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Introduction

Source: Nature & Berkeley Earth - https://www.nature.com/articles/d41586-023-02995-7
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Source: Nature, https://www.nature.com/articles/d41586-023-02552-2

30-40 extra days / yr  @  >35 °C 
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Introduction













https://www.nature.com/articles/d41586-026-00745-z



https://www.nature.com/articles/d41586-026-00745-z



https://www.nature.com/articles/d41586-026-00745-z













WE-STORM > Stroke & Weather?
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Stroke ~ Weather
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Figure 1. Summary of hypothesized mechanisms by which cold exposures induce cardiovascular d

𝚫𝚫⚢

𝒍𝒍𝒍𝒍𝒍𝒍 𝟐𝟐 − 𝟒𝟒 [𝟎𝟎 − 𝟑𝟑𝟑𝟑]



Stroke ~ Weather
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Figure 2. Summary of hypothesized mechanisms by which cold exposures induce cardiovascular 
disorders.

𝚫𝚫⚣

𝒍𝒍𝒍𝒍𝒍𝒍 𝟎𝟎 − 𝟕𝟕



WE-STORM > Predictive analytics for
hospitals? 
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Source: DWD, https://www.dwd.de/SharedDocs/broschueren/EN/climate/brochure_climateresearch.pdf?__blob=publicationFile&v=9 
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14   University hospitals

~ 90 ML / Site

∑𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 site-specific 
         ML models 

>157 000 uq. patients

>318 000 encounters

https://forschen-fuer-gesundheit.de/fdpgx-project/we-storm/
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WE-STORM > Methods > Federated Learning
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R-Skript
(ggf. 

gedocker
ed)

2.Federated Learning 

Meta/ensemble learner

Classical & ML Models

Modified after Figure 1 in Kaissis, G., Ziller, A., Passerat-Palmbach, J. et al.  End-to-end privacy preserving deep learning on multi-institutional medical imaging.  
Nat Mach Intell 3, 473–484 (2021). https://doi.org/10.1038/s42256-021-00337-8 

Nandhini Santhanam MSc, cand. PhD

https://doi.org/10.1038/s42256-021-00337-8
https://doi.org/10.1038/s42256-021-00337-8
https://doi.org/10.1038/s42256-021-00337-8
https://doi.org/10.1038/s42256-021-00337-8
https://doi.org/10.1038/s42256-021-00337-8
https://doi.org/10.1038/s42256-021-00337-8
https://doi.org/10.1038/s42256-021-00337-8


Methods > Data collection
• Air temperature
• Pressure
• Humidity
• Precipitation
• Sunshine
• Wind
• ….  

Research Centre Human Biometeorology 
Freiburg

• Human stressor:
perceived temperature (PET)

Mannheim

Weather features

∆t:  daily & hourly

Nw.f.: 40  ~150 

Time-series 
Cross-Validation
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∑ 157 519 patients

*2015-01-01 to 2021-12-31

WE-STORM: Multicentric extension



WE-STORM: Multicentric extension
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*2015-01-01 to 2021-12-31

∑ 318 609 encounters
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∑𝟏𝟏𝟏𝟏𝟏𝟏 𝟔𝟔𝟔𝟔𝟔𝟔 

∑𝟓𝟓𝟓𝟓 𝟐𝟐𝟐𝟐𝟐𝟐  
𝟑𝟑𝟑𝟑.𝟗𝟗 %

𝟔𝟔𝟔𝟔.𝟏𝟏 %

WE-STORM: Multicentric extension
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WE-STORM: Ischemic stroke
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WE-STORM: Bleeding > ICH & SAH



Multicentric in-depth analytics



Multicentric in-depth analytics



Multicentric in-depth analytics



Multicentric & local in-depth analytics



Multicentric & local in-depth analytics



Global & local insights









WE-STORM > Dashboard > Command Center
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Real-time prospective analytics for the future



HospitalPre-hospital

CT & MRI

In-hospital

Process  Optimization

Rapid Intervention

Individualized 
Options

&

Standardization

Intra- & Cross Clinical 



CT

Diagnostische Neuroradiologie

Synergismen
“Schockraum Straße”

> CT > Neurointervention



WE-STORM 
• Generalizable framework (ICD 10) 

• for weather/seasonality-dependent (many) diseases

• Embedded models for real-time resource allocation 
• & optimized therapy planning

• Predictive Healthcare analytics with Ai & Machine Learning

• Prospective validation study  economic benefit

61



Healthcare 21st century > Predictive analytics
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Source: https://www.europeanbestdestinations.com/destinations/mannheim/ 

Thank you for your attention! 

https://www.europeanbestdestinations.com/destinations/mannheim/
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