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Fully Automated Detection of Large Vessel Occlusion on Computed Tomography Angiography using
Deep Learning | M7-SSNR06-6

Chi Kyung Kim

*Purpose: A few of automated large vessel occlusion (LVO) detecting software has been utilized in clinical settings. However, external evaluations of the
software revealed only moderate sensitivity, limiting their applicability. Herein, a fully automated deep learning algorithm for detecting LVO in CT
anglography (CTA) was devised and validated.

*Methods and Materials: We used 2,051 CTA images of ischemic stroke patients from three Korean university hospitals to train (n = 1,442; 24.6% had LVO)
and validate (n = 629; 19.4% had LVO) two deep learning algorithms: 1) vessel segmentation on maximal intensity projection images, and 2) LVO detection
using merged vessel segmentation mask. LVO included intracranial internal carotid artery (ICA), M1-middle cerebral artery (MCA), or proximal M2-MCA
occlusion. We externally validated the algorithm in 388 ischemic stroke patients (14.4% had LVO) from a multicenter cohort. Using 2,000 stratified bootstrap
samples, the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) and their 95% confidence intervals were calculated.
*Results: For 1,422 training cases, mean age was 71.4+12.3 and 57% were men. With respect to vessel segmentation performance, dice similarity coefficient
between manually segmented and deep learning segmented vessels was 0.86 + 0.45. In the internal validation at the threshold of 0.50, area under curve
(AUC), sensitivity, specificity, NPV, and PPV was 0,96 (0.93-0.98), 0.80 (0.73-0.88), 0.97 (0.96-0.99), 0.95 (0.94-0.97), and 0.87 (0.82-0.93), respectively; when
M2-MCA occlusion was excluded the sensitivity was 0.93 (0.87 - 0.98). In the external validation, corresponding estimates were 0,97 (0.94-0.998), 0.81 (0.70-
0.91),0.99(0.98-1,00), 0.98 (0.96-0.99), and 0.93 (0.84-1.00), respectively; when M2-MCA occlusion was excluded the sensitivity was 0.95 (0.87 - 1.00), When
applied our algorithm in LVO patients with a history of coil embolization (n = 14) and moyamoya disease (n = 7), the algorithm detected LVO in 13 (92.9%)
and 6 (85.7%).

*Conclusions: We developed fully deep learning-based LVO detection algorithms on CTA. External validation demonstrated robust performance of the
algorithm. In addition, the algorithm has the potential to detect LVO in patients with a history of coli embolization and moyamoya disease, for whom
previous software was inapplicable,

*Clinical Relevance/Application: A fully deep learning algorithm detecting LVO in CTA can aid less experienced physician. In turn, the algorithm may
facilitate early transfer to endovascular treatment capable stroke centers, thereby improving stroke outcomes.
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A%, RSNA 2023

LeADING THROUGH CHANGE

RSNA 2023 | Nov. 26-30

McCormick Place, Chicago

v s 5 . e
The must-attend conference for radiology professionals is happening now!

JBs-lvo YHAE EELYE

IBS-LVO= x| B O ¢l 2tRIo| T & 24 (CT angiogram)0i| A A|=0] réﬂﬁ.i
& 2t Y (Large vessel occlusion, LVO) 012 & QS X 52 &E3I0 AS22 &
MofjF= 2FJ0|Ct

HRAOCHCHE GAEE T EE 2 A = AEE EM0| 220t A2 K
A ME S E FaALE XY, CHE 2t A of & 24 774X| 0| 2= ™ 1HHO| Xt&
2}| O %Uif=7é10I E7Zo|Ct

et S A0k O™ S X| 2 0f| A 595%49I L ZM oMt crE A E Y
= Ao O|tH %Ié*l‘“oiw JBS-LVO 2 AUROC 0.96, 21 ZH = 86%, £0| = 97%
ol =2 dsS EQLL

JBs-LVOE FE7F FH RO ME AlE0| R 2HAE F2td| 7h2{L| o], & F
M SEREO A& bR 2| = AlZHS BE5tEH 710 & AS A2 Y| EC



16

2023 Investor Relations

,/
R4 JBS-03K
/ ‘

/

] \

| i

: 1

: 1

: 1

: 1

: 1

: 1

: 1

: 1

: 1
I

: I

I =g : HHM FZE CIX(NIHSS) =AM 0f % of=(mRS)

:

| I

: Modality

:

: i

I =5 - 2 OIS S 9 M 19| R £ |- 2| BBE 2AS Solo] NENE 4 - &|Zo] o ofl 24

: e I - St el T2t QOIS X|Z M2t =8 - B0 QIX|/37| 24
I

: i

:

: - Diffusion Weighted Image (DWI) : - Diffusion Weighted Image (DWI) - Diffusion Weighted Image (DWI)

: ALR0|D[X| - Perfusion Weighted Image (PWI) : - Perfusion Weighted Image (PWI) - Perfusion Weighted Image (PWI)

: ° - Fluid Attenuated Inversion Recovery (FLAIR) : - Fluid Attenuated Inversion Recovery (FLAIR) - Fluid Attenuated Inversion Recovery (FLAIR)

: - T1, T2 Magnetic Resonance Image : - T1, T2 Magnetic Resonance Image - T1, T2 Magnetic Resonance Image
I

' I

: - LAA (Large Artery Atherosclerosis) : - NIHSS Score - 3 month mRS Range

I ol - SVO (Small-vessel Occlusion) I (0~4,5~15,16~20, 21~42 scoring) (0~2, 2~6 scoring)

Tro =1
'\ - CE (Cardio Embolism) I'
‘\ - Others (Two or More Causes) ,’
N ’
S ’
\\\ _’



L ES 22 M(MEDIHUB STROKE) M|EL(2) 17

2023 Investor Relations

e TN NN N R R R R R R Ny,

JBS-LVO

~
4

JBS-10K

JBS-05K ’

dee] LY 98 U gopis Ll 20| A |2 %) 2% AZY LRBY(CTP)

T ———— - —
————— -

- Chic[H2HHM [ F 5! 3N 91X 20| HE

= - L|24AH © o gl L |24AH O] k| XD| H=
- STAIYOIN At | 24 H°*jﬁiﬁ°{i¢j'j§ T4 e N Ve 2o - A3 =2 Bxte] Y Foiat
- o) =% = =
53 - S IR1/3]| 24 WETR A s Plee e iy - gy

XAk &84

AKX HE 2bs
- F2 MRIOIA ZAL|= LA EHS CToIM

2l Byl a2

- Maximum Intensity Projection Q4 444
0|2 Cli|H 2 RIXIIX| HE 2ts

Argolax] - Non contrast Computed Tomography (CT) - Non contrast Computed Tomography (CT) | - Computed Tomography Angiography - Perfusion Computed Tomography (CT)

- EDH (Epidural Hemorrhage) - Hypo Intensity Percentage
- SDH (Subdural Haemorrhage)

- ICH (Intracerebral Hemorrhage)
- IVH (Intravenous Hyperalimentation)
- SAH (Subarachnoid Haemorrhage)

- Large Vessel Occlusion area - relative Cerebral Blood Flow(rCBF)

- T-max Map

30
opt
AL
=

-
T

-

N

\

\

~ -

B Y



L ES 22 M(MEDIHUB STROKE) M|EL(3)

18

2023 Investor Relations

JBS-07K JBS-08K

JBS-09K

A ] AA |2 AA |2
A Hl A - AR ol

=
0x 0
"

I| AN HEM 4|7

A HEA A2E OISO 2 X| B g B A EEY k| 3M 2ixfo] HH0EEY 7Y - g B BiRfe| Ea S2hEE 24
M2IRe| At HHOIYEA XS ot SHMo| 229} O{HE By 0| Yl FRO| R 2, Xz
2% =Y
- Diffusion weighted image (DWI) - Diffusion weighted image (DWI) - Gradient echo Magnetic Resonance - Perfusion Weighted Image (PWI)
Atgo|o|x| - Perfusion Weighted Image (PWI) - Fluid Attenuated Inversion Recovery Image
(FLAIR)

- PWI-DWI Mismatch - rTTP Volume - Red, White Clot Map
78 =4 - GRE Clot - ADC Volume

- FASTCOLL

- Circulation Map
- Onset time prediction



k&5 £5M(MEDIHUB STROKE)2| &%

19
2023Investor Relations
@ =55 U375 BE YYS Wk SR M YR, o 20f O
- UL LHE gL S ots HES 2349 2S5 X|s ThE G4E 2Ate| LIX0| B3| customizing 7ts
- HEIHWSS 2 U2 HlIY + YRS SiLio| UIZ 52

I5HO] B2 TITHO| OHS 0= 2.

JBS-04K

JBS-05K

"~ JBS-07K

@ 2= Y &R 191 IBA-OTK(HSYR), JSEG-0TK(=|HIHE0|44), Atroscan(X|0f) &24

[



>

bl
rio
oX

21

2023 Investor Relations

$700

$654.5
=

NAl £IES AP

o0 CAGR : 8% 4560 )
2030E71X] 6542 50002 22| ojatel 450
AR 7 oy = -

-

oo $352.8

$350

$300

$250

* &X: Precedence Research
2022 2024 2026 2028 2030

=cEro| 2

oilE xto|

$20

AIA| Q1EXs

ol ZICt AR CAGR : 36.87%

$14

HISIX} 45%
203047kx] 2094 90007 2] ojatel b2 10LLH Apt

$10
=
a >

* &X: Precedence Research 2022 2023 2024 2025 2026 2027 2028 2029 2030

Aoz 3 4% ol
$8

46

£

$2




3-2. Financial Highlights

AZEQ O HE +=FQ A&t o|EE
23'd 7| 4% H| W (3qVs. 2Q)
=1 '23.3Q '23.2Q
FE+A 235 237
dYH|E 2,486 2,380
Ggo|(&4) (2,251) (2,142)
(176)
=Z&8+Y 51 70
7|Et2] 2 0.2
FYelHlE (229) (241)
2I|=0]9] (2,427)

5.1%

Ié
1h
12
=2
=
o8
e
=
10
G

1,200 CH

60021 CH
1202 CH
60 CH
|
[ ] 10% 74% e
~ Xl-

22

2023 Investor Relations

C
[

ol HA| 7| = =M 1,200 & B A,
HE 18 FH

10

|: AR, %

[ L4

=
Uy
19 Oft
o 12

QHEH| 0= CliH| 1% 0|2t

B SH+1 8|

% f o3 ojzet
=22

W ofE o HEH gy



Financial Highlights

‘224 LY SR | & BA| 22z MM xR

> 3AH 184

23-12-13 %
2107} gigl

=AY o

o &
B

= 00 02 = =
met T o%x o¥ oM

16 10 10
10 Job ot
B ROE

=

> 1, 2X} ol pl(MFat/ P it/ delE) 11,0167

=2 S B8 £t HH (L)
v JBS-0TK H|Z2| 3L

Case 13| ZITHH|8 54,3002 27 (3%t 5 9)
OFEIHI0] : JLK 50% : 2 50%

~ EIEF 1190 £R 42 EF HIF0] B¥It 7S

(258 M EHMEIUHHES FH)

o HARVARD MASSACHLEETTS
K Emﬁ Gl @cn\'rml"mmm

.......

‘23 MY R SR

- 3k} HY 37374 & 50%(18671 &) MR =H

283 NY R =EH

- 3xt R 80%(2987H4) MR 2 H
1, 2% 2 50%(508704) M S8

JH] AA A1 A2

2023
JBS-04K(9¥)

HEAA JBS-LVO(102):
JBA-01K(10¥):

FDA JBS-LVO

2024 44| 2024 5jED|
JBS-05K JBS-06K
JBS-05L JBS-07K
JBS-04K JBS-05L

2025 g¥0|

JBS-10K

JBS-05K

23

2023 Investor Relations

el i HIF

2023(F)
2024(F)
2025(F)
2026(F)

2027(F)

20253¢12|

JBS-08K

TBA

[SLH] NECA/EAHEX| /AN, /U BHE HAl= AR L A-RE 220X 70E 22 oY

[0I=] FDAE HX|= A

2 A8 AERE 2AENX| 7F:~670E 28 O (F2F A0 Al 99HE 28)

—

2w e

99 |

e
s
2

SuHe] AS{7HE B8t =Y 47}
zgo= o B

o2 - | E5 £ M8 FDA QI5{7}
-0=2 EY I M8 B8

o= - L|E5 £F M8 PMDA Q135{7t
-UE B SO HE B H

|22]2] 21517t
lo|27|7] QI&|7}

g B



24

2023'Investor Relations

JLK 2|249IX| 7} : Global Peer Group

- 22 HID OhY 3 YHISOI 27 2 ”IHR] s AIPE B : 3H80F 1.6~3.259 +F (024 Bl0|2 H)

- O[of| #iIX|0t= JHs 8t ST Global Peer Group2| SEA Al, &% 7|Y7HK| (X|4) 1.62 O]

-FAEES SRU 1 OIEY FF Ots Al =2 FIH21YOHK| HE Ots

o
LEF LES
X t|EF M EXNE &4 $5309 (2 70X) HE 2o} (a e LTES (o SIFTINE="TY AR BRE CT
. . CH& HE|AH &I S} CHSd THH| AR RIS
B /& 2st I o|2H| X|= 2k 1.8% LVO(CHE 2t Eeh) LVO(CHZ 24 Eet)
201 7| 2 NTAP %[% 20! £ FDA SO £ FDA 30
= .
oIE Lol H|Z 210 047} EH37}ojs = %47} H2($1,000 0| 44/Case) o B
- ES 0= | CT & 47t aT/ AT H3127} X 8($1,040/Case) B eyl 547} ®R($1,450/Case)
o= ,
MNA 1 °F1,5309 ° °
4o H&E HlAk HIAFE (231 3}t7])
o o 3% 2,00028 2% (
7RI (A1) 1 6,20028l +5 pESIES S AFEE A 4750 OJAH 55)
ol =35 (@)
Vv LE0iE 2] ZOIE Huode 20164 20114 20101
" ‘|| Al E# $7F A" 2 oiseie o3 o3
& $85.1M (2f 1,116242)- 2022 $8.6M (2 1129494)-2022 $70M (2 9102194)-2022
B Z|ch AARTICIAH SE U SHEHIA S HZS 9ol _ 202244 Aj2| =D Hl 2020 Al2|=B Xt2 20201 Al2|=F X}
B CIXIZAA7101 19] LAl JMDC 524 M3 Stk Roltg $10f 2rei (o} 131804 $2,5008¢ =2 (33094 =5 $2911,5008! 23 (F:33094)
JMDC 18 & A
- sl Ao} HIE|O|Ef 8 AIY X371, 1,0008HY |2 E|0|H 2S o JLK FDA(510K) 215171§ S8t 2 271 HE 7=
- 942k 2k 2002+H (B 8,000H) HAYMEITE MH|A X2
- UE MAoj| 2f 1,2007 He HEYI ER 202311 T > 202414
- AAHO 80| =2 sEiAle MM o= Al XX
BEREd BE RRs TEReE AR S VHRIE 5ot 22 HEE 224 Y HE A7t 28
JBS-04K, JBS-LVO FDA A%
*ZX : - World Stroke Organization(WSO0) : Global Stroke Fact Sheet 2022
- SR EAMUATISU[ZEE ASX s el - YHQE7|7] 4 - M= 53(2020)]

- Heart disease, stroke death rates increase following decades of progress By American Heart Association News
- 2020 Fitch Report

-2 AR S S U 91



=>4
JLK

Thank you



