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Abstract

Objective: Waiting time for a consultation for chronic pain is a
widespread health problem. This paper presents the design of
an ontology use to assess patients referred to a consultation for
chronic pain.

Methods: We designed OntoDol, an ontology of pain domain
Jfor patient triage based on priority degrees. Terms were ex-
tracted from clinical practice guidelines and mapped to
SNOMED-CT concepts through the Python module Owlready?.
Selected SNOMED-CT concepts, relationships, and the TIME
ontology, were implemented in the ontology using Protégé. De-
cision rules were implemented with SWRL. We evaluated On-
toDol on 5 virtual cases.

Results: OntoDol contains 762 classes, 92 object properties
and 18 SWRL rules to assign patients to 4 categories of priority.
OntoDol was able to assert every case and classify them in the
right category of priority.

Conclusion: Further works will extend OntoDol to other dis-
eases and assess OntoDol with real world data from the hospi-
tal.
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Introduction

Chronic pain is reported by 30% of people in occidental coun-
tries and 7% of them suffer from neuropathic pain [1]. The in-
crease in demand for access to specialized pain management
services continues, and waiting time for an appointment with a
specialist is a problem in many countries [2]. Therefore meth-
ods to prioritize patients with the greatest need becomes of in-
creasing importance. Contrasting with other domains where al-
gorithms may be learnt from data bases (e.g., image classifica-
tion), patient triage relies on explicit gudelines-based criteria
established by medical associations. The International Associ-
ation for the Study of Pain (IASP) published guidelines about
the waiting time for some disease and painful situations. In
France, the Health Authorities published guidelines about the
pathway that patients should follow before being referred to a
Pain Clinic. Patients must go through a pre-defined list of ex-
ams, including biological tests and specialized consultation

(e.g., consulting a rheumatologist for chronic low back pain).
Only when all these tests have been performed, the general
practitioner may ask for an advice by the pain physician. Patient
is referred with a letter. The pain physician has to make a deci-
sion about the rank of priorities of the referral according to the
queue and a list of criteria. Many determinants that influence
the risk of chronic pain have been identified, regarding for ex-
ample the risk of transition from acute to chronic pain after sur-
gical procedures [3].

The aim of the project was to develop and implement a triage
system for referrals to a pain clinic. It would create a standard-
ized automated process based on evidence and guidelines thus
ensuring equity for patients; improve access to the pain clinic
leading to prompt assessment based on patient needs; and over-
all improve the referral system to increase referrer satisfaction
and the quality of patient care. In order to ensure explainability
and adherence to guidelines, the first step consisted in building
a knowledge base of expert rules based on a domain ontology.
The ontology provides formal definitions of concepts and their
relationships using the Web Ontology Language (OWL 2) [4],
as well as inference capabilities to classify patients. In this pa-
per, we present the design of our ontology, called OntoDol, as
well as the results obtained on virtual patients’ cases of complex
regional pain syndrome.

Methods

OntoDol is intended to be used by physicians when they man-
age a new referral into a pain consultation center. Therefore,
OntoDol requires concepts associated with pain findings and
characteristics, painful diseases and comorbidities (present or
past), drugs (substances and products), procedures either for
pain treatment or causing pain, anatomic descriptors, function-
nal activities, biologic or imaging data, risk factor of chronic
pain, demographics data and social context information. The
following principles guided the design of OntoDol: reuse of ex-
isting ontologies as much as possible, coverage driven by the
content of the international guidelines related to chronic pain,
alignment with reference ontologies like SNOMED CT® (Sys-
temized Nomenclature of Medicine — Clinical Termes) to make
the clinical decision system interoperable with EHR systems,
use of the capabilities of descriprion logics to classify patient
cases, and addition of rules if needed.
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Reuse of existing ontologies

We explored the National Center for Biomedical Ontology
(NCBO) Bioportal and OBO Foundry repositories to search for
existing resources. We found that ‘Pain’ was a class present in
71 ontologies, and ‘Neuropathic pain’ in 31 ontologies. None
of the corresponding ontologies provided a complete coverage
for patient triage for a first consultation in a pain clinic.

We decided to use SNOMED CT® as reference ontology since
it is the most comprehensive international clinical terminology.
The 2021-01-31 release contains more than 350 000 concepts.
and is broadly used to document patients’ signs, symptoms, and
diagnoses in EHRs.

We also imported the TIME ontology. to model temporal as-
pects such as duration of symptoms, the date of onset of a dis-
ease, or demographic data like date of birth and age.

Identification of key clinical entities

Two clinical practice guidelines (CPGs) related to chronic pain
were explored, namely, the CPGs from IASP [5], which are
based on CPGs from Canada, the United Kingdom, Finland,
Norway, and Australia, and the CPGs established in France by
the French Health Agency , “Haute Autorité de Santé’ and the
French Society for the Study and Treatment of Pain (SFETD).
Moreover articles published on PubMed, were reviewed by a
clinicial specialist in chronic pain. Based on these resources, a
set of key clinical terms that are central to the domain of chronic
pain management were identified to populate the core OntoDol
ontology. Starting from this seed ontology, we used a broad
medical ontology, namely SNOMED-CT to extend its cover-
age, provide mapping to standard concepts, and enrich the seed
ontology with further concepts and relations.

Design of OntoDol

We used Python module Owlready 2 to create our ontology
from the key clinical concepts and SNOMED-CT [6]. Owl-
ready 2 uses the release 2020AB-full of the Unified Medical
Language System (UMLS) to import Metahthesaurus terms.
Every term is mapped to SNOMED CT® Terminology. The
PyMedTermino module from Owlready 2 mapped a list of
terms with SNOMED CT® identifiers. Axioms were generated
using object properties of interest. When some terms were not
mapped within SNOMED CT®, experts had to map them man-
ually to the closest concept, using the SNOMED CT® browser.
Experts were asked to choose the smallest level of granularity
with a significant clinical definition. We developed a bottom-
up method to extract the parents in SNOMED-CT® and inte-
grate them in OntoDol. When the level of granularity of the
mapped concept was too coarse, we used a top-down a to collect
the descendants. Thus Owlready 2 created an automatic hier-
archy with an is_a relationship between classes.

Object properties, i.e., relations between classes are defined in
the SNOMED CT® as attributes of the Concept Model Object
Attribute top class. Starting from the list of concepts obtained
from the SNOMED CT®, we selected a set of object properties
of interest. Then, a Python script using Owlready was used to
retrieve all axioms using all defined classes and object proper-
ties. When relations between concepts were missing, new ob-
ject properties were created, e.g., the relation between a disease
and its phase.

Data properties are relations between an individual and a prim-
itive data type. In OntoDol, they are used to describe time and
duration data using TIME i.e. ‘Date of symptom onset’ and
‘Time since symptom onset’ and value of pain assessment i.e.
‘has Value (EVA) xsd:int [0-10]’

Create SWRL rules

We implemented the clinical reasoning extracted from CPGs in
the form of SWRL rules. According to IASP guidelines, there
are four categories of priority: ‘mmediately’, ‘Most urgent’,
‘Urgent or Semi-urgent’ and ‘Routine or regular’. Using
SNOMED CT® concepts, we defined four categories of prior-
ity: ‘Immediate’, ‘High’, ‘Delayed’ and ‘Normal’. The objec-
tive was to support the classification of all patients in one of
those categories.

Most of OntoDol classes are defined classes. SWRL rules and
built-in rules were added to support deductive reasoning, i.e.
‘antecedent’ = (implies) ‘consequent’, assumptions where an-
tecedent and consequent are conjunctions of atoms.

We used SWRL rules to:
- Define priority rules,
- Define diseases as an association of findings,

- Calculate time duration between dates (date of onset
of symptom, current date, date of an event like a sur-
gery...)

Evaluation of the ontology

We conducted a two-stage evaluation of OntoDol. First, we
evaluated its intrinsic properties, then we performed a user eval-
uation. Our ontology should respect some properties:

1. Clarity : all terms are given an understandable rdfs:la-
bel based on SNOMED CT® terminology.

2. Accuracy and reliability: OntoDol is based on guide-
lines published worldwide.

3. Completeness of content coverage: OntoDol covers
key elements of the domain, allowing a closed-world
assumption.

4. Consistency checking: Pellet was used for consistency
checking

The ability of the OntoDol to classify parients was tested on a
set of 5 virtual cases of complex regional pain syndrome
(CPRS). This disease is characterized by a neuropathic pain on
a limb and can be associated with a disability for walking. Con-
sidering the previous clinical guidelines, the proirity depends
on the clinical findings (disease or finding), duration of the
pain, pain intensity, and associated disabilities.

Results

OntoDol ontology

We used the open-source editor Protégé developed by Stanford
in its version 5.5.0. We chose Pellet as the reasoner, as it sup-
ports Semantic Web Rule Language (SWRL) and SPARQL
queries[7]. OntoDol ontology is encoded in OWL 2 file format
using Protégé 5.5.0. Metrics are listed in Table 1.
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Owlready imported understandable rdfs: label, rdfs:Prefered
US Terms and rdfs: Synonym US Terms. We provided textual
rdfs:definition.

Top hierarchy of OntoDol is shown on Figure 1, it reuses the
hierarchy of SNOMED CT® so it could be interoperable with
EHR data. TIME, as a recommandation of W3C, infered tem-
poral concept from SNOMED CT® as time:instant or time:du-

ration.
Table 1: OntoDol metrics

Metrics Values
Number of classes 762
Axioms 4368
Object properties 92
Data properties 30
Individuals 62
SWRL rules 18

Asserted properties come from Owlready 2. Eighteen SWRL
rules were implemented. An example of axioms in SWRL used
for triage is shown in Table 3.

83

Testing with a focus on clinical case

We ran Pellet reasoner in OntoDol to classify five virtual pa-
tient referred for a consultation for an acute phase of CPRS of
the right foot, with different evolution phases and different lev-
els of pain.

OntoDol was able to classify the 5 patients in the correct cate-
gories ‘immediate priority’, ‘high priority’, ‘delayed priority’
or ‘normal priority’, according to the recommandation of IASP
(Table 2), Ontodol was able to:

5. Infer that the association of findings reported by the
virtual patient was a CPRS (Figure 2);

6. Determine the acute or chronic phase of CPRS depend-
ing on the duration, less or more than 3 months since
the onset of symptoms, using TIME data properties;

7. Provide an assessment of the level of pain according
the 0 to 10 visual analogic pain scale as a mild, moder-
ate or severe pain;

8. Determine the priority of the consultation for pain
(Figure 3 & Figure 4);

Table 2: Priorities inferred by OntoDol in a set of fictional
training cases comparing to IASP guidelines. All the patients

¥ owl:Thing .
v SNOMED CT Concept (SNOMED RT+CTV3) were accurately classed in the correct category.
> Body structure (body structure) . .
»> Clinical finding (Clinical finding) # Situation IASP On-
»- @) Event (event) guidelines toDol
> Observable entity (Observable entity) :
> Pharmaceutical / biologic product (product) 1 Acute CPRS and moderate Urgent High
¥ &0 Physical object (physical object) pain and walking disability Priority
> Procedure (Procedure)
e Qualifier value (Qualifier value) 2 Acute CPRS after surgery and Immediate Immedi-
»- Situation with explicit context (situation) severe pain and Walking disa- ate
I~ Social context (Social context) bilit
f Staging and scales (staging scale) ity
. 'Timse“;’vg‘g"‘e (substance) 3 Chronic CPRS and mild pain Routine  Normal
i Day of week and no disability
: ' ¥:::§:;|:nl:i::"°" 4 CPRS > 6 mqnths_ anq severe Semi-ur- Delayed
» Temporal position (time:TemporalPosition) pain and walking disability gent
- @ Temporal Reference System .
TirnepZDne Y 5 CPRS> 12 months and moder- Routine Normal
ate pain and walking disability
Figure 1: Top hierarchy of OntoDol’ using a part of
SNOMED CT® top-hierarchy and TIME.
Table 3: An exemple of SWRL rules to classify an acute phase of CPRS according to the IASP recommmandation
Priority IASP Recommendation SWRL Rule

Most urgent:

A painful severe condition with the risk of de-
terioration or chronicity, such as the acute
phase of complex regional pain syndrome
(CRPS) [...]

'Consultation for pain (procedure)'(?c), 'has Focus'(?c, ?f),
'Complex regional pain syndrome (disorder)'(?f), ‘'has
Phase'(?f, 7ph), 'Acute phase (qualifier value)'(?ph), 'has Pri-
ority'(?c, ?p), 'Priorities (qualifier value)'(?p) = 'Consultation
for pain (procedure)'(?c), 'has Focus'(?c, ?f), 'Complex re-
gional pain syndrome (disorder)'(?f), 'has Priority'(?c, ?p),
'High priority (qualifier value)'(?p)
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M= E[ § Property assertions: Clinical_Finding_Patient_1

Description: Clinical_Finding_Patient_1

Types Object property asse
£ 'Pain in lower limb (finding)" mm'has Phase' Disease_phase_1
and "'Walking disability (finding)' mm'has Finding Site (attribute)’ Localisation_Pain Patient 1
and "Swelling of lower limb (finding)' B as Fincing :’(a | ute) fu sation Pain e'n =
£ 'Complex regional pain syndrome of lower limb (disorder)' m='Interprets (attribute)’ Date_of_symptom_onset_Patient_1
mm'Interprets (attribute)’ EN_Patient_1
) 'Disorder of foot (disorder)'
K i mm focus_of Consultation_Patient_1
© ‘Foot pain (finding) mu'has Finding Informer (attribute)' Patient_1
mm'has Clinical Course (attribute) Courses_Patient_1
™ OntoDol Disease_phase_1
mm focus_of Assessment_Pain_Patient_1

ons

) 'Foot swelling (finding)'

£)'Mild pain (finding)'

£ 'Pain in right lower limb (finding)"
) 'Swelling of right foot (finding)'
£ 'Walking disability (finding)*

== 'Concept model object attribute (attribute)’ Courses_Patient_1
mm'Concept model object attribute (attribute)’ Consultation_Patient_1
= 'Concept model object attribute (attribute)’ EN_Patient_1

same Individual As m="Concept model object attribute (attribute)’ Localisation_Pain_Patient_1
ifferent Individuale = 'Concept model object attribute (attribute)’ Assessment_Pain_Patient_1

mm'Concept model object attribute (attribute)’ Patient_1
mm'Concept model object attribute (attribute)’ Date_of_symptom_onset_Patient_1

Data property assertions

Figure 2: Example with a fictional patient having ‘Swelling of lower limb (finding) and a Pain in lower limb (finding) and a Walking
disability (finding). Object property assertions make relations with qualifier value related to clinical course, an evaluation of pain
using a visual analogic pain scale and date of symptom onset.

Types
) 'Consultation (procedure)’
) 'Consultation for pain (procedure)’
) 'Procedure by priority (procedure)’

Same Individual As

Different Individuals

Description: Consultation_Patient_1 FI= M § Property assertions: Consultation_Patient_1 (= =

Object prope

ssertions
mm'has Focus' Clinical_Finding_Patient_1

mm'has Priority' Priority_Patient_1

= 'Recipient category (attribute)' Patient_1

' 'Concept model object attribute (attribute)’ Clinical_Finding_Patient_1
' 'Concept model object attribute (attribute)’ Patient_1

= 'Concept model object attribute (attribute)’ Priority_Patient_1

Figure 3: The fictitious patient is related to a consultation (procedure). OntoDol is able to infer that the consultation has a focus on painful disease,

Description: Priority_Patient_1 IS E ke § Property assertions: Priority_Patient_1 [LI=]0)E)]

Types
£ 'Priorities (qualifier value)'
@ 'High priority (qualifier value)'

Object property assertions

Data property assertions

Figure 4:The inferred priority of the fictitious patient is an individual of ‘Priorities (qualifier value)’ class. OntoDol inferred, accord-
ing a SWRL rules that the consultation for pain of the fictitious patient has a priority which is ‘High priority (qualifier value)’

Discussion

We developed OntoDol ontology as a basis for a clinical deci-
sion support system and we presented it with a focus on a set of
five cases of CPRS with different assessments of pain intensity,
clinical courses, and disability due to the pain. OntaDol was
able to assign all the virtual clinical cases to the correct category
of priority for a consultation in a pain center.

The solution adopted in OntoDol provides a high-level ethical
framework that can be used to guide decision-making in the do-
main of chronic pain. Whereas data-driven Al algorithms may
be questionable for patient triage, the algorithm implemented in
OntoDol is a knowledge-based one, thus it is :

9. Transparent, i.e. the decisions and their justifications
are explicit;

10. Consistent, i.e. all cases in the same category are clas-
sified in the same way;

11. Accountable, i.e. the decisions rely on the guidelines
established by the domain experts.

Although further external evaluation is required before using
OntoDol for automated triage, the preliminary results are en-
couraging. The originality of this work is that we directly use
parts of SNOMED CT® making it interoperable with EHR. The
pain domain has not been covered entirely in OntoDol yet. We
need to add more clinical findings related to pain, body struc-
tures related to those clinical findings and scales use in assess-
ment of pain, mood or disability. A new version of the
SNOMED CT® is published every six months. An updating
system is necessary to collect new terms or new relations.

Chronic pain has been defined as a global public health priority
during the last decade [8]. The high prevalence and incidence
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of chronic pain, its substantial and growing comorbidities, con-
trasting with the limited number of specialists in pain medicine
provide ample justification for providing computerized aids to
clinicians. Patient triage and priority setting have been identi-
fied as major concerns for all health systems. When specialized
resources are limited, setting priorities is required, but choices
must be explicit and based on shared recommendations. Some
authors created ontologies of pain [9], but the clinical applica-
tion for referral management is limited. Some previous work
designed web-based clinical decision support for patients with
low back pain in primary healthcare in the Netherlands [10]. In
other domains, similar solutions have been designed for triage,
for example in emergency department [11] using concepts of a
web semantic computing.

Further works will map OntoDol with ICD11 for diagnosis and
LOINC for clinical, biological and scales concepts and ATC for
drugs labels. The 10th version of the ICD is currently used in
most countries and the 11th version is about to be released with
a new classification regarding painful diseased [12]. In the fu-
ture, OntoDol will be plugged to our clinical data warehouse to
evaluate it on real cases extracted from the hospital information
system and to compare the classification made by OntoDol
against the classification by a pain specialist.

Conclusions

Using a semi-automatic method, we designed OntoDol, an on-
tology for chronic pain referral management, based on expert
guidelines. Further work will add more classes, and more rules
according to specific pathologies, defined indicators for risk of
chronic pain and will have to evaluate validity compared to
standard of care using real patient case from the clinical data
warehouse.
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