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RUH DBI  

• Rouen University Hospital, Normandy 
• N =15 (vs. 100 in Harvard Medical School) 

– Heterogeneity of competence ;  double competence 
– Two medical informaticians 
– Five engineers 
– Three medical librarians (CISMeF, LiSSa) 
– Two/three medical residents in public health + one GP 

resident 
– Four PhD applicants 

 
In 2019, RUH DBI became part of the LIMICS, main French 
lab in biomedical informatics 



Definition 

• Health Data Warehouse (HDW) 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 
• 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 

• To detect specific adverse events 

• Vigilances, iatrogeny, cross infections 

• To create and follow-up quality indicators 

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



État des lieux des EDS 

Dans le monde : 

• i2b2        (Harvard MS) 

• … 

 

En France : 

•                (CHU de Rennes) 

•                                        (Necker, Foch – Paris)  

•   

• … 



Semantic HDW based on  
three independent layers 

HeTOP Terminology server Layer 1 

ECMT Semantic Annotator (NLP & 
Deep Learning) 

Layer 2 

Multiterminology Multilingual 
Semantic search engine 
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HeTOP Terminology server 

Layer 1 

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

• 86 termino-ontologies included in 32 languages 

• 2 M concepts in English; 1.2 M in French 

•  145 K concepts in French in UMLS (2018AB) vs.  445 K in 
HeTOP (x2.98) 

• 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) 

• 11.8 M health documents 

• Processing time: 22-24 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 
– Explosion (subsumption) based on hierarchy at a 

multiterminology level 
– 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 (in press). 

 

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 

• 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 
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Results 



HDW Rouen - volumetry 

• 1.86 M patients  

• 13.28 M stays (H – C) 

• 13.4 M documents (since 2000) 

– 5 G extracted medical concepts (ECMT) 

• 121.1 M unitary biology tests (Na, K) (since 
2004) 

• DRG: 9.4 M diagnoses; 8.6 M procedures 

 

 



Sharing Resources management & billing 

Health Economy Management 

Reference management 

Care and complementary examinations 

HDW Rouen – functional coverage 
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Main steps are already performed… 

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

• Scalability of the French semantic annotator 
– 11.8 M reports extracted in less then 24h; possible to 

rerun again every week if necessary (6ms for one 
report) 

• 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 



Terminologies (SOC) 
Number of 

annotations 
(after filtering) 

Number of 
annotations 

(before 

filtering) 

Filtering ratio 

SNOMED CT 394 133 994 881 884 314 2.2 

NCIt 319 853 952 843 195 067 2.6 

MeSH 295 537 298 1 024 585 229 3.5 

SNOMED 3.5 219 706 745 440 228 408 2.0 

French Public Health Thesaurus 179 747 539 454 354 922 2.5 

MedDRA 137 653 806 225 100 880 1.6 

TUV 106 616 463 171 231 559 1.6 

RADLEX 80 197 479 150 406 338 1.9 

FMA 55 350 010 123 777 281 2.2 

CISMeF 51 051 547 138 204 239 2.7 

Table 1 - List of different terminologies. with the number of 

annotations (before & after filtering) 

Where ICD10 & CCA –French ICHI-? 



Top 10 of Terminologies using unique 

annotated concepts (after filtering) 
 

Name of KOS 

Total 
number of 
concepts 

Number of 
translated 

concepts (%) 

Number of 
unique 

identified 
concepts 

Terminology 
coverage (%) 

SNOMED CT Concept 326946 194611 (59.5) 59330 30.5 

Notion SNOMED 100908 100908 (100) 36229 35.9 

NCIt Concept 93925 68776 (73.2) 25315 36.8 

MedDRA 44226 44226 (100) 22711 51.4 

MeSH Descriptor 28329 28329 (100) 18288 64.6 

MedDRA PT 21612 21612 (100) 13580 62.8 

MeSH Concept 365731 102116 (27.9) 12625 12.4 

FMA 81041 16629 (20.5) 8084 48.6 

Radlex 42313 10259 (24.2) 6114 59.6 
French Public Health 

Thesaurus 7087 7087 (100) 6089 85.9 
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Valorization 

• Alicante 
– SME from the North of France 
– Exclusive sales of RUH DBI tools: HeTOP & ECMT => 

two French hospitals 
– Integration of the semantic search engine in 2019 

 
• OMICX 

– One PhD to develop deep learning tools for 
annotation & information retrieval (sept. 2017 + sept. 
2018) 

– Licence fee for semantic search engine (2017-8) 
 

 

 



Use cases of the sHDW 
 

• Since March 2018, over 60 use cases treated from SHDW (still POC) 
– 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!!! 



And soon… 
• « v1 »  to be launched (2019-2020) 

– Industrialization (Alicante) 
– « generic & unified » patient centric model +++ 
– More data (drugs, medical devices, resuscitation, etc.) 
– Management of temporal data  

• Allen algebra (BEFORE, DURING, AFTER) 

– Query library 
– Export module for DRG department (SQL) 

 
• HDW not limited to RUH: data from other hospitals, 

private offices, national data 
• Health Data Hub in France ≠ Israeli (or Swiss) HDW 

 



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 
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Medical concepts in 
the selected corpus 

Data mining (ECMT) 
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procedures, …) : 

here drugs 



Perspectives 

• 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 



Thank you for listening! 
 
Questions? 
 
Email: Stefan.Darmoni@chu-rouen.fr 


