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Conducting AI research in 
medical imaging requires:
• complying with complex

ethical/legal framework
• establishing ground truth for 

supervised machine learning
(capture expert annotations)

• dealing with large volumes of 
data

The need



[…] most healthcare organizations lack the data infrastructure 
required to collect the data needed to optimally train algorithms […]

Context



https://www.forbes.com/sites/gilpress/2021/06/16/andrew-ng-launches-a-campaign-for-data-centric-ai/?sh=2132717a74f5

Inspiration and guidance: Data-centric AI



Inspiration and guidance: MLOps

MLOps is a set of practices that aims to deploy and 
maintain machine learning models in production 
reliably and efficiently

https://en.wikipedia.org/wiki/MLOps

Objective: industrialize AI research in medical imaging

https://en.wikipedia.org/wiki/MLOps


Inspiration and guidance :  FAIR



The solution



Challenges
• ERB requires data destruction at the 

end of project

• Logging data accesses is now 
mandatory (Québec law)

• De-identiying images is not trivial 
(hundreds of fields in DICOM files)

• Current model involves sending
data to third parties (and losing
control over it)

Solution
• Dedicated data management 

framework developed based on 
biobank philosophy: data are kept
as long as there is scientific value

• Digital platform developed to 
manage IDs, de-identification, 
auth/autz, logging

• All data remain (mostly) on site

Ethical / legal challenges



Images are de-identified according to 
specific profiles (DICOM or project-specific
requirements) and ingested in PARADIM

Ethical / legal challenges



PARADIM translates our data management framework into a 
convenient solution (takes care of information governance)

Ethical / legal challenges



Authorized access
Access denied

Benefits :
- Single sign-on (SSO): No user account and password management
- Requires an account at Université Laval: Knowledge of the user
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Ethical / legal challenges



Ethical / legal challenges

Access and 
permissions are 
managed centrally



Ethical / legal challenges

Access for humans and 
machines through
revokable tokens



Challenges
• Annotations required by supervised 

machine learning
• Information typically not preserved 

in a robust manner (XML, Excel file, 
proprietary formats)

• Context of annotation (who, when,
how) typically not preserved

• Integration into clinical workflows is 
difficult

Solution
• An annotation pipeline was 

developed to address all challenges
• Annotations now preserved in an 

interoperable DICOM container 
which also keep context

• Multiuser support

Data annotation



Third-party application can access
albums through dicomweb
protocol for manual annotation

Data annotation



CT Study Data download Annotation

Upload to PARADIM

Study with CT exams and annotations
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Data annotation



Medical experts provide rich annotations 
(e.g. segmentations) that are kept in 
DICOM objects along with context (who, 
when, how)

Data annotation
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Data annotation



Challenges
• Research in imaging requires 

significant resources (storage, 
compute)

• Finding previous studies is not trivial
• Querying local PACS can lead to 

disruptions in the clinic (filling the 
cache with old studies)

• Manual procedures/analyses not 
adapted to large volumes

Solutions
• A DICOM-compliant open-source 

server was deployed (can initiate 
complex queries and balance the 
load) 

• S3-compatible storage let envision 
future scaling up

• Triggered/scheduled-based job 
executor for automation

Volume



DICOM-compliant backend + resilient storage (S3) ensures
interoperability and robustness across the entire data lifecycle

Volume



Volume

resilient storage DICOM server acting as 
a swiss army knife to
find/retrieve images

Hospital A

Hospital B

https://github.com/ylemarechal/dicom-transfer
Gabriel Couture, Yannick Lemaréchal, & Philippe Després. (2022). PyOrthanc (v1.11.1). Zenodo. 



Challenges
• Manual procedures/analyses not 

adapted to large volumes
• Traceability of operations typically

not built-in

Solution
• Triggered/scheduled based job 

executor
• A log report is associated with

generated data
• Executables are embedded in 

versioned Docker images (no 
ambiguity on utilized version)

Execution



Execution
New images trigger calculation pipelines 
(retrain model, execute task) without
manual intervention



AI models are managed as Docker 
images; data can be securely exposed
to partners

Execution



Logging / monitoring



The entire discovery cycle is industrialized

https://paradim.science/
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