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Digital Health

• Digital health is part of the training in medical schools… since 40 years
– Used to be called Medical Informatics, Medical Computing (US), e-health

• Digital health is subdomain of Public Health in France, which is also part 
of the training in medical school
– Epidemiology
– Occupational medicine
– Biostatistics
– Law & Medicine

• Academic associations in digital health: 
– AIM (France) & ILAMI (Israel; URL: https://ilami.org/), 
– EFMI (Europe), AMIA (US) 
– IMIA (Earth and beyond)
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Rouen University Hospital 
Department of Digital Health

• SJ. Darmoni, MD, PhD, Prof. of digital health since 2003
• Heterogeneity of competence ;  Key to success +++
• Double competences +++ (e.g. medicine & computer science; pharmacy & 

information science; nurse & epidemiology) Key to success ++
• N =22 (vs. 100 in Harvard Medical School)

– Two medical informaticians
– Seven research engineers in computer science
– Three medical librarians (CISMeF, LiSSa)
– Four postresidents (3 public health, 1 pharmacy)
– Four medical residents (2 public health + 1 GP + 1 Pharmacy)
– Two PhD applicants
– To be recruited: two data scientists, one « pedagogical engineer »

• In 2019, RUH DDH became part of the LIMICS (Sorbonne Université) main French 
lab in biomedical informatics
– Deputy director of the LIMICS lab, one of the most important in Europe

• 189 scientific papers indexed in PubMed; Hindex = 32; Gindex = 0.86



Definition

• Clinical Data Warehouse (CDW) are computer tools allowing 
collection, integration, then data mining. These data are 
extracting from various clinical information systems: EHR, LIS, 
RIS/PACS, CPOE, etc…

• Agregation of a maximum of data available from patients
• First step, HDW from DRG data

• No matter what is the Clinical Information System (CIS)
• As far as possible, retrieving all the data from CIS, no matter old they are; 

going back to 2000 ≠ Paris Hospitals (APHP)

Allowing to link information and to select as precisely as possible 
the right patients
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HDW Objectives in general
• To optimize DRGs by semiautomatic detection of atypical 

profiles between coding and HDW data (DBI)

• To Improve clinical research thanks to feasibility studies 
prior to clinical trials & optimization of inclusions 

• Detection specific patients profiles

• e.g. patients frequently admitted to the emergency 
department

• To create and maintain epidemiological cohorts and 
registries



HDW Objectives in general

• To detect specific adverse events
– Vigilances, iatrogenic, cross infections

• To create and follow-up quality indicators

• To Develop and assess computer aided decision support 
systems (CDASS)

• Access to epidemiology surveillance tools at various level 
(individual or collective)

• Tools to improve clinical practice
– Dashboard to provide feedback to individual or collective 

practice 



HDW Objectives for 
pharmaceutical companies

• To improve clinical research thanks to feasibility studies prior to 
clinical trials & optimization of inclusions 
– How many patients has the disease A (incidence) in 20xy?

• Detection specific patients profiles
• e.g. patients frequently admitted to the emergency department

• To create and maintain epidemiological cohorts and registries

• To detect specific adverse events

• Vigilances, iatrogenic, cross infections

• To create and follow-up quality indicators

• To Develop and assess computer aided decision support systems 
(CDASS)

• Access to modelization tools for physicians  & researchers



CDW State of the art

In the world:

• i2b2        (Harvard MS)

• …

In France :

• (Rennes UH)

• (Necker, Foch – Paris) 

•

• EDSaN (Rouen UH)



CDW state of the art

• « CDW » at the national level; in fact, direct use of 
national EHR, Electronic Health Record 

• Existing in some « small » countries (in terms of 
population)

– Complexity of digital health not linear with population

– e.g. Israel (e.g. Clalit), Taiwan, Singapore, Denmark

– Main publications about COVID-19

• At the HMO level in the US



Semantic HDW based on 
three independent layers
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HeTOP Terminology server

Layer 1

• Multi Terminology & cross lingual           matrix navigation 
(among languages & among terminologies

• 100 termino-ontologies included in 55 languages

• 2 M different concepts in English; 0.7 M in French

•  165 K concepts in French in UMLS (2018AB) vs.  630 K in 
HeTOP (x3.6)

• Over 100 million RDF triplets (2014)           big data +++



ECMT Semantic Annotator (NLP & Deep Learning)

Layer 2

• Based on HeTOP; 50 chosen KOS out of 75 (no interface 
terminologies)

• 21.4 M health documents

• Processing time: 30 hours (two servers 1 To; one with 196 
cores and the second with 144 cores

• 5.2 G medical concepts extracted; 2.6 G after filtering
Siefridt C, Grosjean J, Lefebvre T, Rollin L, Darmoni S, Schuers M. Evaluation of automatic annotation by a 
multi-terminological concepts extractor within a corpus of data from family medicine consultations. Int J 
Med Inform. 2020 Jan;133:104009. doi: 10.1016/j.ijmedinf.2019.104009. Epub 2019 Nov 1.

Neveol & coll. Clinical Natural Language Processing in languages other than English: opportunities and 
challenges. Journal of Biomedical Semantics 2018 9:12



…

Normaliza
tion
• Deletes accented 

characters, 
streamlines the 
text case, 
streamline the 
whitespace 
characters, etc.

Tokenization

• Breaks down 
the text into 
words, 
phrases, etc.

Stemming

• Reduce the 
inflected 
words to 
their « root » 
form

Text representation

Controlled vocabulary
representation

« Bag-Of-Words » algorithm

Overall ECMT process 





Multiterminology Multilingual Semantic 
search engine

• First step, definition of a model as light and as compact as possible
• Search engine based on Semantic Web

– Multiterminological queries are possible (≠ PubMed monoterminology
MeSH)

– Explosion (subsumption) based on hierarchy at a multiterminology level not 
anymore active for EDSaN (active for CISMeF/LiSSa)

– Semantic expansions (synonyms based on HeTOP and its mappings)
– Other relations may be used: semantic expansions based on inter-

terminology semantic mappings
– Multilingual +++

Lelong, Romain; Soualmia, Lina F; Grosjean, Julien; Taalba, Mehdi & Darmoni, SJ. Building a 
Semantic Health Data Warehouse: Evaluation of a search tool in Clinical trials. JMIR Medical 
Informatics ,  2019 Dec 20;7(4):e13917. doi: 10.2196/13917.

Layer 3



Multiterminology Multilingual Semantic 
search engine

• Very generic tool

• Designed to be used for N patients (regular use of 
HDW) or for one patient (not politically correct)

use of HDW to consult patient data for CARE +++

Two or three generations of software (LIS, RIS, EHR) 
compiled in one HDW

Show me all the electroretinography reports for this patient

one second vs. at least one minute

Layer 3



TECHNICAL ASPECTS



NoSQL Architecture IN Rouen CDW

• Java 

• Custom NoSQL (In Memory Data Grid –
IMDG-): Key-Value store, join indexes 
(replacing SQL joins) & Lucene (NLP)

• Three powerful servers: 
– 1 To RAM & 196 cores (prod)

– 1 To RAM & 144 cores (preprod) * 2

– Semantic Annotator + deep learning

Layer 0





Acess Policy to EDSaN
https://edsan.chu-rouen.fr/edsan/acces-aux-donnees/procedures/

EDSaN has been credited by the French CNIL, respect to European
GPDR (nov 2018)

1. Demand sent to Department of Clinical Research (commission of 
qualification)

2. Transmission to the Scientific and Ethical Committee
3. « Physical » appointment in the DDH to create the EDSaN queries 

 Ethical & Juridical aspects: EDSaN provides access to all RUH health since 2000
 Scientific aspects : bias of data, bias of tools...

4. Access to queried and specific data in a encrypted environment 
(nominative access)

5. Potential exports (realized after validation by a specific committee)

https://edsan.chu-rouen.fr/edsan/acces-aux-donnees/procedures/


Big Data, definitions

Types of Big Data

2022 23

https://mdaca.io/2021/05/whats-the-big-data/

Structured:……………………………………
Biology, DRGs data, CPOE data 
(prescription) 
…………………………………………………………
…………………………………………
Semi-Structured:……………………………
………………………………………………………
………………………………………………………
Unstructured:…………..……………………
Text from health documents 
…………………………………………………………
……………………………………………………
………………………………………………………



Quality of data

1. Quality of data is varying according to the type of data
– Structured

– Semi-structured

– Non structured (80% of the data in France; a little bit less in AngloSaxon
countries)

2. The better quality lays in structured data
– BUT even structured data may generate errors

– In biology, some errors exists from automats (e.g. kaliemia K+ in blood); 
supervision by a human biologist, as kaelimia is of utmost importance for 
the patient +++

3. Least quality for unstructured data
• Need of a semantic annotator to extract medical concepts

• Precision (false positive) / Recall (false negative) is varying according to 
the context

2022 Big Data in Medicine   - Dr. Arriel Benis 24



Big Data, definitions

From the 3Vs to 10 Vs (Arriel Benis, PhD) 

2022 25

•More than 90% of ever generated data where produced these last yearsVolume / נפח

•Speed at which data is being generated, produced, created, or refreshedVelocity / מהירות

•Structured, Semi-Structured, Unstructured dataVariety / שוני 

•Inconsistencies in the data resulting from multiple disparate data types and sourcesVariability / השתנות 

•Confidence or trust in the data… dropping when Volume, Velocity, Variety, Variably increaseVeracity / אמינות 

•Accuracy and correctness of the data is for its intended useValidity / תקפות

•Security concernsVulnerability / פגיעות 

•How old does data need before being considered irrelevant, historic, or not useful any longer? Volatility / יציבות -אי–נדיפות 

•Challenges due to technical (in-memory, scalability, processing time) and human (perception)Visualization / ויזואליזציה

•Driving business value from dataValue



Results



HDW Rouen - volumetry
Patients 2 millions

Stays (hospitalisations, séances, consultations) 22.3 millions

Documents (reports, notes, letters, manual
prescriptions...)

21.4 millions
> 1G medical
concepts

CPOE 1.8 millions

Lab tests (hematology, biochemistry...) 176 millions

Medical devices 116,000

Diagnostics (ICD-10) 11.6 millions

Procedures (imaging, surgery...) (CCAM) 10.7 millions



SharingResources management & billing

Health Economy Management

Reference management

Care and complementary examinations

HDW Rouen – functional coverage

Administrative record

Health Termino-
Ontologies (n = 75)

Patient
Identity

Directories of entities
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Micro-biology

Planning & coordination

Appointment
management Reanimation monitors

Imaging reports

Nursing care

Genetics

Security

Human resources
management

User profile and access
management

National EHR (French 
DMP) 

Directories of Health 
Professionnals

Patient movements

Social Record

Emergency Biobank

Available in HWD

Terminologies for 
biology, imaging, 

surgery

Procedure Coding

DRG Grouping

Diagnosis Coding

Care

Specialty record

Production of clinical  
documents

External Data

Billing
management Data governance

Médico-techniqueComplementary examinations

Chimiotherapy

Radiotherapy

Oncology record DCC

Functional explorations

Research networks, 
health monitoring

Référentiels des 
consultations & avis

Guidelines and opinions

Operating room 
planning

Pathology reports

Data from patients

Terminologies for 
devices

Soon available in 2018

CPOE

Imaging



Main steps are already performed…

• A team of FIVE engineers are devoted to this
project from DDH + physicians from the DRG dpt

• Scalability of the French semantic annotator
– 21 M reports extracted in 30h; possible to rerun again

every week if necessary (5ms for one report); 
in reality, each semester (soberness+++)

• Scalability of the semantic search engine
– Using a NoSQL architecture and two powerful servers, 

response time  2 s
– Might be used in care context

• Display the last US of this patient ASAP



EDSaN Platform



Modular search engine
• 1 module for 1 data type +++

• Currently available: 
– Health documents (80% of valuable information1)
– DRGs
– CPOE
– Medical devices
– Lab tests

1 Raghavan P, Chen JL, Fosler-Lussier E, Lai AM. How essential are unstructured clinical narratives and information 
fusion to clinical trial recruitment? AMIA Jt Summits Transl Sci Proc. 2014 Apr 7;2014:218-23. PMID: 25717416; 
PMCID: PMC4333685.



Creation of advanced queries



Combiner queries from
different modules
Inspired by PubMed



Consultation and selection
of patients



Semantic expansions 
synonyms



Semantic expansions 
Exploitation of HeTOP semantic relations



Selection tool



Doc’EDS

• New tool developed in 2019, based on the first 20 use 
cases since March 2018

• No semantics… for now => better cost-effectiveness

• Based on Lucene

• To better understand the deeper structure of the 
document (80% of the health information in France)

– Negation

– Hypothesis

– Family history

– Segmentation of the document



Doc’EDS

• Allow « manual dataminig »: oxymoron!

• Tool to validate the quality of the queries: 
continuous improvment of the search engine

• Based on rules, regular expressions and 
frequency analyses



Query Part Document part

Partie « résultats »



Available metadata

Boolean
operators

Semantic
assistant

Selection of 
different parts 

of the 
document

DRGs



Anonymization
(patients and 

physicians)

Detection of 
suspiscion/hypotheses/

doubts/future

Détection of 
negations



« Segmentation » 
du document

Détection des 
antécédents familiaux



Différents bilans

Population

Analyses



Dates 
documents

Répartition dans les 
unités médicales / 

services



Diagnostics 
PMSI, etc.



Medical concepts in 
the selected corpus

Data mining (ECMT) => word cloud



Filtering (diseases, 
procedures, …) : 

here drugs



Where EDSaN stands 
in August 2022



State of the play

• Operational since the beginning 2018 for test 
cases and prototypes

• CNIL agreement (GPDR +++) obtained in 
October 2020

• August 2022: 273 use cases already treated
(integrated in a specific registry, according to 
GPDR requirements)



Use cases of the SCDW

• Since March 2018, over 263 use cases treated from SCDW 
– huge feedback to modify our top priorities to be developed
– One example: to heavily invest on the semantic annotator as 80% of the 

questions were directly linked to health documents vs. lab tests or drugs

• One example: all lab tests during several years for specific
infants

• In June 2018, to identify all the patients with endocarditis AFTER 
TAVI Transcatheter Aortic Valve Implantation 

• To identify the TAVI acronym in the documents, thanks to the 
semantic annotator (ECMT)
– Number of cases retrieved based on DRGs data warehouse = 30
– Number of cases retrieved based on current RUH data warehouse = 53 (2 

false negatives) 
– 23 new cases retrieved thanks to EDSaN!!!



COVID-19 uses cases: 
• Steering committe: each day, how many health documents integrating « COVID 19 »… weeks

before any ICD10 codes…
• Follow-up using the same tool of chronic disease (stroke, MI): decrease of 1/3 patients in RUH
• In 2021, based on HAS guideline, list of 6,000 patients to be vaccinated in « emergency »

67%

20%

8%

2%

2%

1%

Objectives of the use cases

thèse/mémoire

recherche

indicateurs

prévention

faisabilité

dim
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Keys to « success »

• Strong cooperation forte DDH – Department of Clinical
Research (DCR) – Department of Computer Science (DCS)

• With DCR
– Implementation of the governance

– Managment of the CNIL relation (GPDR) +++

• With DCS
– Partnership about ETL/ELT

– Creation of a data lake upstream EDSaN (and also for specific
uses cases besides EDSaN)

• Large involvment of the DPO (Data Protection Officer) & the 
person in charge of the cybersecurity of the Hospital 
Information System (French acronym RSSI)



Still in development

• Computer aided decision tool (exemple to semi-
automatically calculate several quality indicators for 
interdisciplinary medical team conference; production of 
documents during the COVID outbreak)

• Dashbord creation from EDSaN, important for hospital & 
furthermore, for general practice 

• Automatic extraction of specific items from unstructured
data (feature extraction)



Perspectives

• Allowing mapping and comparison to national 
database (HDH/SNDS)

• Extending EDSaN to real world data to general
practice (P4DP project 2022-5; CNGE)

• EDSaN implementation in other Normandy 
hospitals?

• And beyond… cooperation with several public 
partners (other French hospitals –Rennes, 
APHP Paris, Lille-), private partners (Dedalus)



Perspectives
Towards « One Health »

1. Clinical
– Hospital
– General Pratice
– National (EHR Israël, Denmark, Singapore, Taiwan; France & 

US: DRGs)

2. Omics
– Genomics, Transcriptomics, Metabolomics, Nutriomics…

3. Environment
4. IoT & medical devices
5. Social Media, email…
6. Veterinary medicine
7. …

2022
Big Data in Medicine (43004)  - Dr. Arriel 

Benis
57





Deep learning in RUH, France

• Medical word embeddings (Word2Vec, FastText,Glove)
– PhD Emeric Dynomant (OMICX)

– Two different corpus
• 12 M health documents from HSDW

• 180 K abstracts from LiSSa, French bibliographic database

• Doc2Vec, Patient2Vec (in progress)
– PhD Mikaël Dusenne, MD

• Hybrid semantic annotator (“old” NLP + deep NLP)

• Doc2Vec2DRGs, using an other tool !!! ELMO? 
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RESULTS – Different context lead to different vectors +++

QUERY: “facebook”

LiSSa corpus 
(300k)

internet, twitter, web, blog, e_learning, blogs, internautes, 
tic, game, …

RUH 
documents 
(12M)

reproches, injures, messages, insultes, rumeurs, 
ex_conjointe, menaces, insultant, …

Wordembeddings in two different
contexts



Doc2Vec2PubMed



Valorization

• Alicante
– SME from the North of France

– Exclusive sales of RUH DBI tools: HeTOP & ECMT 
=> two French hospitals + Dedalus

– Integration of the semantic search engine in 2019

• MedaïS Scientific

– Counseling on digital health
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Thank you for listening!

Questions?

Email: 
Stefan.Darmoni@chu-rouen.fr
Julien.Grosjean@chu-rouen.fr
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