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Preamble
« Al # intelligent

* Continuous learning is not allowed

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




Prognostication



From classification to prognostication
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Prevention Planning Early detection

Risk
stratification



Classical
models
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Fahey, PLOS 2018
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Study AUC weight
or sub-group : (%) N AUC (95% CI)
1
Counsell et. al 2002 (SSV) i
Counsell et. al 2002 i L 6.89 538 0.84[0.82,0.86]
Counsell et. al 2003 l.'i 40.76 2955 0.78[0.76, 0.80 ]
Counsell et. al 2004 i [ | 17.03 1330 0.84[0.83,0.85]
Lewis et al 2008 '—.-E—i 7.05 537 0.78[0.68,0.82 ]
Li et al 2012 P o—— 2.98 248  0.89[0.85,0.97] 3
Reid et. al 2007 '—I-i—i 8.46 488 0.78[0.73,0.831] »
Teale et al 2013 r—I—é—c 2.46 178 0.77[0.71,0.831]
Teale et al 2013 — 2.46 176  0.77[0.71,0.82]
Thompson et al 2014 Hib i 13.91 931 0.72[0.70, 0.74 ]
Random effects model ‘ 0.80[0.77, 0.83 ]
Fixed effects model < 0.79[0.77, 0.80 ]
i
:
Counsell et. al 2002 (SSV) i
Counsell et. al 2002 i il 8.9 538 0.88[0.86,0.90]
Counsell et. al 2003 - 54.42 2955 0.79[0.77,0.81]
Counsell et. al 2004 i [H 22.24 1330 0.87[0.86,0.891] 3
Lewis et al 2008 —— 10.7 537  0.73[0.68,0.78] g
Li et al 2012 i —— 3.74 248 0.97[0.94,1.00] %
Random effects model " 0.84[0.78, 0.91 ] =
Fixed effects model © 0.82[0.80, 0.83 ]
1
i
Ntaois et al 2012 (ASTRAL) i
Liu et. al 2013 ! 0.82 3715 0.82[0.81,0.83]
Ntaois et. al 2012 l—l—é—l 0.77 853 0.77[0.72,0.82]
Ntaois et. al 2012 i —— 0.94 1659 0.94[0.91,0.97] %
Ntaois et. al 2014 l—*—« 0.85 1892 0.80[0.76, 0.85 ] »
Random effects model ﬁ‘ 0.85[0.79, 0.91 ]
Fixed effects model :(> 0.81[0.80, 0.83]
i
Strbian et al 2012 (DRAGON) .
Seiffge et al 2014 v—F—« 8.17 638 0.81[0.77,0.85]
Seiffge et al 2014 l-i-.—c 17.24 1346 0.82[0.79,0.851]
Strbian et. al 2012 — 4.27 333  0.80[0.74,0.88] 3
Strbian et. al 2013 i . 57.89 4519 0.84[0.82,0.85] a
Zang et al 2015 —— i 12.43 970 0:751[ 0.70:;0.78 ]
Random effects model ’ 0.81[0.78, 0.84 ]
Fixed effects model b 0.82[0.80,0.84]
I T i T 1
0.60 0.70 0.80 0.90 1.00

Decreased precision

Increased precision



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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Dynamic systems



Dynamic?

Admission Imaging Treatment



Early neurological deterioration

Stroke progression
(7-70%)

Recurrent stroke
(7-8%)

Seizures
(19%)

Haemorrhagic
Transformation (6-13%)

Cerebral
Edema (~20%)

Clot
Propagation (5%)

Yu, Front. Stroke 2025
Park, Neurology 2020



NIHSS Trajectory
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Prognostic value
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3% @11%

Sajobi, Stroke 2016
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0.0 0.2 0.4 0.6 0.8 1.0
False positive rate

= ROC of admission SVM (AUC = 0.795, 95% Cl 0.687 to 0.892)
= ROC of 24h SVM (AUC = 0.888, 95% CI 0.800 to 0.959)
——— ROC of discharge RF (AUC = 0.924, 95% Cl 0.859 to 0.976)

£ w

Petrovic, Stroke Research & Treatment 2025



Electronic
patient record data

155

Registry data

ICU

Diagnoses Labs, vitals & admission data

ﬂl

Catecholamines

Diagnosis A Diagnosis B Diagnosis C Diagnosis D

Heart rate

e ———

15 10 5 0 6 12 18 24
History before ICU admission (years) ICU timecourse (h)

Nielsen, Lancet Digital Health 2019



Variables

ABP mean [mmHg]

Heart rate [/min]

Arterial lactate [mmol/I]

RASS

Blood glucose [mmol/]

Ventilator peak pressure

[ecmH20]

Ventilator RR [/min]

Ventilator fiO2 [%)]

ABGA SO2 [%]

Hamoglobin [g/dI]

Ca2+ ionized [mmol/l]

Bicarbonate [mmol/l]

circEWS Score

150
100
50

150

100

50

100

95

150

100

No CF within
the next 8 h

[ M-

CF within Circulatory
the next 8 h failure

Lactate MAP

hours after admission

>

Time since admission

Hyland, Nature Medicine 2020
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Cluster-randomized
controlled trial

O

3 patients

In-hospital mortality (Adjusted HR) - @ 0.64 (0.53-0.78)

Discharged alive (Adjusted HR) A 1.11 (1.09-1.13)

Length of stay (LOS) (Adjusted IRR) - ©— 0.91 (0.90-0.93)

0.5 0.6 0.7 0.8 0.9 1.0 1.1
1 (o)
Ratio (95% Cl) Rossetti, Nature Medicine 2025



Creating the intelligent stroke unit



Intelligent
stroke unit
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Klug, Nature Comm Med 2024



Intelligent
stroke unit
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Klug, Nature Comm Med 2024






Development
Geneva Hospital
2018-2021

NIHSS 3

2359 Patients

77 years
559% male

24 kg/m2 BMI

68% Hypertension

2 1 % Diabetes

20% Afib
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Development External validation
Geneva Hospital Beth Israel Deaconess
2018-2021 2359 Patients 247 Patients 2008-2014
MIMIC-III
77 years 73 years
— O==
e 55% male 49% male =
]
— ] =
g/m g/m
24 kg/m2BMI 30 kg/m2BMI

NIHSS 3 NIHSs 13

68% Hypertension 68% Hypertension

21 % Diabetes 21 % Diabetes

20% afib 31% afib
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variables

72 hours

Patient
history

Timings

Klug, Nature Comm Med 2024
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Sensitivity (True Positive Rate)

Intelligent stroke unit

Transformer (area = 0.671)
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Klug, Nature Comm Med 2024



Intelligent stroke unit

Klug, Nature Comm Med 2024






Intelligent stroke unit
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Intelligent stroke unit
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Intelligent stroke unit
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Intelligent stroke unit
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Specific complications

Haemorrhagic
transformation

Sn 85%
Sp 92%

Predicted sICH Risk

A. Individual Patient Risk Trajectory (ID: VS1035)

Patient VS1035

* Phenotype: a (Early Rapid-Riser)
¢ Age: 72, Male

* Baseline NIHSS: 18

* EVT: 3 passes, mTICI 2b

* Actual sICH: PH2 at 20h

% sICH at 20h
@® Prediction at 12h: 0.72
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==®= Phenotype |: Persistent Low-Risk (71.5%, SICH: 0.8%)
==0== Phenotype II: Early Rapid-Riser (18.2%, sICH: 52.3%)
=== Phenotype IlIl: Delayed-Riser (10.3%, SICH: 38.1%)
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Time Post-Treatment (hours)

Yang, Cerebrovasc Dis 2026




Specific complications

Pneumonia

AUC 0.89

Nelde, ] Neurol 2024

Risk Score

Low carbon dioxide binding capacity.
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DCI after SAH

B With algorithm support I Actual clinical decisions

Clinical decisions vs. 466

DCI prediction + MD Intensified neurologic
surveillance (1-2 hourly)

—163 orders (—25.9%)

I m@e - -
— ; Further diagnostic —25 orders (-16.3%) RedUCtlon
orders (CTA/P) - | in false positives
434 vs. 597
Prospective 0 200 400 600
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DCI

Park, NEJM Al 2025 Willms, NEJM Al 2024



Intelligent stroke unit

Afib

Sn 39%
Sp 90%

Gulamali, NPJ Dig Med 2024
Schoels, eBioMedicine 2025

=

Intracranial
hypertension

Sn 74%
Sp /3%

Delirium Falls

AUC 70% Intelligent video

surveillance

Danial, ] Neuroengineering & Rehabilitation 2025

Kim, Frontiers Neuroscience 2025



Atrial fibrillation

ECG during sinus rhythm

: Paroxysmal AF  _|_|L _L_L_JL.
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Sinus rhythm / \ Paroxysmal atrial fibrillation
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Embolic stroke of undetermined source

Choi, Heart Rhythm 2024
Holmes, Mayo Clinic Proc 2025

ILR

Insertable
Loop Recorder

Jeon et al. 2023
ESUS + ICM — AF detected by ICM

Choi et al. 2024
ESUS + ICM — AF =1 h

Shah et al. 2024
Cryptogenic + ILR — AF >30 s within 1 y

Holmes et al. 2025
Ischemic stroke + PCM — Any AF on PCM

Vafaei Sadr et al. 2025
Cryptogenic stroke — PAF; multimodal ECG+EHR

Wouters et al. 2026
Cryptogenic/TIA + ICM — AF within 1y

Tomura et al. 2026
ESUS + ILR — AF >30 s

0.50

0.70 reference

9 0.827
- N=221
® 0.806
~ N=352
@ 0.710
~ N=161
20.690
~ N=863
©® 0.654
~ N=189
®0.710
"~ N=230
® 0.670
N=94
0.65 0.70 0.75 0.80 0.85 0.90

Reported AUROC for post-stroke AF risk / detection

Jeon, Korean Circ ] 2023
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Multimodal Data Approach
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Schoels, eBioMedicine 2025



Randomized

L imitations controlled trial
10’422 patients

@ ~\
000 <« C @ https://comet-score.org hid :
4CENT v S 500
24RS M < » M LG < Je0]  swRmstaewty st R
48HRS 20:00 EST gt
T2HRs v 49B . ] 7.10 0 490 i E
.IIIIIIIIIIIIIIIIIIIIII@ 42A ® 70 5
51 ) 6.78
00:00 06:00 12:00 18:00 438 . e o
47 > ) 2.63 .- 480
498 52A & J 2.19 | Q
s —— - 2
\_4 P
2 40 o ] 1.21 > 470
-g " 45A 1.19 = 3
@ 46 1.00 g
s @cCardiovascular Instability @cCardiorespiratory Instability
E 5 wl 20_
‘é 3
a
g o 10-
S 21 =
© 83
A £ 0 T I
2 -
" g Cohort At Risk
o
10% 1
50% 0
0 d 2 o - > ¢ 00:00 06:00 _ 12:00 18:00 o DISplay On o DISplay Oﬁ
Cardiovascular Instability Time
N J

Cardiac & Cardiac surgery units
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Use cases live in physician workflows

Q: Which, if any, of these Al use cases do you
currently incorporate into your practice?

n = 1,342 (2026); 1,183 (2024)

9:41

=0© OpenEvidence )

When are camzyeos, myectomy, or
ablation indicated in obstructive
HCM, and what would be the
potential risks of each?

@ ~ Finished Thinking

B Practice Guidelines

Camzyos {mavacamten) is indicated for
symptomatic obstructive hypertrophic
cardiomyopathy (HCM) in patients who
remain symptomatic despite optimal first-line
medical therapy (typically beta-blockers or
non-dihydropyridine calcium channel
blockers). The American College of
Cardiology, American Heart Association, and
associated societies recommend
mavacamten due to its ability to reduce left
ventricular outflow tract (LVOT) gradients and
improve symptoms and functional capacity in
30-60% of patients. However, mavacamten

@ Askafollow up. o

® = &
Ask

Discover Visit

80% physicians
report use of Al

Summaries of medical research
and standards of care

Creation of discharge instructions,
care plans, and/or progress notes

Documentation of billing codes,
medical charts, or visit notes

Generation of chart summaries

Generation of draft responses to
patient portal messages

Translation services

Assistive diagnosis

I 17%
P 12%

H 2026
m 2024

AMA Survey 2026



1 32 patients
L L M S prospectively enrolled

1 2 physicians with and
TOAST diagnosis accuracy by physician group without Deepseek R1
(10% omission, 14%
hallucinations)

*k KoKk

sokok
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1.0 — :
— 0.861 0.898

Diagnosis accuracy
o o
(@)] (o))

o
I

0.2 - Without Al

B With Al

0.0 Junior Junior Senior Senior Expert

specialist nonspecialist specialist nonspecialist specialist

Physician group Yan, JMIR 2026



67 patients
L L M S - D i SC h a rge E d § Cati O N retrospectively enrolled

Completeness-Oriented Expert Evaluation Patient-Centered Evaluation
Understandability Actionability
== GPT-40 s 5
oot =o= Grok-3
Medication Management —e— DeepSeek-R1
5 =@= Physician 4

o 3

N

£

é 2
1

Health Education Rehabilitation Guidance
0 GPT-40 Grok-3 DeepSeek-R1 Physician GPT-40 Grok-3 DeepSeek-R1 Physician
Empathy Health Literacy Alignment

5 5
4

@ 3

3

5

é 2
1

Follow-Up Planning Risk Factor Control

Grok-3 DeepSeek-R1 Physician

Yin, Stroke 2026

GPT-40

Grok-3 DeepSeek-R1 Physician

N=50 (17 excluded / lost)



LLMs
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Evaluate answer 1

Alignment with guidelines

Question comprehension

Logical reasoning

Relevance & completeness

Harmlessness

Fairmess

Contextual awareness

Your confidence

Model confidence

Communication

Clarity

Communication & Clarity

Fairness

Question Comprehension

Model Confidence

Logical Reasoning

Contextual Awareness

Harmlessness

Your Confidence

Alignment with Guidelines

Relevance & Completeness

63 clinical questions

from Neuro-ICU care

8 reviewers

[ ]
[ ]
[ ]
[
([ ]
[ ]
[
[ J
[ ]
[ ]
3 4

Mean evaluator rating

4.11
4.09
4.00
3.98
3.81
3.74
3.48
3.32
3.32

3.17

Klug, in review



Next steps

O I
R

Impact on Impact on
decision outcome?

making ?



Pertormance in a Given Practice Skill

Al is introduced

N

Expert —
Al-enhanced
adaptive practice
Proficient —
No Al adoption
!
Competent — :
!
|
[ Mis-skilling
Advanced — :
|
|
|
|
Novice — :
Learners enter —I !
medical school :
N | 4

Time
Abdulnour, NEJM 2025



Al-assisted
monitoring of
acute stroke
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