer freatrent for medium vessel occhmsen stnsbe Journal of Newslnberventicral Surgery, 2021, 137 p. 623-630,

CAT vs. SRT in MeVO

Pham 1 ol rednvsnratan Theeagy bor Ooutad MCA, firicmions.

."'."'-"'-“
...... S AR aree o
R PR M s
T
- e u‘m‘:—-a.‘h e g
SN SN e
e T

o TR s TR PN AR T i

Bhan, K. e al, Conmact dspiaation versus StentRetriever Theombectomy: for Distal Midle Conobral Artery Cielsions in Aute lehemic Stroke Meta-anahsis. Mewcintervention, 2018
132} p. 100-109.
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I Session 3. Expert experience for special situations in LVO

Table 2, Met lysis of procedural and 90-day

Variable Owverall Stent-retriever | Aspirationfirst |  Pvalue for difference

| 2b-3 o0 828 (78.5-864) BOS (76.1-84.3) B6B (77.6-526) 0.168 |
TIC1 3 (%) 558 (47 D=643) 535 (d78-63.4) 571 (433-6559) 0700
%0-day mRS 610(55B-578) 509 (55R-638) 745 (564-R58) o120
447 (337-552) 394 (31.5-45.0) 555 (479-798) 0003
S0-day mortalty (%) 124 {BS=1711) 147 (11.0-194) 43{12-145) 4] e}
AL [76] 11.2{B5-145) 11.7 (B6-15.5) 94 (50-168) 0530
5ICH (%) 53(37-75) 5.7 (3.9-83) 25(08-7.9) 0183
alCH (36 6.0 (4.2-83) G5 (4.1-10.5) 41 {1 6-9: 03rs
Dista! embaolization (%) 57 (18172 5.9 (0.6 4640 01598
Dissecrion or perfaration (95) 33{17-65 FA 68T 0344

Best Medical Tx. 41.8% (84/201) 67.4% (174/258) 50% (129/258) 9.2%(22/239)
"l ICH (Sx, s}

Phan et al. N=835

Overall 82.8% 62.0% 44.2% 5.3%
Stent retriever 80.5% 59.9% 359.9% 5.7%
Aspiration first 86.8% 74.5% 65.6% 26%
Phan, K. et al, Contact Aspiration versus Stent-Retriever Thvombectomy for Oistal Midle Cerabral Artery Occlusions in Acute Schemic Stroke: Meda-Analysis Neurcanterventian, 2018
13020 p 100-109.

CAT vs. SRT in MeVO

Studies Cstirnate [55W CI) Dw/Trt

m 0,968 (0,804, 0.995) v EE——
Kimetal (ADAP 0.840 (0,543, 0.929) 2125 - T
Mokn et al*! (ADAPT) 0.529(0.394,0667)  27/51 - -

[Park and Kwak™ | 0.781 (0,507, 0.892) 2532 £ -

Wargas et al™ 0.594 (0415, 0747 19432 -

Subgroup ADAPT [17=76.49%, P=0.002) 0.745 (0564, 0868 122171 —————
Coutinhe ot al’? 0.600 {0,460, 0.725) 0450

Dorn etal® 0,600 {0346, 0B0E Q5 —

Flores et al™ 0.508 (0,388, 0626)  313/65

¥im at 2 (stent-retriever) 0.750 (0492, 0903) 12116

Malin et al™ (stent-retriever) 0.597 [0471.0711) w62

Protlo et al™ 0,500 (0,302, 0598 122

Salahuddin et al? 0.559 (0,432, 0.580) 13,50

Sarra) et al® 0628(0571, 0687  181/288

Subgroup stent-retriever (1°=0%, P=0540) 0.599 (0556, 0638 346/577

Overall 1751.66%, P=0.016) 0.620(0556,0678)  468/748 —
03 048 065 o0 1
Bhon K. 6t 5L, Contact Aspintion versus Stentseticvss Thiombactanny for Dital M3 Cansbval Aty Dsclusions in Acute WTBE STBTE ot Anshsi Newcinsrvention, 2018
A3 p 100-109,

Best 3 resuitof EVT in MeVO
e w3 IRNEEEENE

LT nar

B 41B% 67.4% 50% 9.2%(22/23%)
e s, e K
[ a— Py fret Medical Tx. (84701} (174/258) (129,258) Nl i
st o ek i bl
ot g P o
0y Bt B e voara b=
T3 -] by ey chonas. derecn L (%
171 =40 e s b S, 1 ln FAST T2% B iy 4%
o s e Y i (CAT) (18/25) (11725} 11429
- H SRT first BT.5% 5% NA 0%
. (14,16} (12/16)
i) warsxi yany
rteioree ann ann
O e s ' . - M2
e
JEsrvvan ) e g smen * FAST: Penumbra 4Max
amige ot ' o v
Partrytal et | 1 L]
fewirtemany) v v v
Sy Vs ' jree
o 1 T 4
e — nue o pres
ol i T s
flrieyryiig

o

K, WL et al, Endovisowlar theombectomy foar M2 Goclusions: companian between forced ardenial suction thrombadtomy and stent retriever thrombectomy: Journal of
Meursinlerventional Sungery, 2017 (7% p. 626
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Best 3 resuitof EVT in MeVO

Fable 3 Procehars Ters:

lited MIar M1 VDM M1

Proumtre e ot M patevt M ) " Dflermece (1% 1)

i B, oungds. 0o b ot B e LT ) L e 10w

e, 5, e

I gt i skt 1Y [T R T

[y

Prawtay ann meka, G e LR LEi niAwT

Pt vt 1K s LN L AR o e

s——

Pont e T e T W P g A T A R T I T

w-n

Pt st 1K i PRl por s A4 B2 Frepree -

werny

e T s P, o Y U5 ) BT UL T R P ey

P v 5o e, K s 05 500 kine

Gt b s by LB S R ) T R RGN
L)

ot o e W T TR DS e IO AN

1)

e K W £

ST L

11 S P

P

RN W

Mtennemad. ., st al, Fronvine ADART thargey 1 Iant pasants wath sympeomatic M2 anet M ocekions in Scue Schemic Stroke: inibisl axpeience with ahe Pancmiea ACE and TWAY maperfision fystem. Journai of

Mewrolnterventional Surgery. 2018 1457 p. 434

Besi 418% B7.4% 50% 8.2%{22/239)
Medical Te.  (34/201) i (129/258) a0 o
F. ADAPT S14% 84 8% Na 1%
(53/58) (58/5E) (2/58)
Vessel dissection 0%
Vezzel parforation 0%
* M2, M3

* Frontline ADAPT: Penumbra 3Max

Best 3 Rresuitof EVT in MeVO

Table 3. Demographics and outcomes of MAT in patients with solitary
M2 occlusion

Final TICI [n (%)]
0-2a 5 (16}
b 12 (37)
3 15 (47)
MIHES (mean+S0) =0,0001
Baseline 10951
Discharge 43140
mRS <2 [n ()] <0,0001
Bascline 4113}
At 90 days 25 (7E)

“Paired {-test. MAT : marwsal aspration thrombectomy, TIC! : Thrombolysss in Ca
rebral infarction, NHESS - Natonal Instutes of Heath Stroke Scale, mAS : modi-
Fiexd Famikin scake

Pack, ), and H. Bwak, Madud! Aipiation Thrombediomy Lising Padumided Cathalis i Patinls with Aand M2 Dodlusidn © A Sngle-Condir Anplviiz Jourmal of Korean Méuwnddurgical Sodiety,
56,

2016, S} p, 352-3

Best 418% 67.4% 50% 9.2%(22/239)
Medical Tx.  (34/201) (174/258)  (129/258) @ Wewdedw
Mamual B4% TH%

Aspiration  (17/32) (25/32)

* M2

* Manual Apiration: Penumbra 4Max

EVT (M2) vs Medical

T LT T ——r——
Mottt B Lesla e

G W |

Table 1. Patient Baseline Characteristics

Study Group
EVT Medical Management
L {n = 188) (n = 234) Piabue
Age. ¥
Mean {50} 66 {15) 70{14) o002 [Fay
Median (107) 6B (56.78) 73 (60-81) 003 ey R SR S
Mals 521, N (%) 144 (50) [RFRETR] &0 T T O
NIHSS score. median (10R 16{11-20) 15(11-20) 50
Chrécal histary, Na, (%) Tomena s, Voot
Hyperlipidemia 1200417} 17032 '
Diabetes 60 (20,8} 66 (28 Best Medical T, 41.8% GTA% S0% (120/258) 9.2%(22/239)
Masial Bbrillaton 102 (25.6) 80 (34 (8a/201) (174/258) iz
CLNTENE SMoier 66 (22.9) 51(21
ASPECTS, median (10R)" 9 (7-10) 8 (i€
¥ 1A treatment, No. (%) 172 (59.7) 174 (74, madical Tx NA 35.5% 17.5% 21%
Tima metrics, madian (IGR), mia (N=234) (837230} (a1/234) 15/234)
From LKN b0 2l at the ED 158 (73-261) BB (28 syent o 7 62.8% 36.1% 5.5%
Fram LKN to GF 270 (181-380) A Apiration + (225/288) (1B1/288) (104/288) (16/288)
Fram CT i CP 74 (52-111) NA ia Thrombolytids
From GP w0 recanazation 41 (32-55) Na URSLARE)

Sarmag A et al. Encovasoar Therapy for Acute Ischeawe Stroke With Clockesion of &

&7



I Session 3. Expert experience for special situations in LVO

EVT (P2/3) vs Medical

e —
L] LX)
mewy
= P
e 2 Lkl M s s
S e = - o
T E T s ST ST B

ey [ -
115 {74 L w [

E(EE
EE

Best Medical Ta. ALE% 67.4% 50% 9.2%(22/239)
SRR . A

a vy (B4/201) (174/258) (129/258)

irfarion M, o s

P propemty e

ToRST TR0 Medical Tx MNA 75.4% 54,4% 43%

*rdabegddntedagi (N=92) 43/92) 31/92) 4792}
EVT (N=52) MNA T6.6% 66.2% 4.3%
Stent (72.0%) 59/92) {61/92) 14/92)
Stent+Aspiration (26.6%)

Meyer, L et al, Thmmbectomy for Primans D6ral Pasteniar Censbal Amery Orokision Stroke. MMA Neurology, 2021, T84T p. 434-344

EVT (P2/3) vs Medical

Fuen 3. Ry Clise o Cxct e 30 D fugye Figsae . Moo Rk e [l S 1 50 iy
ot e Sandard Favars | Favors
Matharical  Stamturd st ahanicat a

G tetmbaciomy tridtsest Oy e sy Svsetectamy | bnalmis  Ple K
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g,y

< " n ACR0EIE  A0INAR SLIRLéeOR .- n L1

" Ll 53 3.7 55w 10 20{-3.0% -100 L4108} —_— 11

1] 0 L A6 [-51w-11) TA(-13w -1 5 12-R0w 06 - il = - m" "

Bl " it} SIS0 -LIA0B L4 -ADETOk LD - 1 Lﬁ::lf:l':ﬁ:‘,ﬂﬂ.“" ot ! et by
WHSS e

L an 2 Lo R TR T TR TETER F e Meani N

eaning Results of thes study suggest that, among patierts who

96 13 ji) 43053010 ATEEBR AR -DS0LDRZ - - LT & e pois ?F -

- [14 (5] SOESEN DRAeLg DAL Te0R) . te primary the
w posterior cerebral artery of the P2 or P2 segment, mechanical
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w option.
LT w
| If patients, not for iv tPA with

i et ithsin 3 by BP0 S by =
Wi I i I STBCRE | high NIMSS (210)

Meyer, L et al, Thmmbectomy for Primane Gimal Pestenar Cerebral Amery Cookesfon Sirebe. MMA Neurology, 2021, TBI4T p. 434-844

EVT for MeVO

+ Safety Outcome
= higher than LVOs
- Similar(??7), Not inferior versus Best Medical Treatment
+ Special symptoms, which not captured NIHSS, mRS
+  abulia d/t A2/3 occlusion
= alexia, agraphia dst M2/ occlusion
« quadrantanopia d/t P2/3 occlusion

+ For Better Qutcome
— Reduce Procedural Related Complications
*  Which is Better, for reduce periprocedural complications
— Procedure Attitude
- Techniques, CAT >SRT, or Combined, or Others
— Devices Selection
+ aspiration catheter, retriever stent, microwire
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tb. (3 mR5 0-1 sICH
{excellent outcome)
Best Medical Tx, 41.8% (84/201) 67.4% (174/258) 505 (129/258) 8.2%(22/239)
AN ICH (5, Ay

CAT, IMAX 68.8% 745 65.6% 26%
Aperia 100% NA NA 0%

(474 {04y
Travo NXT 100% A MA NA

122122
mFRESH technique 100%, MA MNA 0%

(L] (0/4)

Microwire

Fhun, € o8 ol Cintaet Aiguation imvicsi Siwef Antrmvay (viendmeiormy o NI ety Covmind Aty Ckckniessl i Aty St Sists: Mets-dnsiyin. Neurissistwestan, XL 1307) . 10010
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EVT in MeVO, Do IT or NOT

Multinational survey (ESCAPE ALICE, n=184)

IPARMGHS PN e} Detaled dimcripton ol e veson cchedon e scmaren

o
Eix i L
By
o, = e
= S5 [
i
L -
Figure 2  Treatment dedision of the ESCAPE ALICE participants (n—=184] Bor the three medium
vessel oeclusion case scenarios. Assurming eligibility bor ntravenous alleplase (LPA), 18-40% of
phisicians would offer endovascular tneatmend (EVT). In the case of ineligibility Tor inbravenous
Mowphase, 55-T8% woukd peocesd with EVT Goyal, M, et al, AMeD: the next frontiee? Journal of Neuralnterventional Surgery, 2020, 12(8). p. S45-547.

Conclusion and Future
MeVO,

— being increasingly recognized as a target for EVT
— iv tPA, standard treatment of choice (?)
eligible for iv tPA,
v'limited but promising evidence for MeVO EVT
¥ Higher NIHSS, slightly aggressive
v Lower NIHSS, a bit defensive
v'with well selected good devices
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I Session 3. Expert experience for special situations in LVO

1. Medium Vessel Occlusions

Medium Vessel Occlusion(MeVO)

Q'I_l
0%
40

P
rx
&4
0%
rio

(:I)nzmﬂuctinn

* Medium vessel ccclusion
: M2/3, A2/3, P2/3 segment occlusion, (With disabling deficits.)

+ 25-40% of all AlS

* M2 occlusion : 50% good functional outcome at 90 days
= M3, A2/3, P2/3 : elinical course - Unknown

(:I)ntmduction

Clinical course of AlS due to MeVO

Stroke

CLINICAL AND POPULATION SCIENCES ' (]

Clinical Course of Acute Ischemic Stroke Due
to Medium Vessel Occlusion With and Without
Intravenous Alteplase Treatment

Jubanca M, Gspel, MD; Bioy K. Menon, ME; Andrew M. Demchok, ME; Mohammed A Almehiafl, MD;
Hema Kashant®, MD; A Wapank: Ens Fanard, MD: Marta Rubora, MD; Avarardor Khaw, MD; Jal J. Shankar, MD;

Dt Dlerotababts, MD: Josanp Puiy, MD: Surg 4 Sobnl, MOk Seong H. Ahn, M0 Alssandne Poppo, M0: Ana Culeis . MD:

Mchined D Hil MI; Matyank Gy & o

CONCLUSIONS: One of eveiy 2 pabents with MeVO did nof achieve excellent cinical sulcome al 90 days wilh bast medical
managament Early recanalization was strongly associated with excebant autcome but occurred in <500 of patiants daspite
intravenous albeplaze treatmant.

= 50% => excellent clinical outcome at 90 days
+<50% =» early recanalization (21 ~ 43%)
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C.I)ntmduction
MT vs IV tPA

Mechanical thrombectomy versus intravenous
thrombolysis for distal large-vessel occlusion: a systematic
review and meta-analysis of observational studies

« IV tPA : narrow time window & muiltiple contraindications
+ MT is as safe as IVT

OBJECTIVE Whis ssversd

suzes A ¥ M) for dhsial
lasges vesaes cochanion (LVO) ke i patierts, dew AT with erbstesa (NT|
sicrw, T comparn ‘ard stuncars

wmm‘ﬂmamﬂmuﬁ

NETHODS Publlsd. Googhs Seholar, Embass, Soopan, Wab of Soisncs, Ovid Mading, ind Cochrsnas Library wive
searched n eder Io ddaribly shucbes that dractly compared MT wei VT for dstal LD [arfecer cosebeial arfery A,
raiela sarmtrs artery WL, Bns pesterer savsbenl ariary 1, Prmary eutnermas of misrmat relued b modiiad Rk
Seai [mF: L v el hamwosrhages (HCH). and
Wizause mertaity ol 90 days pesteasmeant

RESULTS Fou stuces o rentng The pocied semts
ingcated that B0 darys fOR 116, §3% G 0.23-5.5 p =0.0017]
rrwr‘ﬂfﬂn‘ﬁ?t' SN CHOTE-A.03 p= 0180, ned e mortaliry rone of 50 daya (07 173, 85% 01
0168455 p -az«:uummmmmmmuﬂmmwmutm
CONCLUSIONS Tha Babaan UT

rranagemant e regad is tesrabls ousome, scoamence of SICH o 0-day mortalty waum el e
raeded ko brther compars the whcacy of ME with VT slone for daftel vesas! oo

C:I)ntrod uction

Decision making survey
. lichemicioks]
Oviginal research
Factors influencing thrombectomy decision making
for primary medium vessel occlusion stroke

Fetra Cimflova @ " Manon Kappelhaf** Neshita Singh," Nima Kashanl @ %5
mh.!ll:.l Maria Oupol * Rosalie McDonough, - Andiew 8 Demschu
Bljoy non, ‘Jobu:'uk Sakal* Michael Chen

m,«;.mk Goyal

366 (56 women; 15%)

| 59.2% : Immediately with EVT |

, [ 7.8%: wait for the effact of tPA J

[ 40.6% : No Immediate EVT ]d [ 6.6% : =x. Apgravatiooen A| EVT ]

N[ 26.4% : would not treat EVT at all ]

c:l)ntmd uction
PCA MeVO

JAMA Neurology | Original Investigation

Thrombectomy for Primary Distal Posterior Cerebral Artery

Occlusion Stroke

The TOPMOST Studv
CONCLUSIONS AND RELEVANCE This study suggested that, although rarely performed at
comprehensive stroke centers, mechanical thrombectomy for pasterior circulation DMVO is 3
safe, and technically feasible treatment option for occlusions of the P2 or P3 segment of the
PCA compared with standard medical treatment with or without IVT.

WETe I0CaTed N e 2 SEgIMENT OF TNE FLA IN 143 PAtENTS 131,UY5) aNa In tNe 3 Segment in
35 patients (19.0%). At discharge, the mean NIHSS score decreasa was —2.4 points (95% Cl,
-3.2to-1.6) in the standard medical treatment cohort and 3.9 points (5% Cl, -5.4 to -2.5)
in the mechanical thrombectomy cohort, with a mean difference of -1.5 points (95% Cl, 3.2 to
-0.8; P = 06). Significant treatment effects of mechanical thrombectomy were observed in
the subgroup of patients who had higher NIHSS scores on admission of 10 points or higher
(mean difference, -5.6; 95% Cl, -10.9 to -0.2; P = .04) and in the subgroup of patients
without IVT (mean difference, =3.0; 95% Cl, -5.0 to -0.9; P = .005). Symptomatic
intracranial hemorrhage occurred in 4 of 92 patients (4.3%) in each treatment cohort.
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I Session 3. Expert experience for special situations in LVO

Qntmduction
Primary vs Secondary

COMMENTS AND DPINIONS

Secondary Medium Vessel Occlusions
When Clots Move North

Table 2. Conceptial Differencos Batween Primary and Secondary MeVOs

‘Clinkcal prosantston | Lass sever Symeioma; smalier | Savers wmpioms; ege newroogical defic | Possinly highar EVT tmatmant rates in secondary
rewciogical cofct MoVis
Ermam of ischamia | Emalior; iy the hamicey  mera ermtarias that worn Iechamia in ok 10 ba mom anenais i sacend
try P M) wel b affocied uppiod by tha inftial LVO might progross 0. ary MelyOs, which migh! Iranslats imio worse
irtarcton as well temes i & highes riek of hamonhage
ot vagey Lowr Iy e highor bescana thoro bos boon frageeerr | Foel of s Sagmenaticn during EVE may
tation/megragon o highar i secendary MO
Wilingress o traat | Lowar; nisks of EVT and gaining | Migher in EVT-ratated v Hghar EVT ¥
wath EVT endtascuar access havatobe | Fa airoady beon astabistod 0 frestmert can | companed wih primary MeiOs foveciuncartreat-
i ment
1 patient weth smaller doficite.
Inchation in 8 Feanbls Chalsnging. V. O raee | Lack ol acuip irstitn, of ascorday
eanderniand Malh0) amisation wodd ke 10 accar o the angiog- | MaVDs
L rahy tabdy; ron EVT selabed wecondary MaVOh:

ot resquane rpuet vascular imaging, which
el sunsiuely prormod ard ek ratre

vt s ;A MahD, m 1

Qntroduction
LVO vs MeVO

Revascularization, Functional Qutcome, and Mortality

* CONCLUSION

»  Mechanical thrombectomy procedures for distal circulation is
« as effective and safe compared with the proximal group.
Though disrtal vessels supply smaller territory when symptoms are

pronounced the benefit of the procedure outweighs the risks.

.
7 l . l l - ] - :
: m - .

MRS ficeors £ 1) % T = 2/3a % Wesrtality % L5, |din)
mbistsl W Prowmal
Sl Yk

Figere 4. Bar guph showing revescuisrization, fumetional sutcome, and mertabty. LOS, length of stry, mis, meditied ankin scove; TICH, Thiomboysis. in

Carstral etaretion,

anhm Technique
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@Ilnd exchange with mini-pinning technique

Figure 1. lllustrations depicting the blind exchange with mini-

pinning technique.
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I Session 3. Expert experience for special situations in LVO

@cute Stroke Management at CSUH

S L

IA thrombectomy

(AT at CSUH

2019-20 ZMcjsta

103, 25%

= 419

7|ef mMCA ®mPCA EACA
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2. LVO with underlying Intracranial arterial stenosis

Trouble IAT : ICAS - LVO

SHS
O A 2 8 2

Case 1

* 53/M

= Rt side weakness (arm G4/leg G4)

= Last normal time : 1hr30min

* P/Hx : angina + HL - OtA I 2l B2 8%
* Smoking(+)

= NIHSS - 47

«EKG : U-R
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I Session 3. Expert experience for special situations in LVO

Blooming effect




+2017.5.25
= 45/M

Case 2

= Lt side hemiplegia (arm G1/leg G1)
» Awaken infarction : 3hr40min

* P/Hx : HTN + HL
= Smoking(+)

« NIHSS - 1273

« EKG : U-R

jen=eonan
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I Session 3. Expert experience for special situations in LVO

Blooming effec

Solitaire distal 1
marker Ay

Front-Line thrombectomy - SR
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I Session 3. Expert experience for special situations in LVO
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PODS5 Rt M1 stent ~ R

Case 3

+ 2020.10.27

* 50/M

« Rt side weakness (arm G4/leg G4)
« Awaken infarction : 5hr40min

* P/Hx : HL

* Smoking(+)

= NIHSS - 58

+ EKG : U-R

Emergency Rt STA-MCA direct bypass

(R
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I Session 3. Expert experience for special situations in LVO

Front-Line &
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I Session 3. Expert experience for special situations in LVO

Wingspan sten
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discussion

ICAS - LVO vs Embolic

+ Frequent re-occlusion or flow stagnation (ex 65% vs 3.3%)

+ Use of a different front-line thrombectomy technique (SRT vs CA)
+ More require rescue treatments

- balloon, stent, tirofiban etc

+ longer procedure time and poor outcomes

+ Detect the clues of ICAS-LVO in Pre or intra-procedure

+ Need for new fast strategy

ICAS —LVO : Incidence

* 5~36% in EVT eligible patients ( ASIA : 15-20% vs Western : 5-8%)

TABLE 1 ] Frecpuesniciens o intrescriel ethercrschinursts-relabedd harge vessss sersion (CAS-V0H in erdtinsculer st -sighie partents

Study Definition of ICAS-LVO Mation of study Anterior of posterior Totsl number of ICAS-LVO

Forukarye Car L patients included

Spmin Bah

Homa [ &)
Femnca Bon &5
us ] B3
Homna ot [
Homa Eoh e 7wy
Gt Butr 55 24
Koma ] -l 223
G ensros )
Hewna Prestaricor gif ara
Homa [ 124
Horea ot 238 B

Front, Mewrol 106268, Bagk )-H and Kim BM (2019)
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I Session 3. Expert experience for special situations in LVO

HAz=FEH KSR 55 U=
7.01

20200 - 2021.06.30

= Hemomhagic &

" TIA

R 461 134 44 639

st g | —a w1
100%

7214% 20:897% 6.89%

Ischemic stroke Subtype

W Onber
determamed

® Undetermned
? or mmore

meoenph
Undetermined | Undetermined
negative Encomplete
4.99% 108% 100%

B 196 149 T2 8 8 3 L3 461

wr 174% 174%

4251%  I2II% 1562%

TICI grade

2020.07.01-2021.06.30

i

U 8 8

srigen 8.79% 879%

TIA 2b 04 8242%
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Recent strategy

ADAFT (Sofia) + balloon guiding — Solumbra (solitare + Sofia) + balloon guiding

Our Hospital Data

« 7|12+ :2019.1.1~2021.6 (3074 )
« AT : 214 case

ICAS-LVO Medium vessel occlusion Tandem lesion
He 48 case 68 case 61 case

SRS 22.4% 31.7% 28.5%

ICAS -LVO

: clinical characteristics compare to embolism related occlusion

* More frequent in Male

« *xxkk Botter collaterals *****

- lower NIHSS
- lower infarction severity
- much higher mismatch ratio

+ Current smoking
* Hyperlipidemia

= DM - controversy
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I Session 3. Expert experience for special situations in LVO

ICAS -LVO

: clinical characteristics compare to embolism related occlusion

+ ICAS - "Response to Injury Theory"

+ Most common involve vessel :
proximal and middle M1 > BA > pc-ICA > VA
- frequent in post circulation

» Smaller clot burden

+ Frequent re-occlusion or flow stagnation
- platelet aggregation

ICAS - LVO : DDx Clues

Surrogate markers ICAS-related Embalic

Before Adrial fibrillation, 2017 (13) . b4 +
staring  Susceptibiity artifact on MR gradient + +++
EVT echo image, 2015 (28)
Hyperdanze artery sign on NECT, + e
2017 (29)
Truncal-type occlusion on CT =+ + ¢
angiography, 2017 (13), 2016 (14)
Ciuririg Truncal-type occlusion, 2016 (7) ++ ++ +
the EVT 2017 (13), 2016 (14)
Residual stenosis, 2014 (8), 2015 L o e +
(1€}, 2018 {23)

Frant. Meural, 100308, Padke H, Bask J-H and Kim 88 (2019)

Blooming artifact and Hyperdense sign
for embolic occlusion

Blooming artifact Hyperdense sign
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Branching site occlusion(Embolic) vs Truncal type occlusion(ICAS)

Branching:ite occiusion Truncal-fype occlusion
Princp  Involvement of the biurstion s Inkac brcation st and al cistal mage Cranches beyond cucuson
D3 (1) Falumof chencement of NCOM colaerel ow o skt (1) Avencement of ACOM colaterl iow to ipelateral MGA® below
MGA oooksiny Toooisin]
{2 Direct viuaizatin of e o Tsnapi lng e feor [2) ey st maor branches dnd bireaion ste beyord
Tahepad del oecksar?
{3 Aoserog orpertal visualoetion of ol branchf ftrnchmissing i)
CTh Nague o vl mair diskal branches andl biuaion g1 beyond Cloarvisb dsta maiorbranches anbilwcabion stz beyond oo
cochson

Front. Meurol 100258, Baek J-H and Kim BM (2019)

Ocelusian type Findings

Branching site occlusion(Embolic) vs Truncal type occlusion(ICAS)

| Middia cerateal artery Basilar artery

Failure of advancemant of
coliziornl fow theough ACOM
en ceniralatoral I8 angrogran

Braching-site occlusion

- or T-shaped slling detect
o siewl npirigvor doployrment
£ PSR AR,
e e i sk pabien

Branch-migsng
£ gt efriavar Saplaymenl

) -

Front. Neurol. 1298, Baek J-H and Kim BM (2019)

of
collaioral flow through ACCM
on contralaseenl ICA AngOGRam

Cluaily-vislbie all majr branchs
el ith Birufeation ite

on s roliover deployrment

O IO

‘anglogram,
o after mismal recanakration

Clearyviaibie all makr branches
and its birufeation site
on GTA images

Branching site occlusion(Embolic) vs Truncal type occlusion(ICAS)

i (N d

Front. Neurol. 10:298. Bask 3-H and Kim BM (2019)
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I Session 3. Expert experience for special situations in LVO

Front-Line thrombectomy for ICAS-LVO

SRT(Stent retrieval) vs CA(Contact Aspiration)

.. " I c I- . .

[ SO — B freebeay btimienn,

=1{-=]

Eargert
i ]

¥ o Bricur trea
= 2 snsathiall
0 0 c F

Korean | Radiol 201%20(5k739-748, Kang OH

£t
| rdbying teas

[ —

Front-Line thrombectomy for ICAS-LVO

SRT(Stent retrieval) vs CA(Contact Aspiration)

SRT superior to CA :

- Shorter time from puncture to initial reperfusion (17 vs 31 min)
- Shorter procedure duration (39 vs 75.5 min)

- Lower rate of switching to an alternative technigue (4.3 vs 40%)
But no difference of final reperfusion rate and 3 months outcomes

® Yorean J Radial 2015:205c739-748, Kang DH

Rescue Treatment for ICAS-LVO

Korean } Radiol 2018:20{5:739-748, Kang DH Front. Neurol, 10:308, Park W, Baek J-H and Kim BM (2019)
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Rescue Treatment for ICAS-LVO

BCAS retaded LY singieetol
suscepaibaliry srtifact =) om GRE-ME, IAS {) sa NECT, TTO on OT angsegram

Froniline 1 isrombectomy
4 Recanslizatiom wilh a severe degree Teconslization with s sild-de-moderate
of resbdual stanssis snd reszelunisn degree ol vesbdual mempsh and receclusion

v
]
angingplely amd GP1 GPI iniusen

[ Wecanmiization smt |
)

o reacchusion.

End alprocedare b Rescus sienting :dhém..

Front. Neurol, 102308, Park M, Baek J-H and Kim BM (2019)

Rescue Treatment for ICAS-LVO

Ftrontie

ORIURAL MBI

Combination of Rescue Stenting and
Antiplatelet Infusion Improved
Outcomes for Acute Intracranial
Atherosclerosis-Related
Large-Vessel Occlusion

Jang-Hyun Bank™T, Choaliy Jung ™, Bpung Meen Kim™, i Hes Hea!, Deng Joen Kim!,
Hyo Suk Nam*, Young Dse Kim *, Eun Hyun Lin', Jun-Heee Kim', Jun Yup Kim* and
v By Kiem®

OPEN ACCESS

Rescue Treatment for ICAS-LVO

Paizt ariary on felew-up (%)

= 2 & B g

@ ® ® *
lL- i

Favaaable pitesme (%)

g ¥ B B B

1 (=] L o g =] ] MG
o i wesn w ouwp wan e
Endovascular modality Endsvaszulnr madsizy

FUBUIRIE 2 | Frasaney oF (A] Fusamt Artasy o fekons-Us et (] Smesvainia Steires Sbac o Srvleuiaculne mecii ity MG, Aasus siarteg May masnasian
Tty b MT-GRL Ghaopmiem I ils0n afr mechanical PeDmheciony ke, ST-F34GP. 16000 SIN1nG Wi Do 1k nhson ater
machanicn! hesmiaciomy aiune. “Sgnfcortly diferent Defween groups
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Rescue Treatment for ICAS-LVO
NS ——

Feasibility and safety of the strategy of first stenting

without retrieval using Solitaire FR as a breatment

for emergent large-vessel occlusion due to underlying

intracranial atherosclerosis

Jong#oon Kim, MO, PN, Tounge-Jin Jung, MO, and GhubHoon Chang, MD

Caaavrey of NeuTsurgery Colege o Wedsre YeaegnaT Lrvenury Dasgs o

ONIGTIVE, Tha opmal maimat o indarning Firacmalal Enarmcemsi (ICAS) n petasss wif amargars

- rrmmr«mnwmmmmﬁmmm A e ELVS Thi By B
10 rmgsar T e Skt 54 Ul I aiag 4 EINA ELaae) I 1 el [ RE M) ning, (bt Saitainn FFE waebas

A I 1 abta W AL e ELVD

METHOOB The: mtriors memspschsy v Comacuyis st srchn e mracranial £

mumum“u_mumumnmznnnm:mcmmm

ofre

nl\cuawlmw-‘nlnmmmw [Tl ot ipepeniohl L= 4
pored e e e e e

oy A otal o 45 e L i 43 v e a8 11y KO 42579 rours) e irhaded. T
aEbiki, AR ek, e G m;w.-“u T ]

0, B (LA A EREEUON LT ek wﬂ.nuu- n's nm- !mlﬁn'llmlu-l. ..-omh e
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AR aiateel ELVO)

B P BB 3L B A 2808
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Rescue Treatment for ICAS-LVO

FIG. 1. Case example of FRESH. In this case. the left maddie censbral arery was occluded in the M, segment [A) and severe
stenasis aopeared after stent degloyment (B). Alfter the intraartenal infusion of irofiban, intact stent patncy and good arfegrade
Biood How wete confitmed on angiogranhy [C)

Rescue Treatment for ICAS-LVO

Patients underwent EVT for acute
intracranial vessel occlusion
p Emchudect (0= 57, 35.3%)
- pasterior crculation (n= 123
- distal artery declusion ns13
% - tandem oxclusian (n=1%)
- axmaceanial eranting (n=T)
Fatinnee Lnderwent TWT Tor scite - na determination of occhsion type (neS)
Intraczarial LY In antesior - rexcus STA-MCA Bypacs (n=3)
sinculatian other than
wnclugion critesia
i)
Embolic group ICAS gro
(=66, B2 9%) n=39, 37 196:

SR thrambectomy FRESH group

roup est
in=35. 667%) DRI R

FI0. 2. Patient inclusion flowchan. STA-MCA = superficial lemporal artery-to-middle cerebral artery
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Rescue Treatment for ICAS-LVO

TBLE . Compar | bk 145 TABLE L Compariors o asele
s andFRESH priuge:
T 53 Trombacem FaE 5
o ™ w5 Thonbecomy RS plae
il swicames n. )
Cincal utenms . ' eofinond] Syploman: CH oz
Noriglty Ll ) Ben 208 130100
L] BHY 0 BEN Tes 40E 4154 om
] LEE LY A3 oy Az
i i Mo saasz ZE 180
= w81 ¥y 2md Yo k] (1] o
3 A R o mes aoir
Eo) BHET M5 THaS X N ney NE
4 ey et WEA e e ey H 1136 5§57 s
Ve s e prasented s e meder [ OR) ko sl o perrenind 4 g i (XF)
pellE pe0m el et

Take home massage

s Al H 22 Al = ICAS-LVO clue &9l
+ [CAS-LVO 9| &1%|™ Front-Line2 stent retrieval HA{ A1EH
« EVT= Z|CHE ZHCHsE - o2 B Al=stx| 2o ohE 2 S 2fl

* Rescue treatments Z0j|= BHEA| 20min delay Angio 22l

ro

» Postop manageA| DAPT + high dose statin AHE

+ F7|E el A
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2. LVO with underlying Intracranial arterial stenosis

Direct stent angioplasty for intracranial
atherosclerotic—related large artery occlusion

(o)

T

™

rok

St ZEottE R

22 o2 AFE Sl 71AX T EHM=(Mechanical thrombectomy, MT)0| T &8HA|9] S ChS2 HAK(Large

artery occlusion, LAO)2E ISt 24 51y |&S(Acute ischemic stroke, AIS) SIXIE flet 71 S840(11 QHXSH X|

2 5 SIS BHKO= WolS0! &l Mefolct,

ZLEﬂ-f OIM B HFE2 UEE MALUSE HC=E of TS 0L MURISL| HEE IR 218 k= E32
HHOJA] 7]Q15H MAMZ=0|Ct (Embolic LAO). O[] EHS AHE 2|Eg|H E= TSA 010 8ixf 71&2 MXE Xi7{ot
il é%—@.‘ﬂ WHES EMot= ol i1 S1HH0(H MES 7{eli= |l wet o STA| = & ATHIE ME
5| XM R[22 &zt ORI oHfE & & ATt J2iLt 22| LI2tE HIRSH SY019| 42 2250l SIHL =
AMSMASIE A HAM (ntracranial atherosclerotic—related oc—clusion, ICAS—0)0| MARIHLC} O 2 HI8S XIX[t=
Ateloll 7|EHeh o ST 22 Efde 5 G5 F00f STt ICAS-O= embolic LAOO HlaH AZAQI JHEE0| L1
MEHAE0| =2 EMS HO|HM AHIE 2|E2|H0)| thol 2382 H0ls 227t HLt At TR 32 7| M=
£ Yot = AT STS Sl o1 BB MHSS st XAIRE UHE7| Hths T7IK| dotetH 5| AHIEEZ 0
25 FoHU St g0l thehAd & XM=H0l 128 diE= A= S0t
SO AHIE SN0 £ HEuls 1) 230t Al 2) 2 Az AlZh 3) @17 perforating artery HAK, 4) AHIE LY
S 50| ot 7| AT BEoj= G SHU AHIE Meis2 Qlst oL £ S--E ) 20U Vs iIEQ
=2t AutE SUHE £ Tt THSE 4 QUIX|PH AN ARIE Meleo &5 2 oY 2Xof chet EHol 2747t <
0| Q= HEF EME 51317 (0ll= Sx 280f| thet &7t 4 HCk
[2fA ATES 0[&eh FIHL PEEdFeS MTOl ATHSH LAO SEXI0iA| Moo= Mellsh= rescue treatment0i| 2|0]
&0 511 =X| ofL|H IS T 2tz 20l tiehM= M8 = S| MEg X HHE floiM o ddet A
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3. Acute tandem EC and IC occlusions

Acute Tandem EC - IC occlusions

Case 1. Male / 58 Y.O. Rt. ICA Angiogram

3

After CAS
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Solitaire 4%40 with SOFIA 5Fr.

el

Case 2 70 / Female

CAS
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3. Acute tandem EC and IC occlusions

Acute Tandem occlusion

=8

rlok

0

SOt

Introduction

* Tandem Lesion: 10% ~ 20% of all LVO stroke, poor response to IV-IPA
(recanalization rate 9%)

> MT (recanalization rate 78~88%)
* Cervical ICA steno-occlusion lesion: Technical challenge
: Two treatment strategies
= c—ICA stenting + antithrombaotic therapy
vs intracranial mechanical thrombectomy alone (i anaionlastsf}

Intracranial first vs Extracranial first

: Tx is driven by individual, institutional practice

Stent vs No stent

* Acute c-ICH stenting appears feasible---
= higher rate of ICH
- risk of in—stent thrombaosis
— jatrogenic artery to artery embaolization
- hemodynamic instability
* No stent approach

high risk of recurrence and infarct progression

Results—Responses from 162 stroke experts were analyzed: most were siroke  physicians  (n=65, 40.1%) and
nevrointerventionalists (n=74, 45.7%). from Cunada (n=03, 58.6% ), the United States (n=42, 253.9%), and other countries
(n=25, 15.4%). Over hall (n=06, 50.3%) of respondents consider acute stenting of the cervical imernal carotid antery
as a treatment option, whereas 40.7% (n=66) would never use it. Most respondents (n=113, 69.8%) agree that there
cxisls uncertainty about the optimal acute monagement| of patients with lindem occlusion. A majority (n=88, 543%) of
physicians surveyed would inelude patients in a randemized gl addressing this question,

Seake. 2019 My SEFL254- 1756, deit 10 1161/ STROKEAHA1IE023758
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In DAUH

. r. vs No stent

« Intracranial first (Retrograde) approach vs Extracranial first (Anterograde Japproach

> Depends on an operator, or a situation

Case 1: Intracranial first approach

« M/T1

= C.C! Rt. side weakness

© U@ 5T HE S520] Yol B, Y B T4 ot
* Past Hx (+} oCWVA, HTN, DM

« Initial BP 120/80, Af(-)

* Rt side motor Gr Il, NIHSS 4

Initial DWI, MRA, Perfusion image

Aspirin loading, Dual § .
S 1
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Aggravation, NIHSS 4 >19

Severe ICA stenosis and M1 occlusion

Thrombectomy first

Shuttle
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2" retrieval

Aspiration
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Stenting 9/60

i

}

In stent thrombosis-lA tirofifan 0.5mg

Post Procedural Imaging
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Result

* Procedural time: 68 mins

= 6 Fr Shuttle=5Fr Sofia-Trevo stent

* Protégé 3/60, Submarine Balloon 5/30, Emboshield
« mlICl 3

» Hemarrhagic transformation(+)

¢« NIHSS 7: 16

Intracranial first approach

Advantage
= Shorter intracranial recanalization time
* fvoidance of potential snagging of the retrieval stent with carotid stent

Disadvaniage
* Recurrent embolization during stent deployment

» In some cases, specific technical circumstances may mandate an anterograde
approach to gain access to the intracranial circulation

Case 2: Extracranial first approach

« M/TT

= (.0 Lt side weakness, Dysarthria, Mental change

EHA| STAL 14:59 Xp 20| 7hE| Y S0|Ye M2 @A
* Past Hx: HTN, DL

« LNT: 07:40/ FFT: 14:59/ Arrival Time: 15:48
Initial BF 160/90, Afl-)

+ Lt side motor Gr II, NIHSS 16

= tPA()
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Initial Image; CT, DWI, GRE
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Stent first 9/60

Thrombectomy

M2 occlusion

126



2nd Retrieval

IV Tirofiban

Post Procedural Imaging
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Result

Door to Punclure time: 127 mins

Procedural time: 155 mins

6 Fr Shuttle-5Fr Sofia

Submarine balloon 4/30, Protégé 9/60, Solilaire 4/40, Trevo 3/20
migration to disatal ACA > Mo infarction

mTICl 2b

Extracranial first approach

Advantage
« Jailing the friable plaque > preventing shower of embaoli
* Restoration of antegrade blood flow
> assist in thrombaolysis
> Stabilization of the ICA stenosis
> up lo 26% of pts: partial or complete resolution of distal occlusion
= Create angiographically visible access

Disadvantage
+ Restoration of antegrade blood flow > migration
= Potential hemadynamic instability d/t baroreceptor activation

AHA/ASA Guideline

7. Treatment of tandem occlusions (both extracranial and intracranial
occlusions) when performing mechanical thrombectomy may be reasonable.

Tandem occlusions were included in recent endovascular trials that showed benefit of mechanical thrombectomy over

medical management alone. In the HERMES meta-analysis, 122 of 1254 tandem occlusions (RR. 1.81 [95% CI. 0.96-

.40 and 1132 of 1254 nontandem occlusions (AR, 1.71 [96% CI, 1.40-2.08]) were reportad compared with medical
1ent.'™ In THRACE, 24 of 196 tandem occlusions (RR, 1.82 [95% CI, 0.55-6.07]) and 172 of 196 nontandem

- Absence of robust randomized trial data
+ Mo firm recommendation about optimal management

+ Treatment decision are often complex, and strategies vary according to clinical, anatomic, and techmical
considerations in addition to physician preference.

T

TETEVET an MRS SC0rE oF U102, T3.8% Va0 Parenclymal NematonTa, g 13.2% Were aean ™ WO Teit
reports detail the technical success of mechanical thrombectomy for tandem occiusions but do not provide specifics
on comparative approaches. No conclusions about the optimum treaiment approach for patients with tandem
occlusions are therefore possible.
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+ Two treatment stralegies have been used in clinical trial at the discretion of the operators
= Acute c-ICA stenting + antithrombotic therapy vs Intracranial thrombectomy alone

> intracranial hemorrhage vs Ischemic stroke progression or recurrence

Litod ad ges of ench app
.cement|
Potential Adva 5 of Acute Stent Flacement FPotential Advantages of Mo Acute Stent Placement
Tmm.m(ol' the causative embolic kesion and bower rise of stroke Lower risk of intracranial hemocrhage (avoidance of
hyperperfusion, acute antiplatelet agents)
hwmmcfombﬂi perfusion with potential artenuation of  Lower risk of latrogenic artery-te-artery embelization during sent

h for patients with tandem lesions [acute stent placement versus no acute stent

infarct progression deployment
Comtribution lo spontaneoms inlracarial oot sl M sk wf inestent tiomboss
Avoidy delays in 1 (f stent pl.
befare thrombectomy)
Lowver risk of procedural bradycard a and h i tic

braroreceptor activation with stent deployment

Tandem Casomd L At Thengeutse Challeages, xnd Fubure Directicas. A Y Poppe st al AJNH Am J Neurseaiod . 2020 ulA1{7: 1421143,

I
R EW 1 Witson MR et al f Negrantervent Surg 2018:10:721-728.

Management of tandem occlusions in acute ischemic
stroke — intracranial versus extracranial first and
extracranial stenting versus angioplasty alone: a
systematic review and meta-analysis

Mitchell Fwilson, ! Mohammad H Murad,? Timo Kings, ' Vitor b Poreina, !

Clan o kKelly” Jeremy Rempel ' Christopher a Hilditch * Waloed Brinjik]

Table2 Meta-analysh Intracranial first versis

first and sbenling gi Iy
Owerall rate intraganial fist  Exracranial Angiaplasty

Outeome 5,1 5 0, F) (95 €L} P {9503, ) (95 CL P} [

90 day mRS 5 02 o A 53% ose i am ox
(2-50% 4R =60 1% (=81% 1% =58 R (a3-4er% Sl

wo-day mortality 1% 5% o o A 9% L34
1119 4am) {3-32% 415 (3-18% 21%) JE-15% 36%) [

el 20 v kS £ oo = = e
13-82% 5P H0-53% 7T (Ba-9% NI {72-8% 58} - M%)

Al i ™ L) s e o (2]
Wo=11% 3% {1=15% %) (=13% 21%) (5=00% 28] (1=17% 0kl

Perrdure Rrlated T " iy on % s LL.o8

Complezaton -6 BE) 1-20% s (A1 o) 8-27% TI%) [-1Emr)

Technical Suscewia e LY £ LEL £ s 089

Rate of Carotid -100% 1% o o (3-100% T1%) =100 T9%) 1B0-100% 0%}

Rewancifassanon

Lkl % % 8L o5 I L
AR TI 5% 1) [2-80% T5%) -F AR

AmyicH 3 W 200 N L3 o (&)
15-22% 8% @-F% B B-1X% B} -4 %)

Procosdure Tme i b ] m i a7 ™R n 0as

et (70-8E% ST} [4=191% S0 5337 S3%)

Emergent Management of Tandem Lesions
in Acute Ischemic Stroke
of the STHALIS D

Table 2. mummwmunmmwm Tablo 3. Prodiciors of Good Outcames (MRS 0-2 a1 90 Days) in Patients With
74 Tandem Lesioars (Maltivartabie Anlysis)
b,
1
A,y 098 | 094 | 101 | 0135
o [ 10155 t basating 080 | 083 | 087 | 00w
| e | anal nusemoriation 092 | 027 | 308 | oS
Substantial | B3.7% (41/49) | 81.1% (30/37) | B7.0% (60v69)| 0.791 | mmm | 105 | 025 | 440 | 0880 |
reperfusion : M1 peciizson (v ICA) oz | 037 295 084e |
nn}mu s |;“ MZioler occiusion (vsIGA) | 071 | 047 | 301 | 0842 |
o oRenn | 2onnne | Zeneng | 10m J: 1PA s nc) 147 | 055 | 385 | 0441
¥ basaling | | f J il
Symplomatic | 0.0% (VS1) | 0.0% (038 | 2.0%ea) | osor | feif [ASTEETS 1o | ME | e |
ICH @1 Prestroks mis 105 | 040 | 272 | oss |
Mortality 10.9% (7/64) | 14.6% (541) | 12.3%73) | 1.000 | [=] | Hgn-voume ste 14 | 064 | 310 | 03%
Good outcome | 42.2% (27/64) | 36.6% (15/41) | 6B.5% (50/73) | 0,003 | fe | Onet o arterial puncture 082 | 062 | 108 | 0158
(MRS 0-2) at Uit (pes 60 min) | |
a0d |' Shent (v no) 241 1.09 532 0.029

Lol
o, o | [USASIE BN (M0MA TN
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Original research
i Siemt N stem
Study (| Study (author, year) MGH Total sICH Total Dt iy oR 95% C1 Weight Welght
|
Wang, 20 T2 0 4 24 1%
Faioar ) Soniasen, 2006 T - 019 oY 64l 1% | LT
| wanen, 2012 15 0 5 57 [IZ 11378 16% | T
Sallustd 2012 t a3 2 4 €50 [002: 11.08) 2o | 1OT%
Li, 018 Fahec. 2016 [ . ) 203 awn | 6%
| Salanio, 2017 LI - - — 05T 017 2o 105% 1.6%
Ml.ﬁl Li 2me 2 mw 1 8 e . J 00 [O17; 2478 31% | 3,07
Papana Adpnas 2014 T 8 0 2 136 [004: 4665] 1E% | yggm
Saden., Adsle. 2018 0 8 1 @ 03 2281] 1% | g
w Papanagioiou, 2048 0 ¥ 5 S+ 206 (076 557 104% 529
C | Sadeh-Gonik. 2018 142 1 34 200 [D17; 62000 24% 0%
Blassiny | ygria, 7018 B 15 6 T —_— 210 [0S 923 0%
Bricout|  pemssiau, 2018 103 @ o= 174 [0O7: 4413 1% | 58%
Ehov, 20 wncout, 208 2w 8 T R 200 [037; 28] sE% | 5%
Jwdha, | Ewee 2018 2 w1 om —tT—————— 3y D PABG] 4% 11.2%
Poppe, | Jadn, 2019 2 @® 0w 20 [08 B 2% | 2d%
Kang, 2| Powpe, 018 [T B ———— o HEL T T
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| oo o os 1 2 10 a0
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Table 2, Comparisans
and After IFTW in the €

Stent (n=341) 6L ‘ 76

Mogent n=283) | 18

s |

% 0% 4% 0% 50% 00% |,
Gnge WIS o134k Modified Renkin ScaleScore: 00 O 02 @3 Bé WS Wé ]
Chunge in ASPECTS 1 28 e ey | 4 = oot e e i T
| Procedural outcomes
| Buccesshl repedusion§ [ 172 56 | 208 308)  [2e70i80ma01)  [adoo1 [1i004110127 | <bood]
| | | 1 | | T
Excafient

Procedanl compieay OFAET O slenting: In thrombectomy first,
o 1 stenting is more often undertaken only if reperfusion was achieved successfully.

> selection bias (would not adjusted for with propensity matching)
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Lack of benefit of stenting

+ 1. Dissectior

: more favorable natural history

= 2. NIHSS =10
. digabled outcome > Recurrence may nol alter their level of 90-day mAS

infarction core volume

- high risk of symptomatic 1ICH

Factors may favor acute stent placement
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R R i Wiison MP. of al.J Nerointervent Surg 2018:10:721-728.

Management of tandem occlusions in acute ischemic
stroke — intracranial versus extracranial first an
extracranial stenting versus angioplasty alone: a
systematic reviewvw and meta-analysis

Mitchell P Wi

an, ' Mohammad H Murad,? Tiono Krings, " Vitar b Perein

=
Joreny Rempol’ Christopher o Hilditch 2 wWaleoed Bringik]

o Q'mlly
Table 2 Meta-analysis outcome data for overall tandem o
first and sbenting gi by
Overall rate Intracanlal first Extracranial first Argaplasty
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90 day RS 5 02 A i 53 0sE 4 A 0
H2-51% 481 -5 1%} (-51% 1% 2-58% %) U3-45% SRl
wday montalnty L) ™ I o wr 1% [¥]]
110150 A8y {3375 4115) (3180 21%) |10 B6) [ )
TiC1 2b3 T TE kY LL3 b3 E% LE:
e JRwws ) {73-B6% SR} -3 %)
" W 1 i
A1=15% %) (3=15% 21%) 5=30% %] (=17% o)
(33 - 08 L]
Comphzaton a-Tes B N-20% 53 @-21% o) -2 TIN) -1
Technical Suscewia am LY Eis LEL £ s L]
e of Larctid -1 7-00% %) (-0 M%) AB-100% TN a1 Ml
Revancyiarsaznon
Tc1 *% 6% 18 s e A L
A% T1%) -sTn T -4 TR N7-2% 1%
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Order of stenting

Ciriginal research
Acute carotid stenting in patients undergoing
thrombectomy: a systematic review and meta-analysis

Gabrielle Dufert,"? Bing Yu Chen,” Grégory Jacquin @ "7 Mark Keezes, "7
Mdarilyn Labrie," Bastien Riowx,* Christian Stapf"=* Daniela Tiegler,*
Alexandre Y Poppe & '

« order of stenting relative to thrombectomy among stented patients (=50% of stented patients
in study stented belore thrombectormy ve >50% of patients stented after thrombectomy)

« the order of stenting relative to thrombectomy was not associated with functional cutcome in
the study.

Dusloat G er af. J Mewrodnrennt Surg 30211314 8=145. doi210.1136/meurn urg-2020-015817

CLINICAL AND POPULATION SCIENCES (9]

Tandem Lesions in Anterior Circulation Stroke
Analysis of the German Stroke Registry-Endovascular Treatment
Katharina Fedl, MO", Meeiz Herzhaep™, MDY, Franzieka Do, MID: Seefien Tiect™, MO, PhD; Clamens Kipper®, MD:

Dencia C. Thunstedt®, MD; Panagiotis Papanagiotou, MD; Lukos MeyerS), MD; Andreas Kastrup, MO;
Kanstantinos Dimitriadis, MD; Thomas Liskig, MO; Marianne Draterich, MD; Lars Kobart:, MD; for the GSR bwestigatorst

BACKGROUND AND FURPOSE: Tandem lesicas in the anferior circulation account for up % 309 of all lege vesssl ccclusion
strokes. The cptimal perpracedurl approach in hese lesions is 581 a matter of debate.

METHODS: Data from the German Stroke Registry—Endovascular Treatment betwieen June 2016 and December 2019 were
analyred. The German Stk Registry—Endovascular Taatment s an academic, ndepandint, prospective, miticantes,
observatonsl regisky study with 25 paticpating stroke cenlers from all over Germany enoling consecutive mechanic
thrembactory patients. Tandem lesions were definad s & combinabon of a relevant extrscranial intemal carotid arery
(ICA} pathclogy (psilateral stenosis >T0% or occusion) and concomitant infracranial large vessel occlision. Successhd
reperfusion was defined as modified Thrombolysis in Carstral Infarction score of 26-3. The modifed Hankin Scale som
af 010 2 &t 3 months indicated good outcome, The aim of ths study was 1o investigate the salaty and elficacy of different
techinical strategies n tandem lesions.

RESULTS: Out of G635 patients, B7d (13.2%) presented with tandem lesions. Of thece, 607 (68.5%) underwent acute
treatmant of the astracranial ICA, Acute treatment of the extracranial ICA lesion bed 1o & higher probabiity of succassfil
reperfusion todds rutio, 40,63 [96% C1, 30:03-TO0ED companed with paticnts wha did not undergo acute treatment of the
extrocramal ICA lesion and wis associated with good dinscal outcome (30.6% versys 2030, Bo0001) and o lower mie
of mortalty (1 7.1% versus 271% PO001) a1 3 menths, Further significant predicters of sucoesstul reperfusion wers age
(s ratio, 098 (955 CI, QH6-066]; F=0,005) and intravencus thrambolysis (odrs ratia, 1058 [95% C, 10.04-20.4%
F=033). Infracrarial-first approach (ne227) compared with extracraniab-first appeosch (r=267) resulted in a sharter time
Vo Tk resboration (535 versus 720 rimubes, P01} and m higher nonsigntheant probablbty of gond autiams (45.8%
vigws 3309, F=024) without diferences in periprocedural complcations.

CORCLIFEIONS: In tarwdesm lesions in the antesior or culalion, acube teatment of the extrscenial ICA lesion i associated with
bettar clnical cutcame and lower mertally, The jalfirst approach might provid tages.
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Trasan Tams
c EXTRACRANIAL-FIRST VERSUS INTRACRANIAL-FIRST APPROACH In intracranial first group

IN ANTERIOR CIRCULATION STROKE PATIENTS WITH TANDEM LESIONS
« Higher rate of stenting

STCE {92.1% vs 85.4% p=0.021)
B0 Wi omlom3 ome WS WS avoltable In n=181 ” .
» selection bias
crnacmam ( stenting is more often
v undertaken only if

reperfusion was achieved
successiully. )

1IL35)
vailabie in ne108

1N RACRLMIAL (681
ARFREAL
Ima227}

0,285 for median mRS, 0,204 for food
‘outcoma and pe0 550 for mortaity

Summary

C~ICA stenting or thrombectomy alone

+ Absence of findings from RCT--,

= Observational evidences » supporting a possible benefit of acute-ICA stenting.
More successful recanalization, better outcome, higher rate of any ICH( not sICH)

+ Lack of benefit: dissection [ severe stroke / large infarclion core

Intracranial first (Retrograde) or Extracranial first (Anterograde)
« similar functional outcomes
 tendency towards better outcomes in retrograde approach group
: thearetical advantages to retrograde approach (shorter recanalization time)

> Decision is left discretion of interventionist
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Q-Guard

Topical Hemostatic Dressing / Bleeding Control / Kaolin
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Hemostatic Dressing
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Hemostatic Dressing

Z-Fold

Hemostatic Dressing
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Hemostatic Dressing

@ FTRAAO

e @ e .'"

Q-Guard”

106 QGuard” ' ’)G;rd'
s ] ]

e @ NI

Q-Guard’

10 pouch Q-Guard® o

st . Q-Guard®



EMBOTRAP® Il Revascularization Device is designed fo engage

and grip clofs differently, fo remove various thromious types and is
engineered to maximize the First Pass Effect (FPE)

CERENOVUS KOREAE!2 EmboTrap2 £ E&tst0], O 2= Acute Ischemic Stroke
=0 =20| £l= o3 HE22 MME of2{2SH ot 2 ASLICH

= H AN

Designed to engage and grip differently - Dual Layer Design Design

Open ol
Outer Cage

First Pass
Success!?
mTICIz 2b

— Inner Channel

Closed
End-Mash

- Works on a broad range of clot types

clot successfully
removed at end
of procedurel
mTIClz 2b

- A next generation stent retriever
form advanced clot research

EMBOTRAP®” RECOMMENDED VESSEL MICRO CATHETER WORKING DEVICE TIP
S NAME CATALOG # DIAMETER COMPATIBILITY DIAMETER LENGTH LENGTH LENGTH
7 5x21 ET007521 21 mm 194 cm
- 15-50 mm 0.021" D 50mm | 4 mm
- 6x33 = ETO07633 33 mm ‘ 195 cm
* The FPE is a direct correlation of the ability thrombectomy device to restore complete recanalization (TICI 2c-3) in a single pass through clot.
References: C E R E N OVU S
Zaidat OO, et al (2018). Primary Results of the Multicenter ARISE Il Study o o e ohmsomaffohmson s o conpais
(Analysis of Revascularization in Ischemic Stroke With EmboTrap). Stroke.
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Sedation for ICU

Aoz Qigstaztar

Precedex® is a promising sedative optimized for ICU care.'

ICU, Intensive Care Unit
References 1. Yu SB. Dexmedetomidine sedation in ICU. Korean J Anesthesiol. 2012 May;62(5):405-411.
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CHZEZ ALO[ol] RAISIRAGLICE 71 Bluist O|4EHS2 MY, MY U T2 LIEELICH

I2|NHAZ (HADE|E0|EIGA) 200meg/2ml / Za|HSiA T2|al A (S AH|C|ED|TIAY) 80mcg/20mL, 200mcg/50mL, 400mcg/100mL XHZRoFEE
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coil system

optimal design,
optimal detachment
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Optima Coil System is manufactured by Balt USA, 29 Parker, Irvine, CA 92618. The Optima Coil System
the endovascular embolization of intracronial aneurysms and other neurovascular abnormalities such as.
molformations and arteriovenous fistule. The Optima Coil System is also intended for vosculer occlusion'
within the neurovascular system fo permanently obstruct blood flow to an aneurysm or other vasculor
arferial and venous embolizations in the peripheral vasculature. The content of this document, in par ;

frademarks and logos are BALT S.A.S and offiliates’ sole property. Consequently, all representation and; | .,

whether in part or in full, is forbidden and would be considered a violation of BALT S.A.S and affiiates” A ]

intellectual proprietary rights ©2018 BALT SA.S and affiliates oll rights reserved. This document with ¢ L}

are non-contractual and are solely dedicated to hecltheare professionals and BALT S.A.S and affiliates”

products commercialized by BALT S.A.S und affiliates shall exclusively be used in accordonce with the packa

have been updated and included in the boxes. Optima Coil System is Class Ill CE marked (DQS CE0297) ac
Medical Device Directive 93/42/EEC Annex 1| Section 4 since July 2017 (535003 W). (05/2018). Inspiring 1nnova tion
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High Purity
Rosuvastatin
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AUZKH|2O0| ZIH MAGH= ZH[EICR Rosuvastatin
KRS ARBIMIL. 5mg, 10mg, 20mg
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+ 812¥] Rosuvastatin Calcium 5.2mg, 10.4mg, 20.8mg(5mg, 10mg, 20mg asfrosuvastatin)é{=: SR DS AHERS, 2 i
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StarClose SE™

Vascular Closure System

o “SEE” the difference
> - Secure
LS * Easy

+ Extravascular




