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Abstract 

Identifying patients with Fibromuscular Dysplasia (FMD) at 

the international level will have considerable value for 

understanding the epidemiology, clinical manifestations and 

susceptible genes in this arterial disease, but also for 

identifying eligible patients in clinical trials or cohorts. We 

present a two-step methodology to create a general semantic 

interoperability framework allowing access and comparison 

of distributed data over various nations, languages, formats 

and databases. 

Methods: The first step is to develop a pivot multidimensional 

model based on a core dataset to harmonize existing 

heterogeneous data sources. The second step is to align the 

model to additional data, semantically related to FMD and 

collected currently in various registries. We present the 

results of the first step that has been fully completed with the 

validation and implementation of the model in a dedicated 

information system (SIR-FMD). We discuss the current 

achievements for step 2 and the extensibility of the 

methodology in the context of other rare diseases. 

Keywords: 

Information Systems; Health Information Exchange; 
Semantics; Vocabulary; Fibromuscular Dysplasia. 

Introduction 

Fibromuscular dysplasia (FMD) is a heterogeneous group of 
idiopathic, non-atherosclerotic, relatively rare vascular 
diseases, leading to the narrowing of medium-sized arteries, 
mostly the renal and internal carotid arteries [1], [2]. The 
etiology and pathogenesis of this disease are unknown and 
there is no biochemical test for the condition. The diagnosis 
and classification of FMD relies today on angiographic 
findings. These data are collected in heterogeneous databases 
at different points of care. Moreover, additional data about 
patients are often associated with these findings but not 
routinely. For instance information about “Anisuporia / non-
reactive pupils” is collected in the American registry 

(FMDSA1) [3], but not systematically collected in other 
databases. Beside this, the large diversity of cultures, laws, 
regulations and operational implementation regarding personal 
health data processes (access, gathering, sharing, etc.) across 

                                                           
1 http://www.fmdsa.org/research_network/fmd_registry accessed on 

December 14, 2014 

countries induces variation in the nature of the data that are 
collected. For instance the “race” information will be 
systematically present in USA registries while in European 
ones, the information will be “geographical origin of the 
parents”.  

Frameworks accessing and comparing distributed and 
heterogeneous data with consistent semantics are needed to 
enable cooperative research and progress in the 
comprehension of the disease. Our main challenge is to 
develop such a framework that includes an e-registry 
collecting standardized FMD data across Europe and that 
gives access and reuse of existing local FMD registries in 
other regions. E-registries have been developed by the authors 
in other domains [4][5]. 

We have designed a generic two-step methodology to set this 
framework in the context of FMD based on current 
Information Technology paradigms.  

Nowadays, semantic interoperability is a broadly used 
paradigm to approach the problem of sharing data from 
heterogeneous data sources [6]. Many semantic 
interoperability platforms have been developed in various 
projects to apply this paradigm for data analysis by querying 
heterogeneous and distributed data sources. Examples are 
given by the EHR4CR European project [7] and the DebugIT 
European project [8]. The rationale of such systems is to 
define the intended meaning (semantics) of the data to ensure 
coherent interpretation by humans and processing tools, even 
when data are not coded the same way [9]. Some existing 
frameworks are based on an ontology to unify structural 
models and terminologies together with relevant mapping sets. 
This approach has been tested in the context of the EU 
Framework Program 7 TRANSFoRm project [10]. 

In the following, we describe the two-step method to develop 
a framework that comprises first, a European e-registry based 
on a pivot multidimensional model to merge existing local 
FMD databases in France and second, mapping resources to 
make the registry usable at the international level by sharing 
data semantics with the USA FMD registry. We present the 
resulting multidimensional model and the current status of the 
project.  

Finally, we discuss some issues raised by this two-step 
methodology and its generalisability. 

MEDINFO 2015: eHealth-enabled Health
I.N. Sarkar et al. (Eds.)
© 2015 IMIA and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms
of the Creative Commons Attribution Non-Commercial License.
doi:10.3233/978-1-61499-564-7-217

217



Mate

Mater

Since 

networ

The re

Pompi

collabo

referen

Clinica

patient

elsewh

first v

diagno

interve

A Fren

and sp

phenot

progre

cervica

with F

redund

1. 

2. 

3. 

In 200

(FMD

disease

collect

of diag

past m

and an

Beside

specifi

scienti

the tim

analys

ARCA

items. 

           
2 ARCA
3 PROF

Hospita

2014 

erials and M

rial 

2006, the F

rk of 131 rare

eference cent

idou Europea

oration with 

nce center sta

al and biologi

ts referred to 

here, clinical 

visit in the ce

osis of FMD

ention during 

nch network o

pecialists in 

typic and g

ession of FM

al artery FM

FMD is curren

dant databases

The FMD lo

in Paris cont

300 items.  

A database v

dedicated to 

includes abou

local databas

The ARCAD

October 2014

defined in th

contains 500

artery FMD 

HEGP) and d

07, the Fibro

SA) decided t

e and its tre

t 318 items. C

gnosis, types o

medical history

ny clinical outc

es this, severa

ic questions 

ific papers. Fo

me Excel files,

is [1]. Su

ADIA/PROFIL

 

                     
ADIA, Assessm

FILE, PROgres

alier de Recherc

Methods 

French autho

 disease cente

ter for FMD 

an Hospital” 

the Hyperte

arted the colle

ical data are c

the center aft

and biochem

enter if it oc

 and if there

this period. 

of nephrologi

hypertension 

genetic traits

MD lesions in

MD. Informati

ntly scattered

s (Figure 1).  

cal database o

ains about 400

validated by th

activity repor

ut 50 items m

se. 

DIA/PROFILE

4. A specific C

his programme

0 patients with

from 12 differ

described each

omuscular Dy

to begin a reg

atment. A te

Clinical data in

of tests condu

y, family histo

comes [2]. 

al smaller stud

concerning t

or these studie

, are locally b

uch databas

LE but may i

                     
ment of Renal an

sion of FIbromu

che Clinique, F

orities have 

ers of expertis

is located in

(HEGP), Pa

ension Unit 

ection of FMD

collected at th

fter FMD has 

ical data are 

ccurred within

e had been 

ists, neurologi

is responsib

s of the di

n patients wi

ion regarding

d in several no

of the HEGP r

0 cases descri

he HEGP refer

rting at the nat

mostly redunda

E program2 wa

Case Report F

e. The resultin

h renal artery o

rent clinical si

h by 200 items

ysplasia Socie

gistry to better

emplate has b

nclude eleme

ucted and resul

ory, subsequen

dies exist in E

the patients a

es, specific da

built for data m

ses are re

include intere

      
nd Cervical Art

uscular Lesions

French Ministry

implemented 

e in the count

n the “Georg

aris, France. 

of HEGP, t

D data in 200

he first visit. F

been diagnos

collected at t

n 1 year of t

no renal arte

ists, radiologi

le to docume

isease and t

ith renal and

g >500 patien

on-standardize

reference cent

ibed each by 

rence center a

tional level 

ant with the 

as completed i

Form was 

ng database 

or cervical 

ites (including

s3. 

ety of Ameri

r understand t

been defined 

nts such as d

lts of these tes

nt clinical even

Europe to answ

and reported 

atabases, most

management a

edundant w

esting addition

tery DysplasIA

s; Programme 

y of Health  200

a 

try. 

ges 

In 

the 

09. 

For 

sed 

the 

the 

ery 

ists 

ent 

the 

d/or 

nts 

ed, 

er 

and 

in 

g 

ica 

the 

to 

ate 

sts, 

nts 

wer 

in 

t of 

and 

with 

nal 

A 

09-

F

Th

re

A

re

fa

M

Id

sta

vo

fro

do

w

co

In

is 

th

on

of

re

ite

th

Fi

A

A

sp

D

sh

da

an

sp

pu

in

Th

a 

of

  
4 h

Figure 1 – Het

he HEGP FM

egistry based 

RCADIA/PRO

egistry to Euro

ar as possible, 

Methods 

deally, data 

andardized 

ocabularies. S

om experts to

omain and the

ith the Nation

onsensus abou

n the first step 

set for the de

hrough a clos

ntologists. Th

f core data ele

easonable effo

ems of the loc

he two-step me

igure 2 – The 

bottom-up a

data set inclu

pecifications w

Es, whether 

hould be emp

ata element (C

nd recognized

pecific DE (S

urpose (eg, th

ndicator in the 

he US Office 

set of CDEs a

f rare disease p

                      
http://ndar.nih.g

terogeneous d

in Fran

MD center wan

on the Ca

OFILE cohor

opean countrie

with the USA

from multip

formats u

Such approach

o reach a cons

e standard voc

nal Database f

ut the semantic

of our metho

efinition of a s

se collaborati

is model is ba

ements for wh

orts. The secon

cal database to

ethodology.  

two-step meth

approach to b

udes data elem

which stipulat

they are ma

loyed, and th

CDE) is a DE

d by the expe

SDE) is a DE

he “race” is 

US) [11]. 

of Rare Disea

at a national le

patient data [1

                    
gov. Accessed J

databases to co

nce and USA 

nts to propose 

ase Report 

rt. It also aim

es and to mak

A registry.  

ple sources 

using well-c

h currently re

sensus about 

cabulary. It is 

for Autism Re

cs of the data.

dology, a mul

standard Europ

on between 

ased on the id

hich a consens

nd step consis

o the USA mo

hodology to s

build a multid

ments (DE) co

te the sequenc

andatory, wha

he scope of th

E that is used 

erts as a stan

E specifically 

a SDE used

ases Research

evel as a tool 

12]. In France

             
January 28, 201

ollect FMD pa

a national Fr

Form used 

ms at extendi

king it compat

are conver

characterized 

equires huge 

the semantics

for instance th

esearch4 who r

  

ltidimensional

pean FMD e-r

clinical exper

dentification o

sus is reachab

sts of mapping

odel. Figure 2

et the framew

dimensional m

orresponding t

ce of inclusion

at verification

he collection. 

in various da

dard informat

defined for a

d as a public 

h (ORDR) dev

for global col

e, a minimum

14. 

 

atients 

ench e-

in the 

ing this 

tible, as 

rted to 

data 

efforts 

s of the 

he case 

reaches 

l model 

registry 

rts and 

of a set 

ble with 

g all the 

2 draws 

work 

model 

to some 

n of the 

n rules 

A core 

ata sets 

tion. A 

a given 

health 

veloped 

llection 

dataset 

M.-C. Jaulent et al. / Building a Semantic Interoperability Framework for Care and Research in FDM218



for rare diseases has been set to respond to public health and 
epidemiological queries across all rare diseases [13]. These 
initiatives demonstrate the value of building CDE data sets. In 
[13], the authors argue the necessity to define core minimum 
data sets for each group of rare diseases in order to continue 
the efforts to make data interoperable for research. 

Excel files and paper-based clinical Research Forms were 
identified and analysed by both FMD experts and ontologists 
to reach a consensus on a conceptual model for FMD 
descriptions. The target FMD model is a fixed set of CDEs. In 
terms of standardisation, the coding of the medical domain 
values can be adapted to a country’s existing practices. For 
example, the rare disease diagnosis can be coded in Orphanet5, 
OMIM, or SNOMED CT depending on the context and the 
required granularity of the coding. In France, diagnostic 
coding relies on Orphanet codes and is done by clinicians. 
Academic portals such as UMLS6 or CISMeF7 provide 
alignments between coding systems. 

We built a set of fake cases, each case corresponding to a 
virtual patient, and asked a physician to describe the case 
using the model in order to confirm its accuracy. An 
information system implementing the model has been 
developed and is currently routinely used to feed the e-registry 
(Figure 2, step 1). 

Using reference terminologies to align SDEs 

One limit of using CDE come from the fact that, very often, 
data are collected at a local level for specific studies and may 
include specific data, semantically related to FMD but not 
explicitly expressed in the multidimensional model. For 
instance, the item “Summary_Smoking” is collected in [1] to 
answer a given query, it is semantically related to the item 
“number-of-cigarettes_daily” of the multidimensional domain 
but some alignment is needed. In this case, semantic 
interoperability can be achieved through data integration 
guided by an ontology [9] and in particular the approach of the 
type “global as view” in which an overall ontology is used as a 
source of mediation. However, and although there are starting 
efforts in the field, a domain ontology does not exist yet for 
FMD. In this situation, reference terminologies developed by 
Standard Development Organisations may be used to explicit 
the semantics of the data. The important initiative CTS28 is a 
specification for representing, accessing and disseminating 
terminological content. Moreover, many services exist to 
provide correspondences between these reference ressources 
[14].  

Such an approach is used in the second step of our 
methodology to define mappings between reference 
terminologies and local interface terminologies used in local 
registries. 

Results 

Step 1 : e-registry  

A standardized set of Core Data elements 

The design of the methodology resulted in the following steps: 
(i) collecting a flat list of items as the union of the data 
elements and data values available from the material; (ii) 
performing a systematic review of the items by a group of 
experts; (iii) setting the different tables and value sets 
corresponding to the items and (iv) standardization by the 
eHealth team using Standard Development Organisations 

                                                           
5 http://www.orpha.net/consor/cgi-bin/index.php 
6 http://www.nlm.nih.gov/research/umls/ 
7 http://www.chu-rouen.fr/cismef/ 
8 http://informatics.mayo.edu/cts2/index.php/Main_Page 

resources to support semantic interoperability and facilitate 
data re-use.  

This step allows us to update the FMD nomenclature (e.g. 
unifocal vs. multifocal.) and to standardize the definition of 
FMD and FMD subtypes in order to harmonize clinical 
practices and enable cooperative research for this pathology.  

Several face-to-face meetings were conducted with experts to 
reach a compromise and obtain the set of CDEs. The USA 
registry items were considered during this process in order to 
cover as many items as possible that were collected from the 
material. The CDE set is composed of 194 items.  

The standardization of the data elements consists of:  

1. Identifying concepts in reference terminologies that 
correspond to the items. This allows us to standardize 
the value sets associated to the items.  

2. Choosing the prefered terms for the items and the 
elements in the value sets. 

For example, the item “Artères” is linked to the concept “Set 
of Arteries” in the FMA reference ontology9 and all elements 
in the value set of “Artères”, such as “Coronaire Droite” are 
also associated to concepts in FMA (see Figure 3).  

 

 

Figure 3 - Example of a common Data Element “Artères” 

resulting of an experts consensus and standardized with FMA 

concepts  

The resulting multidimensional model is composed of three 
fact tables corresponding respectively to “Diagnosis”, “Past 
Medical History” and “Current Situation”. It is composed of 
20 dimensions which are: Patients, Geographical Origin; Link; 
Symptoms; Signs; Vascular Events, Vascular Event Origin; 
Vascular Risk Factors; Type of FMD injury; Type of FMD 
histology; Surgery/Intervention; Type of intervention; Type of 
exam; Imagery Interpretation; Anatomical site, Arteries; 
Localisation; Drug Family; Drugs; Physical Exam; Biochimie, 
Familial History. Two groups of items have been designed in 
addition (exams; therapies) to take into account temporal and 
iterative information. 

The Figure 4 highlights the table Diagnosis and the relations 
with the other tables. 

                                                           
9 http://sig.biostr.washington.edu/projects/fm/AboutFM.html 
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develop this framework. We have fully completed the first 
step of the methodology. A multidimensional model was 
developed from existing material and working sessions with 
experts and ontologists. An information system was 
implemented, SIR-FMD, based on this dimensional model to 
set an e-registry. Currently, all pre-existing patients from the 
ARCADIA/PROFILE program are included in the e-registry. 
A prospect of this work is to extend this e-registry to 
European countries as they will increase their use of the SIR-
FMD platform [19]. One important further step will be to 
support the integration of EHR data in the SIR-FMD platform.  

The second step is in progress and needs a large group of 
experts. A collaboration between the French team and the 
FMDSA team started recently with two objectives: 1) validate 
the correspondences between SDEs proposed by the French 
team and 2) agree on semantics. More work has to be done at 
the level of the SIR-FMD platform to integrate all needed 
alignments for performing new research queries across the 
European e-registry and the FMDSA registry. 

Finally, the methodology can be easily extended in other 
contexts. For instance, we are currently developing an 
international cohort for the ehlers danlos syndrome, a different 
rare disease, re-using the methodology and the "MetaSurv" 
generator. 
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