EHR Search Engine

SIBM

SJ. Darmoni, R. Lelong, C. Cabot, B. Dahamna

RAVEL project, funded by French Research Agency
(Technologies for Health Program)



Context and projects

* Establishment of EHR
(Electronics Health Record) is
becoming democratized.

Information Retrieval on EHR
‘ Ergonomic visualization of EHR

e More and more structured and data

heterogenous patient data.

N
SYade
« Easy input of medical data »
Goal : To build Ergonomic user
interfaces acceptable to doctors so Goal : To perform information retrieval on
that the EHR can be indexed with patient data — medical decision-support
reference terminologies. tool and have efficient holistic views of
those data suitable for a given issue.
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RIDOPI search engine

Object oriented query Language
without SQL-like syntax

Search “
@ Search Engine \ Generic EAV (Entity Attribute
Value) data model
Grammar

2 000 patients with “heavy”
medical history (>20 procedures)
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IR on EHR

« 0ld » documentary information retrieval New information retrieval scope

DocCiSM-F DOCUMENT
TITLE : therapy for asthma ...
ML PubM ed (fr) et TR

Multilingual PubMed (French version)

PUBLISHER DESCRIPTOR
NAME : HAS LABEL : asthma

MEDICAL UNIT

OBJECT_X

MEDIACL MEDICAL

TESTINGS PROCEDURES ICD10 codes

Property Oriented Formalism
Use of « field codes » discriminating/specifying/constraining

returned object via its directs property/attributes/fields (datatype
or object property)

BIOLOGICAL CCAM code
RESULT (French
(LOINC) code Terminology)

MEDICAL UNIT

1. restricted query scope : max reachable property depth = 1
2. Irrevelante for interdependent constraints

Object oriented formalism

Examples:
1.  Querys constraint scope not limited : depth > 1
Vv Asthma.mc (Documents indexed with « asthma » keyword (.mc)) 2.  Multiple objects related to each other handled : Constraint
&1 has.ed (Documents which publisher (.ed) is HAS) can be defined in relation to one other
f% asthme.ti (Documents which title (.ti) contains asthma)
) ¢ xxx.objectX (not managed because object has a depth > 1) in relation to 5

document object)



Object oriented query language

Formalism description :

* Query language based on the use of query unit of pattern : « OBJECT(CONSTRAINTS) »

* A unit points out the set of « OBJECTS » satisfying the contraints described in
« CONSTRAINTS»

* « CONSTRAINTS » is a boolean query and accepts AND/OR/NOT operators to link contraints
together

Samples:
* CONSTRAINT can be simple direct attributes of OBJECTS :

patient(dateNaissancePatient=1937-01-01 AND sexePatient="M") — patient(birthDate=1937-01-
01 AND gender="M")

* CONSTRAINT can be an entire query unit:
patient( acte( dateActe = 2005-01-01 ) ) — patient(act(actDate=2005-01-01))
« return patients which acts occured on 2005-01-01 »

patient(sejour(acte(codeCCAM(...)))) — patient(stay(act(ccamCode(...))))

« return patients which stays which acts wich CCAM code satisfyies... »



Additional functionalities

This formalism handle symbolic data as before in Doc’CISMeF, but handle also now :

Numeric data :
1. Operations « +», «-», « / », «*»
2. comparators « < », « <= », «>», «>=», «=»,« l=»

analyse(codeEXEResultatBiologique(label="Phosphore”) AND
1.17<valeurNumeriqueAnalyse<=2-0.81)

biologicalTest(biologicalResultEXECode(label="Phosphore") AND
1.17<numericValue<=2-0.81)

Chronological data :

1. Operation : « + », « - »
2. Comparators : « <», « <= », «>», «>=», «=», « I=»

patient(dateNaissancePatient>today-365*50) — patient(birthDate>today-365*50)

sejour(6<=dateSortieSejour-dateEntreeSejour<7) — stay(6<=outDate-inDate<7)



Query sample

e

patient() All patients

patient(sexePatient="M"ET dateNaissancePatient>1950-12-31) . 1o
patient(gender="M" AND birthDate>1950-12-31) Male patients born after 31-12-1950
patient(sexePatient="F" ET acte(label="PRELEVEMENT SANGUIN"))

patient(gender="F” AND act(label="PRELEVEMENT SANGUIN")) Female patients who have been given a blood test

sejour(patient(id="DM_PAT_21") AND acte(label="PRELEVEMENT
SANGUIN"))
stay(patient(id="DM_PAT_21") AND act(label="PRELEVEMENT SANGUIN"))

Stays of the DM_PAT_21 patient in wich a blood
test act occured

uniteMedicale(sejour(patient(id="DM_PAT_21") AND
acte(label="PRELEVEMENT SANGUIN")))
medicalUnit(stay(patient(id="DM_PAT_21") AND act(label="PRELEVEMENT
SANGUIN")))

Medical units in wich stays of the patient
DM_PAT 21 and in wich a blood test act occured.

acte(codeCCAM(id="CCA_AM_EQQMO006") AND dateActe="MAX")

act(ccamCode(id="CCA_AM_EQQMO006") AND actDate="MAX") Last act of a given CCAM code

analyse(patient(id="DM_PAT_1078") AND
codeEXEResultatBiologique(label="Plaquettes") AND
10*valeurNumeriqueAnalyse<bornelnfAnalyse)
biologicalTest(patient(id="DM_PAT_1078") AND biologicalResultEXECode
(label="Plaquettes") AND 10*numericValue<lowLimit)

Platelet test of the patient DM_PAT_1078 which
result is more than 10 times lower to the normal
threshold.



Visualization

RIDoPI : « Information Retrieval on EHR »

URL : http://cispro.chu-rouen.fr/ridopi/

2 main contexts

Multi-patient context
= free querying among patients, acts,

stays ... mono-patient context

/ / = visualization of patient data

-y

Recherche multi-patients = Dossiers patients consultables  Aide

E}{ﬂm \Ut”ls—r% Lol == "! a4z :t. i d - t I- ”,
Entite Libellé patient(sexePatient="M" and datelaissancePatient>=196@-01-21 ar

\

Free querying
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Mono patient context

Patient DM_PAT_24 (88 ans) View per patient
ldentité : NOMMAISSZ4 PREMOM24, 15925-01-01 00:00:00 (F)

Hospitalisations (69) | Actes (83)  Analyses biologiques (1731)  Codes diagnostics Codes actes Requétes (RAVEL)

Métatermes \

LS
,:T;:,';mgie Patients data categories (stays, acts, biological tests ...)
en-:ll:-crinl:-ll:-gie
métahnligme PatlentS data
[«] pneumalogie 3
lterms per page: | 100 Page: 1 | / 1 Filtre
(" Unité médicale | Type | Date d'entrée du séjour | Date de sortie du séjour | CR | Diang | Arctes | Analy
Cardiologie E 203100203 20100203 A

Clinigue Preumologigue HCM E 201001521 2010/01421 At

Accueil et urgences H 20091125 2009011525 Al BloL
Accueil et urgences H 200911525 200911525 BlOL
Cardiologie H 2009411425 200941208 CRE DIAG Al [=]n]n
Accueil et urgences H 20090747 2009407 a7 Al BloL
Cardiologie H 200907 07 200907 £11 CR DIAG Al EBIOL
Accueil et urgences H 200907 /07 200907 07 BIOL
Meédecing Interne H 20090622 20090629 CR DlAG A BIOL
Accueil et urgences H 20090622 20090622 BloL
Accueil et urgences H 20090522 200910522 A BIOL
Accueil et urgences E 20090510 2009050 DIAG BIOL
Cardiologie H 20090512 20090518 CR DIAG Al BIOL
Accueil et urgences H 200905411 200905512 Ayl BlOL
Cardiologie E 20090248 20090248 Al

Cardiologie E 2009701721 200901/21 Al 10




Stays

Patient DM_PAT_24 (88 ans)
Identité : NOMNAISS24 PRENCKM24, 1925-01-01 00:00:00 (F [red=

A
Hospitalisations {69)  Actes (33)  Analyses biologiques 2

A
Métatermes A
[+] Tout - *
cardialogie

endocrinologie
métabolisme

ltems per page: 20
| Id Origine

150.0
E03.9
ENG
no
[25.9
MN15.9
4.2
2950

Codages - Cardlologle (2008/07/07 -» 2008/07/11)
Page: 1| /1 Filtre:
| Libells preférs
150.0 - insuffisance cardiague congestive
E03.9 - hypothyroidie, sans précision
E11.9 - diabete sucré non insulino-dépendant | sans complication
110 - hypertension essentielle (primitive)
[25 8 - cardiopathie ischémigue chronigue, sans précision
N18.9 - insuffisance rénale chronique, sans précision
Y44.2 - anticoagulants
I95.0 - présence d'un stimulateur cardiague

Bs (RAVEL)

o

pneum-:-l-:-gie w

lterns per page: | 100
Linité médicale Type
Cardiologie E
Clinigue Prneumologique HCMN E
Accueil et urgences H
Accueil et urgences H
Cardiologie f o=

. Ordennance {2009-06-27 00:00:00)
ACEUEI' Et Urgenl:&lu de Rouen N° FINESS 760780233

- - 3 Cardiologie

Cardialogie [

. Unité LAUBRY (02.32.88.82.37
I&CEUE” E‘t UrgEnESecvétanatUmté LAUBRY (02.32.88.81.11

3 Unité LENEGRE (02.32.88.61.21
Unité Soins Intensifs ( 02 32.83 80 56

M é d E I: I n E Int E rn E,‘Secvétamat Unité LENEGRE - Soins Intensifs

Fiy i (02.32.88.82.32
Stariat (0! 5

Secrétariat Cathétérisme Cardiague

20100203
201001421
200911725
200311425

Comptss-rendus

Ordonnance (2009-06-27 00:00:000

,(02.32.88.82.43
Hipital de Jour - (02.32.88.67.72
| Or Bénédicte GODIN
LAl FARHAT (inteme)

XX XX
Date de naissance : jj mmA525

| Prescriptions relatives au traiternsnt de I'affection de longus durée reconnus [ista ou hors lists)

Texte associé de éjour (2009-06-27 00:00:000

Date d'entrée du séjour

Py

Date de sortie du s&
20100203
201001521
2009511425
2009411425

200841 2/08 CH

20080707
20050711

© Page: 1 /1
| CR

Filtre
Actes

| Diag

-
=
[
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Biological tests

Patient DM_PAT_24 (88 ans)
Identité : NOMPMNAISE24 PRENOMZ4, 1925-01-01 00:00:00 (F)
Actes (33)

Hospitalisations (59) Analyses biologiques (1781) = Codes diagnostics  Codes actes  Reguétes (RAVEL)

[terms per page: | 20 Page: e = == Fil
Type d'examen biologigue | Date dexamen | Résultat
Ternps Malade 2009/12/07 36.4 secondes [7 - 2
Rapport Malade/Témain 2009412107 U [
Ternps témaoin 200941207 126 secondes [? - 2
Bt o e 20094 2/07 B5 % [?- 7
Analyses blologlgues 200942/07 154 secondes [7 - 7]
B B 200941207 33.0 secondes [7- 7
e 000 200942107 1412]7-2
W Créatinine (pmol/l) 20084207 28 mmold [22 - 30]
. 200942107 97 _mmolf (35 - 108]
M| Amylase pancrgatique (LI 2009412007 263 mmoldl [25 - 7.0]
160.00 + - 60.00 200941207 B.4 mmol [4.0 - 6.0
2009412107 142 prnolfl [50 - 100]
200942107 7/l [F5 - A0]
.
o . ‘- 200942107 2.29 mmol/l [2.25 - 260
140.00 s S - 50.00 200941 2/07 138 mrmoldl [135 - 145
o . 2009412107 3.9 ol [35- 45
- . 2008412004 29 rmmoll [22 - 30
o 5.8 mmol [4.0-6.0
120,00 4 g . . L 40.00 4.0 rarnal [3.6- 4.5
. * : * o0 98 mrmol 95 - 108]
L
s ¢
100.00 4 . L 30.00
® =
Il . e
. . . kreatinin
50,00 s - 20,00
. »
60.00 - L 10.00
1-Sep- 206 sz - 2007 1-Sep- 2007 1t ap- 2008 1-Sep-2008 Lia 2009 1-Sep-2002 1-fihar- 2010
(v Options
[ Tracer les courbes 1&re heure Lol 1 H 1
ASAT (TGO) -
peide urqus several test on
Albumine
Biliruhine totale
SO the same graph
Calcium
Chlore
Cholestérol total v 12




Querying in mono patient context

Patient DM_PAT_21 (81 ans)

13

#1932-01-01 00:00:00 (F)
Hospitalisations ({55 Actes (107)  Analyses biologiques (1056)  Codes diagnostics  Codes a:tes[ Requétes (RAVEL)
ples Utilis S e bt J
Lielle 1 analyse(valeurNumeriquefnalyse > borneSupfnalyse or valeurNumer =
Query in mono-
patient context |
L " S
324 entrées trouvées (2,21 s)
( - _ )
ltems per page: 20 Page: |1 | / 17 = == Filtre
Type d'examen biologique | Date d'examen | Résultat | Patient ll
Indice de Distribution des Globules Rouges 2005/11/11 15272[12-15 21
Globules Blancs 2005/11/15 12.8 giga/l [3.5 - 11.5 21
i Hémaoglobine 2007/07/10 11.9 g/dl [12.5 - 15.5 21
Mono-patient Hématocrite 2007/07/10 0.352[037 - 047] 21
Plaguettes 2007/07/10 505 giga/l [150 - 400 21
Result of the Globules Blancs 2007/07/10 13.1 giga/l [4 - 10 21
query Polynucléaires neutrophiles [Mombre/Volume] Sang ; Numérigue  2007/07/11 8.25 gigall [1.7-7.5 21
Monocytes [Mombre/Volume] Sang ; Mumérigue 2007/07M11 1972[01-1 21
PO2 2008/03/22 9.34 kPa [11.10 - 14.40] 21
Saturation 2008/03/22 94.1 % [95.0 - 99.0 21
Hémaoglobine 2008/03/22 12.1 g/dl [12.5 - 15.5 21
Hématocrite 2008/03/22 0.36 ? [0.37 - 0.47 21
Plaguettes 2008/03/22 500 giga/l [150 - 400 21
Globules Blancs 2008/03/22 23.0 giga/l [4 - 10 21
Glucose 2008/03/22 13.5 mmol/l [4.0 - 6.0] 21
Sodium 2008/03/22 132 mmol/l [135 - 145] 21
Potassium 2008/03/22 35 mmoll [36-46 21
Calcium 2008/03/22 2.23 mmoldl [2.25 -2.60] 21
Protides 2008/03/22 64 g/l [65 - 80 21
Créatinine 2008/03/22 45 ymol/l [50 - 100 21
. J




Free querying

Ta | Pattern matching

search  chol ecystectomy

Multi-patient query Mono-patient constraint

ions de mots réserés

Litilisgez Ctrl-Espace pour voir [es propositions df mots réservés F
j actefpatient (id="DM_PAT_43")JAND label="CHOLECYSTECTOMIE™)

acte(label="CHOLECYSTECTOMIE™)

=

Back to mono-patient
view

=

o

26 entrées trouvées (0,28 s) 1 entrées trouvées (0,07 s)

ltems per page: | 20 Page: 1 |/ 2 = == Filtre lterns per page: | 20 Page: 1 | /1 Filtre

Type d'acte Date d'acte Unité médicale CCA Patient P Type d'acte Date d'acte Unité médicale CCAM Patient »
CHOLECYSTECTOMIE 20050808  Chirurgie Digestive 21 CHOLECYSTECTOMIE 2002001721 Chirurgie Digestive 43
CHOLECYSTECTOMIE 2005/07/01  Chirurgie Digestive 1848

CHOLECYSTECTOMIE 20050606  Chirurgie Digestive 1781

CHOLECYSTECTOMIE 20050408  Chirurgie Digestive 1816

CHOLECYSTECTOMIE 2004/11/18  Chirurgie Digestive 566

CHOLECYSTECTOMIE 2004/10/22  Chirurgie Digestive g37

CHOLECYSTECTOMIE 200300609  Chirurgie Digestive 1100

CHOLECYSTECTOMIE 2002/12/24  Chirurgie Digestive 1199

CHOLECYSTECTOMIE 2002/07/18  Chirurgie Digestive 228 . I
CHOLECYSTECTOMIE 2002M14/26  Chirurgie Digestive 457 Lelong, R et coll. Rewriting Natural Language Queries
CHOLECYSTECTOMIE 2002/01/21  Chirurgie Digestive 43 : : :

e R T T T using Patterns in an Electronic Health Records System.
CHOLECYSTECTOMIE 1399/08/23  Chirurgie Digestive 722 European Conference on Information Retrieval;
CHOLECYSTECTOMIE 1399/06/14  Chirurgie Digestive 1361

CHOLECYSTECTOMIE 19990524  Chirurgie Digestive 80 Workshop on Multimodal Retrieval in the Medical Domain,
CHOLECYSTECTOMIE 1996/08/09  Chirurgie Digestive 799

CHOLECYSTECTOMIE 1994/0317  Chirurgie Digestive 1311

CHOLECYSTECTOMIE 1393/03/20  Chirurgie Digestive 1255

CHOLECYSTECTOMIE 139208/11  Chirurgie Digestive 1155

CHOLECYSTECTOMIE 1392/01/30  Chirurgie Digestive 804



Integration of NLP tools into RAVEL search engine

Recherche multi-patients ~ Dossiers patients consufiables  Alde

Recherche simple

gonalgie 0K

Recherche avancee

Exemples Utilisez Ciri-Espace pour vair les propositions de mots réservés

Exemples mult-patients 1 compteRendu(T_DESC_SHOMED_NOTION(1d="SHO_l0_F-18730")
Erfité Libellé compteRendu(T_DESC_MEDDRA_APT(id="MOR_PT_L0064238"))
compteRendu(T DESC_SHOCT CONCEPT(id="5CT CO_399g0pp3n Bordea: le 26/01/2010

1 enfrées frouvées (0,03 5)

Items per page: | 20

Unité médicale

Cornpte-rendu de séjour (ah

r
Cornpte-rendu de séjour
Compte-rendu de séjour

;

Compte-rendu de séjour (ah
Compte-rendu de séjour (ah
Compte-rendu de séjour v1

CR RAVEL
CR RAVEL
CR RAVEL
CR RAVEL
Courrier type par defat

RIDoP! pour SIFADOMTerSan'RAVEL - © CISMeF, CHU de Rouen, awil 2012 - féurier 2014

2006-10-1500:00:00  CE
2007-05-2100:00:00  CR
2006-11-1000:00:00 CR
2002-11-2000:00:00  CE
2002-08-2200:00:00  CE
2001-02-25 00:00:00  CR
2000-01-0100:00:00  CE
2000-01-0100:00:00  CR
2000-01-0100:00:00 CR
2000-01-0100:00:00 CR
1997-08-0100:00:00 CE

——
—

=
=
—

=
—
=y
[as)

—
=
—

=
=

—
=

"
—
=

—
—
n

=
=
—

CR RAVEL (2000-01-01 00:00:00)

)
Annotations
Bordeauyx, le 277032009

Docteur BAUDIN Patrick

7 rue Anna Duclzead

[CodePostal_Fatient] [Ville_Patient]

LLILF

0143.012

Cher Canfrére,

A m@ A
ponction
articulation, sai
element chimigue
CORTANCYL
ENBREL
ENBREL 25
ENBREL
ENBREL
Bl PROFENID
SEROPLEX

genou droit

enou, sai

I85.9 - synovite et tenosynovite, sans precisi
inde, sai

Yitesse de sedimentation

V5

V5

Lo

¥4 34




Accuell Se deconnecter Projets SIFADO, TerSan et RAVEL . .
Recherche multi-patients  Dossiers patients consultables Aide EXtenSIon to Om’CS data

Recherche simple
| oK

Recherche avancee

Exemples Utilisez Ctrl-Espace pour voir les propositions de mots réserves
Entité Libell& 1 wvarianticategorieVariant="Missense” J
2 AND patient(id="DM_PAT_125"))
All Missense
variants for
patient
| oK
31 entrées trouvées (0,16 s) D M_PAT_]- 25

lterns per page: | 20 Page: (1 | / 2 = == Filtre

Sariant Fosition Géne ¥ | Catégorie Région >

Evia . USP31.E.BE184 25184 LISPa1 Missense Exan (Exon 2)

redB45543 B2604 THFE hlizsense Exon (Exon 3)

rs35161724 S0EYE TMEMZOY Missense Exon (Exan 4)

rsB527518 31424 RAIZ hlizsense Exon (Exon 3)

Evia 1 PRAMEFZZEZZ 312 PERAMEFYY  Missense Exaon (Exon 2)

Ewa. 15.PFIB.E 22712 22712 FPIE hizsense Exon (Exon 1)

rsh 1752783 72484 POLG Missense Exaon (Exaon 8)

Bvia 22 PLXNEBZ EBOB24  B0B24 PLMBZ Missense Exon (Exon 17)

EvA S PGIME E. 14596 14556 PGEMS Missense Exon (Exaon &)

re5 924653 77960 PASIM Missense Exon (Exon 9}

rsd 108225 o0392 DRS1AS Mizsense Exon (Exon 1)

Eva 1. OR10:1 . E 32864 32864 R0 Missense Exaon (Exon 1)

rs1966835 17964 DR131 Mizsense Exon (Exon 1)

ref 1497223 15783 MRECT Missense Exaon (Exaon 7)

rs3515994 216 LPPHES Missense Exaon (Exaon 7)

Evia 15 LCTL E.7BE12 76612 LCTL Missense Exon (Exan 1)

EvA 19 KIE2DL1.ERBO1ME  BO11G KIE2DLY Missense Exaon (Exon 4)

rsbBE7 260 33196 TPKE Missense Exaon (Exon 2)

rs2070123 1352 [F144 hMizsense Exon (Exon 2)

rs11575466 2935 HL= Missense Exon (Exan 4)



foouel Se decomedter Projets SIFADO, TerSan et RAVEL

Patient DM_PAT_662 (55 ans)

[dentité : NOMNAISSEE2 PRENONMGEZ, 1955-01-01 00:00:00 (M)
Hospitalisations (@1)  Actes (36)  Analyses biologigues (2408)

Expression : génes
lterns per page: | 20
Géne

SC0

PAPPA-AST

OAT
RUNXIT?

Exprassion : miRNA

Expression : pratéines

Expression : exons

Expression : transcrits

Comparative Genomic Hybridization (CGH)
“Variants du nombre de copies (CHY)
Analyse de méthylation

Détection de variants

RIDoPI pour SIFADO/TerSan/RAVEL - @ CISMeF, CHU de Rouen, awil 2012 - décembre 2013

Résultat
71878072257 3614
4.0B577718532738
5.13648490186167
3.87495180809478
4,00836621272501
4 44228938652181
£.64135722388108
3TTETMBITITS
5.49432556506305
£.0889543129143
4203828305135
12135567 3343967
4.11951569212383
8.607621765932377
4.5893170583766
8.373052447 20457
£.47800475025261
3.854261188685399
9.13471051283766
4.748186603806

Requétes (RAVEL)

Interprétation

Analyses omiques {1691)

Expression : genes

Commentaire

Date

2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009402720
2009/02/20
2009402720
2009402720
2009402720

Page: |1

/12 = == Filtre
Etude
310
210
310
210
310
210
310
210
310
210
310
210
310
210
310
210
STD
210
310
210



Scalability

e Study with Prof. Musette on every patient who
came in dermatology since... 1985

* 60.000 patients (nominative data)
* Six men-months to perform the correct ETL

— No local help (computing department)
— No help from the vendor (expected income = 0°K)



Discussion/Conclusion

* Powerful generic tool (but rather complex)
— LISP

 Management of double context (mono &
multi-patient)

* Acute international competition

— |12B2/Transmart, already implemented in 70 UH

— Benchmark comparing functionalities of RIDOPI
vs. 12B2/Transmart



Questions ?

Email: Stefan.Darmoni@chu-rouen.fr



Study information

Clinical  Sequence variants

data
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