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Abstract. Grenoble Alpes University Hospital (CHUGA) is currently deploying a 
health data warehouse called PREDIMED [1], a platform designed to integrate and 
analyze for research, education and institutional management the data of patients 
treated at CHUGA. PREDIMED contains healthcare data, administrative data and, 
potentially, data from external databases. PREDIMED is hosted by the CHUGA 
Information Systems Department and benefits from its strict security rules. 
CHUGA’s institutional project PREDIMED aims to collaborate with similar 

projects in France and worldwide. In this paper, we present how the data model 
defined to implement PREDIMED at CHUGA is useful for medical experts to 

Keywords. Complex and massive data, medical informatics, health data 
warehouse, cohorts, data visualization

1. Introduction

Selecting a cohort of patients and gathering associated medical data for research 
usually involves bringing together information from different sources, potentially 
isolated from each other in a hospital's information system.

It is thus necessary, for all patients that are likely to be members of a research 
cohort, to combine their clinical notes with the local information of a clinical 
department of the hospital, then to enrich them with those distributed in the various 
hospital databases, to gather all the documents containing demographic, clinical, 
biological, pharmacological information concerning these patients. This phase often 

interactively build a cohort of patients and to visualize this cohort.
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involves the cooperation with the IT department to transform the potentially complex 
needs expressed by the research team into querying language to extract the expected 
information from the hospital’s multiple databases. Several iterations of this process 

between researchers and data managers may be necessary to ultimately lead to the 
expected data set. However, in this way no interactivity on data exploration is offered 
to researchers, though it would allow them to obtain or approach faster the best 
possible result. It is then necessary to organize these data in a coherent and easily 
explorable form for researchers to select the members of the final cohort that will 
constitute the data set to be used for the study.

The whole process of collecting the data set associated with a cohort of patients is 
therefore expensive in terms of mobilizing different health and IT specialists for 
several months. This paper describes methods and tools implemented as a proof of 
concept in the framework of the health data warehouse called “PREDIMED” of the 

Grenoble Alps University Hospital, to enable hospital authorized medical specialists to 
navigate interactively and in a fluid way through the whole data lake or through their 
own data set, to create and explore their own cohorts of patients.

PREDIMED is a data lake platform designed to integrate and analyze for research, 
education and institutional management, the data of patients treated at CHUGA since 
1998. PREDIMED contains administrative data (patients and visits), healthcare data 
(diagnoses, prescription, images, etc.) and, potentially, data from external databases. 
PREDIMED is hosted by the CHUGA Information Systems Department and benefits 
from its strict security rules. PREDIMED has several views on the data facilitating its 
exploration and usage according to the specific needs. In this paper, we specifically 
present the graph model and the associated tools dedicated to its real-time exploration 
and data visualization of millions of heterogeneous information.

2. Methods and implementation

Here we describe methods and implementation choices that we used to provide 
healthcare professionals with an environment allowing them to simply and graphically 
manipulate the concepts and relationships of their expertise domain to navigate through 
the hospital's data lake without knowledge of any computer language.

Figure 1: Graph data model of the data lake and interactive cohort construction interface.
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The data lake is modeled in an intuitive form that allows each member of the 
research project, regardless of their profession, to understand its semantics [3]. Figure 1 
gives an idea of the graphical visualization of the lake data model. Graph nodes are 
common medical concepts and graph edges represent the relationships between them.

Patients data from various hospital databases is linked in PREDIMED via an 
internal key. This technical key is different from the patient number used for care to 
separate medical information from directly identifying data. The same approach is used 
for the visit numbers.

Using the graph data model, the team in charge of cohort constitution works with 
the clinician to build the cohort for the study. The graph model allows starting from 
any entity since the selection is made by choosing a concept from the model and 
following an edge that links it to another concept. The traversal can thus start from 
diagnostic codes (ICD10), periods of hospitalization, administered treatments  or any 
other graph node. The user can then progress in traversing the graph edges by hops, 
possibly expressing constraints at different levels. Interactively, at each movement 
through the graph, the system provides the volume of collected data. In Figure 1, one 
can see that at this intermediate stage, the selected data concerns the entities marked in 
yellow (here diagnostics, patient_did, document, venue_did and treatment). The 
attributes associated with venue_did can be filtered (a filter can be set on the 
hospitalization period (dt_debut_prestation for example)).

Behind this graphical selection mechanism is a query language [4] specifically 
developed for the project that allows the user to query the associated graph database. 
The query basic hop is built as follows:

“source objects class”[filters]—named relationship[filters]—>“target objects class”, ...

The complete query string that traces the graphical navigation path is associated 
with the current cohort, which allows the user to relaunch it if the lake content gets 
richer or to trace what has been done during the exploration phase.

Figure 2 illustrates the expression language of a textual query for the first move 
through the graph. The presented query is based on a proof-of-concept study building a 
cohort of patients with diabetes (first move in Figure 2: patients over 20 years old, 
hospitalized in 2016 and whose biological measurements and received treatments 
corresponded to the chosen characteristics).

3. Results

Through the interactive iterations on this graph, the clinician can visualize the 
information on the obtained cohort in different ways. Graphical visualization tools 
associated with the cohort make it possible to highlight the dispersion of patients over 
the territory or to construct a dashboard with various indicators (see Figure 3).

Based on the same data structure, a visual exploration of the cohort being built 
provides access to a “360° view” of the cohort elements. The visualization interface in 

a web browser interacts with the graph database through a software layer (REST API) 

Figure 2: Generated query hop during navigation
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that gives an abstraction of the model. This architecture thus limits a strong adherence 
with the database. 

 
Figure 3: Interactive views describing the current selected data-set 

 
This “360° view” of the patient allows to visualize the different sides of the patient 

file. The first facet resumes the diagnoses based on the ICD10 codes and the timeline 
provides the chronology of these diagnoses. Those codes are projected onto a body 
silhouette highlighting the affected organs or body parts. An oval-shaped representation 
gives a synthesis of the pathological classes concerned. Other facets provide access to 
the various documents available in the patient's file. As with diagnoses, a timeline is 
associated with the list of documents such as drug prescriptions. An equivalent view is 
available for pharmaceutical prescriptions giving both the list of drugs administered or 
prescribed (therapeutic class, name of the drug, etc.). 

 

 

4. Discussion 

4.1. Flexibility, evolutivity of the model, code genericity. 

Graph modeling allows similar concepts to be grouped together and is well-suited to 
represent flexible and evolving structures. Graph data model implementation with a 

Figure 4: Different views on the patient's file. 
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graph database is almost straightforward and the high level of manipulated objects is 
appropriate for the development of generic code, independent of the future data 
variants.

4.2. Implementation and interoperability

The application environment we have built to operate PREDIMED is based on an open 
source property graph database, ArangoDB. This in-memory system enables to 
navigate seamlessly in such complex, highly-connected, massive data organizations. 
The native JSON-centered data application environment provides both the ability to 
comply with normative health data standards, to deal with complex objects' attributes 
(lists, matrices...) and the ability to distribute processing on different and evolutive 
applications of the PREDIMED architecture. Interoperability is also facilitated by the 
ability to interconnect with other graphs, using online APIs provided by evolving 
global data standards for health information such as ICD11.

4.3. Scalability

Unlike a conventional relational database system whose complete request must be 
written in advance, PREDIMED's alternative request system allows researchers to 
navigate easily through the data and record the path corresponding to a “built-on-the-
fly” request. As the request is executed step by step, even when it is eventually 
relaunched entirely, there is potentially no limit to the number of steps that constitute 
the response path to a request. The size of the request and therefore its complexity have 
no impact on the processing infrastructure.

5. Conclusion

PREDIMED Data Warehouse allows non-IT specialists to use complex and massive 
data mining tools to effectively and rapidly design patient cohorts for research projects. 
PREDIMED provides agility and auto-improvement ability in data navigation while 
making the work traceable, reproducible, and transferable to other data-sets. 

This work has been performed as proof-of-concept. The independent supervisory 
authority in terms of the GDPR (CNIL in France) has authorized the CHUGA to 
proceed to the operational phase of PREDIMED, on October 10 2019.
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