University at Buffalo University at Buffalo , U F m G Universidade Federal de Minas Gerais f”,\ Escolade Ciéncia da Informago
Department of Biomedical Informatics .[é Department of Philosophy Federal University of Minas Gerais %t’_ Y| Eggﬁ@igﬁf?fﬁ[?ﬂgiﬁfﬂo
Jacobs School of Medicine and Biomedical Sciences College of Arts and Sciences | ~— et e

Interoperability among Prenatal EHRs: A Formal Ontology Approach

Fernanda Farinelli, D.S.1.S.7-2:3, Mauricio B. Almeida, PhD', Peter L. Elkin, MD?, Barry Smith, PhD?3

1 School of Information Science, Federal University of Minas Gerais, Brazil
2 Department of Biomedical Informatics and 3 Department of Philosophy, University at Buffalo, USA

Introduction ) LOING?

data of each encounter are several EHR system built
documented on using different standards

\ and terminologies\

[L S 3l “ ﬁ/ \
During life course, a person attends electronic health §DICOM

several medical encounters involving records (EHRs)
different specialties

[ \ lack of semantic
13606

openEHR interoperability

Heterogeneity of medical terminologies

Proposal | Methodology

W s m—————— camm

Analytlcs Ontological OBO Foundry Basic Formal

realism principles Ontology 2.0

E_brmal 6ntology

Ontology reuse

OGMS OBI IAO
GO FMA PATO DOID ORMSE

Data
extraction

promoting the
development of

<\\_/ ’ —
EH Biomedical Clinical trials
research

Data mappi?g, enrichment, ;'; T

transformation, and crossing

T
v,/c"i /./J?_"//

research EFO UBERON HP SYMP OMIABIS

Solution

15Y) Knowledge representation through formal ontology 2"d) Data extraction using SPARQL
Language

symptom sien
O nt®N e @ OGMS:0000020 || OGMS:0000024

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-nst>

Obstetric and Neonatal Ontology body weight hvsical obiect PREFIX owl: <http://www.w3.0rg/2002/07 /owl#> Quest-lon 1
measm:emengt data BRI P }zﬁ:ﬁ:vjec specifically PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#> i .
s ‘ CMO:0000012 1ty dependent PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schemat> u e S t O n
ONTONEﬂ'OOMMSZ MR ) continuant PREFIX oho: <http://purl.obolibrary.org/obo#> q ue ry ®

BFO:0000020
PREFIX MedicalEncounter_Class: <http://purl.obolibrary.org/obo/OGMS_0000097>

P isa measurement PREFIX Date_Class: <http://purl.bicontology.org/OntONec/ONTONECG_00000055>
) datum isa is N body height PREFIX Occursln: <http://purl.obolibrary.org/obo/BFO_0000066>
T Lt prow g T PREFIX HumanPatientRole_Class: <http://purl.obolibrary.org/obo/CMRSE_00000030> Wh t . t h d
PREFIX Realize: <http://purl.obolibrary.org/obo/BFO_0000055> e n pa ] e n S a a

PREFIX HomcSapiens: <http://purl.obolibrary.org/obo/NCBITaxon_9606>
PREFIX RoleOf: <http://purl.obolibrary.org/obo/RO_0000081> d 4 l t
PREFIX PersonalName_Class: <http://purl.obolibrary.org/obo/IAO_0020015> I I I e ] Ca e n CO u n e r?

PREFIX Designate: <http://purl.obolibrary.org/obo/IAO_0020012>

independent
continuant
BFO:0000004

Body
FMA:256135

symptom body height h
OGMS:0000020 measurement data ““t
ar|
ONTONEO:00000051 p inheres in

\ part of’

SELECT ?patientName ?date

Homo sapiens *
NCBITaxon:9606
WHERE {

1 inati ?MedicalEncounter_instance rdf:type MedicalEncounter_Class: .
- . general examination hs ?date_instance rdf:type Date_Class: s
tient sympt ha ( hysical 15 a J i as Medit - Bccurs| esu
patient symptom as phy finding . ?MedicalEncounter_instance Occursin: ?date_instance . 4

) A g *«specified ituti s
report & part examination finding ONTONEO: 00000017 o constitutional isa physical e p . . a2
OGMS:0000088 | ocas:000uss outpit---l  examination ] examination [lisa BFo- 0000015 e e e HumanPatientRole Clace
2 ONTONEO_U(]O(](](M(]J oGMSs:0000057 | 1 3 5 PHumanPatientRole_instance rdf:type HumanPatientRole_Class: .
H : inheres in - | ?MedicalEncounter_instance Realize: HumanPatientRole_instance .
cified: has specified output . : ?Patient rdf:type HomoSapiens: . :
g 2 I Fe I PHumanPatientRole. Instance RoleOf: Patiert. patientName  date
: examines 1 ?PatientName_instance rdf:type PersonalName Class: . [: K Januar'l.»' 12 2[] 12
- . . A . - I
gender identity b.’ I planned ?Pat{entName_!nstance Designate: ?Pgtlent . CK March 15; 2013
- — I P e | el 4 has active process ?PatientName_instance rdfs:label ?patientName . 15 N h 18 2010
identity datum L OMRSE-00000133 ‘| BRO0000023 \ e OBI:0000011 FILTER ( lang(?date) 1= "pt" ) . OVEMDEr 1o,
OMRSE_000001 : : : human patient role | | participan } V.B May 24, 2011
2 ial identity dat ) : OMRSE:0000030 | ! ORDER BY ?patientName V.B September 24, 2014
racial identity datum i
. { ......................... : 1
. OMRSE:00000098 H ,I\ i identification process
generically NG e e e i thasrole 1 OMRSE:00000134
dependent Y . - { ] H i PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> N
N — physical examination ethnic identity datum ]( S O T 1| human patient role [ _has role; : PREFIX owl: <http:/ /www.w3.0rg/2002/07/owlé> . .
. date of examination has section OMRSE: 00000100 . . 1 OMRSE: 0000030 H ! PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#> u est] on 2 u e S ] O n
BFO:0000031 : 1 °
: ONTONEO_00000054 part ONTONEO:00000011 : ; ] | ‘\\ PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
: Ve cecceecaccsaees e s e s s == i PREFIX obo: <http://purl.obolibrary.org/obo#> q u e ry
_____________ has specified output gender identification process : SELECT DISTINCT name ?BPLabel ?PRLabel ?RRLabel ?BTLabel
e m part ‘ OMRSE: 00000135 [ IR ”t'te ] respiratory rate WHERE { . .
Information . i . LTS BULCE HTE I |0 AL ) : womaniD rdf:type <http://purl.obolibrary.org/obo/1A0_0020015> .
. - document part isa| medical record part yP p://p ry.org - Wh t t h t l
content entity 1sa . = . P . VSO_0000031 Mmeasurement process ?womanHS rdf:type <http://purl.obolibrary.org/obo/NCBITaxon_9606> . a a re e V.I a S.I n S
. TAO:0000314 ONTONEO: 00000011 H . 3 o VSO_0000036
1A 0:0000030 demoeranhic e }.1?.s. .§[.)s¢.c.ll.'i.e}.|i. P_‘!t,[f'_lf ............ racial identification process . == ?womanlD <http:/ /purl.obolibrary.org/obo/1A0_0020012> ?womanHS . .
y f p c : OMRSE: 00000099 blood pressure — = 2womanlD rdfs:label Zname . Of t h e at] e n t
part of Information section - measurement process H (a7 U JEERLIRE Tencounter rdf:type <http://purl.cholibrary.org/obo/0GMS_0000097> ,
\ L ILLeon L LR : h ified output has VSO 0000‘505 : Ineasurement process TroleHs rdf:type <http://purl.cbolibrary.org/obo/ OMRSE_00000030>
: as specified outpu [ ethnic identification process speci L N VSO 0000009 , ) ) ¥ ) . ’
LY X e e T MRSE: . specified o : - ?encounter <http://purl.obolibrary.org/obo/BFO_0000055> ?roleHs . d t t h l t
AL DA LN isa | personal name 2 AL L output J : TroleHs <http://purl.obolibrary.org/obo/RO_0000081> 2womanHSs . I I I eas u re a e aS
1A0:0020000 T1AO:0020015 ’ : .
: N - b ified i " ( pulse rate o b : ) b ?EHR rdf:type <http://purl.obolibrary.org/obo/OMIABIS_0001026> . . ?
vital signs section as specilied Inpu vital sign finding has h as as ?encounter <http://purl.obelibrary.org/obo/QBI_0000299> 7EHR d l t
T A (- S © LT T T P TP i & e — as - - ‘ . - - — : . l’ ' l
designates ONTONEO:00000056 ]< {ONTONEO:OOOOOOST part || L meas;:‘)e n&ag:]:]l;[t'um . specified specified specified 2vitals rdf:type <http://purl.bicontology.org/OntONeo/ONTONEC_00000056> . e ] C a e n CO u n e r °
‘ part of | ______ = < Sutput output _ Output ?EHR <http:/ /purl.oholibrary.org/obo/BFO_0000051> vitals .
b‘ ¢ Ll ‘ . ?BPDatum rdf:type <http://purl.obolibrary.org/obe/VSO_0000005> .
* abou (. ) R Wi i
: ) * ot . : 2vitals <http://purl.obolibrary.org/obo/1AC_0000583> ?BPDatum .
Ng;%izgl;lzzﬁ vital sien OGM;I;%I:)00024 """"" ( blood pressure ?BPIRI rdf:tspe l:http:.'Ipurt.g'boligbrary‘org,f obo/VYS0_0000004> .
OGMS-{IO%I{I()M e — isquaity [ . *measurement datum : H ?BPDatum <http: //purl.cbolibrary.arg/obo/IA0_0000221> BPIRI .
: measwrementof | e VSO_0000005 : : ?BPIRI rdfs:label 7BPLabel . Re S u lt °
pulse rate PR e - V ?PRDatum rdf:type <http://purl.obolibrary.org/obo/VYS0O_0000030> . [
vso:0000029 | e f respiratory rate : Pvitals <http: //purl.obolibrary.org/obo/IAO_0000583> 2PRDatum .
Ne—— = aQ "
document medical record ] isquality | et l mev;glg{e]gz {(llgizum . PRIRI rdf:type <http://purl.obolibrary.org/obo/¥S0_0000029> .
1A0:0000310 OMIABIS:0001026 | NN~~~ | blood pressure 1,..--**" measurementof | e X 3 ?PRDatum <http://purl.obolibrary.org/obo/1A0_0000221=> ?PRIRI .
l;gggggg;;‘g: ol L \/ PRIRI rdfs:label ?PRLabel . Name BPLabel PRLabel RRLabel BTLabel
S A ?RRDatum rdf:type <http://purl.obolibrary.org/obo/V¥S0_0000035>
. . ' -
ratory rat .. lsquality body temperature vitals <http://purl.obolibrary.org/obo/IAO_0000583> ?RRDatum . ).5. 105:80 85 13 07.1
rifggf'ﬂg‘%g;: Pl measurementof measurement datum ?RRIRI rdf:type <http://purl.obolibrary.org/obo/VS0_0000034> . C.K. 106:82 a5 18 06.0
e VTSRO ELLLL L VSO_0000008 ?RRDatum <http://purl.obalibrary.org/oba/IAC_0000221> 7RRIRI . \UFB 100?5 88 15 g?
(core body ) o S Uity e eennnene ?RRIRI rdfs:label ?RRLabel .
corebody ) e measurement of BTDatum rdf:type <http://purl.obolibrary.org/ebo/¥S0_0000008> .
temperature < ?vitals <http://purl.obolibrary.org/obo/1A0_0000583> ?BTDatum .
VS0:0000013 BTIRI rdf:type <http://purl.obolibrary.org/oba/VS0_0000013> .
?BTDatum <http://purl.obolibrary.org/cbo/1A0_0000221> ?BTIRI .
° o * * * ?BTIRI rdfs:label ?BTLabel .
L] °
Full version available at: http://bioportal.bioontology.org/ontologies/ ONTONEO ;

Acknowledgments

We thank CAPES and CNPq for financial support to the
primary author. This work is also supported in part by

References

1. Elkin PL. Terminology and terminological systems: Springer Science & Business Media; 2012.
2. Farinelli F, Almeida MB, Elkin P, Smith B. OntONeo: The Obstetric and Neonatal Ontology. ICBO 2016; August 1-4; Oregon State

University, Corvallis, OR. the NIH NCATS under CTSA award Number UL1TR001412.

Contact

fernanda. farinelli@gmail.com

3. Farinelli F, Almeida MB, Elkin P, Smith B. Dealing with elements of medical encounters: an approach based on ontological
realism. ICBO 2016; August 1-4; Oregon State University, Corvallis, OR.

4. Arp R, Smith B, Spear AD. Building ontologies with basic formal ontology: Mit Press; 2015 2015. 220 p.

5. Smith B, Ashburner M, Rosse C, Bard J, Bug W, Ceusters W, et al. The OBO Foundry: coordinated evolution of ontologies to
support biomedical data integration. Nature Biotechnology. 2007;25(11):1251-5.




