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Intelligence artificielle dans
la prise en charge de CAVC

Ready for prime time?

Julian Klug, 2025
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Preamble

* Al # intelligent
* Continuous learning is not allowed

* Development phases
1. Training
2. Internal validation
3. External validation
4. Prospective validation -> impact?
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Literature Search

AFib detection

ScienceDirect : included

CENTRAL
Pooled Pooled

Forall  sensitivity ~ specificity

smart- 95%, 97%

watches: for detecting

e for detecting AF 1 7 ) 349 patientS

Samsung Withings Amazfit  S€iko Epson Garmin

ScanWatch PWM Forerunner
Sensitivity: | 94% 97% 66% 89% 99% 98% 97%
Specificity: | 97% 96% 79% 95% 99% 91% 98%

Barrera, JACC Advances 2025
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Cheung, JACC Clinical EP 2019



AFib detection

Stroke
Events/total _
Inclusion ECG Study Cases Controls Estimate [95% ClI]
CHADSVASC=2 intermittent HALCOX 2017 6/502 10/501 = 0.62 [0.23, 1.70]
>75y intermittent GUDMUNDSDOTTIR 2024 630/14356 687/14356 -I 0.93 [0.84, 1.03]
>73y intermittent SVENNBERG 2021 921/14387 985/14381 I 0.95 [0.87, 1.04]
>70y continuous SINGER 2024 37/5952 34/5953 ._._. 1.10 [0.69, 1.76]

. 0.94 [0.88, 1.01]

2.2X Afib detections
(95% CI 1.41-3.50)

Wahab, Lancet Reg Europe 2025



AFib detection

after stroke

Sn 34-60%

Sp 95-100%

Ding, JMIR Cardio 2023
Meza, Sensors 2023




Acute phase




30 MINUTES +20 MINUTES +10 MINUTES +10 MINUTES

TOTAL TIME: 95 MINUTES TOTALTIME: 73 MINUTES

TOTAL NEURONS LOST: 1805 MILLION TOTAL NEURONS LOST: 1387 MILLION

WITHOUT Al INTERVENTION WITH Al INTERVENTION

+25 MINUTES +3 MINUTES
Caldwell, Mayo Mag 2025



Imaging
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Haemorrhage Scoring LVO Ischemic core
ASPECTS Large Vessel Occlusion

Sn68-99%  1CC0.72 Sn85-98%  A1.29mL
Sp 83-989, vs. expert ICC 0.62 Sp 74-98% 95% CI [-6.49, 3.92]

Lim, Cerebrovasc Dis 2023 Adamou, J Neurointerv Surg 2023
Aziz, Stroke 2025 Weissflog, European Radiology 2025
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LVVO Detection

/ VAV .
()

Door to groin time
Study or Mean Difference
Subgroup Total Total Weight MD 95% ClI IV, Random, 95% CI
Al-Kawaz 2022 33 31 10.7% -33.2000 [ -60.1550; -6.2450] —I——
Cirio 2023 133 153 15.1% -1.6352 [ -6.0156; 2.7452] |
Morey 2021 26 29 10.3% -27.4000 [-56.1576; 1.3576] —il—
Van Orden 2023 Transfer 58 30 14.0% -16.5000 [ -28.6975; -4.3025] L

-

Hassan 2022 143 min 94 min
Hassan 2022 Direct 102 86  80% -86.7000 [-125.9011; -47.4989] —M@— ) . :
Martinez-Gutierrez 2023 103 140  14.7% -11.2977 [ [-19.1435; —3.4519} Martinez- 100 min | 88 min
Soun 2023 34 47 146%  6.8347 [ -1.5704; 15.2398] h Gutierrez 2023
Van Orden 2023 Direct 45 17 125% -32.0000 [-51.3844; -12.6156] - Soun 2023 97 min 101 min
-’—
: Van Orden 97 min 85 min
5 2023
Total (95% CI) 534 533 100.0% =-20.5540 [ =36.6910; -4.4170] -

[ I |

-100 -50 O 50 100
Favors Al Favors no Al

Dantas, Neuroradiology 2025



LVVO Detection

Al No Al Odds Ratio
Study Events Total Events Total Weight OR 95% ClI IV, Random, 95% CI
, Adhya 2021 23 67 17 74 19.0% 175 [0.84;3.67] i —
Functional Ai-Kawaz 2022 12 24 13 29  88% 123 [0.42;3.64] .

Cirio 2023 60 133 69 153 47.7% 1.00 [0.63;1.60] ——

Independence  Hassan 2020 Transfer 6 15 8 28  60% 167 [0.45 6.23] =
(MRS 0-2)  Martinez-Gutierrez 2023 10 24 29 90 122% 150 [0.60;3.79] ®
Morey 2021 7 21 6 27  63% 175 [0.49;6.31] =
Total (95% CI) 118 284 142 401 100.0% 1.27 [0.92; 1.76] <
[ [ | |

0.2 0.5 1 2 5
Favors no Al Favors Al

Al No Al Odds Ratio
Study Events Total Events Total Weight OR 95% ClI IV, Random, 95% CI
Mortalit Hassan 2020 Transfer 4 15 6 28 224% 1.33 [0.31;5.73] i
ortatity Hassan 2022 Direct 2 102 18 86 38.6% 1.10 [0.55; 2.21] ——
Martinez-Gutierrez 2023 13 103 44 140 39.0% 032 [0.16;062] —W—
Total (95% CI) 40 220 68 254 100.0% 0.71 [0.28; 1.80] |

0.2 05 1 2 5
Favors Al Favors no Al

Dantas, Neuroradiology 2025



IAT (%)

Post-implementation evaluation

NHS [

6 -
26 hospitals

71’017 patients
4
W 3'578.90 CHF/QALY
Pre-implementation period Post-implementation period
%Q@ %Q’LQI %Qm“l’ %691 %Q’CL Q’»bl‘

Westwood, NHS 2024
—— Al available Al not available Nagaratnam, Lancet Dig Health 2025



“automated LVO alert arrives [...] far earlier than
human interpretation, in many cases even before the
CTA images were available for review on the clinical
PACS.”

Martinez-Gutierrez, JAMA Neurology 2023



What do physicians think of it

How important is the immediate access to imaging?
(using the software as quick access PACS)

96 responses

80

80 (83.3%)

60

40

5 (5.2%)

0 — —— 8 (8.3%)
1 2 3 4 5

Figure 1. Perceived importance of immediate imaging access (using the Al software as quick access PACS).

How do you rate the importance of Al LVO detection
tools in rapidly triaging LVO stroke patients?

96 responses

40
38 (39.6%)

30
26 (27.1%)

20
18 (18.8%)

10

9 (9.4%)

Figure 2. Perceived importance of Al LVO detection tools for rapid stroke triage.

Darkhabani, Neurological Research 2025



Process optimisation
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Sheth, J Neurointerventional Surgery 2023 Darkhabani, Neurological Research 2025



Process optimisation
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Sheth, J Neurointerventional Surgery 2023 Darkhabani, Neurological Research 2025



Process optimisation

Type of Al LVO detection tool. Number of responses: 95

Viz Al 45 (47.4 %)
Rapid Al 43 (45.3%)
Other 7 (7.3%)

Count

100

80

60

40

20

94 (97.9%)

2 (2.1%)
1

Yes No

Al LVO detection tool formally integrated into a written acute ischemic stroke triage process. Number of responses: 96

Yes
No

36/96 (37.5%)
60/96 (62.5%)

Darkhabani, Neurological Research 2025



Pitfalls

False positive

Chronic occlusion or moyamoya pattern

Moderate-severe stenosis or multifocal
narrowing

Residual contrast or venous
contamination

Dolichoectasia

Saccular aneurysm at MCA bifurcation

Physiological variation between left and
right

Mass effect from space-occupying lesion

Factors altering patient hemodynamics

Cervical ICA occlusion

Aziz, Stroke 2025



Pitfalls

False negative

Short-segment occlusion

Small or distal vessel occlusion

Branch point occlusion (ie,
MCA bifurcation)

Calcified thrombus/embolus

Proximity to the bony structure

Aziz, Stroke 2025



M2 occlusion

Studyld

Amukotuwa/2019/Australia
Reidler/2020/Germany
Olive-Gadea/2020/Spain (MethinksLVO+)
Matsoukas/2022/USA

Elijovich/2021/USA
Luijten/2021/Netherlands-PRESTO
Luijten/2021/Netherlands-MR CLEAN
Rava/2021/USA

COMBINED

Studyld

Amukotuwa/2019/Australia
Reidler/2020/Germany
Olive-Gadea/2020/Spain (MethinksLVO+)
Matsoukas/2022/USA

Elijovich/2021/USA
Luijten/2021/Netherlands-PRESTO
Luijten/2021/Netherlands-MR CLEAN
Rava/2021/USA

COMBINED

0.2 0.4 0.6 0.8 1.0
SENSITIVITY

1 1
0.7 0.8 0.9 1.0
SPECIFICITY

SENSITIVITY (95% ClI)

0.87 [0.75 - 0.94]
0.71[0.29 - 0.96)
0.74 [0.65 - 0.81]
0.49 [0.36 - 0.62]
0.52 [0.31-0.73)
0.49 [0.37 - 0.62)
0.72 [0.64 - 0.78]
0.51 [0.43 - 0.59)

0.64[0.53 - 0.74]

SPECIFICITY (95% ClI)

0.80 [0.76 - 0.83]
0.83[0.72-0.91]
0.85[0.82 - 0.88]
0.91[0.90 - 0.92]
1.00 [0.99 - 1.00]
0.90 [0.87 - 0.92)
1.00 [1.00 - 1.00]
0.98 [0.94 - 1.00]

0.97[0.84 - 1.00]

Sn 64%
Sp 97%

Ghozy, J of Neuroradiology 2023
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Prognostication

£ You

Provide a unique estimate of the mRS value at 3-months following mechanical
thrombectomy of an anterior circulation ischemic stroke of the patient with the
following characteristics: Age: 35 years ; Sex: Male ; Previous mRS: O Comorbidities:
Atrial fibrillation: No ; Heart failure:No ; Arterial hypertension: No ; Diabetes mellitus: No
; Dyslipidemia: No ; Coronary artery disease:No ; Current smoking: Yes ; Active cancer:
No ; Current medications: Oral anticoagulation: No ; Antiplatelets : No ; Statins: No ;
Last-Time-Seen-Well-to-door delay (minutes): 180 ; NIHSS at admission: 9 ; Admission
systolic blood pressure (mmHg): 124 ; Admission glucose (mg/dL): 107 ; ASPECTS
score: 10 ; Intervention type: Thrombolysis and thrombectomy ; Last-Time-Seen-Well-
to-needle time if IV thrombolysis (minutes): 740 ; Occlusion site: M1; Tandem
occlusion: No ; Last-Time-Seen-Well-to-puncture time (minutes): 429 ; General
anesthesia during mechanical thrombectomy: No ; Final mTICl score: 2¢ ; Total number
of device passes: 2 ; Last-Time-Seen-Well-to-reperfusion time (minutes): 545.

ChatGPT
Considering the provided information and the generally positive indicators for a

favorable outcome, a unique estimate for the mRS at 3 months following mechanical

thrombectomy could be 1.

Accuracy 49%

Pedro, J Neurointerventional Surg 2024
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Prediction of functional outcome (mRS)

1
Clinical

Model

MRI

¢

Raters

Clinical + MRI

Meta-analysis:

Sn 74%
Sp 72%

Almost no
external validation

Herzog, Stroke 2023
Li, Frontiers Neurology 2023



Intelligent stroke unit



Intelligent stroke unit
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Klug, Nature Comm Med 2024



Intelligent stroke unit
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Intelligent stroke unit

& 5>

Afib Intracranial Delirium Falls
hypertension

Sn 39% Sn 74% AUC 70% N reatlanos.
Sp 90% Sp 73%

Gulamali, NPJ Dig Med 2024 Danial, ] Neuroengineering & Rehabilitation 2025

Schoels, eBioMedicine 2025 Kim, Frontiers Neuroscience 2025



Performance in a Given Practice Skill

Expert —

Proficient —

Competent —

Advanced —

Novice —

Al-enhanced adaptive practice

/* ————————————————— No adoption of Al
(missed opportunity)

*/'/-\utomatic practice

BREAK
IN ROUTINE
PRACTICE

MINIMAL ACCEPTED SKILL
PROFICIENCY FOR
INDEPENDENT PRACTICE

\ Deskilling

Mis-skilling

Al-enhanced
learning

/* Arrested \
development Deskilling

Al-enhanced
learning Mis-skilling

> ¢ Never-skilling

Mis-skilling

Time Abdulnour, NEJM 2025
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