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FUNDED BY: Cambio Healthcare Systems (http://www.cambio.se)

1 Introduction

The GDL editor is multiplatform application that allows users to create, edit and run GDL files. GDL is a formal language
designed to represent clinical knowledge for decision support. It is designed to be natural language- and reference terminology-
agnostic by leveraging the designs of openEHR Reference Model and Archetype Model. This tool provides an editing and testing
environment capable of generating forms based on the elements defined in the GDL.

2 User interface

2.1 Basic layout
The GDL editor is divided in eight tabs:

* Description: basic information about the guideline.

* Definitions: references to the archetypes used in the rules and preconditions.

* Rule list: allows managing of all the rules inside the guideline.

* Preconditions: a list of conditions that have to be fulfilled before any rule is executed.
* Terminology: translations for each one of the terms used in the guidelines.

* Binding: mapping of the local codes used in the guideline to external terminologies.
* GDL.: the output of the editor (in GDL format).

e HTML.: the output of the editor (in HTML format).

E GDL Editor - CHA2D52-VASc Score - (build 2013-11-25_09-11) = EI 53

File Language Configuration Help

| |-/ Load guide... || [=] save guide || « Generate form || 3 Add Rule || 1 Add binding |

[ Description | L] Definitions | E[ Rule list | /| Preconditions | & Terminology | «{ Binding | & 60L [ E@HTML | & Drools |
;| Description
7| |CHA2D52-VASc Score for estimation stroke risks in atrial fibrillation

Guide name: |CHA2DS2—VASC Score |
Author details

Name: |R0ng Chen

Email: |r0ng.chen@cambi0.se

Purpose
§§ Calculates stroke risk for patients with atrial fibrillation, possibly better than the CHADS2 score.

Organisation: |Cambi0 Healthcare Systems

Date: [2012112003

Authorship lyfecycle: |Author draft

Use

Copyright: | Calculates stroke risk for patients with atrial fibrillation, possibly better than the CHADS2 score.
Keywords
(& Atrial Fibrillation
@ Stroke i

CHA2DS2-VASC [astse
Contributors i
(|Carlos Valladares (s ;
) 1. Lip GY, Mieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratification for predicting stroke and |~
@ 5 thromboembaolism in atrial fibrillation using a novel risk factor-based approach: the euro heart survey on atrial

| fibrillation. Chest. 2010 Feb;137(2):263-72. Epub 2009 Sep 17. PubMed PMID: 19762550.
i 2. European Heart Rhythm Association; European Association for Cardio-Thoracic Surgery, Camm AJ, Kirchhof P, ||
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2.2 Menubar
There are three groups of options in the menu bar:

* File: basic operations regarding the file system.

— Create new guideline
— Load guideline
— Save guideline
— Import
+ Import archetype: Loads an archetype into the editor’s repository
# Import template: Loads a template into the editor’s repository
— Export
# Export to object: Saves the compiled guideline (drools format in this case)
# Export to HTML: Saves the guideline in HTML format

* Language: manages the language settings of the guideline and the GDL editor.
— Add language: creates a new language definition for the guideline being edited.
» Configuration: change editor settings.

— Repositories: edit the folder location of archetypes and templates (requires reboot).
— Current date/time: set the timestamp the rule engine will use as current time (by default system’s clock is used).

— Language: change the editor’s language (current version supports only English and Spanish).

2.3 Definitions

Definitions establish a link between the archetype elements and the terms used in our guideline. All definitions of the guideline
can be found at the ‘Definitions’ tab, and can be created either from here or directly from the preconditions /conditions/actions
panels.

To create a new definition from the ‘Definitions’ tab (Figure 2), just drag and drop (or double click) the definitions (on the right
side) you want to insert. All editable components of each definition will be displayed as a link (blue and underlined). To change
its value, just click on it. To comment/uncomment a definition you will have to click on the first button (green if active, gray if
inactive) right next to the name of the definition. To delete a definition, click on the second button (red) .

Note
Commenting definitions, conditions, actions and rules is useful for debugging the guideline, but keep in mind that commented
content is not saved.

E GDL Editor - CHA2DS2-VASc Score - (build 2013-11-25 08-11) o | B P9

File Language Configuration Help

| | Load guide... ‘ | = save guide || + Generate form ‘ Ely Add Rule ‘ | #3 Add binding
(" Description | [] Definitions | EI'| Rule list | /| Preconditions | & Terminology |« Binding | d5 GDL | L HTMIL | Drools
Definitions ~| Definitions
L[ Instantiate archetype =+ openEHR-EHR-EVALUATION.problem-diagnosis.v1 & @ L_| Archetype instantiation
L] instantiate element Diagnosis as Atrial fibrillation diagnosis &) & B Blement snstantiaton
L_| With element Diagnosisrwﬁ_a | Atrial fibrillation @e L_| Predicate (DataValue)

i e L_| Predicate (Function)
L[ Instantiate archetype =* ppenEHR-EHR-EVAIL UATION.problem-diagnosis.v1 ee

L | Instantiate element Diagnosis as Hypertension diagnosis & &
LI with element Diagnosis |is_a | ¥ | Hypertension © &

GDL currently supports four types of definitions:
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* Archetype instantiation: creates a reference to an archetype or a template. For each instantiation we will have to define three

parameters:

— Domain: there are three possible values (EHR / CDS / ANY) (Figure 3). See the GDL specification for more information

about each one of them.

— Archetype/Template: a list with the registered archetypes and templates will be displayed (2).

B Archetypes/Templates

T
Domain: ¢ EHR | |
| S

ypes | DT |

Filter : # = . import

[ Archetypes

§ @ Observation
@ openEHR-EHR-OBSERVATIOM MEWS v1
@ openEHR-EHR-OBSERVATION.age_group_10_yearsv1
@ openEHR-EHR-OBSERVATION. airway_obstruction.v1
@ openEHR-EHR-OBSERVATION. alertness v1
& openEHR-EHR-0BSERVATION. basic_demographicv
@ openEHR-EHR-OBSERVATION. blood_pressurevi
@ openEHR-EHR-OBSERVATION. body_mass_indexvl
& openEHR-EHR-OBSERVATION.body_surface_area v
& openEHR-EHR-0BSERVATION body_temperature v1
@ openEHR-EHR-OBSERVATION, body_weightv1
@ openEHR-EHR-OBSERVATION.ces_d_scorevi
@ openEHR-EHR-OBSERVATIOM.chadsvas_scorevl
& openEHR-EHR-0BSERVATION. consciousnessvl
@ openEHR-EHR-OBSERVATION, contact_reviewv1
@ openEHR-EHR-OBSERVATION. corrected_calcium_level vl
@ openEHR-EHR-OBSERVATIOM.creatinin_testvl

Iv]

| ©accept || @ cancer |

* Element instantiation: creates a reference to an element inside the archetype or template. It has to be placed inside an archetype

instantiation.

Select element instance

Filter : BB

0 openEHR-EHR-EVALUATION. problem-diagnosis v
¢ @ data

T Diagnosis
cl Status
[y Date of initial onset
© Severity
T Clinical description
[ﬁg Date clinically recognised
¢ T2 Location [}
cT Body site
T Location description
7 e Aetiology
T Agent
T Complication of
T Description

T 'E: Occurrences or exacerbations

M Cranunn £ r. Lirran

[»

4]

| & Accept || 3 cancel |

* Predicate (DataValue): defines a constraint for the archetype instance. It has to be placed inside an archetype instantiation.

* Predicate (Function): adds constrains to elements defined by using aggregate functions
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I GOL Editor - Body Mass Index calculation - (build 2013-11-25_09-11) =@ 8B
File Language Configuration Help

I Load guide... || =] save guide | +# Generate form I| L3 Add Rule | #3 Add binding |

(" Description | L[ Definitions | &7 Rulelist | Preconditions | Bk Terminology | «J Binding | dg GDL | G wimL | 4 Drools |

| Definitions | Definitions

L] Instantiate archetype % openEHR-EHR-OBSERVATION.body weightv1 & & [} Archetype instantiation
- i3 L] Element instantiation

edicate (Natallale
L[ Predicate (Function)

L With element Event time ‘max | v | & &
L] Instantiate archetype &+ openEHR-EHR-OBSERVATION.heightv1 & &
L/ Instantiate element HeightLength as HeightLenath &) &

Lj with element Event time max | v | £ @

Note
Definitions, conditions and actions can be added by dragging them into the main panel or simply by double clicking on them.

2.4 Rule list
In this tab we will be able to manage all the rules in the guideline. Each rule contains a set of conditions and actions (see Rule
editing). To enter a rule, just click on its name.

The managing of rules is very similar to the definitions. To add a new rule use the ‘Add rule button’ situated on the editor’s
toolbar. To edit a rule’s name use the pencil icon.

E GDL Editor - CHA2D52-VASc Score - (build 2013-11-25_09-11) = = 1 EZ =

File Language Configuration Help

| | Load guide... | | [&| save guide | | + Generate form | | & Add Rule | | #3 Add binding |

(" Description | L] Definitions | B Rulefist | /| Preconditions | Ef Terminology | «J Binding | &5 6OL | I@HTML | & Drools |
= Setdefault o~ & @

=[] Set hypertension »~ & @

‘=" Set CHF present .~ © @

=0 Setdiabetes .~ © @

=[] Set previous stroke o~ & &

2.5 Rule editing

When a rule is opened, the rule editor will be displayed. The upper part shows the conditions needed for the rule to execute, the
bottom part contains the actions that will take place once the rule is activated (see Figure 8). Most of the actions and conditions
will refer to an element instance which can be previously defined on the DEFINITIONS section or directly created from the rule
editor. In the second case, when selecting an element instance form a condition or action, a dialog for selecting/defining element
instances will be displayed. This dialog will allow us to select an already defined element instance (Figure 7), an element instance
from an already defined archetype instance (2) or add a new archetype instance (3).
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~
B Select element instance

Fillter : + 5| & Add archetype :

es{)cT Atrial fibrillation diagnosis

eaf)cT Hypertension diagnosis
'1";0:'[ Diabetes diagnosis I

stive heart failure diagn

waf{)cT Previous stroke or TIA dlagnos
esf{)cT Vascular disease diagnosis
el Bithdate

g T Gender

TE@E Gender

5@ Hypertension

vsgp 12, Total score

@@ Vascular diseases
os@p@ Diabetes

B Age

@s@&) Congestive Heart Failure

- 2
¢ | [ Aschetype instan

) openEHR-EHR-EVALL
0} openEHR-EHR-EVALUATI

problem-diagnosis v1 (Diagnosis=Atrial fibrillation)

blem-diagnosis. v (Diage

s=Hypertension)

© Accept | | € cancel

Editing conditions and actions is very similar to the definitions. The current version of the GDL editor supports six types of
conditions:

* Compare (DataValue): compares the value of one element instance with a data value (constant).
e Compare (NullValue): compares the null value of an element instance with an openEHR NULL_FLAVOUR code.
* Compare (Element): compares the value of an element instance with the value of another element instance.

* Compare (Attribute): compares the attribute of an element instance with a constant or an expression (see EXPRESSION
EDITOR).

* Element is initialized: checks whether if the element instance has or has no value assigned.

* Or operator: performs logical disjunction between two conditions.

Currently there are four types of actions supported:

Set (DataValue): initializes the element instance with the data value selected.

Set (NullValue): removes the value from the element instance and sets the NULL_FLAVOUR code selected.

 Set (Element): copies the value of one element instance to another.

Set (Attribute): sets the value of an attribute using a constant or expression (see Expression editor).
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B GOL Editor - CHA2DS2-VASE Score - (build 2013-11-25 09-11) =B X |
File Language Configuration Help
| || Load guide... | | Save guide | | +" Generate form | | 4 Back to guide
Set hypertension
| Bl Conditions & Actions |
Conditions Conditions
| Element e4® Hypertension diagnosis 2 \#| Compare (DataValue)
w | Compare {HullValue)
| Compare (Element)
w | Compare {Attribute}
| Element exists
w" | Or operator
A
Actions Actions
Set element <5 Hypertension to Present & & Set (DataValue)
Set (NullValue)
Set (Element)
Set (Attribute)

It’s important to note that we will only be able to carry out actions on the element instances that correspond to an archetype
instance in the CDS domain. This means that the rule engine is not able to make changes directly on the EHR elements.

Note
Element names can be edited directly by right-clicking on its name.

2.6 Expression editor

Attributes of element archetypes can be compared to expressions containing other attributes or constant values. GDL supports a
basic set of arithmetic operators (see Arithmetic operators on GDL Specifications). The expression editor is divided in two parts,
the editing panel (above) and the viewing panel (bottom), any changes made on the editing panel will be displayed in the viewing
part, if the expression is correct. Elements can be added to the expression manually or using the assistant (right side).

Note
The expression viewer is used as an indicator for expression correctness. If empty, it means the text inserted cannot be parsed.
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E Expression editor | P

Expression editor Filter : [+ =

((1.04 * (140 - (ScurrentDateTime year - 5gt0002 year))) * ($ot0005. magnitude / $gt0009 magnitude))
@ Aftributes/Functions

¢ @l Birthdate

[»

@ year
@ month

@ day

haour
Expression viewer

((1.04 * (140 - (Current Date/Time,,, - Birthdate,,))) * (Weight / Creatinine))

minute
second
fractionalSecond

timeZone

e © ¢ © ¢ @

value

' count

[4]

4] i | | ]
@ Accept | ‘ €3 cancel ) Add element

2.7 Preconditions

Preconditions are managed the same way conditions on the RULE EDITING. This section defines which facts must be matched
before the guideline can execute.

GDL Editor - CHAZDS2-VASc Score - (build 2013-11-25_00-11) =|@E] %
File Language Configuration Help
| [| Load guide... || [=] save guide | | « Generate form | | 3 Add Rule | | 1 Add binding |
[ Description | [] Definitions | ') Rule list | /| Preconditions | Efy Terminology | «J Binding | & GDL | L@ HTML | & Drools |
Preconditions | Preconditions
\#| Element e® Atrial fibrillation diagnosis ©e | Compare (DataValue)
w*| Compare (NullValue)
| Compare (Element)
w*| Compare (Attribute)
w*| Element exists
| Or operator

2.8 Terminology

The terminology editor allows us to edit the different terms found on the GDL. GT codes are created automatically when we add
element instances or create new rules, but they will have to be created manually when creating bindings.

.
E GDL Editor - CHA2DS2-VASc Score - (build 2013-11-25_09-11) | = | = PO |
File Language Configuration Help
| [ | Load guide... | | Save guide | | «” Generate form | | 3 Add Rule | | #3 Add binding |
[ " Description | ] Definitions | Ef| Rulelist | /| Preconditions | ¥ Terminology | « Binding | % GDL | @ HTML | & Drools |
; Code Text Description
@
gtoo03 Diagnosis The index diagnosis -
@ |[gtooos Age =
gtoo0a Gender B
gtoooa Vascular diseases Prior myocardial infarction, Peripheral artery disease, Aortic plague
gtoo10 Diabetes B
gto011 Age =
gtoo12 Congestive Heart Failure [
gton13 Previous stroke [
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To change the language of the terminology used we use the menu option Language. If we want to add a new language to the
terminology, we can use the option Add language. ..

F Bl
GDL Editor - CHA2DS2-VASc Score - (build 2013-11-25_09-11) Ll = ]
File | Language | Configuration Help
._@“—E Save guide | | + Generate form | | 4 Add Rule | | #3 Add binding |
O en
( Add [grpage.. [mtions [ Bl Ruletist | Preconditions | Ef Terminology | =3 Binding | J& GDL | [0 HTML | & Drools |
(&) Code Text Description
gt0003 Diagnos *The index diagnosis (en) -
@ [gto00s Alder ** (en)
gt0006 Kan **(en)
gtoooa Vaskular sjukdom *Prior myocardial infarction, Peripheral artery disease, Aortic plague (en}
gtoo10 Diabetes ** (en)
gton11 Alder ** (en)
gtoo12 HjartsviktVK-dysfunktion **(en)

2.9 Binding

Terminology binding works the same way the rest of the Section 2.3. Clicking on the button ‘Add terminology’ we will be able
to create a new tab with the selected terminology.

Add terminology binding [ &/ |

«] Terminologies
=} IcD10
=] ATC
=] ALERTS
=] RISKS

| @ Accept || 3 cancel |

When the guideline is executed, any code contained here and referenced with an is_a operator will be translated to its bound
terminologies for resolution. Each row in the binding table contains three:

* Local terms: the codes defined in the local terminology of the guideline (see TERMINOLOGY). They can be selected by
clicking on the field.

* Terminology codes: the codes of the terminology we are binding, separated by comma. Can be inserted manually or using the
terminology viewer by double clicking on the magnifier icon.

* URI: an uniform resource identifier that points to a post-coordination expression (under development).

GDL Editor - CHAZDS2-VASc Score - (build 2013-11-25 09-11) (== % |
File Language Configuration Help
| [ Load guide... | ‘ = save guide | | + Generate form | | 4 Add Rule | ‘ 53 Add binding |
[ Description | L] Definitions | EJ'| Rule list [ | Preconditions | ¥ Terminology [ «J Binding | & GDL [ @ HTML | & Drools |
IcD10 @
@ Local terms Terminology codes URI
gt - Congestive heart failure 50 =
© |_gt0101 - Hypertension 112,113, 110,111,115 2
|__gt0102 _Diabetes 11, E10 E13 E12 E14 R
10103 - Previous stroke or TiA G459, 163, 1693 2
10104 - Vascular disease 240 1258 1259 1255 1256 1250 1739 1251 1252 172 _[71,121 170 122 7951 =y
qt0105 - Atrial fibrillation 45 =y
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1CD10 L= |

Filter : 4 BB

<} IcD10

o= (=] Cholera (A00)

J4 Typhoid and paratyphoid fevers (A01)
J4 Other salmonella infections (AD2)

D« Shigellosis (AD3)

J4 Other bacterial intestinal infections (A04)

[T »

J4 Other bacterial foodborne intoxications, not elsewhere classified (AQDS)
D« Amoebiasis (A06)

J4 Other protozoal intestinal diseases (AOD7)

J4 iral and other specified intestinal infections (A08)

J4 Other gastroenteritis and colitis of infectious and unspecified origin (AD9)

=% % % ¥ i3

J4 Respiratory tuberculosis, bacteriologically and histologically confirmed (A1 |

La? D iratar: tuhareulacic nat fi A hactarinlanicall ar hictalanicall (4 |

1 | [+
| @ Accept || 3 cancel |

=y

2.10 GDL Source

The GDL source tab shows the edited guideline in GDL format. When displayed, all the previous sections will be converted into
formal language. This is the same format used when saving the guideline to a .gdl file. The GDL viewer also allows editing the
GDL code.

'

GDL Editor - CHA2DS2-VASc Score - (build 2013-11-25_09-11) (=6 ¥ |
Filte Language Configuration Help
| [ | Load guide... || Save guide || « Generate form || &) Add Rule || % Add binding |
(" Description | L] Definitions | B Rule list | || Preconditions | ¥ Terminology | «J Binding | & GDL | C@HTML | & Drools |
1 a
2 =
3 L
4 concept
5 language = (LANGUAGE) <
a criginal_language = <[I50 639-1::en]>
7 ™
i descripticn = (RESOURCE DESCRIPTION) <«
g details = <
10 ["en"] = (RESOURCE DESCRIPTION ITEM) <
A copyright
12 keywords = RSc">
A3 misuse = <
14 purpose rigl fibrillation, possibly b St
1 fibrillation, possibly bett
16 >
17 ["sv"] = (RESOURCE DESCRIPTION ITEM) <
18 >
15 >

If the editor finds any problems generating the GDL language, it will show us a dialog with a message, asking whether to ignore
the problem or not. Most of these problems are due to empty values inside conditions and actions. To avoid these types of errors,
make sure all the elements are properly filled before loading the GDL viewer.

[ = |

Ignore GDL source changes? e

The parsing of the last changes on the GDL source code have failed.
Do you want to ignore them?

2.11 HTML view

This tab allows visualization of the GDL guideline in HTML format. You can use the tool File>Export>Export to HTML to save
the content of the GDL in this format.
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A GDL Editor - CHA2DS2-VASc Score - (build 2013-11-25_09-11) =8 ® |

File Language Configuration Help

| [| Load guide... | | [=] save quide | | +” Generate form | | [ Add Rule | | 3 Add binding |
(" Description | L] Definitions | Bl Rulelist | 7| Preconditions | ¥ Terminology | «J Binding | & 6DL [ E@HTML | & Drools |
CHA2DS2-VASc Score B

GUIDE DETAILS

Description: CHA2DS2-VASc Score for estimation stroke risks in atrial fibrillation
Purpose: Calculates stroke risk for patients with atrial fibrillation, possibly better than the CHADS2 score. ]
Use: Calculates stroke risk for patients with atrial fibrillation, possibly better than the CHADS2 score.
Misuse:

References: 1. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratification for predicting stroke and thromboembolism in atrial fibrillation using a
novel risk factor-based approach: the euro heart survey on atrial fibrillation. Chest. 2010 Feb;137(2):263-72. Epub 2003 Sep 17. PubMed PMID: 19762550. 2.
European Heart Rhythm Association; European Association for Cardio-Thoracic Surgery, Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva |, Ernst 5, Van
Gelder IC, Al-Attar N, Hindricks G, Prendergast B, Heidbuchel H, Alfieri O, Angelini A, Atar D, Colonna P, De Caterina R, De Sutter J, Goette A, Gorenek B,
Heldal M, Hohloser SH, Kolh P, Le Heuzey 1Y, Ponikowski P, Rutten FH. Guidelines for the management of atrial fibrillation: the Task Force for the
Management of Atrial Fibrillation of the European Society of Cardiology (ESC). Eur Heart J. 2010 Oct;31(19):2365-429. Epub 2010 Aug 29. Erratum in: Eur
Heart J. 2011 May;32(9):1172. PubMed PMID: 20802247. 3. Lip GY, Frison L, Halperin JL, Lane DA. Identifying patients at high risk for stroke despite
anticoagulation: a comparison of contemporary stroke risk stratification schemes in an anticoagulated atrial fibrillation cohort. Stroke. 2010
Dec;41(12):2731-8. Epub 2010 Oct 21. PubMed PMID: 20966417.

AUTHOR DETAILS

Name: Rong Chen

Email: rong.chen@cambio.se

Organisation: Cambio Healthcare Systems

Date: 2012/12/03 =

2.12 Form generator

GDL editor contains a utility that allows guideline testing. The form generator will create a set of input fields based on the
EHR/ANY content defined on the guideline. This data will be used to execute the rules in the guideline and present a result with
the calculated values.

B CHAZDS2-VASC Score [

Input
openEHR-EHR-EVALUATION. problem-diagnosis.vi

eircT Diagnosis = | T Atrial fibrillation and flutter |@@

openEHR-EHR-EVALUATION.problem-diagnosis.v1
enncT Diagnosis = | <T Non-insulin-dependent diabetes mellitus |@@

openEHR-EHR-OBSERVATION.basic_demographic.vi

ercl Gender = [Female | v

enf{ll; Birthdate = |20r1231 946 19:23:40 | [

enllly Event time = 0111212013 19:23:15 ||
o
Result

openEHR-EHR-OBSERVATION.chadsvas_scorev1

CDS@ Congestive Heart Failure = 0- Absent
Hypertension = 0 - Absent

s Diabetes = 1-Present

@sE) Age = 1-Between 65-74

@sE) Previous stroke = 0 - Absent

s Vascular diseases = 0 - Absent

@sE) Gender = 1-Female

@s12; Total score = 3

09
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