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Electronic Health Records

Using XML




Patient Data in Healthcare

* Personalised medicine is revolutionizing treatments for

* cancer
* diabetes
* rheumatoid arthritis

* Research requires (amongst other things) rich, structured data

— Ideally, gathered in routine clinical care

* XML provides an excellent mechanism for representing clinical
data using standards such as HL7 CDA and ISO-13606
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Case Notes

Case Notes was an Enterprise Java application for Electronic Health Records (EHR)
First live installation at Oxford Radcliffe Hospital in 1999 (still running there in 2019)
Chosen as the base system for the Summary Care Records system in England in 2003
Implemented using non-standard XML vocabularies, and a relational database

> £5m investment

C-© HNRA®G P4 2% QL 3
> lOO person years effort vor Legg - - "~ Home Patiant Folder | Logod =——lia -

DoB: 18 Jun 1930  Gender
NHS Mo: 1234567890 Postcode

~ Sendto In-Tray "~ Mark as Significant §  Add Comment

I W X-R
B l ay
T T |WIES August 8 X-Ray &
Septe B 1 wwE 30 July
pugns ] Su

Sa
palns E Fr Fre and Post operative views pelvis and right hip.
R R
May /06 l: :W‘e There is gross displacement of the right head of fermur with iated d i fi prior to the THR
> Satisfactory post op appearance.
Aprms [ ] 1w

Far06 I:] Mo <. Clinical note; previous CDH.

Fenms [ ] \WIE23July

Jang l:l Su Almost complete loss of joint space in the right hip with moderate associated OA changes
Sa

Deos [ ] g
NowD5S [ ] Wi 4409
Octs ] We<_

Tu
tonth £ [ vear — 1 RS
WIE 16 July
Su
Sa
Fi
Th
We
Tu
Mo
e >




National Programme for IT

* Case Notes was scaled up to 55 million patients

. . WAN Third Site WAN
* Systems integrators LogicCMG and BT Toroting Disk
* Clustered Oracle database and Java hardware accelerators Toorem
* Estimated 90 — 100 Tb database Redundant
« 1Tb storage in BT's data centre cost approx £100k “E““i"’“
Site A Site B
* Total budget was £100m's
* Infrastructure cost was > £5 per patient T HE FE ) U U )
= B B = B B
= — = = Redundant . = =
Primary supplier: Accenture Private
/ Network

Primary supplier: CSC
Contract Value: £873m .._____.‘* WAN

Duration: 10 Years

Primary supplier: Accenture
(transferring to CSC)

/ Contract Value: £934m
Duration: 10 Years

Redundant
Storage Area Network

Primary supplier: Fujitsu |: S-I‘E'LN:I
Contract Value: £896m
Duration: 10 Years

Primary supplier: BT

Contract Value: £996m

Duration: 10 Years Uratlﬂ i f ﬂraﬂl'ﬂ

rac rac
Database Database
Database Files (ASM) Database Files (ASM)
Oracle Cluster Registry (OCH) Oracle Cluster Registry (OCR)
Wating Disk Woating Disk




Failure of EHR

The National Programme for IT failed — as a result of top-down design, poor
guality products, feasting frenzy for systems integrators and consultants

It failed to deliver its ambitious objectives, but also set the the whole UK
Health Informatics industry back a decade

We continue to spend £100m's on poor quality systems (not just in the UK)

| dream of the day when we can offer an EHR system which is

—  Free (as in freedom of speech and free beer)

—  Completely based on open standards

—  Configured by clinicians to hold the information they need
—  Massively scalable

—  Deployable by a schoolboy
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Raspberry Pi Beowulf Cluster

In 2018, my 'On (then aged 14) deployed the:open source cityEHR
On a cluster of 16 Raspberry Pi 3s
To demonstrate scalability of XML health records on commodity hardware

Open He: Health Records



* |S0O-13606 standard
* Started as a European standards activity, adopted by ISO
* Defines the general structure of a health record (amongst other things)

EHR_Extract

Folder 1 W(Folder 2 W Folder n

Composition

\
\
Section
ntr

Section
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/
72
CHUMLEY-WARREN, Arthur (Mr) Born: 13-Feb-1947 (70 years) Gender: M Quit  Admin .city
it Id 67676767 NHS Number 123456789 Dashboard Patient Search Patient Cohodimol (8= Registration

New Events Summ

¥ cityEHR Feature Demao (20) 01-Aug-2017 - DAS 28 * mits ) | Effective Time 01-8-2017 14:10:03. 595 =
Current Observations Disease Activity Score (DAS 28)
Allergies and Warnings ;: S
Bone Chemistry : d’/ Tender
Laboratory Test Results

Update Patient Demographics

Feature Demonstration

Hospital Anxiety and Depression
Scale

DAS 63

Diagnosis Section

Family History
EHR_Extract

Fracture Record

Medication

cityEHR Versien Mumber - 1.5

cityEHR. Administrator / cityEHR Feature Demo Logged on: 11:26:01 on Tuesday, 1st August 2017 Last logged on: 12:29:58 on Friday, 2 ch July 2017

i t
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Clinical Statement

120 Normal  These data carry no meaning.

In ISO-13606, data items are modelled as Element,
and grouped as Cluster

X 12-2-2019 120 B0

The Clinical Statement is the lowest level of modelling that carries
useful clinical context.

It is the point in the model at which data becomes information.

In ISO-13606 the Clinical Statement is modelled as Entry.
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HL7 Clinical Document Architecture

(Mr) Born: 13-Feb-1947 (70 vears) Gender: Male Quit  Admin
XML Document Viewer

In Progress New -
Download

¥ cityEHR Feature Demao (20)

l'ray Registration

Current Observations </obaervation>

</entryx

Allergies and Warnings <entry ci 1
<gbservation¥

Bone Chemistry <typeld root=" " extension=" "S>

<id root

<code

Laboratory Test Results

<value root=" " extension=" " xIi:itype=
</cbhaervaticon¥>

Update Patient Demographics < fentry>

<entry ci
Feature Dremonstration <observations

<typeld root="
Hospital Anxiety and Depressic <id re
<code code="" codeSy

LI

"

<wvalue root= extension= xIizty
</observation>

</entryx

<entry ci

<typeld root=" "
<id root

Diagnosis

<code

<wvalue root

Family History

Fracture Record

Medication
>

12:29:58 on Friday, 28th July 2017

cityEHR Administrator / cityEHR Feature Demao
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XML Health Record

Quit  Admin

Dashboard Patient Search Patient Cohorts In-Tray Registration

cityEHR Versien Mumber - W1.7-2018-07-18 User: cityEHR Administrator / cityEHR Common Model Legged on: 07:34:41 on Friday, 3rd August 2018 Last logged on: 07:00:08 on Friday, 3rd August 2018

s aa iy = Tr — = m m s —r m
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XML Health Record

:BaseRegistration"/>

<typeld
<templateld 13606:Folder:FeaturelDemo" />
<id Y R ] L.BESZ-CitvEHR-Form-EBaseRegistration-admin™/ >
<code "134436002™ "2.16.840.1.113883.2.1.3.2.4.15" "SHOMED™ "Patient Registration™/>
<effectiveTime "2017-02-23T08:15:25.8652" />
<recordTargets>
<patientRole>
<id "A4T7375107030"™ "2.16.840.1.113883.2.1.4.1"/>
<patient>
<name
<prefix/>
<givenrLeicester</given>
<family»Jameson</family>
< /name>
<administrativeGenderCode "Male™ mn "Male"/ >
<birthTime "1980-02-04" >
</patient>
<providerCrganization>
<id F "§TI50-13606:EHR Extract
<name/ >
</providerOrganization>
</patientRole>
</recordlarget>
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XML Health Record

<structuredBody>
<COomponent>
<gsection "Ranked" 1T
<id "citvEHR™ "$I50-13606: Section: Demographics™ />
<title>Patient Demographics</title>
<entry ntryProperty:Form"”
" _'_ L
nECits LEntryPropexrty: ULY
<observation>
<typeld cityEH HL7-CDA4:Observation™/ >
<id mEIS0-1 Demographica® 0-13606:Entry:Demographics™ AL
<code
<value mm mn mn :PatientIdentifiers" [2§ lines]
{T‘ral-_le rr mm mrr II_7 4 3“ [16 li]lE.'S]
<"IEJ.JE e mr o II;
geAndGender™
<wvalue er™ "x=z:string™ "HMale™
ender3AMale™ "Male™
der™ ieratedValue™
lementPropert) :ElementProperty:Defined" />
<wvalue 0—-13606:Element : DateCfBirth™ "wa:date”
e o mr o ”:E.'.EE :f 3-_:1:-—-”
"FCitvEHR:ElementProperty:Defined”
f>
</wvalus>
<value e e o "FIS0-13606:Cluster: AddressDetails" [15 lines]
</observation>

Open Health Informatics for Electronic Health Records



pen Source, Model-Driven, XML

Health Records




Model-Driven EHR

* A base Information Architecture provides the building blocks
* Clinicians create clinical Information Models for their own systems
* The System Configuration is generated from the Information Model
* The runtime EHR system operates using the System Configuration
— views of the patient record
— search criteria
— data collection forms
— clinical messages
— (pathways, orders, prescriptions)

Information Information System Clinical
Architecture Model Configuration System

©
S
@
=
<
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Standards based
Clinician led

Ontology models

Artefact

Implements

Standards

Information

Information

Architecture E> Model

Ontology

OWL (XML)

ISO 13606
HL7 CDA

Clinical
Coding

Clinical
Data Sets

OWL (XML)

SNOMED CT
ICD-10
LOINC
dm-+d

System Clinical

[>Configuration E> System

Messages
Electronic
Forms Health Records
Views
HL7 v2/v3 AME
HL7 CDA
SNOMED CT HL7 CDA
XForms
SHTML SNOMED CT
PDF ISO 13606
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EHR Ontology Model

<Declaration? <O bjectPropertyAssertion>
<Class "EISO 13606 Entry" > <O bjectProperty "thasContent"D
<Declaration> <NamedIndividual "$IS0 -13606 Entry:BM DD ata"p
<Declaration? <Namedlndividual "$150-3606:Element:BM DM easurement'/
<NamedIndividual "RISO -13606 Entry:BM DD ata"P IO bjectPropertyAssertion>
<Declaration> <ObjectPropertyAssertion>
<ClassAssertion> <O bjectProperty "thasContent"D
<Class RIS 0 -13606:Entry" <Namedlndividual "FIS0 -13606:Entry:BMDData"P
<Namedlndividual "BISO -13606 Entry:BM DD ata"P> <NamedIndividual "$1S0 -13606:Element:TScore"/>
<IClassAssertion> <O bjectPropertyAssertion>
<DataPropertyA ssertion> <O bjectPropertyAssertion>
<Datalroperty "thasDisplayName"D <ObjectProperty "thasContent")
<NamedIndividual "BISO -13606:Entry:BM DD ata"P <NamedIndividual "$1S0 -13606:Entry:BMDData">
<Literal "en-gh">D XA Scan Results</Literal> <NamedIndividual "$1S0 -13606:Element:Z Score"/>
<IDataPropertyAssertion> <I0bjectPropertyA ssertion>
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* Clinicians create clinical models for their own systems
* Using the cityEHR architectural model

Information
Architecture

Artefact

ABERNATHY, Timothy Bom 28-Mar-1979 (34 years) Gender Male
K1476889 NHS Number 1000001356
5% patient Record Summaries [aauf] Care Setting:
15-Jul-2013 - Fracture Record
Fractures
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ahaft
watal
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Calcaneus:
tabus
— Tarsals
Metatarsals
Phalanges (foot)
ORCHID WO User: oty€HR User  Lagged on: 14:11:52 an Monday, 15t July 2013

Information
Model

System
Configuration

Clinical
System

Dashboard Patient Search Clinic Lists  Pati(

Fracture Site Type
% [01-7-2013 3] [ Lef ShattHumenus =] [-selct— _=I] [-seea— -]
x [017-203 3] [Lenmaxita | [-sebot- ]| [-seen- -
x [01-7-2013 4 | Right Phalanges {nand) Jl | — Salact - Jl | — Select - Jl
spinal g
racture
Last logged on: 02:57:0

800

[¥| document-247.pdf (page 2 of 2)

X

Zoom

Move Text Select

a e

20/ 42




5/ ,
C

linicians can crea

te their own information models using a spreadsheet

Converted to an OWL/XML ontology when imported to cityEHR

i cityEHR - Specialty - Feature Demo 163.0ds - OpenOffice Calc
File Edit View |nsert Format Teols Data Window Help
B2 B BEen LH-d D0 @NN Ly HEeEEQ @ X
P s w| |10 W s===E b % ¥ s O--A -
Ad:AMIA v K= | BMDData =
| | | | | | ~ |-
1_Identifier EntryType CRUD Occurrence InitialValue Layout SortOrder SortCriteria Categorizat v
2 |ClinicDetails Observation L Single Pre-filled Ranked N
3 [}
BMDOData Observation CRU MultipleEntrf Pre-filled Unranked
5 |BMDDataClustered Observation CRU MultipleEntr¢Pre-filled Unranked 132
& |ScanDate Observation CRU Single Empty Unranked
7 F
8 |HasFracture Observation CRU Single Pre-filled Unranked
9 |FractureSite Observation CRU MultipleEntry Default Unranked  Ascending J@
10 [QmileWalk Observation CRU Single Default Unranked
11 [10StepWalk Observation CRU Single Default Unranked
12 |StoopCrouchKnee| Observation CRU Single Default Unranked
13 |DoingChores Observation CRU Single Default Unranked
14 |RoomWalk Observation CRU Single Default Unranked
15 |InQutBed Observation CRU Single Default Unranked
16 |[SmokingHabits Observation CRU Single Pre-illed Unranked
17 |CigarettesPerDay Observation CRU Single Default Unranked
13 v
W4 ]» .P.I':}\F.ntrv,('CIuster,(’Element,(Units,(CndePn||( o - >
Sheet 14 /18 STD Sum=0 =] & @ | 96%

Open Health Informatics for Electronic Health Records
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Generating XForms

Information Information System Clinical

Architecture E> Model E>Configuration E> System

Model Record
Ontology | AT HL7 CDA
OWL/XML XML
Y < Transform »

T 1 1

Architecture Template
Ontology | (=) ALl HL7 CDA A

+—
O
©
Y
Q
s
<

OWL/XML XML
Transform . B Transform
Spreadsheet Record
ODF ALl Ontology
XML OWL/XML
Y < Transform I
XForm
22 /42




XML Health Records

Using XForms




cityEHR is built using open source software

An enterprise-scale health records system
Following research at City University, London
Distributed under the LGPL license

User Interfaces

Service Interfaces

Web Browser

RESTful Web Services

Integration
Interfaces

Mirth Connect
Integration/
Messaging Engine

g

g

Access Control

Orbeon

Model View Controller Framework

J

M~
Postgres

SQL Database
v

Application Logic

Orbeon XML
XForms
XSLT
Orbeon
XML Pipelines XQuery
eXist
Native XML Database

Tomcat
Application Server

24 [ 42



XForms — REST — XQuery

An XRX application — XForms — REST — XQuery
Open source, Enterprise Java

But no Java code

100% Declarative Application

cityEHR - Open Source

XML Glue
XML XSLT XQuery
OWL/XML XForms XHTML

Enterprise Java (Open Source)

eXist Orbeon

Mirth

Apache Tomcat




Dynamic XForms User Interface

XForm (xhtml)

Instance
XML <head>
HL7 CDA XForms Model
Composition
</head>
4
<body>
Controls depend on the XML instance
Can create directly in XForms XForms Controls

But cannot support arbitrary levels of
nesting (for sections and clusters)

</b0dy> V
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Composition Type

yes

Cached?

. i
XML
HL7 CDA » Get CDA XML GetEorm % XForm
Composition
I~ #
XSLT

Create Content

XForm
Mﬁ » Get Template

~

Include Content

yes
Cache Form |« — @

no

—»{ Serialize to Browser }47 27 1 42




Y CityEHR

¥ Electronic Health Records System

Web-based EHR
Open standards
Clinician led

One click deployment S

Enter usemame and password

Enterprise scale Press Log S
P I

LogOn




Dashboard — Cross Patient Information

* Execute any database query
(configurable)

e Summary of results
*  Charts (Bar, Pie, Dial)

Quit Admin  |[=03T0
Dashboard Patient Search Patient Cohorts In-Tray Care Teams Registration E:E

CityEHR - Dashboard

Total Documents a

34001 =

In Progress

Forms 0
Letters 1

Pathways 0

Care Teams

2 Care teams




Finding Patients

. Patient search

* Linked to entries in designated CDA registration
documents

*  Completely configurable
* Recently accessed (from audit log)
*  From clinic lists

*  From in-patient lists

quit  Admin  [IST3
Dashboard Patient Search Patient Cohorts In-Tray Care Teams Registration E]m

Recent In-patients

35 - Abernathy Patient Search snestas - Saacn tma: 7o 3625 P10 115 Inpatients Only D Order by £ (=) ] &

Abernathy

Chumley-Warren

Jones

Hart

30 - Harmon

Displaying 1 to 1 of 1 patients
Hospital Number Forename Surname Gender DoB

L3726574 Lars Jones Male 28-Jun-1975

Open Health Informatics for Electronic Health Records CIYEHR Varsh




Full Historic

*  Full list of stored CDA documents
*  From migrated data
*  From messages

*  Or from input data

ABERNATHY, Timothy (Dr) Bom 08-Feb-1979 (34 years) Gender Male

Hospital Number ~ NHS Number 1000001356 ) Dashboard Patient Search Patient Cohorts  In-Tray

Evenis Events

» Rheumatoid Arthritis Clinic (4) 08-Feb-2013 - Hospital Anxiety and Depression Scale e &

» Risk Factors (1)
Anxiety Score
» Update Patient Demographics (9) 15 Moderate

Open Health Informatics for Electronic Health Records

P Feature Demonstration (17)

¥ Hospital Anxiety and Depression
Scale (8)

0B-Feb-2013 Hospital Anxiety and
Depression Scale

01-Feb-2013 Hospital Anxiety and
Depression Scale

29-Jan-2013 Hospital Anxiety and
Depression Scale

15-Jan-2013 Hospital Anxiety and
Depression Scale

07-Nov-2012 Hospital Anxiety and
Depression Scale

20-0ct-2012 Hospital Anxiety and
Depression Scale

15-Aug-2012 Hospital Anxiety and
Depression Scale

07-Mar-2012 HADS

» DAS 28 (1)

cityEHR V0.98 User: dtyEHR User  Logged on: 07:08:39 on Friday, 22nd November 2013 Last legged on: 21:40:07 on Wednesday, 20th Nevember 2013

Depression Score
17 Severe

I feel tense or 'wound up’
Most of the time

I still enjoy the things I used to
Mot quite as much

I get a sort of frightened feeling as if something awful is about to happen
Yes, but not too badly

I can laugh and see the funny side of things
Not at all

Worrying thoughts go through my mind
A great deal of the time

I feel cheerful
Not often

I can sit at ease and feel relaxed
Usually

I feel as if I am slowed down
Very often

I get a sort of frigthened feeling like ‘butterfiies’ in the stomach
Not at all

I have lost interest in my appearance
Definitely

I feel restless as if I have to be on the move
Very much indeed

I look forward with enjoyment to things

ol / 44




Add annotations to historic data
Configurable structure of annotations
Stored as HL7 CDA

Linked to subject document
With notification to InTray

Events
P Rheumatoid Arthritis Clinic (4)

P Risk Factors (1)

P Update Patient Demographics (9)

P Feature Demonstration (17)

¥ Hospital Anxiety and Depression
Scale (8)

08-Feb-2013 Hospital Anxiety and
Depression Scale

01-Feb-2013 Hospital Anxiety and
Depression Scale

29-]Jan-2013 Hospital Anxiety and
Depression Scale

15-Jan-2013 Hospital Anxiety and
Depression Scale

07-Nov-2012 Hospital Anxiety and
Depression Scale

20-Oct-2012 Hospital Anxiety and
Depression Scale

15-Aug-2012 Hospital Anxiety and
Depression Scale

07-Mar-2012 HADS

» DAS 28 (1)

ABERNATHY, Timothy (Dr) Bom 08-Feb-1979 (34 years) Gender Male
Hospital Number  NHS Number 1000001356 A

Ll Events

X 12:21:01 on 22-Nov-2013 Alert

cityEHR vD.98 User: cityEHR User Logged om: 07:0

Quit Admin
Dashboard Patient Search Patient Cohorts In-Tray Care Teams Registration

08-Feb-2013 - Hospital Anxiety and Depression Scale it | [ =1

% Click to add new flag

Comments Action MNotify

| Nurse _j

Date Type

J This patient is severly depressed Motify Role __-Jl
please handle with care

Anxiety Score
15 Moderate

Depression Score
17 Severe
I feel tense or "wound up'
Most of the time
I still enjoy the things I used to
Not quite as much
I get a sort of frightened feeling as if something awful is about to happen
Yes, but not too badly
I can laugh and see the funny side of things
Not at all

—

Worrying thoughts go through my mind
A great deal of the time

I feel cheerful
Not often

I can sit at ease and feel relaxed
Usually

I feel as if I am slowed down
Very often

I get a sort of frigthened feeling like ‘butterfiies' in the stomach
Not at all

139 on Friday, 22nd November 2013 Last logged on: 21:40:07 on Wednesday, 20th November 2013 2

Open Health Informatics for Electronic Health Records



* All data relationships and behaviour

are defined in the information model

. Conditional sections, entries, clusters, elements

* Calculated values (elements)
*  Multiple entries
*  Pre-filled entries

J Default values

K1476889

J Constraints

In Progress New

. Hints

Patient Details

*  Supporting information

Allergy and Alerts

Lifestyle

* Required values

Family History

* Layout

Generic Clinic
Ankylosing Spondyl

. Rendition

Osteoporosis Clinic

® Reference data |00k-up Osteoporosis New

Osteoporaosis Review

Psoriatic Arthritis Clinic

Rheumatoid Arthrit

SLE Clinic

BATH Indices

DAS 28

DAS 68

Fracture Record

PASI

ORCHID V.98

Open Health Informatics for Electronic Health Records

ABERNATHY, Timothy Born 28-Mar-1979 (34 years)
NHS Number 1000001356

¥ Rheumatology (26)

User: cityEHR User

Gender Male

Forms

15-Jul-2013 - HADS

Hospital Anxiety and Depression Scale

Anxiety Score 14 Moderate

Depression Score 9 Mild
I feel tense or ‘wound up*
I still enjoy the things I used to enjoy

I get a sort of frightened feeling as if something awful is about to happen

tis Clinic

I can laugh and see the funny side of things

Worrying thoughts go through my mind

I feel cheerful

———————————————

I can sit at ease and feel relaxed
I feel as if I am slowed down

s Clinic I get a sort of frightened feeling like 'butterfiies’ in the stomach
I have lost interest in my appearance

I feel restless as I have to be on the move

I look forward with enjoyment to things

I get sudden feelings of panic

I can enjoy a good book or radio or TV program

A

v
Logged on: 14:11:52 on

Monday, 15th July 2013 ast logged an: 02:57:03 on Monday, 15th July 2013

Dashboard Patient Search

| Most of the time _||

Mot quite as much -

| Yes, but not too badly _||

Not quite so much now

From time to time, but not too often _||

Most of the time _j

Very often

don't take as much care as | should |

Very much indeed - |

Rather less than | used to

Very often indeed - |

Quit Admin
Clinic Lists  Patient Cohorts [

(————————————————9




* Link any image with an 1ISO-13606 entry

* Define an image map, linking to ISO-13606 elements
e Data input is though click on the image
*  Only affects the rendition of the entry

— All other aspects of the data are identical to form-
based renditions

1 ABERNATHY, Timothy Borm 2B-Mar-1979 (34 years) Gender Male
i K1476889 NHS Number 1000001356

Dashboard Patient Search Clinic Lists Patient Cohorts [P

Care Setting: [LIETETY
Psoriatic Arthritis Clinic ™ 15-Jul-2013 - DAS 68 iy | o | @ | T || D | &

Rheumatoid Arthritis Clinic Disease Activity Score p
SLE Clinic ¥ Swollen Joints 6 Tender Joints 4
@ swoier
ESR
BATH Indices N 7
CRrP 65
Das 28 s |

Visual Analogue Scale

" HE
DAS 68 U y .\
S| T \ Bl DAS Score (ESR) 4.5

Disease Activity Score
DAS Score (CRP) 4.3
Fracture Record

PASI

PsARC

SLEDAI

EQ-5D

HADS

HAQ

— ]

5T r|ls s/ t|[s]T i lsitllsitls]Tl[s]T
Mini Nutritional Assessment - e @V\f\ 4

RAND 36-Item Short Form Health

| Survey
RODMNAN
a
WHOQOL-BREF £}

ORCHID V0.98  User: cityEHR User  Logged on: 14:11:52 on Monday, 15th July 2013 Last logged on: 02:57:03 on Monday, 15th July 2013

Open Health Informatics for Electronic Health Records



Link any image with an ISO-13606 entry

Define an image map, linking to one ISO-13606 element

Data input is though click on the image

Each click adds a new entry to the record

Only affects the rendition of the entry

— All other aspects of the data are identical to form-

based renditions

Open Health Informatics for Electronic Health Records

ABERNATHY, Timothy Born 28-Mar-1979 (
K1476889 NHS Number 1000001356

S patient Record Summaries RS

| 15-3ul-2013 - Fracture Record

Fractures

Ribs
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nech of fenmir

/I;‘

s oxima
) Cotles it st stis)
/ Seaphold
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i Metscarpals
f Phalanges
(hand)
am

34 years) Gender Male Quit  Admin
Dashboard Patient Search Clinic Lists  Patient Cohorts.

Care Setting: [}
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00000, A00000Do000n, 005600,
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Thoracic a [ Ho |

i SR RS
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Phalanges (foot)

Fracture Site

= ‘I}l 7-2013 | |Lel‘.bl|a::-."ﬁerus
x [01-7-2013 9] [Lenn -] [-selo—
__-_” | — Salect —

®x [00-7-2013 5 [ Right Phaianges (rana)




Charts of Historic Data

* Available for recognised data patterns
* For an longitudinal data sets
* Generated as SVG graphics
* Astrends or interval plots
— Laboratory test results
— Start and stop dates for medications

ABERNATHY, Timothy (Dr) Bom O08-F charting Quit  Admin
Hospital Number — NHS Number 100000 PR Teams Registration
: (Close ) ( Refresh )
Caleium’; S————
=PLNP Start: | 18-3-2007 Interval: | [ J” Years J| Plots: | Comb ncd_j|
CTx
¥ cityEHR Feature Demo (8) T iy | & €| @
3.50 |
Basic Summary View 3.00 |
: 3 2.50 |
01-]Jan-2000 - Basic Patient Data B
Diagnosis 1'50 I |
Medical History 1.00 L e N | :
Medications 0.50 ﬁ"'&_ - — |
Bone Chemistry |
z & =% & § = 8 =&
Basic Longitudinal Data View b3 =] ] o = = 2 3 |
@ @ @ & = - - ™ |
: 2 2 2 2 = = = = |
Registration Event Summary il o o o ol o i 32 |
Bone Chemistry Results 150.00 I
300.00 |
Medication History 250.00 |
200.00 |
Diagnosis History 150.00 s —ik |
100.00 B é\n,a’/ |
Laboratory Test Results 50.00 R |
E 3 9 3 o E g 3 |
Patient Alerts &+ & h e vy - @ e |
2 g 2 B & = 2 8
g g g g 2 Z z 3 |
» Patient Administration (1) 51 51 = 51 51 51 51 51 |
» Clinical Care (2) |
i i
-
cit m
cltyEHR V0.98  User: cityEHR User  Logged on:
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Created as CDA documents

Using same modelling tools as other documents
Stored as HL7 CDA
Printed (exported) as

- PDF
-  MS Word

Open Health Informatics for Electronic Health Records

Add New Letter  'ide

20-Aug-2013 Patient Letter

20-Aug-2013 Patient Letter

09-Aug-2013 Patient Letter

25-Jul-2013 Patient Letter

20-Jun-2013 Patient Letter

20-Jun-2013 GP Letter

19-Jun-2013 Patient Letter

19-Jun-2013 GP Letter

19-Jun-2013 GP Letter

19-Jun-2013 GP Letter

19-Jun-2013 GP Letter

19-Jun-2013 GP Letter

19-Jun-2013 GP Letter

19-Jun-2013 GP Letter

31-May-2013 Patient Letter

16-May-2013 Patient Letter

16-May-2013 Patient Letter

15-May-2013 Patient Letter
ElFin v0.98

User: cityEHR User  Logged on: 08

BREAM, Barnabus (Mr) Born 03-Sep-2012 (12 months) Gender Male
Hospital Number 1234567892 WNHS Number 1234567890

Patient Record Summaries Enter Patient Data

20-Aug-2013 - Patient Letter

Quit Admin
Dashboard Find Patient Search Database Add New Patient

opaedic Centre

| Delete @ | Reset & | | Publish (@ | Save « | Print # | MS Word i

[¥ document-247.pdf (page 2 of 2)

=

OXFO

Consultants: Dr M. Kassim Javaid
Clinical Assistant: Dr Sally Hope

Clinical Nurse Team: Kerri Rance, Carol
Clinical DXA: Julie Aston; HCA: Leonora L

|Mr Bream

21 Basham Street

Oxford
0X2 7H)

Dear | mr Bream

|You were recently seen by cityEHR User fro
[fractured your Femur

|This letter is a summary of your treatment p

Patient lg: 1234867892

1o reduce Fracture risk?

What are my

The st important e
FORCHID Class:Drugs:

2N N T med i taken w
onernight at s alf

You need calcium 1o make sure your medicasion works 1o virenglhen your boees.

No specific recammendtioes for yeu

needed for your medsestson b work o siremgihen your hones

e willprovide y

No specific recammendtives for yeu

Nospecific recommendations for you

— No speeific recommendations for you

Page [2] ot 2]




Cohort search using terms built from the data dictionary

Use entry/element in clinical context
Combine cohorts

Export cohorts, with specified data sets
as HL7 CDA
as spreadsheet

Searches Cohorts

(anonym Ised) 19-Sep-2013 New Cohort Search

11-Jul-2013 New Cohort Search

18-Jun-2013

08-May-2013

22-0ct-2012

24-Aug-2012

22-Aug-2012

16-Aug-2012

14-Aug-2012

Open Health Informatics for Electronic Health Records

Cohort Search

cityEHR W0.98 User: oty

d” Blood Pressure d|
& | Systolic v_\” greater than j” 130
b 4 | Diastolic j” greater than J| | 90

Search Term

{Age in Years greater than 50 } AND {Gender equal to Male)
Age in Years greater than 50
Gender equal to Female

Gender equal to Male

14:34:55 on Friday, 22nd November 2013 Last legged on: 14:30:07 on Friday, 22nd November 2013

Quit Admin
Dashboard Patient Search Patient Cohorts In-Tray Care Teams Registration

Effective Time | 22-Nov-201] P | Save as | New Cohort Search

Cohort

(5}

(11)
(15)

38/ 42




Pathways modelled as CDA documents
Using same modelling tools as other documents
Stored as HL7 CDA
In progress
and when complete

ABERNATHY, Timothy (Dr) Born 08-Feb-1979 (34 years) Gender Male Quit Admin
formS part Of the reco I’d Hospital Number ~ NHS Number 1000001356 A Dashboard Patient Search Patient Cohorts In-Tray CareTeams Registration

In Progress New y L A Pathways

¥ cityEHR Feature Demo (2) 22-Nov-2013 - Manage Weight In Progress Display —_—

Manage Weight

Enter Data

Enter Data Status: Outcome: To be confirmed

ALY Enter BMI Data
Monitor Patient Only enter these data if you are sure you know what you are doing
Role: [_ Any Role - -] Delay (days): | | Status: |Chancd J| Outcome: To be confirmed
Follow Up
BMI is 20.2

Status: |charted _d Outcome: To be confirmed

Follow Up in One Year

Role: —~ Any Role - j Delay (days): | | Status: |Chancd J| Outcome: To be confirmed

-~
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

v

cityEHR V.98 User: cityEHR User Logged on: 07:08:39 on Friday, 22nd November 2013 Last logged on: 21:40:07 on Wednesday, 20th November 2013 4
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List of notifications for the user
Can be actions in pathways
Or annotations on events

Click directly through to the
patient record

New InProgress Old
» Flags (1)
¥ Actions (3)

19:53:45 on 19-Nov-2013 K1476889
Abernathy Enter BMI Data in Manage
Weight

19:40:19 on 19-Now-2013 K1476889
Abernathy Enter BMI Data in Manage
Weight

19:35:36 on 19-Now-2013 K1476889
Abernathy Enter BMI Data in Manage
Weight

Open Health Informatics for Electronic Health Records

Quit Admin
Dashboard Patient Search Patient Cohorts In-Tray Care Teams Registration

In-Tray - cityEHR User

ABERNATHY, Timothy (Dr) Bom 08-Feb-1979 (34 years) Gender Male
Hospital Number ~ NHS Number 1000001356 A

This Action was recorded at: 19:53:45 on 19-Nov-2013

Motification for:

Notification for action

cityEHR v0.98 User: dtyEHR User Logged on: 07:08:39 on Friday, 22nd November 2013 Last legged on: 21:40:07 on Wednesday, 20th November 2013




. Ponseti database — club foot clinics
— Chelsea and Westminster

uuuuu

— Manchester Children's Hospital
*  ORCHID - clinical data for biobank
— Nottingham University Hospital
* Elfin — pathways for fracture prevention
— Nuffield Orthopaedic Centre, Oxford

s to more than one application.
[

rom the following list. ®
ol e
o000

Logon Quit 0000
nottingham

orchid

41142

Open Health Informatics for Electronic Health Records



John Chelsom
Seven Informatics
john.chelsom@seveninformatics.com

o

summer school

13t — 18t September 2020
xmlsummerschool.com
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