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• AI ≠ intelligent

• Continuous learning is not allowed

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

Preamble
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From classification to prognostication

Prevention Planning Early detection Risk 
stratification



Classical 
models

Fahey, PLOS 2018
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Prognostication

Pedro, J Neurointerventional Surg 2024

Accuracy 49%
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Admission Imaging Treatment

Dynamic?



Early neurological deterioration

Park, Neurology 2020
Yu, Front. Stroke 2025

END

Haemorrhagic
Transformation (6-13%)

Stroke progression 
(7-70%)

Cerebral 
Edema (~20%)

Recurrent stroke 
(7-8%)

Seizures
(19%)

Clot 
Propagation (5%)



3% 11% 44%

Petrovic, Stroke Research & Treatment 2025Sajobi, Stroke 2016
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ICU

Nielsen, Lancet Digital Health 2019

C
at

ec
ho

la
m

in
es

H
ea

rt 
ra

te

Diagnoses Labs, vitals & admission data



Hyland, Nature Medicine 2020

ICU



60’893 patients

Cluster-randomized
controlled trial 

Unit/Bed
ABC 101-1Josephine TestHIGH

DOB MRN
01.01.1950 123456789

Rossetti, Nature Medicine 2025
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Intelligent 
stroke unit

Klug, Nature Comm Med 2024

Model



Intelligent 
stroke unit

Model

3 months 3 months6 hours

END

Klug, Nature Comm Med 2024





Development
Geneva Hospital

2018-2021 2359 Patients

77 years

55% male

24 kg/m2 BMI

68% Hypertension

21% Diabetes

20% Afib

NIHSS 3



Development
Geneva Hospital

2018-2021

External validation
Beth Israel Deaconess

2008-2014
MIMIC-III

2359 Patients 247 Patients

77 years

55% male

73 years

49% male

30 kg/m2 BMI

68% Hypertension

21% Diabetes

31% Afib

24 kg/m2 BMI

68% Hypertension

21% Diabetes

20% Afib

NIHSS 3 NIHSS 13



Klug, Nature Comm Med 2024

84 
variables

72 hours

Imaging Patient 
history DrugsTimings Labs Vitals



Transformer

Linear Embedding

Positional Encoding

Self-Attention

Add & Normalize

Add & Normalize

Encoder

Linear Classifier

x Layers

6 layers

1024 hidden dimension

151M parameters



Intelligent stroke unit

Klug, Nature Comm Med 2024

Geneva Stroke Dataset MIMIC-III
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Klug, Nature Comm Med 2024
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Klug, Nature Comm Med 2024
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Klug, Nature Comm Med 2024
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C-reactive protein

TemperatureTemperature

Temperature

Temperature
Systolic blood pressure
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Intelligent stroke unit

Klug, In Review 
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Specific complications

Yang, Cerebrovasc Dis 2026

Haemorrhagic 
transformation 

Sn 85% 
Sp 92%



Specific complications

Dai, ARTMED 2024

Pneumonia

AUC 0.89 

Nelde, J Neurol 2024



Willms, NEJM AI 2024

DCI after SAH

Park, NEJM AI 2025
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Prospective 
silent validation 

trial

63 patients
17 DCI events 

Reduction 
in false positives

434 vs. 597



Intelligent stroke unit

Afib

Sn 39% 
Sp 90%

Kim, Frontiers Neuroscience 2025

Danial, J Neuroengineering & Rehabilitation 2025

Schoels, eBioMedicine 2025

Gulamali, NPJ Dig Med 2024

Intracranial
hypertension

Sn 74%
Sp 73%

Delirium

AUC 70%
Falls

Intelligent video
surveillance



Atrial fibrillation

Jeon, Korean Circ J 2023Holmes, Mayo Clinic Proc 2025

Choi, Heart Rhythm 2024



Atrial fibrillation

Schoels, eBioMedicine 2025



Limitations

Keim-Malpass, Sci Rep 2026

10’422 patients

Randomized
controlled trial 

Cardiac & Cardiac surgery units



80% physicians 
report use of AI

LLMs

AMA Survey 2026



LLMs

Yan, JMIR 2026

132 patients 
prospectively enrolled

12 physicians with and 
without Deepseek R1
(10% omission, 14% 
hallucinations)



LLMs - Discharge Education

Yin, Stroke 2026

67 patients 
retrospectively enrolled

Completeness-Oriented Expert Evaluation Patient-Centered Evaluation

N=50 (17 excluded / lost)



LLMs

Klug, in review

63 clinical questions 
from Neuro-ICU care

8 reviewers



Next steps

Impact on 
decision 
making ?

Impact on 
outcome?



Abdulnour, NEJM 2025

AI is introduced

AI-enhanced 
adaptive practice

Mis-skilling

No AI adoption
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