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Estimating ischemic core using artificial intelligence

S

JLKCMO

Agenda

Ischemic core assessment using Al

CT-based Al solution to streamline
stroke workflow

1. Ischemic core estimation based on NCCT
2. Ischemic core estimation based on CTP
3. Ischemic core estimation based on DWI

Pitfalls in interpretations of Al results

A male in 70, left sided weakness 70 mins, NIHSS score 15 (12:30) l T’LK‘(' ASPECTS, Net-water uptake

Anatomy

13:47
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2N

CT perfusion

=

€ ¢ & ¢
volume:51.2 mL @ Tmax>6s volume : 123.9 mL
smatch Ratio = 2.4

olume =72.7mL

13:47

1=
[e>N

14:51 14:55

1day FU

=
ReX

— A. Onset to admission B. Post-thrombectomy TICI3

2 hour 26 hours

‘Gabriel Broocks, et al. Neurology. 2021

Barber. Lancet. 2000

1-6 + Caudate | entiform Insula IntCapsule /10 [J5

http://aspectsinstroke.com Correlating with functional outcomes

Courtesy from BJ Kim
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R ;5 Automated ASPECTS scoring n

Comparstor . Comparstor 2 nta-lsscoretion (95%C1) Weghted apy (95% C1) 9 .
306 patients who underwent
K RAPID 0.797 (0.685-0.86 o 2-0864) t DWI within 30 minute of CT
- acquisition
m Epert 1CT 0692 (0552-0754) 0689 (0.497-03802)
m Epert 20T 0704(0522-0816) 0701 (0.462-0809) 2
I S oW G5% 0307 T - I
m Expert 20W1 0550(0305-0712) 0547 (0.380-0558) %
RAPD  EpentlT  0652(0.499-0766) 0646 (0.415-0758) . [
WAPD Eper2CT 0700(0563-0500) 0683 0.420-0802) . E
o Gemiow osmaorm | osso3mosn) 1 DO pm
i &
RAPD Expert2DWN 0559 (0184-0756) 0555 (0395-065%) 0z 3 4 5 & 7 8 9 W
. - - ASPECTcoreon NCCT
Bpert LCT  Expert LDW 0615 (0265-0784) 0612 (0.465-0739)
Bpert LCT Expert20W1 0518 (0216-0706) 0515 (0354-0640)
Bpert2CT  Expert LDWH 0483 (0113-0701) 0480 (0302-0638)
Bpent2CT Expert20W1 0442 0085-0666) 0438 (0251-0614) ASPECTS 7 AspECTS S
Expert LOWI Expert 20W 0.876 (0810-0920) 0874 (0753-0823)

PE Kim, ot al. Stroke. 2024

Hesjung Ha~ WI-Sun Ry, Leonard Sunwoo.

Al for detecting ischemic core on NCCT

70s male, dysarthria and disorientation. THA

b100
Infarct Volume :

Joanyung Heo - Wi-Sun Ryu. Beom Joon Kim. Manuscrptnpreparaton

19 ml
27 ml
36 ml
52 ml

205m. RAPID

e - oo
: Infarct Volume : 103.508 mL
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. Ghost core by perfusion imaging l

Admission CTP 2aher

Figure 1 _Patient with a final infarct volume on non-contrast CT at 24 hours that was smaller than the iitial core volume on CT perfusion (CTP)
at admission. In this patient the onset to CTP time was 51 min and the time from symptom to recanalization was 110 min. National Insttutes of
Health Stroke Scale at 24 hours was 2. CBF, cerebral blood flow; CBV, cerebral blood volume.

Sandra Boned et al. J Neurointery Surg. 2017

Ghost core by perfusion imaging ®

Baseline CT

Follow-up CT

Large ischemic core
rCBF<30%: 120 ml

MCA-M1 occlusion
ASPECTS 6

€eTICI 2c recanalization
Ghost core phenomenon
Infarct volume: 22 ml
mRS at day 90: 2

Gabriel Broocks et al. 2023

[P —
Noncontrast Computed Tomography vs Computed Tomography
Perfusion or Magnetic Resonance Imaging Selection

il troke With L

mRS score

o W1 W2 {3 W4 [

s s

100

* Multinational cohort study included consecutiv
e patients with proximal anterior circulation oc
clusion stroke presenting within 6 to 24 hours
of time last seen well from January 2014 to De
cember 2020.

15 sites across 5 countries in Europe and North
America.

Patients, %

0f 2304 patients screened for eligibility, 1604 p
atients were included, with a median (IQR) age
of 70 (59-80) years; 848 (52.9%) were women.
Atotal of 534 patients were selected to underg 20
o0 mechanical thrombectomy by CT, 752 by CTP,

and 318 by MRI.

CT(n=534) CTP (n=752)
NCCT with CT angiography | maging modality

MRI (n=318)

H
£
&

LA
N

CRCS-K dataset

Study subjects: LVO w/ TICI 3

Heo IN +Kim B, in preparation

SNUBH dataset

Patients with ischemic stroke visited 17
stroke centers between June 2022 and
Aprl 2024 N=15,953)

Patients with schemic stroke visited
SNUBH between June 2008 and April 2024

s11)

Patients receiving EVT (n=1,756)

Patients receiving EVT (n=1,534)

Posterior circulation or ACA acclusion
patients (N=168)

DICOM fles were not avaiable (n=415)

Patients without NCCT (n=24)

Patients without b1000 (1=47)
EVT beyond 24 hours of symptom anset

prisbt
ety : Z

EVT beyond 24 hours of symptom onset

Patients with anterior circulation occlusion
undergone EVT (n=1,366)

(n=63) (n-116)
T beyond 24 hours of symptom anset T beyond 24 hours of symptom onset
(n=10) " (ne1s3)
Incomplete (TICI < 3) recanalizaton (n =
(n=a04) 796)

No TiClnformation (n=)
Pre-EVTTICI2 20 (n=15)
No NCCT before EVT (n=5)

No TICIiformation
PreEVTTICI2 22 (1=
No NCCT before BT (n= 63)

Patients included for the analysis (n=372) Patients included for the analysis (n=239) 2

I
Y

Ischemic lesion on initial NCCT (pre-EVT)

Quantification of ischemic injury . .~ .

Ischemic lesion on f/u DWI (post-EVT, TICI 3)

* Time from LNT to NCCT (n = 611)
* Median 2.6 hours (1.3-6.3 hours)
+ Mean 4.5 hours (SD 4.5)

« Early (< 24 hours from NCCT, n = 520)
* FU DWI within 24 hours from NCCT
* NCCT to DWI: median 1.65 hours (0.52 — 3.40)
* Median 8.7 mL (2.0 - 33.5)
+ Total predicted infarct volume * Mean 29.1mL (SD 48.4)
* Median 1.8 mL (0.3 -13.7 mL)
« Mean 14.8 mL (SD 28.8) * Delayed (n = 416)
+ FU DWI between 24 ~ 168 hours
+ NCCT to DWI: median 82.1 hours (49.2 — 108.4)

[Time indices

Last known well to CT, min 154 (76-376) * Median 14.8 mL (5.3 - 59.8)
CTto puncture, min 71 @a-110) .
Procedure time, min 51 (33-75) Mean 40.6 mL (D 56.3)

CT to immediate DWI scan, min (n=520) |99 (31-206)
CT to delayed DWI scan, hr (1=416) __[82.1(49.2-108.4)

Ischemic core on NCCT, CTP and early DWI volumes

NCCTvs DWI (n = 524)
1=0.68 (95% C10.63-0.72)

CTPvs DWI (n = 213)
1= 0.58 (95% C1 0.49 - 0.67)

NCCTvs CTP (n = 246)
1=0.54 (95% C10.45-0.62)
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Ischemic core on NCCT, CTP and early DWI volumes
after 180 min from LKW

NCCTvs DWI (n = 239)
1=0.84(95% CI0.80 - 0.87)

CTPvs DWI (n=77)
r=0.63(95% C10.47 -0.75)

NCCTvs CTP (n=92)
1=0.40 (95% C1 0.22 - 0.56)

Hypoattenuated lesion on NCCT and outcome

Heo IN +Kim BJ, in preparation

08 08 08 08

Adjsuted probabilty of 3-month favorable outcome
sweiied Jo uonoess
\
\
\
Fraction

of parenchymal hemorthage

|
[
Adjusted probabil
AN

| - - | 00 00
50

50 100
125 150 Estimated ischemic core volume on NCCT, mL.

25 50 75 100
Predicted ischemic core volumes on NCCT

NCCT vs CTP for large core?

Heo JN +Kim B, in preparation

NCCT vs CTP for hemorrhagic transformation?

Courtesy of Prof. Beom Joon Kim

100 100
. 8 B3 No hemorthage o 80 B3 No hemorhage
g w0 = Hi g o = H
H £
A B ] = H2 H = H2
H =0 =0 s % =31 PHI 5 4 =3 PHI
s =1 52 =1
g somoem . H R = 20 = PH2 20 = PH2
58 =3 St =3
2% = £e = 0 o
§ 7 <somL (n=232) 5 o <somL (n=203) 5 <50mL  >50 mL <50mL  >50 mL
H 35 (n=559) (n=52) (n=217) (n=56)
H =5 =5
< Estimated ischemic core Estimated ischemic core
o w4 & s 10 R on NCCT
Porcentage Percantage
Perfusion mapping SNUHB sazismuamess CBF cutoffs for ischemic col
Ima
B The BEAUTY of the most advanced imaging techniques with affordable cost FDA Sy @ modallfy Imagingreference  Core parameter  Col
Cleared Klotz, 1999 19 CTP Follow-up MRl or CT  CBF ratio <20%
: CBF ratio <48%
Koenig, 2001 34 c1P Follow-up MRIor CT (0, 20 0%
Murphy, 2006 30 cTP 34 CTand CTats7  cgF and cav >31.3>8.14
Wintermark, 2006 130 ctp MRI at day 27 cav <2.0mL/100g
Kamalian, 2011 48 ctp MRI within 3h CBF ratio <16-32%
Bivard, 2011 57 CTP  24hMRI CBF ratio <45%
Campbell, 2011 54 ctp MRI within 1h CBF ratio <31%
Campbell, 2012 49 ctP MRI within 1h CBF ratio <31%
Bivard, 2013 314 ctP 24h MRI CBF ratio <40%
McVerry, 2014 16 ctP CTorMRIat24-72h  MTT ratio; CBF ratio  125%; <45%
Bivard, 2014 183 ctP MRI at 24h CBF ratio <50%
Cereda, 2016 103 ctP MRI < 3h CBF ratio <38%
1999mL Yu, 2016 103 ctP MRI at 24h CBF ratio <30%
Lin, 2016 206 ctP MRI at 24h CBF ratio <30%
im NH e al. Front Nearosci, 2024 Mokin, 2017 47 cTp MRI at27h CBF ratio; CBV ratio  [RB( $33:34%
Kim NF et al. Ann Neurol 2024, 2019 193 cTP MRI at 24h CBF ratio TCBF <32%

Demeestere. Stroke. 202
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Stricter CBF threshold for earlier period?

Sarraj. Neurology. 2022

Baseline and Infarct Volume Measured on Follow-up DWI

[ Imagieg o reperfusion <120 min Imaging1o reperusion 2120 min

Average ofinfarct volume on folow-up OWI ()
‘andchermic coe (CBF [<30%] voume) (ml)

2

HEH
1

HH
HIH

£

* SELECT cohort s
+ Overestimation of ischemic core 030 o120 0 o0 517 270
«+ rCBF <20% within 90 min eliminated imation e i o res)

Study profile: EVT, TICI3, 22 DWIs

‘Acute ischemic stroke patients with CT perfusion
15t May 2023

Excluded;
+ Time from LKW to CT perfusion > 24 hours (n = 1,136)

Analysis dataset (n=175) Time from

No DWA scan during the sludy period (1 = 34)

1) EVT with successul recanalization

2) Baseline CTP scan within 24 hours from the LKW

3) DWI scan during the study period (<3 or 24-196 hours
from the baseline CTP)

Immediate post-EVT DWI;
CTP to DWI <3 hours
0

Kim N + Kim BJ, Ann Neurol. 2(

emtr e e
CTP (rCBF < 30%)
Tanstomed | 40 AR $” ': I

Transformed
DWiwith
lesion mask

Coregistered
CTP and DWI
with lesion
map

ADC mapping

Kim N + Kim BJ, Ann Neurol. 2(

B-A plot of CBF thresholds against f/lu DWI

B <224 oo <z% - -
83, N =] B
it e € “ A =
H - .
g5, = - . :
H 2

Figure 4: Bland-Altman plots showing the difference between immediate and delayed post-endovascular treatment (EVT)
infarct volume and ischemic core volumes estimated at various thresholds. The blue solid line and the red dotted lines represent
d by JLKCTP and postEVT infarct

volumes, respectively. rCBf ive cerebral blood flow.

Kim N + Kim BJ, Ann Neurol. 2(

Ghost core or dynamics of ischemia?

A oo scte. OMeronce of TP

i
H
3
3

PR ————

Figure 6;
based on CTP to recanalzation time. Tt
threshold of <30%, whe

and delayed DWI scans. The regression analysis for the different rCBF thresholds showed no statistically significant discrepancy
for either immediate or delayed DWI (p for difference 0.32 and 0.58, respoctively)

P P imaging (OWI)
dots represent the differance measured using a rolative corebral blood flow (CBF)

Kim N + Kim BJ, Ann Neurol. 2(

Ghost infarct core

Ospel AUNR 2024

Pisani. Ann Neurol 2023

nmedste  Detiyed

[

« Instability of mathematical model

«+ Imperfect assumption for CTP modeling

« Evolution of DWI lesion over time after ischemic insult
* Reversal of INFARCTION by recanalization

What are we looking at on the CTP image?

www.konesonline.orkr 43
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f . h . DWI? JLK-DWI comparison with RAPID MRI !
or Ischemic core: !

om A SN ecoi mapo

e Mot s s wn oo Y00 JS. Strokee. 2019 =y

om0 | v

e i i [ ®
S T
= wnzam | oo .
B fiegen
] LE DWI reversal, 3-6% out of ~= 200
B e cases from Calgary
- Asdaghi. AINR 2014

* N =414 consecutive patients during 2021 — 2022

i from Chonnam National University Hospital

3 6% out of 93 patients showed DW * RAPID DWI was unable to detect infarct in 264

P I reversal by volume loss (64%) among 414 patents.

£ + Mean % difference compared with experts: JBS-

—_— e | 01K (20.3%) vs. RAPID DWI (110.5%
Experimental MCAO in monkeys "
TR wo P Sl Chemmanam. Neurology. 2010

YiKS. JCBFM. 2016 ADG (x10 i sec')

Ryu WS, Kang Y, Kim T, et al. Stroke 2023

Methods

“Admited Sroke Patents m 2011 - 2022
= 14857

e * Prospective stroke registry of a

e e tertiary hospital with

S — ST Do W comprehensive stroke center
‘Hemorthagic stroke (n = 202) |

e echami ke

s )

¢ Between 2011 and 2022.

Techemic Suoke Prvents
(029280

Teson postive sroke
n=8.686)

l Patents with the frst mage s hosptal

* Acute ischemic stroke cases with
oo oy lesion positive strokes
e moge (- 100)

8)

arraland folow-up image 1.10 days after
the fist mage 0+ 7.470)

¢ More than one diffusion weighted
(DW) images during in-hospital care

emormage wansformation after he st
ifusion weighted imageln = 237)

oo T
ooy
&
Methods - Eligibility SNUH

MBI TIY

Jeong Younbeom ~ Leorard Sunwoo,

Results Results

DWI Increase O DWI volume change & recovery

in 78.6%

DWI Reversal

in21.4%

DWI lesion volume change and functional recovery

Initial DWI FIU DWI I o FIU DWI

lesion volume change (%)

+ 95% lower margin of association crosses null point at the DWI volume change of 689%

WI lesion change

SNUHY
Results — DWI Lesion Volume Change and Functional Outcome o

44  [Het- UK = 0lsts)
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Results

Difference <-36.5% (10%) ——
Variables common OR__Confidence Interval
Difference < -365% (10%) 13 114,159 Difference <63.5% (50%)-ref
Difference < 0 (Decrease) 102 086.119)
Difference < 63.5% (50%) - ref 100 100 Difference <225.4% (75%) e
Difference < 2254% (75%) [ ©52.078)
Difference » 2254% (100%) [ 060,077 Canie i) gl
Initial Lesion Volume og8 038, 099)
e isiasy InitialLesion Votume.
Recanatization ——
o 05 1 15 s 3

Favorable outcome

* The ordinal logistic regression model was developed incorporating key
variables: age, sex, baseline mRS of 0, HTN, DM, DL, smoking, TOAST
classification, initial NIHSS score, recanalization, and initial lesion volume

Factors Associated with Favorable Outcom

1!
RAgARIEY

A, Effect of LNT to Imaging on % Difference B. Effect of Time Interval on % Difference

Results

\—\ FR
]

Eflect Size

Quantie fevel Quanti lovel

* Positive Associations
+ EVTand Cardioembolic stroke etiology

* Negative Associations
* age, initial lesion volume and time from last seen well to imaging

+ Consistently across the analyses, the LNT to imaging displayed detrimental impacts. (Figure A)

%

Result: HIMRADEY

Contributing Factors of Percentage Difference

C. Effect of Age on % Difference D. Effect of EVT on % Difference

Results

Quantie fevel Quantie level

« More pronounced decrease in effect size was observed with advancing age as the quantiles increased. (Fig

ure ¢)

« EVT ' s positive influence was more significant in the upper quantiles. (Figure D)

SNUH

% Difference by Time Interval between Two DWIs

Results i i ; I
| ! i
: !
600 i i i
’ . 1
3 H
8
o
200
[=]
3
8
g
8200
¢
:
}
5 i s S i i
QB.»“’ @,«W ﬂa“ @,&“ Ka u‘*\@

Time Interval between Two DWIs

+ The percentage difference did not show wide variation across different time intervals

SNUH

sion Volume and Probability of Favorable Outcome

buting Factors of Percentage Difference Preprery Prr-trivirihe
Results: Early neurological deterioration . |
DWI volume and time indices related to END Immediate vs de ayed DWI Kim N +Kim BJ, Ann Neurol. 2025
= non-END END P-value — |
DWI volume
24 Initial 0.80 [0.20, 4.80] 1.05 [0.31, 6.36] <0.01 - goup = y group
H / Follow-up 142(039,7.75] | 382(122,172] | <001 B |
% DWIvolume differences P \
H Absolute 0.26 [-0.01,1.98] 1.68(0.44,7.95] <001 g |\ \
H Percent 47.50[3.50,179.6] | 151.76[47.5,439.9] | <0.01 g |\ o \
8 Time interval g \
j - — First DWI to END NA [NA, NA] 19.14 (6.98, 45.3] NA - \ oo
END to sequential DWI NA [NA, NA] 62.62[-92.4,-10.2] NA \ e e

01 02 03 o0s os o0s o1 o8 cs

1Y deches) quantile regression for various percentiles of DWI changes
and END
percente | Coeffiients of END | 951l | o5 uci |
[T 1782 3766
BEE s 3464 5536
[ T 7874 11026
EE e 15310 23667
S ss0 47802 78118

Probabilty of Favor
i
Probabilty of Favarabla Outcoma (RS 0 or 1

« « » o
Volume o Wl Leson Voue of Wi Lesan

45
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A Baseline DWIbI000 Baseline lesion mask _Follow up DWIb1000Follow up lesion mask

Lauranne Scheldeman et al. Stroke. 2023

Full DWI reversibilty  Partial DWI reversibility  No DWI reversibility

Summary

* A hypo-attenuated lesion on NCCT and high signal intensity lesion on DWI
can be reversible.

* The ischemic core identified through CTP may have varying thresholds in
different clinical scenarios.

* The size of a large ischemic core may vary depending on the measurement
method used.

* The ischemic core or irreversible brain injury should be assessed with
caution.

« Al algorithms can rapidly quantify ischemic injury in various imaging
modalities.
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© Education
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Mar 2013-Mar 2019
Apr 2019-Feb 2024
Mar 2024-June 2024
July 2024-present

(Bachelor’s degree of medicine)Ajou University School of Medicine
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{Doctor’s degree of medicine, Stroke, Neurology) Ajou University School of Medicine

Intern, Department of Neurology, Ajou University Medical Center
Resident, Department of Neurology, Ajou University Medical Center
Section head, Department of Neurology, Namwon Medical Center

Clinical Fellow, Stroke division, Department of Neurology, Ajou University Medical
Center
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Non-contrast CT-based Al solution for emergent large
vessel occlusion and notification

AES

O T

Heuron CEO

Abstract

In the hyperacute treatment of patients with acute ischemic stroke (AIS), prompt identification of emergent
large vessel occlusion (ELVO) and endovascular treatment (EVT) to achieve rapid recanalization are key
to improving outcomes. Thus, thrombectomy-capable centers optimize their hyperacute stroke imaging
protocols to identify ELVO. However, as intravenous thrombolysis requires only non-contrast computed
tomography (NCCT) before treatment, many primary medical centers still use NCCT. Many patients are still
present at these institutions where EVT is not readily available.

Heuron StroCare SuiteTM was developed to help medical staff by automatically screening acute stroke
patients in emergency situations. For evaluating the effectiveness, the clinical test was conducted, and it
was confirmed that the time required for patient screening was significantly reduced. Although the decision
to perform EVT in ELVO patients cannot be made solely based on NCCT-based screening results, it can be
considered to have high clinical utility because at least help in quick decision-making and reduce the time
required for EVT. For low-volume EVT-incapable institutions and general practitioners, predicting ELVO and
EVT candidacy based on NCCT images, widely used in suspected stroke cases, would be also helpful. An
artificial intelligence (Al)-based clinical decision support system (Heuron StroCare SuiteTM), which can identify
intracranial hemorrhage (ICH) and ELVO patterns based on NCCT images, can streamline interhospital
transfers for EVT.

A8 [HeHHRNXIZlstal
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Session lll. Practical Guides in Mechanical Thrombectom

Conscious sedation vs. General anesthesia for I1A
thrombectomy

2t g0l

=Xt

Abstract

Recent studies on anesthesia for mechanical thrombectomy have shifted perspectives. While earlier research
indicated that general anesthesia (GA) led to worse outcomes compared to conscious sedation (CS),
recent findings suggest that with proper management, GA can be equally effective without compromising
patient outcomes. Key factors influencing this shift include minimizing time delays and maintaining stable
hemodynamics during the procedure.

GA, despite initial concerns about time delays due to intubation and potential drops in mean arterial pressure
(MAP), can provide significant benefits. These include optimal airway control, complete patient immobility,
and reduced procedural time. Studies such as the SIESTA and GOLIATH trials demonstrate improved
reperfusion rates and smaller infarct volumes with protocolized GA management. However, both GA and CS
require careful blood pressure control to avoid poor outcomes, as even a 10% MAP decrease is associated
with worse prognoses in both sedation methods.

This presentation will explore current evidence comparing GA and CS, highlighting strategies to mitigate
risks related to blood pressure drops and procedural delays. We propose that through adherence to strict
anesthetic protocols, including real-time hemodynamic monitoring and rapid response to deviations, GA
can be effectively optimized to achieve favorable patient outcomes. Ultimately, the choice between GA and
CS should be tailored to each patient’s clinical condition, ensuring a balance between procedural safety and
efficacy in acute ischemic stroke treatment.
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Medium distal vessel occlusion
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Originaleseach
Factors influencing thrombectomy decision making
for primary medium vessel occlusion stroke

Petra Cimflova
Johanna M
Bijoy K Men
Maiank Goval © ¢

. Manon Kappelhof* Nishita Singh,' Nima Kashani © 45
pel @ ° Rosalie McDonough,*” Andrew M Demchuk,"*
1 Jens Fiehler ©

uyuki Sakai® Michael Chen

Interestingly, our data suggested that
younger and less experienced physicians
were numerically more likely to treat patients
with MeVO.

Do |

Eg

rv Surg. 2022 Apri14(4): sso?‘ss
IR A Newroradio) 206041.280.5.

Medium vessel occlusions (MeVO)
Distal medium vessel occlusions (DMVO)

* 25% to 40% of acute ischemic stroke (AIS)

« Less than 1/3 of MeVOs had a "minor stroke” (NIHSS score<6)
+ MeVO with mild clinical deficits: ineligible for intravenous thromboly5|s
« Untreated M2 occlusion: 54.2% (6MmRS 0-2) vs 45.8% (6MmRS 3- 6)

+ INTERRSeCT/PRovelT study2
« 21% (IV alteplase-) vs. 47% (IV alteplase+) TIMI 2b/3

5040y mRS 010 1,00 129258 500) Toar184 560) 1151196 687
[sodeymRS 002,00 [rass 7 [ianes 0as) [isures veo) I
[50day e, 0 [1s 09,258 T 09.m10¢ [T ea.mrse |

7. JAMA Neurol. 2014 Febi71(2)15T
2. Stroke. 2020 Nov;S1(11):3232-3240.

Definition

) Ochsoninon o the fllowing vesel egmants

= g5 osws

e —

= o
S N
s
2 s e on e ot o
T
el
e e
P gt e i e T
e H

%

A >

Frontiers in Stroke, 2023, 2 124296
S Neuroimtens Surg 2050 o 15161545547




Session lll. Practical Guides in Mechanical Thrombectom

MCA variation
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Radilogia (Engish Edton), 2021, 636 505-511

Quantitative Analysis of Geometry and Lateral Symmetry of
Proximal Middle Cerebral Artery

Roman Peter, rio,* BartJ. Emmer, o, Adriaan C. G. M. van Es, mo,t and
Theo van Walsum, rro®

MCA symmetry?

M1 segment laterally similar with respect to tortuosity and diameter but not in
length

W Tongh Wi Tortwosty M1 Diameiors

Jtroke Cerebrovase Dis. 2017 Oct26(10):2427-2434,

tion of Middle Cerebral Artery Symmetry: A Pilot Study for Clinical Application in|
nical Thrombectomy

Daisuke Sato, Shotaro Ogaws, Seiei Torazaws, Shogo Dofuku, Masayuki Sato, Takahiro Ota

MCA symmetry?

Table 1. Propertes of the Proxinal Middle Corabral Artery
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World Neurosurg. 2022 Oct 166:¢980-6955.
)

e )

-

-3 (20%)
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Etiology

+ Secondary MeVO: EVT-induced clot fragmentation or
spontaneous clot migration
« ENTs (Emboli to new territories)
« EDTs (Emboli to distal territories)

« Soft, erythrocyte-rich red clots > hard, fibrin-/platelet-rich white clots

* Primary MeVO: "De novo”
« CE>ICAS, but cannot r/o atherosclerosis
+ DDx. Post IAT vasospasm vs ICAS

1. Stroke. 1993 Jun:24(6):779-86.
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“Primary” vs "Secondary” MeVO
» Worse 24-h ASPECTS in secondary MeVOs
* Greater clot fragility in secondary spontaneous EVT MeVOs

* EVT-related MeVOs are more often treated than primary
MeVOs

Technique

Consideration #1

* Vessel Distance
* Vessel Tortuosity

*Vessel Size & Fragility

Arterial Collapse during Thrombectomy for Stroke: Clinical
Evidence and Experimental Findings in Human Brains and
In Vivo Models

.1, C. Gebregibie 1 OA) 9, ON Gy O Py, O L, 051 s
o AL S, R o G Kot Cor, sk, 07 Kl o OLE

EE.

Arterial collapse does occur during aspiration thrombectomy and is
more likely to happen with larger catheters, lower perfusion
pressure, and smaller arteries

Incidence rate of focal or full arterial collapse in the human brain

model using 3 aspiration catheters and under 3 flow conditions

High Low Interrupted

ACE64

M 7% 3% 100%

M2 100% 83% 100%

BA 1% 57% 100%
ACE6S

M 7% 50% 100%

M2 100% 100% 100%

BA 67% % 100%
Sofia PLUS

M 7% 67% 100%

M2 100% 100% 100%

BA 7% 7% 100%

“High indicates high mean arterial pressure: Low, low mean arterial pressure
Interrupted; proxima flow arrest.

WNR Am J Neuroradiol 2022, 43 (2) 251-257
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Consideration #2

Mgi‘ﬂlln\ema\ carotid artery),
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jment)2t 5 1R | (MCA M2 segment)
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B enebol st
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* Primary MeVO
« Ideal device selection 2
of s
HE SR0| BALO| 17| HSE HE AR sful, WA ¥ HE 4T AR
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2 471182 MSS0lE 2751 Of2he] ALE AWOIHUM Rl

. Secondary MeVO EE égg‘ggu S EENELR E R T g
« Unmatched device profile btw 2 cidd sz
(AA H2017-1522, '17.91.M %)

B4 MEFA AuEEs HRE

LVO and MeVO o e =
M .

Consideration #3

- N fIgstot?
« Contact aspiration2 Antegrade blind navagationO| 9|5t
« Stent retrieval2 retrievalO| /& d}C}
» Microcatheter & microwire related injury
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Ischemic Stroke.
Orignalresearch

g vessel in Y
feasibility and safety of passing the clot with a microcatheter without
microwire: the wireless microcatheter tecl e

Annic Keulers, © OmidNikoubashman © Anastasos Mpotsars

+ Clot passage
v 953% with MC+MW
v 71.8% with wireless microcatheter

« Angiographically detectable subarachnoid hemorrhage
v 6.1% when a microwire was used to pass the clot
- 5 of 6 cases were MeVO (M2,M3,A3)
v' 0% when a wireless microcatheter was used (p<0.001).

I Neurointery Surg. 2019 Ju11(7):653-655.

Contact aspiration ‘ L

* Higher catheter-to-vessel ratio — higher recanalization
« Shorter clot length
« Straighter interaction angle between catheter and clot

« Blind advancing into curves, branched, and tapered

+ Higher fragmentation risk d/t tortuous distal vessels, longer
withdrawal time, and distance to the BGC

]

Matching strategy : & a
Vessel diameter-based aspiration catheter selection, following the use of SR as assisted devices 5
DA alone impossible. s

72.9% of cases required combined usage of SR d/t DA only failure

>2mm, the use of stent retrievers may not increase the risk of bleeding similar to LVO
1.5-2mm/<2mm diameter group, 76.7%/81.8% required SR support for catheter-clot contact
<2mm, the use of a SR might increase hemorrhagic complication

euroraiol. 2024 Aug 8:15910199241272638.

* 3MAX OD 1.27mm ID 0.89mm
*Zoom 35 OD 1.30mm ID 0.89mm
* 4MAX OD 1.42mm ID 1.04mm
« RED 43 OD 1.52mm ID 1.09mm
* Zoom 45 OD 1.52mm ID 1.14mm

* FreeClimb 54 OD 1.7mm ID 1.37

* Zoom 55 OD 1.75mm ID 1.4mm
* SMAX OD 1.92mm ID 1.63mm
« RED 62 OD 1.93mm ID 1.57mm
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FreeClimb system with Tenzing delivery catheter (Route 92 Medical, USA)

Stent retriever

. Raldgally adjustable devices in any unexpected differences in vessel
caliber

+ Atraumatic nature as well as little radial force
+.017" microcatheter with 160cm length

« Unsheathing rather than pushing the SR

I Neurointery Sug. 2025 Jan 23pis- 2024022653,

* As a "probe” of distal vasculature for next steps

« Larger pull-out resistance

« "Straightening” and "Stretching”: vascular distortion result in the

avulsion of the small penetrating artery
« Placement of an aspiration catheter in

the proximal aspect of the SR

Fabrcation Investigation of stent retriever
— Manufacurer  Material Method Geometic Configuration Additons Device removal forces increase with increasing model removal forces in an experimenta
N reowr G il Waroryshaped 3 el s A tortuosity, clot hematocrit does not play a significant ; :

edical - " role in device removal force, and that a stent retrievers  model of acute ischemic stroke
Phenox Phenox GmbH  Niinol  Wire A Pobamide micrfiaments diameter has a greater impact on removal forces
G DA Mo e Selfexpanding basket Radio-opaque markers compared to its length. Demitria A. Poulos’, Michael . Froehler? and Bryan C. Good'™
Soltaire Medtronic  Nitinol  Laser cutsheet  Closed cell, peak-peak Radio-opaque platinum
Trevo Niinol  Laser cuttube  Closed cell, peak-peak Braided radio-opaque wires|
PRESET Phenox GmbH  Nitinol  Laser cut Closed cell Distal helcal st Radio-opaque markers
Third Generation b
EmboTrap Cerenowss  Nitinol  Tworlayered laser  Inner: closed cell: Outer: open  Radio-opaque markers  [HEAACEUINEAAN CE BN ! =
el prox, closed cell disal os
Tigetiever Rapid Medical  Niinol  Braided Closed cell Central wire with mecharical S os
pulley for radial force z .
3D Revasculaizatin Penumbra  Nifnol  Lsser cuttwbe  Closed cellinner chambers;  Radio-opaque markers 3
Device open cel outer leaflets 5 os
eric Microvention  Nitinol  Laser cut Closed call, interconnected  NIA 3 05
“pherical cage design 1%
Nimbus Cerenows  Nitinol  Laser cut Proxima open cel spiral; Disal  Radio-opaque markers S
closed cell H
@ 02
o1
3mm TrevoNXT ProVue (Stryker) .
3mm Solitaire X (Medtronic) CD — LD
3mm Catch mini (Balt) SR dimensions (mm)
3mm pREset LITE (phenox)
Adjustable 2.5mm Tigertriever 13 (Rapid Medical) =
s Bt Front Neuol 2024 Oct 31,15:1486738.
Inters Neuroradil. 2023 Apr252)125-133.
Vessel devlatlon durlngkstent remeval predicts successful Understanding the Radial Force of Stroke
in stent thrombectomy for M2 Thrombectomy Devices to Minimize Vessel
occlusion Wall Injury: Mechanical Bench Testing of the
Radial Force Generated by a Novel Braided
Vosuke Ebiko' - B - ' Thrombectomy Assist Device Compared to
Laser-Cut Stent Retrievers in Simulated MCA
¥ Less vessel deviation during stent retrieval > More successful recanalization Vessel Diameters
v To reduce vessel deviation, advancing the combined aspiration catheter tip to M2 is e e L e R G
useful Viktam Janarchand Valabh Janarchan
Table 1. 76 s 20 22 24 26 28 30
= D0 oA el e e 153 alrein i
o b R T T TR T T )
. . ™ S em wm  2%mm dmm  izes lswm
5 peocon - Goworhis) Gwornieh)
D N TR R 60 lew 03N [ Y TR R T T T 39T\ Radl o et it ot o
" :' “ TG0 ter oun Gan Dow L Dk i - —gmmr,
- i g E ey B e oew P RS e
H o g o S vt i R R
H H 8 e R R - S B
ez oz S G GBS Mioch ey da
HaSaES s a0 Posiion ofth aspesioncaheer N e s
Neuroradiclogy. 2024 Nov 27. InteryNeurol. 2020 an82-61206-214.
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il
Sroke Improved st pass ffct with
rapd-infaton deftion techicue B

Tigertriever (Rapid Medical, Yokneam, Israel)

FDA clearance in April 2021 (Tiger 21 & 17) followed by
in July 2022 (Tiger 13)

Intery Neuroradiol 2024 Jon 8:15910199231222657.
IntersNeuroradiol 2024 Sep 2:15910199241272715.

User-controlled “Expansion” and “relaxation” in 19 clicks o »«df
Additional capabilities beyond length of SR, Timing of deployment, “push and fluff"
Expansion>clot integration and conformation to vessel wall
Relaxation>reduce shearing
Frequency & Speed of expansion/relaxation
3D-braided with radiopaque DFT

Foreshortening from distal to proximal > positioning proximal marker at the proximal clot face

Tiger 13 with 0.013" MC (Headway Duo 167)

Intery Neuroradiol 2024 on 8:15910199231222661.
Intery Neurorodio. 2024 Sep 2:159101952412727.5.

Combined vs. single-device techniques

. ”Pinnilng technique” minimize deformation of the tortuous distal
vessels

* BEMP
« Blind exchange
* Mini-pinning : deploying a conventional SR and resheathing without
retrieval

* Quattro technique

Fig.1 lustion of the pifls of the blnd mini pin
This igue st the impertance o th choce of he 15
piraion cathte a 167cm microeahe

blind i pinning echoique. a Shows the
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Blind Exchange Mini-Pinning (BEMP)

]

]

Stroke. 2020 Nov;si(11):3224-3231,

Quattro technique

167cm HeadwayDUO or Neuroslide 17
+ 153cm 3MAX
+ Sofia plus/Embovac/Red72

ClinNeuroradiol 34,257-262 (2024)

Vasospasm as a major complication after acute
mechanical thrombectomy with stent retrievers

Akitake Mukasa , Hajime Kamada

Significant difference in the intravenous tissue-type
plasminogen activator group (P = 0.029)

Hiroki Uchikawa ', Terumasa Kuroiwa 2, Akimasa Nishio 3, Akira Tempaku 4, Kimito Kondo *,

JClin Newrosi. 2019 Jun;54:163-165.

Other consideration

« Distal superior division branches of the MCA
« Greater tortuosity and multiple branching points
« Intra-arterial thrombolytics with transient SR deployment

*G/A > C/S

Outcome measurement

representative of MeVOs
« Isolated abulia, alexia, and agraphia

» Outcome measurement:
v mRS 0-1 or mRS shift analysis
v €TICI grade

 Mild Symptom: mRS and NIHSS are still not fully

Table 1 Expanded Treatment in Cerebral Ischemia (eTICI)
scale

enci

Description

No reperfusion of the trget downsiream tertory

Contrastpasses the occusion but does not result n dtal

2

250

Partal reperfusion of <S0% of the target downsiream teriory

Partal eperfusion of 50%-667% o the target downstream
ory

2067

Partal eperfusion of 67%-89% o the target downstream
d

Partal reperfusion of 90%-99% o the target downstream
oy

‘Complete reperfusion of th target downstream tertory

i Evriandar Tra: b

ple of Expancied Trestment i Cerebral schernia 3550 Reperfusion

Outcome measurement

Flgure 3 Example of Expanded Treatment in Cerebral Ischemia 2067 Reperfusion

+ Mild Syr|
represer I . <chcia iC)

Isolate| Figure 5 Target Downstream Territory for M2 Occlusion
b i

* Outcom| o
v mRS | e

v eTICl -

-
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g Rescue Tx

Rescue Tx =
* Intra-arterial fibrinolysis + ICAD-MeVO
« Intraarterial urokinase for secondary MeVO « Few report
« Better functional independence, sICH in UK ¢/t MT

« BASEL ICAD retrospective registry
« Incidence : ICAD (74.7%), Dissection (10.3%)
« Angioplasty + stenting

« Stentoplasty with Tigertriever in M2 ICAD

* RESCUE-TNK (Rescue treatment for mEdium veSsel oCclUsion by
intra-arterial tenecteplase;TNK )

EurStroke 1 2025 Jan 423969873241311152,

Joumal of Neuroendovascular Therapy 2024: 18: 273-277

Take home message

» Risk and benefit assessment
* Proper device selection for MeVO
» Understanding different technical aspects in MeVO

www.konesonline.orkr 59
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Thrombectomy for Posterior circulation: evidence and
device selection
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Stroke Unit care and antithrombotics after I1A

thrombectomy

Stroke Unit care and
antithrombotics
after IA thrombectomy

Hee Kwon, Park
Department of Neurology, Inha University Hospital

2025.02.22.

Index

* Blood Pressure Control
 Antithrombotics

» Stroke Unit care

Blood Pressure Control2

¥ |Open

¥ |Open

Blood Pressure Control3
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CENTRAL ILLUSTRATION: Types of Ischemic Strokes and Recommended
Antithrombotic Strategies

Large-Artery Atheroscero

B ciemiss
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Greco A, et al. J Am Coll Cardiol. 2023;82(15):1538-1557.

Antithrombotics in ischemic Stroke

Stroke Etiology Acute Chronic

+ Cardioembolism Aspirin__| m

> Anticoagulation [Noac, wrr

Non-cardioembolic infarction DAPT
'| 2 | | R |» Mono-antiplatelet Agent

> Antiplatelet Agent

[How Long? | [ What kind? |

Safety and efficacy of aspirin, unfractionated heparin, both,
or neither during endovascular stroke treatment

(MR CLEAN-MED): an open-label, multicentre, randomised
controlled trial

« intravenous aspirin (300 mg bolus)
+ moderate-dose unfractionated heparin (5000 IU bolus followed by 1250 IU/h for 6 h),
+ low-dose unfractionated heparin (5000 IU bolus followed by 500 1U/h for 6 h),

Nospin  Oddsratio54C)

ropein odtsratio (95%)
ey

[r—
epvin(332)  unfacionsted
o (0-296)

sacanl hrorge

Abstract No.: 2652
Abstract Title:
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DURING MECHANICAL THROMBECTOMV
Poster No.:
Theme and Date: Paper Poster - Neurointervention on 16/05/2024
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EFFICACY AND SAFETY OF MINIMAL-DOSE INTRAVENOUS HEPARIN

Lancet 2022 399: 1059-69

2021 EHRA NOAC Guideline

(Re-) initiation of anticoagulation after TIA/stroke

[ ] [ Hemorrhagic transform: ]
1 13 ) 2 13
RN I  —
scute chemic | | sceischemic | mild Rl | o oo
teson onbran | | esiononrin || neursiogcal | | neurcogical | | newriogial
imagig imaging det et detc
' 5 ) ¥
ccude emarnagcrastormatin |  rreraton oy o
S H oy || o e Cor Crernms oot
wono ening || nodksl | | g beor et s HOAC || e paring aNOAC
I I f T T 1
[ Consider > ]
12 ¥ R T 2 ¥ =
1day 13days  a3cays  esdays  22ddday  2328den
[ o Ac ]
Based on expert opinion! No RCT data available yet

Valvular indications & contraindications

for NOAC therapy in AF patients

O} 0l

© £ Z 40| BpA2{0| 2l MY AHIS BRI, HIEF k P HECE NOACT} FH EICHclass |, level of evidence B).

YSIKE EF0| YD =S -OIL =] Z 0| YW E F L, o4F &S =0l et Zeolo| st

(class lla, level of evidence C)
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(class lia, level of evidence C).

© EZM LYY T YSD KR AT HMX| £, OFA T 20| A8 & 112{8)OF EHTH(class Iia, level of evidence B)
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cHsiiof g

ESC 2020 guidelines

(Re) initiation of anticoagulation post-intracranial bleeding.

of
risk factorsfor ICH 14 th AF

Consider isk factors for recurrent ICH
modifiable
* (Uncontrolled) hypertension 2
* Low DL srigycerides ‘Address modifiable bleeding risk factors
« Excesive alcohol consumption
E % need for concomitant antpatelt
o

Weight the risks and benefits of OAC (reinstitution s ien ASven
in consultation with neurologist/stroke speciaist —

Additional considerations:

 Noreversiblereatable cause of KCH

* ICH during OAC nterrupton
 ton et o e OAC

(OAC use (with/without cerebral diseaes):

{observational dats, RCTS are ongoing) CMB on cerebral imaging :

ephedtine, et ]

s e ke ey Tk e
e e A o e e g

Non-modifiable 2 e P
o

v rdless of CMB. e
o R e bl
 Cvopc ey dsase o e o sroke e Y
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Reported predictors of ICH and recurrent stroke in patients with recent AF-related

ischaemic stroke

Recurrent ischaemic stroke

HT/ICH
Older age (7:%8)
5 (©9)
CHA,DS,-VASc score High NIHSS (&4

Left atrial enlargement (%859 . o
L Posterior circulation infarct (02)

Early haemorrhagic
transformation (100
Congestive heart failure (84
Hyperlipidaemia (1001
Previous ICH (101
Thrombocytopenia (191
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Non systematic selection of studies that compared models of
care provision for stroke:

=Reduction in mortality at 3,6 and 12
months

=Shorter length of stay

=Reduction in medium stay hospitalization
*Reduction in complications

=Better functional status at discharge
=Reduction in long-stay hospitalization
=Reduction in health costs

=Consistent benefits with respect to
function

=Higher rates of adherence to key
processers of care in SU than other
models

Stroke Unit Vs
Neurology wards

Published by Maurice Charies

Take Home Message

« After mechanical thrombectomy,
-Conventional BP management and
-Optimal antithrombotics

- at Stroke Unit

Are recommended.
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Failed thrombectomy: When we consider and What to do?

In the case of a failed intra-arterial mechanical thrombectomy (MT) in an acute ischemic stroke with large
vessel occlusion, the management approach must be carefully adjusted based on the patient's clinical
condition, the reasons for failure, and the timing of the intervention. Here are key considerations and options:

1. Assess the Reason for Failure
¢ |Inability to retrieve the clot: It may be due to technical difficulties, such as the clot being resistant to
mechanical extraction, or anatomical factors (e.g., tortuous vasculature) including whether the device
selection was optimal, if there were issues with vessel access, or if the clot was particularly resistant to
removal.

Variable factors of failed MT using Stent-retriever

= Structure and Morphology of the occluded vessels

= largely angled MCA

= kinking and angulation of the stent

= jnsufficient wall apposition and expansion of the stent

= The stent retriever itself
= to catch and withdrawal more clots
= integration to the thrombus burden
= “push and fluffing” technique*
= facilitating the expansion and apposition of the stent

= waiting time : 3~5 min after deploymentt

?
‘?
AO AO+AS AO+ASV

Acute occlusion segment without stenosis (AO); Acute occlusion segment with stenosis (AOS); Atherosclerotic stenosis/occlusion (AS);
Atherosclerotic stenosis/occlusion with vulnerable plaque (ASV); Acute tandem occlusion (ATO)
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Thrombus composition and MT

* more passes with MT device to recanalize

?,'g;‘ T ® - stiffer and more elastic clot

‘Qg'ﬁ;ﬁ* * lower engagement/interaction with the MT device

Fibrin-rich * higher friction (sliding resistance along vessel wall and catheter)

* enhanced efficacy of recanalization
?@m * decreased stiffness
Oﬁ? * increased deformability
* more fragmentation (distal non-target vessel embolism)
* clot migration due to increased fragility & lower friction

Discrepancy of the segmental expansion

a

histologically, fibrin-rich hard clot
geographically, - un-retrievable, more tension, less integration of the stent mid portion
larger proximal portion - In “push & fluffing”, leverage effect on transitional zone of the stent
- the proximal stent segment further expanded by mere pushing force

Pathway of microcatheter through thrombi

catheter penetrating

catheter sliding
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-

Atheromatous plaque

branching-site occlusion (embolic clot) truncal-type occlusion (non-embolic, in-situ clot)

In situ thrombo-occlusion with underlying ICAS
- one of the possible etiologies for the refractoriness
- more challenging to treat the acute LVO from underlying ICAS with SR

DSA-determined occlusion type during EVT
- associated with the pathomechanism and a strong predictor of SR success.

¢ Proximal emboli or distal clot migration: The clot might have fragmented or migrated during the
procedure, leading to multiple smaller occlusions.

¢ Inadequate reperfusion: Sometimes, despite clot removal, perfusion is not adequately restored due to
underlying microvascular damage or extensive collateral circulation.

e Complications of the procedure: Such as vessel dissection or perforation.

2. Consider Alternative Approaches

¢ Repeat mechanical thrombectomy: In some cases, it may be reasonable to attempt a second
thrombectomy procedure, particularly if a new clot has formed or the initial technique was inadequate.

¢ Rescue stenting or balloon angioplasty: In certain situations, placing a stent within the affected artery may
help to stabilize the clot and improve blood flow, especially if the occlusion is related to vessel wall issues.

¢ Intra-arterial thrombolysis: This can be administered as a rescue therapy after a failed mechanical
thrombectomy, using medications like tissue plasminogen activator (tPA) or glycoprotein lib/llla antagonist
directly into the affected artery to further break down the clot.

¢ Surgical embolectomy or decompression: If large ischemic penumbra and progressive infarction are
evident, surgical options, such as hemicraniectomy, may be considered to prevent further brain injury and
cerebral edema in younger patients.

3. Reconsider the Eligibility for Additional Therapy
e Timing for rescue therapy: The decision for additional treatment depends on the time window, ischemic
penumbra, and salvageable tissue. If imaging (ke CTA or MRI) suggests that there is still a significant
area of salvageable brain tissue (penumbra), and the patient is within an appropriate time frame, further
attempts at reperfusion may be considered.
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4. Assess for Hemorrhagic Transformation
* Monitor for hemorrhage: If there is any worsening of clinical status or imaging showing new hemorrhage
after thrombectomy, immediate management with reversal of anticoagulation (if applicable) or
neuroprotective measures may be required.
¢ Hyperacute management: If a hemorrhage is identified post-procedure, interventions such as reversal
agents, blood pressure control, or even neurosurgical intervention may be necessary.

5. Post-Procedure Management

¢ Assess reperfusion status: The first step is to evaluate whether there has been adequate reperfusion
using imaging, such as follow-up angiography or CT perfusion. If perfusion is still suboptimal, further steps
may be required.

¢ Neuroimaging follow-up: A CTA or MRI/MRA should be obtained to check for new ischemic territories,
vessel dissection, or hemorrhagic transformation.

¢ Clinical monitoring: Evaluate the patient neurologically to check if there's improvement, deterioration, or
if new deficits develop, which might suggest hemorrhagic complications or incomplete reperfusion.

¢ Intensive care and neurological monitoring: The patient should be monitored closely for any signs of
deterioration in the post-interventional phase.

¢ Rehabilitation: Depending on the patient's neurological status, early rehabilitation should be initiated as
soon as feasible.

6. Prognostic Considerations
e The initial infarct volume and the collateral circulation may influence the chances of recovery despite
a failed thrombectomy. Patients with robust collateral circulation may still recover well even if immediate
reperfusion is unsuccessful.

Conclusion

In the event of a failed mechanical thrombectomy for an acute ischemic stroke with large vessel occlusion,
the management involves careful reassessment of the underlying factors, a consideration of rescue therapies
(such as repeat thrombectomy, rescue stenting or intra-arterial thrombolysis), and potentially surgical
interventions. The overall goal is to restore cerebral perfusion while minimizing the risk of complications. Each
decision should be made promptly, involving a multidisciplinary team for optimal patient outcomes.
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Decompressive hemicraniectomy in the era of mechanical

thrombectomy

0
o
i

O
02
o

Decompressive Hemicraniectomy
in the Era of
Mechanical Thrombectomy

ARCS, 2025
YIS BHYL Mo 4

Case Presentation

Previous Studies
for Decompressive Hemicraniectomy

for Malignant Hemispheric Infarction

* Medical Treatment vs Decompressive Craniectomy
* Age<60

* Surgery within 48 hrs S ... =Tl
- Mortality: 22% 16
> mRS<3:43%

- mRS 4-5:35% ool 2009° 39 12.00

Vahedi 2007 35 1855
DECIMAL trial

Jttlor

2007 32
DESTINY trial

timing, Baseine
RS

Clinical and radiographic defntions of MCI
<i8 = NHSS 14 i or >19 deminan)

Stezins 2012 24 1081

Previous Studies
for Decompressive Hemicraniectomy
for Malignant Hemispheric Infarction

* Medical Treatment vs Decompressive Craniectomy
* Age > 60 (DESTINY II trial)

sty particoants Age.) ()

* Surgery within 48 hrs iz oo
:
- Mortality: 43% )

> mRS < 3: 6% Sz 24

- mRS 4: 32% otmeter 20087 25
- mRS 5: 19%

Vahedi 2007 35
DECIMAL trial

Jitlor 20075252
| DESTINY trial |

decarmre

Clnical and radiographic defntions of MCI
o0 <ae = NHSS >14 i or >19 deminan)

1880 <8 =2
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Previous Studies
for Decompressive Hemicraniectomy
for Malignant Hemispheric Infarction

* Factors for Poor Prognosis

 Age over 60

* Midline shift > 10mm
*GCS<7

* Pupil Dilatation

Decompressive Hemicraniectomy
in the ERA of
Mechanical Thrombectomy

No Current Guideline

Contens s svalable a e

Journal of Clinical Neuroscience

Epidemiology

Clinical study

(i

National trends in and "
. craniectomy for acute ischemic stroke: A study using National Inpatient
* USA, National Trend Sample data from 2006 to 2016

salinas, Mauricio J. Avila, Aaron R. Burket,

DC rate: initially followed this trend - significant decline in 2016

me 1

Trends in mechanical thrombectomy and
decompressive hemicraniectomy for stroke:
A multicenter study

Epidemiology

Chesney S Orave’ , Christine Tochoe, Kyle B ol & Kl
Aljando Spita’,Eyad Amalouy’, mnmm cCarthy’,
E -

* USA, Multicenter retrospective —
+ 2013 ~ 2018

Sidi
I e, ot il e, Anna Hoguenard' and
Stacey @ Wo

Increasing number of MT
Stable rates of stroke admission, IV-tPA and DHC

st s

Epidemiology o

5
control trials

I

A Mertezsi" S Mahmoud . Morsy? - BaraHajarimioo” - hmed Y. Azzam? - Adam A Oyt
Osman Eamin - Mohammed A Azab - Zuha asant - Red Rahmant”

» Meta-analysis of 6 RCTs
* MT vs Medical Treatment

i M 034 A e 4 e 3 24
s o camsap o

Recent Meta-analy:
- MT showed better short-term and long-term clinical outcomes
- SICH + any ICH was higher in the MT

ality, DC, new stroke and serious adverse events : Not differ

Epidemiology ®

Decompressive craniectomy in malignant MCA infarction in times
of mechanical thrombectomy

* Germany, Single Center P T S S
frterah it it
*2009-01 ~2018-01

Total Number of Decompressive Hemicraniectomy (DC) : 119
Mechanical Thrombectomy(MT) prior to DC: 1/3 of Patient

The Rate of MT: Increased twice between 2014 and 2017
The Rate of DC: Decreased from 2009 to 2017
- DC with vs without MT showed no differences (Initial al Criteria and Outcome)

> Previous DC studies: Possible to apply for MT patients
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2134 Stroke  August2019

WORLD NELRDSURGERY 1 56: €77-584. Ducewmsn 2021
1 1 Recent it ide Impact of ical T on 1 ~ ODDS RATIO OR(95%Cl)__P_Jechanical Thrombectomy
Epidemiology B o femamieciomy o Acte e Sl Epiden

Kavelin Rumalla, BA: Malte Ottenhausen, MD, MBA; Peter Kan, MD; Jan-Karl Burkhardt, MD

035022080
» Germany, National Data Analysis e R
» 2012 to 2016, 519,320 adult patients

MT patients were 43% less likely to require DC (odd ratio, 0.7%, CI, 0.6-0.9) Improved Recanalization > Decreased the need for DC

+ without increasing risk of hemorrhagic conversion
Concls Successful reperfusion of penumbra with MT in s

e patient lead to a
T time

declining indication for DC whereas stroke volume increases o
Successful MT > Declining DC

Risk Facto DC
- Younger Age, Larger Infarcted Area, UTI

Systemic immune inflammatory

anil
or for the requirement of
pressive craniectomy in

Risk Factors for DC after MT Risk Fac

o

rtery acute
S ® ic stroke patients after
) ) ) . . . nical thrombectomy
* China, Single Center, Retrospective ., ot D p— = * China, Sing] e e
. treatment in acute is e e ian-Sheng Chen’, Yi-Fan Den
* Retrospective study(MT: 138) et o et o g e +2020-01 ~ s i o o

- i and HongHai Luo
Responsle arry —

Risk Factors for DC after MT

- Higher baseline NIH. core (OR, 1.17; 95% CI, 1.0:

- Heavier Thrombus Burden (OR, 1.35; 95% CI, 1.02-1.79)
- Baseline ASPECTS <8 (OR, 7.41; 95% ClI, 2.43-22.66)

- Unsuccessful Recanalization (OR, 7.49, 95% CI,

Systemic immune inflammatory index (SII) at admission
> Independent predictor for DC (O 79,95% Cl= 1.360-9.422, p= 0.01)

Sll-based Nomogram-> Help make decision for DC
Table 3 Multivariate regression

analysis of predictors for
requiring DC after EVT

Stroke: Vascular and Interventional Neurology
20222:00002

I Ariclo =
‘ORIGINAL RESEARCH

Rlsk FaCtOrS fOr D C afte r M T :srﬁlztrg:\sie?:ft oDni(;ci?gzecisei\équuy I n dl C atl on for D C afte r M Proper Indication of Decompressive Craniectomy for the|

Patients with Massive Brain Edema after Intra-Arterial
Recanalized Patients With Anterior

Thrombectomy

Girculation Emergency Large-Vessel e e T
* USA, Single Center, Retrospective S_CMC,‘.UE‘O:Q..,.M,MW%.,mMmm..ﬂ,.m * Korea, Single Center, Retrospective o
*2014-01 ~ 2020-01 =TT R S + 2014-03 ~ 2020-10

G Lowest score, correlated with a favorable outcome = Do D
Ri ctors for DC after Successfully Recanalized MT

- Higher admission blood glucose level (OR=1.01; 95% CI, 1.00-1.01; p=0.031) Favor:
- Poor collaterals on CTA (OR=3.59; 95% CI, 2.17-5.63; p<0.001)
- Higher number of passes during MT (OR:

ble Neurologic Outcome
- Successful Recanalization
- Perfusion/diffusion mismatt

Surgical time window : within 36 hours vs 48 hours - Not correlated with outcomes

Enomse

Stk Scse: OR, ks o anc S, syl b s,
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Conclusions
NEURBCRITICAL
 Germany, Single center * Modern Era of MT (Increased Recanalization)
N [} .
: Prior Thrombectomy Does Not Affectthe = ->Number of DC: Stationary to Decreased
° Retrospectlve Surgical Complication Rate of Decompressive Y
2 ant
Baseline characteristics : Differ > Higher PreOP hemorrhagic transformation, lower GCS i * MT > Does not increasing surgical complications
nplication (MT group: 10% vs Medical group 11%)
Surgery within 1 month (MT group 4% vs Medical group 6%) * Indications for DC
Median mRS score= 4 both groups .« GCS27

* Surgical window: 36 vs 48 hours - Not differ

-> Prior MT does not affect early surgical complication and functional outcome
> Previous RCT still valid in the modern era of stroke care

Surgcalrovson n 3 cases)

iy
Space-occupying incacerebal remor
"hoge (n= 1 revsed surgicaly)

Conclusions

* Risk Factors for DC
* Younger Age, Larger Area, Poor Initial Neurologic status

« Systemic Inflammation, Infection (UTI) 7 I-Al_'o;ll- I_l El_

« Unsuccessful Recanalization ]

* Risk Factors for DC, regardless of Successful MT
« Higher admission glucose level
* Poor collateral status on initial CTA
« Higher number of passes
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