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The Drug Ontology Project has been developed teigeoa reference terminology by
which prescribing guidelines within the PRODIGY fea and the patient record can be
integrated. Consistency and ease of maintenancpraved by GALEN classification
techniques. These classification techniques rely fulh and unambiguous formal
descriptions of drug terms. We have found during phmoject that these descriptions
become verbose and difficult to author and maintaitheir native format. To manage
the problem we have developed therug Ontology Production And Malntenance
eNvironment’ or DOPAMINE. DOPAMINE presents concise viewsaflrug's clinical
properties with which the user can interact. Weehfmund these tools not only simplify
authoring but also provide new opportunities fosudlising information that is not

possible with the formal descriptions alone ordhiginal source text.



Introduction

The Drug Ontology is aiming to provide a referetemeninology of drugs to support prescribing guides
developed within phase Il of the PRODIGY Projent the UK The first two phases focused on
prescribing for acute conditions within a singlenswaltation. Phase Il is concentrating on providing
prescribing support for chronic diseases. As thidance will have to apply over multiple consultagahe
guideline system must interact much more with thtiept record.

Guidelines are authored using terms that need jidy dp a population of individuals and so are geher
such as ‘anti-anginal drug’. In contrast, the pdtiecord contains information about actual préscg
events, and so includes very specific drugs temmh |s ‘Atenolol 25mg, bd, prescribed 21/7/2000°. A
mechanism is needed to relate the two sets of tdrthe guideline system is to interact with theigat
record.

Traditionally, classifications have provided thekli However, existing classifications have been ua#ly
created to fulfil specific tasks. For example thassification of the British National Formulary (B)¥ has
been created primarily for manual navigation frobsteact drug classes to specific drug monographs.
Decision support is a novel task, and guidelindaust have found existing classifications do notvjuie

the necessary abstract drug classes such as reyitish drug’. As they are manually created, it iatzour-
intensive task to create and maintain the relahiprssof these new abstractions.

GALEN classification techniques have been develdpedher medical domains such as surgery
Classification is achieved automatically using acdigtion logic classifier. Automatic classificatio
depends on a formal description of each term whitlvthe classifier can infer the relationshipsasesn
the terms. The effort is therefore shifted from orclassification to explicit definition of thertas
present in the classification. The Drug Ontologyject involves writing formal descriptions for geice
drug terms such as ‘Atenolol’ together with moretedict terms such as ‘Anti-anginal medication’. ée
are then presented to the classifier to produdassification of drug terms. We have shown the athges
to this approach arg®’

1) Information by which the classification has occdrigexplicit.

2) The classification is logically sound.

3) The exact organisation of the classification catellered to different tasks by using the same
generic drug term definitions with differing abstréerms.

Each description must be as unambiguous as pasSh#eexact meaning of semantic links such as
‘indication’ need to be expanded if the classifimats going to be used independently of the sotexe In
this case ‘indication’ has to be expanded to ‘iatlan as suggested by BNF" and further specifiethiey
goal of treatment such as ‘curing’, ‘palliatingareventing’.

Descriptions must also contain sufficient inforroatto allow classification along the axes requivgdhe
guideline authoring tearfror example calcium channel blockers may need wdssified by chemical
structure, mechanism of action and indications. ddleium channel blocker description would therefor
have to describe all these properties. Althouglp@mies such as indications are related to mectmanis
action each must be specified separately to allagsdication independently along each axis.



Unambiguousdescriptions becomeverbose

During the project we have found that unambiguascdptions, soon become verbose in the eyes of
human readers. Information has to be includederdtiug term descriptions that human readers would
automatically infer, and so appear redundant.

An introduction to Intermediaterepresentation, theformal language used to writedrug descriptions.

The GALEN Intermediate Representation is the sifiggliformal language used to describe the definitio
and properties of a concépEach term description (called a dissection) staith the keyword MAIN
which is interpreted in a domain specific way. Aafterms (called descriptors) and semantic lirfiékow
the MAIN keyword, which specify the terminologiaifinition and properties of the concept being
described. Indentation of the links is used to Epedhich descriptors are being linked.

Figure 1. How Intermediate Representation shoulmhteepreted.

MAIN Atenolol
PROPERTIES read as Drug which has ingredient Atenol

HAS DRUG_FEATURE indication has an indication which is treatment
WHICH_IS treatment - of angina.
FOR angina

The intermediate representation is then autombtitainslated into a lower level description logic
language GRAIL with which the classifier operatd@sanslation rules are authored for each domain
allowing some degree of ambiguity in each IntermtedRepresentation. However if ambiguity exists
within a domain such as with the term ‘indication’ in tirag domain, the exact meaning of the term has to
be specified at the level of the Intermediate Regmation. As the number of properties of a dregeases

it can become difficult to read.

Figure 2. Processes involved in producing the dintglogy.
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Figure 3. The result of authoring an Intermediagépf@sentation dissection for a sample of sourde tex
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HAS_DRUG_FEATURE indication
FOR prophylaxis

Atenolol- indications becomes ACTS_ON angina
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Although the unambiguous form is needed for corotassification, authors need to interact with aeno
concise view of the descriptions. ‘DOPAMINE’ is thame of the toolset developed for presenting senci
views of drug descriptions to users.

M ethod

1) Define repetitive patterns.

There are nine main clinical drug properties theutipontology’ describes.
e Ingredients

Form

Indications

Cautions

Contraindications

Effects

Side effects

Interactions

Pharmacokinetics

The description of each type of property followstereotyped pattern. This pattern is specified ralyu
for each type of property. Using this pattern, DORNE is able to recognize the repetitive initiatiean

of properties and so provide a more concise viewhéouser. The following diagram shows the pattern
defined for indication properties.

Figure 4. Tool for entering the initial patterns &ach property type.
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2) Parseverbosedescription for occurrences of these patterns.

Each property of a drug description is checkedetigit matches one of the predefined patternsialls a
set of drug descriptions is presented together runder control. For example the set of all beta-
adrenoceptor blocking drugs.

3) Present resultsasa view with which theuser can interact.

A table is constructed with a list of propertiedetted along the Y-axis and the list of drugs @mathon
the X-axis. The list of properties is grouped bg tratterns that the user has previously definetvdf
properties have a common initial section, only thdations are listed below the common structutds T
process of is explained in figure 5. The tablefaright is the view that would be presented ifdtbsmon
structure was repeated. The section of the tabl¢herright is from the DOPAMINE tool and shows
indications for Atenolol.



Figure 5. Presentation of properties in a condefuedat.

Propertie Atenolol
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The numbers in the boxes indicate how many prageiticlude that initial section. An asterisk indésa
that this structure is only a preliminary partlvése properties. For example, Atenolol possesses th
properties that begin ‘HAS_DRUG_FEATURE indicatiomivo of these continue with ‘FOR prophylaxis’
and one continues with ‘FOR treatment’. The threxpprties end with ‘ACTS_ON arrhythmia,
‘ACTS_ON angina, and ‘ACTS_ON hypertension’ respe&ty.

What happensif the structure containstwo terms at the same indentation level?

This method of presentation produces a probletreiftructure of the property includes two linkaeétted
to the same descriptor term. An additional notifaais necessary in the view to distinguish muetilinks
from two separate properties that have a commaialisection.

i Tigger Properties Manager

Features:
- indication
FOR adjunct
FOR induction
FOR maintenance
FOR management
FOR premedication
- FOR prophylaxis
ACTS ON arrhythmia
ACTS_ON angina
FOR tranquilisation
- FOR treatment
ACTS ON hypertension
HAS FEATURE licensed

2468 ATENOLOL
ATENOLOL |
3
HAS_DRUG_FEATURE indicatic
FOR treatment
ACTS_ON angina
HAS_DRUG_FEATURE indication
HAS_FEATURE licensed
2

HAS_DRUG_FEATURE indicatior
FOR treatment

il

ACTS_ON angina
HAS_FEATURE licensed

Figure 6. Extract from DOPAMINE display showing ications of Atenolol with the use of bars.

The bar between properties is used to distinguish property possessing two links at that level, as
opposed to two different properties condensedantmview.



Structured descriptions provide opportunitiesfor visualizing patternsnot possiblein the source text.

Given that the clinical drug information is now @nhighly structured form and a concise view can be
presented to the user, the tools provide new oppitigs for visualizing patterns of information. kool

can present a group of related drugs such as belads in one table. The user can then identifiyiaant
patterns of properties that need further attention.

The view has been used to detect if a group of gutigs is missing from one drug description by
recognizing a blank area in the table. It has bisen used to determine whether a property is tualf
members of a drug class and so move that propethetdescription of the drug class.
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In the above example ‘breast feeding’ and ‘pregyanentraindications are present for all memberghef
‘Clofibrate group’ of drugs and so it may be mopprpriate to attach this property to the desaiptf
the ‘Clofibrate group drug class’. Once classifmathad occurred these properties would then beritdd
by the members of the cla%s

The figure 8 shows how it has been used to dethether different terms have been used to desdnie t
same property in a set of related drugs. Fiveedlt&grms have been used in the source text toibdegbe
‘peripheral oedema’ side effect possessed by aalaghannel blockers: ‘Ankle oedema’, ‘gravitational
oedema’, ‘localized peripheral oedema’, ‘periphavatlema’, and ‘oedema’. Additional organization to
group similar terms together is discussed latetreloan with this alphabetical organization of cqoiset is
possible to identify this possible inconsistencythie drug descriptions. Although inconsistencieghig
nature may not be important for professional reaadérthe source text, automated decision suppbesre
on consistency of terms for correct operation.



Figure 8.. Extract of DOPAMAINE view showing sidifezts of calcium channel blockers. A list is prse
with the full drug names.
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WWHICH_IS arthralgia

WHICH_IS asthenia

WWHICH_IS asystole

WHICH_IS AY block

WWHICH_IS bradycardia

WWHICH_IS chest pain

WWHICH_IS constipation

WWHICH_IS depression

WWHICH_IS dizziness

WWHICH_IS drowsiness

WWHICH_IS dyspnoea

WWHICH_IS erythema

WWHICH_IS erythema multiforme
WWHICH_IS erythromelalgia
WWHICH_IS extrapyrimadal symtptorm
WWHICH_IS eye pain

WYHICH_IS fatigue

WWHICH_IS feeling of warmth
WWHICH_IS flushing

WWHICH_IS frequency of micturition
WWHICH_IS gastro-intestinal disorders
WWHICH_IS gastro-intestinal disturbance
WWHICH_IS gingival hyperplasia
WHICH IS gravitational cedema
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——
HICH_IS gum hyperplasia

WWHICH_IS gynaecomastia

WWHICH_IS headache

WHICH_IS heart block

WWHICH_IS hepatitis

WWHICH_IS hot flushes

WWHICH_IS hypotension

WWHICH_IS hypothermia

WWHICH_IS ileus

WWHICH_IS impotence

WWHICH_IS increased frequency of micturition

WWHICH_IS increased prolactin concentration

WWHICH_IS insomnia

WHICH_IS jaundice

WHICH_IS lethargy

WWHICH_IS liver enzyme disturbance

WWHICH IS localised peripheral oedema

HICH_IS malalse
WWHICH_IS mood disturbance
WWHICH_IS muscle cramp
WWHICH_IS myalgia
WWHICH_IS nausea
VWHICH IS oedema

HICH_IS palpitaion
WWHICH_IS paraesthesia
WHICH IS peripheral oedema
—

HICH_IS polyuria
WWHICH_IS pruritus
WWHICH_IS psychological depression
WHICH_IS pyrexia
WHICH_IS rash
WHICH_IS rashes
WWHICH_IS reflex tachycardia
WWHICH_IS reversible impairment of liver function
WWHICH_IS sino-atrial block
WWHICH_IS Stewens-Johnson syndrome
WWHICH_IS tachycardia
WWHICH_IS tardive dyskinesia
WWHICH_IS telangiectasia
WWHICH_IS temparary increase in plasma cholesterol
WHICH_IS temporary rise in plasma trigylceride
WWHICH_IS thrombaocytopenia
WWHICH_IS tinnitus
WHICH_IS transient increase in liver enzymes after intravenous
WYHICH_IS tremor
WWHICH_IS urticaria
WWHICH_IS variation in heart-rate
WWHICH_IS visual disturbance
WWHICH_IS vomiting
WWHICH_IS weakness
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Thetool can also beused for authoring with associated tools.
The table is interactive allowing authoring of dgstions using the toolset.

Figure 9. Extract of Dopamine view showing Atenatlhtive contraindications.
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WHICH IS hepatic impairment
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Pressing the ‘change ‘breast feeding’ propertytfits dissection’ will add the relative contraindioa for
Atenolol resulting in the addition of the followingtermediate representation:

‘HAS_DRUG_FEATURE relative contraindication
WHICH_IS breast-feeding’

Selecting more than one drug allows rapid authasingpnsistent information for a group of descops.
Discussionsand further work

At present the way the properties are organizdshsed solely on the information in the structurehef
drug descriptions. If a drug has a list of 30 s@ffects that do not differ in structure but onlytire terms
used, they will only be organized in a flat lisiglre 8 shows that users need more organizatighesie
lists if they are to easily find the relevant pragehey are looking for. The pattern of drug pndjgs will
also become more meaningful if conceptually sintiéams are grouped. The terminological informatmn
produce this organization is available becaustdtso needed for the automatic classification @secFor
example the classifier needs to recognize thatirendgs a type of ‘ischaemic heart disease’ to planti-
anginal medication’ in the ‘Drugs used for hearsedise’ class. In many cases this terminological
knowledge is added as a by-product of producingdtiug descriptions and so more organization of drug
properties may only be available at the later sadeuthoring.

The use of bars to signify multiple links at thengalevel works very well if only a few examplessziper
drug description. However we have found that fonyndescriptions there may be numerous examples. In
this case, the number of bars becomes too great dser to quickly interpret. Experiments are uwdg

to allow the dopamine to temporarily rearrange #treicture of the drug description to produce an
equivalent description without any multiple linkstlae same level. For example:

HAS_DRUG_FEATURE indication
FOR prophylaxis
ACTS_ON angina
HAS_FEATURE licensed

Becomes:
HAS_DRUG_FEATURE licenseuhdication
FOR prophylaxis
ACTS_ON angina




Summary

For automatic classification of drug terms to becesgsful the formal description of those terms sé¢ede
unambiguous and so verbose. This limits the praodtictof authors. We have produced more concise
views for authors to interact with and in doinglsve provided novel opportunities to visualize icth
drug information. These views have been succegsfided to both author the drug descriptions and
increase the consistency of the information wittiose drug descriptions. As the amount of infororati
about each drug grows, even these views are begdooncomplex. Further work is needed to make @ise o
the domain information that is available beyondgimeple structure of the descriptions.
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