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1. Introduction

Purpose:

The need for improved quality of health services is one of the main reasons for adopting prescriptions in
electronic format (ePrescription) as a preferred way for purchasing medicinal products. The objective of
this paper is to propose a methodology for modelling and management of ePrescriptions using openEHR
specifications.

Tasks:

1. Research of existing international health information standards to ensure semantic interoperability of
heterogeneous data.

2. Analysis of W3C XML schema definitions used to report claims of pharmacies to the NHIF for reimbursed drugs

3. Computationally modeling of archetype and openEHR operative template to met the requirements for
electronic health record for drug therapy and compatible with NHIF requirements.

4. Installation and configuration of EHRServer instance and turn on into production environment.

5. Load the created operational template into the running instance of EHRServer and create basic health records
for patient identifiers.

6. Development of a prototype client application / module for creating and retrieving an electronic health record

for drug therapy in accordance with the developed operational template.
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3. Material/Methods

The proposed ePrescription model is a template composed of openEHR
archetypes corresponding to clinical concepts in existing National Health
Insurance Fund (NHIF) prescriptions.

An open source openEHR platform is configured for evaluation the
practical implementation of basic functional requirements of the model.

HTML/PHP/JavaScript web application has been developed to demonstrate
functionalities for creating, modifying and extracting of EHR records type
e-prescription
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3.2. openEHR Reference Model

EHR is main subject of the openEHR reference model, where are stored

all health records related with current subject /patient/.

With ENTRY object of reference model in openEHR are defined various

clinical documents related with health records and their properties.It’s

member objects are ADMIN_ENTRY, which holds administrative data n

CARE_ENTRY, which holds archetypes with clinical data members ot

these child classes:

* OBSERVATION — Contains clinical records that happens in past or in
present like measurement of indicators /blood pressure, blood sugar/
or events reported by the patient like pain, insomnia etc.

* EVALUATION - Contains information about evaluation of current
patient’s condition

* INSTRUCTION — Contains instructions to patient or health workers for
actions that should be preformed in the future.

* ACTION- Contains information for documenting of action made in the
past with option for define and conduct workflow actions and results.
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3.3. EHR Server description

EHRServer is an open source, service-oriented, openEHR clinical data repository.
EHRServer terms and concepts:

*  Organization — Logical organization with users, health records ,operational
templates.

*  User—System user with login and password.
* Roles —groups of access permissions .

* Subject — Identifier of person/patient/ for which health records are made.
Base principal is in EHRServer to be stored only subject ID and all other
personal data to be stored on other server due to privacy and security reasons

*  Health Record — Main health record in EHRServer, which contains all clinical
records for one subject in organization. Corresponds to HER class in Reference
Model

*  Contribution — Collection of 1 or more compositions which are submitted
together to EHRServer’s REST API.

*  Composition — Composition of clinical records data in format defined b
Operational Template

*  Version — On update new version of health record are created
EHRServer components:

* Data storage of EHR based on MySQL DB.
*  REST API access, create and modify EHRs
*  Administrative web console of EHRServer

Shared
Health
Records

Health and Wellness
Mobile Apps

Analytics & Backup /
Datawarehousing Query Database
CloudEHRServer

Fast Prototyping &
Proof of Concept

Monitoring &
Wearables

Research & Training

Clinical Decision
Support

& C @ localhost:8090/ehr/app/index

EHRServer Instal

S EHRServer

i Get started

@ Dashboard
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= Accounts

£ Sync

& Organizations

& Users

Roles

U Access Control
& Health Records
1 Contributions

I Versions

& Folder Templates
Q Queries

Q. Combined Queries
& Templates

£ Data

& CloudEHRServer by...

View Details

openEHR

admin @ Default Account : Default Organization &~

0

Health Records

View Details

View Details

7

Templates

View Details
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3.4. Analysis of XSD models

©» Reporting

€% Prescription &

NHIF publishes on address ; .E e e | [ 4> Pharmacy 2 Invoice < Prescription

https://www.nhif.bg/page/145 N B [l

XML schema file format for reporting of the claims of the o €2 PrescriptionHeader €3 PrescriptionDrug

pharmacies to the National Health Insurance Fund for i

reimbursed medicines. S €% Patient €% Sender 4% Wholesaler
| © o = 1[4 EUlnfo

After processing and detailed analyzing XSD data, we o=

extract the structure and the names and properties of the e

elements in order to create an archetype with the same P ———

structure. Because we will develop a model of an B o T

electronic prescription written by a medical specialist, we L ey

are interested in the basis class Prescription . R

@ unitPrice
@ totalValue

@ reimbursableUnitPrice

@ payableAmount
] &% Wholesaler [0.1 ¥
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3.5. Modeling of Archetype and

Operative Template

Archetype modeling methodology

inical

wledge T T
™

!
[ ( ASSES%J i ] The cognitive O ‘
care -
ENTR

It_ﬁli_Shed OBSERVATION OBSERVATION
ﬂ

loop of clinical
CLINICIAN PATIENT

v
EVALUATION & 'ﬁ I &1‘ Mm/__:'
Qﬁ —_—

1. ANALYSIS 2. Design
1.1 Scope definition =
and worgroup et
selection
1.2 Clinical scope 1.3 Information L 2.2 Definition of
discovery elements gathering constraints
3. DEVELOPMENT
£,
3.1.1 New 3.1.2 Specialize or 3.1.3 Existing archetype
Archetype modify Archetype without changes
3.1.2 Archetype
development, —> 2 ng‘l'gllzt‘(;:gumﬂure
terminology binding
4. Validating
¥
4.1 Archetype review ~ 4.2 Template review
5. Publishing
\_ 5.1 Archetype and )
Template publication

Algorithm for creating of archetype and
Operative Template
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3.6. Development of

INSTRUCTION archetype

Using the Archetype Editor software, an archetype named nhif of type INSTRUCTION is created. The W3C XML
Schema (XSD) for reporting the claims of pharmacies-contracting partners of the NHIF is used for modeling the
structure and types of data. This W3C XML Schema defines the file format for interoperability across software
products for processing NHIF prescriptions.

® archetype_details

€9 PrescriptionDrug A 7 G
€9 Reporting A (=} " Nhif medication
&2 @ H triction = xs:string el
Qo 29 o = O HrphiaECoes : ) e PrescriptionHeader
% "Bl &> Pharmacy @ codelCD - -
w | _ 9 - . i b & ts PrescriptionDrug -
8 | & Invoice - (@ prescribedQuanti xs:positivelnteger
Wl g 2 p R G} T drugNHIFCode
> “ ) ~ e
a ] rescription [1.7] (@ numberOfDays xs:positivelnteger ‘ & T codelCD
© .?' &> PrescriptionHeader (@ dispensedQuantity xs:positivelnteger ) %, prescribedQuantity
&> PrescriptionDrug [1.3] @ unitPrice xs:double ) @ prescribedMeasure
@ totalValue xs:double () 123 numberOfDays
@ reimbursableUnitPrice xs:double () 12, signatureRepeats
@ payableAmount [} 12, signatureQuantity
"2 | 4% Wholesaler [0.1] v & @ signatureOccurrence
[

) ¥4 Allow susbstitution?
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< EHRServer
. - Stoken:

\ - Sbase_url:
+ __construct()

3.8. Software realization of a client for _
o . P ol \'-\:‘ / 7 + login{)
creation and retrieval of EHRs <\ ) e tadD

+ get_ehrs()
+ create_ehr()
+ get_queries()

+ execute_query()

PHP class EHRServer + get_templates()
. + get_tem plat!E_[J
Steps for the EHR creation + 99t eompostions)
+ commit_composition()
+ get_contributions()

Login with user and

password Creating of base EHR — patient identifier Open a form for creating ePrescription.
login.php ehr create.php ehr list.php
WNaeHTndukatop naupeHt
E33 PHP - E33 PHP Topa..

EnextpoHeH zapaeeH 2anuc PHP

MawwenT ENeKTpOHEH 3ApaBeH 3anuc PHP

| Hog Maument Hoga EnektponHa Peuenta

] Cnncek MauueHTw

il adress ) Gk HccTeab-3203-4303-9eBf-b903393e55dc

MauweHT
Passwor: d
[ Cnpaskn

[lobaBu nauueHT! ™ Cnpaku

Video demonstration: https://www.youtube.com/watch?v=Z29KUroul6cc
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3.9. Creating of EHR contribution type

ePrescription

.pausrrrvpm BAHKA - HIOK A BRRRRAR u
peuenma b usmmnHU Aomeka M

Steps of data processing after form — []] L .,..' _paohe_ ]
submission 127.0.0.1:82/1/ehrPHP/compo_create_nhifinst.en.v1.php?ccchf07b-3189-4a16-92c8-2d72a40de65b (8% ) | | Q Search ¥ UN pekap/cmomamonce ' '
* Load xml file nhifinst.xml into XML N N

object Sdoc. B Peventa Y ree—

. . PelenTa 3a M3NHCBaHe Ha nnaTedn oT H30K nekapcieedu cpeactea TR} =T 1 FEFAR0TTT) T LT R |emnaweemal om PO

* Load data submitted via HTML form — el L]

into associative array Spara ms. Tun peuenta: =~ EQHOKpaTHa n 7 Peuenta M2 5 = 20190602 o 1
» Creating associative array Smappings w L _

keys element names and Values YWH Ha nekapa: | 2300001234 $ Kog CreupanHoct: 1 $ ""T.'.'m""l" R WHE | |

SmeItted parameters Sparams Per Homep /13: = 2200003443 S AmMBYN nncT N2 25 > Peuenra M@ 122 3 """‘";"""‘":"
*  With PHP function str_replace() P— ]

Ro. MKE
repleace all valuess XML o6eKkr Sdoc, ) . ) . T
i i ErH: 7807146534 - PeuentypHa kHwkka: 5364 - - —
which keys are same as in the array "D Ll
Smappings with the relevant values. R [ ,
Kog H30K: | CF281 Vime nekapcreo: | Mebilet 5mg Tab.x28 MKE Kog: | 111.0 £ = L)
* Generated xml code in Sdoc value are
. . . ey ) R i " } = N MO AT N0R Boirko

submitted with commit_composition( ) Bl = el ra S 2 : T

method of PHP class EHRServer into s (o | 1 TRrE o | [eoom | osiy 5 " = Lo

EHRServer’s instance. e o Fimra——_ R
* After successful record creation, server o e

responds with message 'AA'and e — [ I ) eee—

relocates to page ehr_show.php?uid=c = =, R

GET parameter HER record ID.
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3.10. Extraction and visualization of a EHR

document type ePrescription

Extraction and visualization from web client Extraction and visualization of same record via EHRServer’s
show.php?ehr id= web console.

B PeLl.enTa @ 127.00.1:8090/ehrfehr/show?uid=ccchf07h-3189-4a16-92¢8-2d72a40deb5h 80% e | Q Search Lo @ Gﬂ 0 8§ 0O »

PeuenTa 2a u2nuceade Ha nnatedn of H30K nekapcieeHw cpeacTea

On: 08/07/2019 2:10PM ~
Tun peuenTa: 1 ~ Peuenta N@ 5 S 20190602 G
Nhif medication

2:10PM
PrescriptionHeader:

YIAH Ha nekapa: 2300001234 & Koa CneuwanHocr: 1 s typeOfPrescription: 1
prescriptionNo: 3
prescriptionDate: 02/06/2019

Sender:
Per Homep f13: = 3443 = AmByn nuct N2 25 S Peuenta N2 122 = doctorUia: 2300001234

doctorSpecialty- 1
heRegistrationNo: 3443
ambulatorySheetNo: 25
ambSheetPrescriptionNo: 122
ErH: = 7807146534 = PeuenTypHa kHukKa: 5364 e Patient:
EGN: 7807146334
prescriptionBookletNo: 5364
PrescriptionDrug:
drugNHIF Code: CE281
: . . codeICD: 111.0

Kog H30K: | CF281 Vime nekapcteo: | Mebilet 5Smg Tabx28 MKE Kog:  111.0 peeserbedQuantiy” |
preseribedMeasure:

" - numberQOfDays: 28
D: |1 - Mapka:  Pack h 3a gHu: | 28 - signatureRepeats: 1
signatureQuantity: 1
signatureOccurrence: 0
S| Mmeme 1 = Mo: | 1 2 YecroTa: = £ Allow susbstitution?: Yes
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4. Conclusions

v' This proposed methodology allows to transform existing XML schema definitions used by the Bulgarian NHIF
into archetype-based models with inherent semantic interoperability of clinical documents exchanged by other
EU countries.

v' The implementation of this methodology is novelty in the existing literature, where known ePrescription
software applications allow basic functional interoperability of clinical documents.

v' The application of the openEHR specification allows semantic interoperability between heterogeneous providers
of clinical data.

v' Using openEHR specifications with EHRServer server can be implemented to create, store and provide to client
applications EHR documents type electronic prescription.

v" Novelty in this paper is the complete implementation of ePrescription by of openEHR specification in the
environment of openEHR server

v' This model is fully aligned with EU activities to implement EU cross border ePrescription exchange for Smart
Open Services of European Patients friendly format
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4. Conclusions

Video demonstration:

P. Kovachev, Software implementation of e-prescription according NHIF spec. in Bulgaria 2020. [Online]. Available:
https://www.youtube.com/watch?v=Z9KUroul6cc
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