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Introduction

The domain model is the cornerstone of an
Information system

Standard domain modeling methods

Most widely used method is UML (class
diagrams)

Typical OLTP system is based on a relational
database

Relational data models can be generated
automatically or designed manually
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2 Special requirements for healthcare domain models
 Legal and ethical issues
« Data security and data protection
« Reliability and availability, failover protection
« Interoperability, messaging
 Heterogeneous hardware/software environment
-  Medical knowledge and protocols are far more complex
N ) Provoe . "
than other domains — Exceptionally wide semantic gap
TR

between the medical professional and the IT professional

 Medical knowledge and protocols change fast —
applications are obsoleted in short time

Today we will focus only on the last two issues.

4/25



An example “traditional”

HIS data model
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Problems with the “traditional” HIS data model
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Problems with the “traditional” HIS data model
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A simple modeling technique

Let us make the data model more resistant to change:

« Use arecord-oriented model instead of the field-
oriented approach to resist changes in the attribute set

patient
% pat_id
pat_gender
pat_bloodgroup

pat_allergy

pat_id pat_gender
100 Female
101 Male

pat_bloodgroup  pat_allergy

MNULL
A+

Lidocain

MULL

patient_flex
% pat_id
% prop_id

prop_value

pat_property
% prop_id
RE——— prop_namne
prop_type
pat_id prop_id prop_value
100 1 Fernale
100 3 Lidocain
101 1 Male
10 2 A+
prop_id prop_name prop_type
1 gender Enurm
2 blood group Enurm
3 allergies coded list
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Another simple modeling technique

Let us make the data model more resistant to change:

« Use an event-oriented model instead of the snapshot
approach to support changes in time

patient_flex event
patient ? event_id FI——7 @ event_id
% patid patient_id event_type
pat_name pat_nane event_ts
pat_gender pat_gender event_context
pat_allergy pat_allergy
event_id  patient_id pat_nane pat_gender  pat_allergy
1 100 Kiss Eva F NULL
pat_id pat_name pat_gender  pat_allergy Z 101 Cser Péter ) M NULL
100 Klein-Kiss Eva F Lidacain 3 100 Klein-Kiss Eva F Lidocain
101 Cser Péter M MULL
event_id  event_type event_ts event_context
1 new pat. 2015-02-12  (..)
2 new pat. 2015-04-21  (..)
3 pat. update  2017-08-30  (..)

However, such models require more programming...  9/25



The two-level modeling concept

The structure of data may also change. Simple techniques
cannot support too complex data structures.

The solution lies in between the medical and IT domains

The idea is to divide the domain model into an IT model
and a medical model

Invented by the OpenEHR project, Thomas Beale, 1999

Archetype
model
(changing)

Ref. Info.
model
(fixed)

—

constraints

IT structures Medical structures
(SW developer) (Medical expert/authority)
“erammar” “template”
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The two-level concept simplified

An archetype

The reference
iInformation
model



SOAP: an openEHR archetype in use
TRANSACTION
narme = p:hllen.l contact . S u b_l ect |Ve
meanmg = patient contact
conent Objective
W
ORGANISER TREE
name = “SOAP headings™ Assessment
meaning = “SOAP headings"™ P | an
items
ORGANISER e
Hame — “diabetes” fems 2
meaning = “problem”
L y b
ORGANISER ORGANISER ORGANISER ORGANISER
name = “subjective” name = “objective” name = “assessment’” name = "plfn" N
meamng = “subjective” meaning = “objective”| [meaning = “assessment”™ meaning = “plan
items items items items,
QBSERVATION OBSERVATION COBSERVATION INSTRUCTION
name = “headache™ (|7 [name = “BP” *|name = “hyperten- " |name = “low salt
meaning = “pain” meaning = “BP” sion™ diet”
meaning = “diagno- meaning = “diet”
QBSERVATION sis”
name = “weight”
iterms meaning = “weight™
[DORGANISER .
name = “hack™ fems 2
meaning = “problem™
k3 W y
ORGANISER ORGANISER ORGANISER ORGANISER
name = “subjective™ name = “oljective™ name = “assessment” name = “plan™
meaning = “subjective” meaning = “objective”| [meaning = “assessment”| |meaning = “plan™
items items items items
OBSERVATION OBSERVATION DESERVATION INSTRUCTION
name = “lower back name = “tender- " [name = “muscular " name =
pain” ness” sprain” “diclofenac™
meaning = “pain” meaning = “palpa- meaning = “diagno- meaning = “medi- 1 2/2 5
ticn™ sis”" cation order™




The internals of an Observation in openEHR

OBSERVATION SINGLE EVENT<SINGLE S>
meaning = “blood pressure” dat meaning = “history”
name = “blood pressure (sit- _aﬂl. name = “history”
ting)” origin = 2001-03-01 08:00:00
subject = 284395 offset =0
subject_relationship = “self” duration = 0
provider = 79798 .

: i i o Item
provider_relationship = =GP
confidence = | SINGLE S rep. |ELEMENT value [DV_QUANTITY
15_exceptonal = False meaning = “challenge” name = “item’” value = 1 10 mum[Hg]

name = “fasting” meaning = “item”
LIST §
protocol

name = “BP protocol”
meaning = “BP protocol”

+ representation
name = “items”

meaning = “items™

items

Y Y Y

name = “device” name = “guff” name = “position”
meaning = “device” meaning = “cuff* meaning = “position”

* value * value * value
value = “sphygmo- value = “wide” value = “seated”
manometer”
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An additional benefit: Interoperability

The two-level concept can be implemented as the native
iInfrastructure of the HIS.

However, it also supports interoperability, with two levels of
conformance:

 The two systems use only the same RIM.,
Contents can be parsed, checked, displayed, stored but
cannot be semantically interpreted

—  functional interoperability
 The two systems also share the referenced archetype.

Messages can be semantically processed and
transformed into local data structures

— semantical interoperability:

communication can be fully automated
without loss of information
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The two-level concept implemented in MSZ 22800

« Anational implementation of the openEHR concept in
2004, adapted form CEN/ISO 13606

« Simplifications and extensions
 Main constituents of an EHR_EXTRACT RIM are

« Compositions: events related to a single care event
like an operation (versionable)

» Sub-compositions and Sections for sub-topics
» Legal and medical context

» Entries in a tree structure, containing actual data in
Elements

» Elements can be clustered
« Links connect any components e.g cause-effect

« Folders: thematic collection of data e.g. ‘events related
to the chronic diabetes of the patient’
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MSZ22800 Reference Information Model key entities

Repository::Repository

Extract_Constraint

Record_Component

time_period: VLTS
0.1 N
constraints - all_v_ermo_ns.. Boolea_n
- A (R multlmedla_mlcluded. lBDoIean

- other_consfraints: String B
- archetype_ids: 11 [0..*]

Access_Policy B

0.+ Audit_Info -y -

+access_control ~ ehr_system- Il -‘—”ﬁ'eeder_a E_!il

- time_committed: TS 0.1

— +all_versions

- committer: [l
revigion_status: CS_REV_STAT [0..1]
- reason_for_revision: CV
- previous_wversion: 11[0..1]
- contribution_id: 11 [0..1]

- wersion_set_id: Il

re_id: I

name: String

meaning: CV [0..1]
synthesised: Boolean
orig_parent_ref: 1l [0..1]
sensitivity: CS_SENSITIVITY
policy_id: 11 [0..%]
archetype_id: 11[0..1]

+audit_trail 1

i

Version

+direct:
0.1

+data Composition

Folder

- compositions: |1 [0..%]

+sub_folders

+attestations

1]- composer: Il [0.1]

+clinical_session|0..1

Clinical_Session

- session_time: WL_TS

- healthcare_facility: 11 [0..1]
- senvice_settings: CV [0.1]

- hea_legally_responsible_for_care: Il [0..1]

- temitory: CS_TERRITORY [0..1]

Attestation_Info

Link
Hinks - nature: CV
- target: Il
-
ﬂ? - role: CV

- follow_link: Boolean = frue
- wersion_specific. Boolean

Entry

info_provider: Functional_Role [0..1]
annotations: CS_ANMNOTATIOMNS [0..1
act_id: 11 [0..1]

act_status: CV [0..1]

y

*
+members {0~

Section

| ) .
+items) +subje ation
Vot :
Item Related_Party
- emphasis: CV - party: 11[0.1]
obs_time: IVL_TS - relationship: String
item_category: CS_ITEM_CAT

+part: 0.
time: TS B +other_patici
proof: SignatureType [0..1] +other_participafions
attested view: ED [0..1] o
reason_for_attestation: CS_ATTEST [0..1]
target: I1[1.7] Functional_Role Cluster Element »
“‘Hﬂiﬁﬁﬁg - function: CE - structure_type: C5_STRUCTURE_TYPE
- performer: |l

-  mode: CV

DataTypes::DATA_VALUE

0.1

nullFlaver: CS_MULL_FLAV [0..1]




An MSZ22800 archetype for a discharge summary report

all_oomposithns—'

COMPOSITION
name: {Zardjelentés)
archetype_id: {1}
meaning (CV): {DL}
re_id (1) re-id

AUDIT_INFO

ehr_system (Il): EHR.1.2.1 = 1 (ISH-Medsolution)
time_committed: {dok. 1&étrehozas datumal
committer (1) {kezeldovos extract id-je

oot al—

SECTION

name: {Adminisztrativ adatok}
content—™| archetype_id: {1}

meaning (CV): {ADT-data}
re_id {11): re-id

ENTRY

name: {Felvételi adatok}
members——| archetype_id: {1}

meaning (CV): {Admission-data}
re_id (1) re-id

ELEMENT
name: {Felvétel iddpontja}
archetype _id: {1}

meaning (CV): {Admission-date)
rc_id (1): re-id

value (TS): {felvétel id3

tems »
members

ENTRY

name: {Elbocsatasi adatok)
archetype_id: {1}

meaning (CV): {Discharge-data)
re_id (1) re-id

L4

ELEMENT

name: {Tavozas iddpontja}
archetype _id: {1}

meaning (CV): {Discharge-date}

rc_id (1): re-id 17/25
value (TS): {tavozas iddpontia)

ems




An MSZ22800 archetype for a discharge summary report

\—cm’[mt—r

SECTION

name: {Egészsegigyi adatok)

archetype_id: {1}

meaning (CV): {Health-data}

re_jd {I1): re-id

—members—®|

ENTRY l

name: {Anamnézis}

archetype_id: {1}

meaning (CV): {Anamnesis}
r_id {I): re-id

——members—™|

ENTRY
name: {Felvételi statusz}
archetype_id: {1}

meaning (CV): {Status)
re_id (I): re-id

—members— |

ENTRY

name: {Epikrizis}
archetype_id: {1}
meaning (CY): {Epicrisis}
re_id (I}: rc-id

memn

1herssECTION

| archetype_id: {1}

rc_id (I1): rc-id

meaning (CV): {Diagnosises)

name: {Diagnozisok}

memberse:

ENTRY

name: {Diagnozis}
archetype_id: {1}
meaning (CY): {Diagnosis}
rc_id () re-id

ELEMENT

name: {BNO}
archetype_id: {1}
meaning (CV): {ICO}
re_id (1): re-id

¥

ELEMENT

name: {BNO Tipus}
archetype id: {1}
meaning (CV): {1ICD-type}
rc_id () re-id
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Implementing MSZ22800 structures in XML

« XML is a proven, portable technology designed to support
semantic interoperability

« W3C standard
« Built around the schema-validation concept (XML/XSD)

« XML is supported by all mainstream DB vendors as a
searchable, updatable data type

 Conversion to/from relational structures and XSD
management is a routine

« Also, native XML database engines exist

The validation of an EHR structure against an archetype
can be formulated as the validation of a XML document
against a schema
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MSZ22800 document example in XML

<compo3dition name="inpatientCase" archetype id="hupn-AT.hik.DL.w0">
<rc_id root="36.9901.1.1.2.7" extension="2237.1823899.2363852" />
<meaning coding3cheme="36.9901.1.1.2.8" codeValue="hun.kik.composition.incase"/ >
<Ccommittall

<other participationax

<content>
<gecticn name="DL DIAGNOSISES">
<rc_id root="36.%901.1.1.2.7" n=aion="2237.1825899 2365985" />
<merkers>
<entry name="5YN BHO":
«rc id root="36.%901.1.1.2.7" extension="2237.1825899.23655992" />
<meaning codingScheme=Z .9501.1.1.2.8" codeValus="hun.hik.content.diagnosis" />
<items>

<cluster name= Jbik.cluster.diagnosis" structurs_type="ICD">
<rc_id root="36.%%01.1.1.2.7" extension="2237.18256899.2363993" />
<partax
<element name="5¥YN ICDTYPE">

<element name="S3YN ICD B>
<rc_id root="36 L1.1.2.7" extension="2337.1825899,.2366013" />
<meaning codi eme="36.9901.1.1.2.8" codeValue="hun.hik.element.icdCode" />
<atring>M0590</atring>

</element>

</partax
</fcluster>
</items>
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MSZ22800 document example in XML

<content>
<gection name="DL ADT">
<rc id root="36.9901.1.1.2.7" exten
<members>
<entry name="DL ADMISSTON">
<rc_id root="36.9901.1.1.2.7" extension="2237.18256899.23656866" />
<items>
<element name="DL CTYFE">
<element name="DL ADMISSION TS">
<rc_id root="36.9%01.1.1.2.7" extension="2237.1825899.2363880"/>
<meaning coding3cheme="36.9901.1.1.2.8" codeValus="hun.hik.element.adnissionTs" />
<t3a»2010-03-10 09%:30:00</tCa>
</element>
<element neme="DL ADMISSIOHN TYFE">
<element neme="DL ADMISSION EIND">
<element name="DL ADMISSION PAVCATEGIRY">
<fitems>
</entryx
<entry name="DL DISCHARGE">
</members>
«/fsection>
<entry name="DL STATUS">

1="2237.1825899,2365859" />
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The Electronic Health Cooperation Service Space (EESzT)

* A new national SOA information system for all actors of the
health care domain

* Introduced gradually since 2013, in full power as of
1 November 2017

« All case reports to be uploaded in the central repository

« Uses the MSZ22800 as the domain model of the document
In the report

« PDF is also allowed

« The first sub-domain to be implemented is e-Prescription,
archetype ready...

...but not yet applied
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EESZzT repository domain model

Case

Type (1|0 | P)
Hospitalld
HospitalDesc
Caseld
AdmissionT 3
DischargeTS
Deptld
DeptDesc
DeptProf
Doctor

Diagn
DocumentList

!

Document

MName [ Doctor
Firsthame Mame
LastName Stampio
MiddleMame
Prefix
Suffix
Fullname

Patient
Mame
MNP
Address DayOfBirth
PlaceCfBirth
City ._.———'—"'"Q MameOfMather
Country Sex
Other MNationality
Streer Address
Sk PatientldList
[ Patient|d ] Error
IdType TimeStamp
ldValue Code
Description

Documentid
DocumentType { 01 |99 )
LocationType ( 01 | 02 )
Doctor

TimeStamp
DORCategory

ekKATID

Mime

File
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EESzT portal example

L FERENC FEKETE

AE EK ALLAMPOLGARI PORTAL

EEGESZSEGUGY TORZSEK ES NYILVANTARTASOK JELENTESEK UZENETEK CSOPORTMUNKA UZLETI NAPLO

TAJ szam 133066742 UJ KERESES ~ VISSZA A FOOLDALRA
Kezd6 datum  2015. 08.31. Végdatum 2015. 09. 30.
SZURES

M(iveletek MEGTEKINTES | SZERKESZTES

Dokumentumok

(O  Zar6 dokumentum (99), Istvan Kiss (1234567), 2015. 09. 30.
Szent Margit Korhaz (43), 2014. 06. 20. - 2014. 06. 20., Fil-, Orr-, Gégészet (111111111), Cholera vibrio (A0000)
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Summary

Modeling medical data is a complex task

Continuous changes in attributes, values and structures
are to be supported

Simple techniques do not provide a robust solution

We need the two level modeling concept based on a
reference information model and specific archetypes

Implemented in a national standard
(will be) Applied in the new EESzT SOA

Thanks for your attention
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