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Abstract

The Information Technology (IT) developments have changed the use of
Healthcare terminologies from paper-based mortality statistics with the WHO
international classifications of diseases (ICD) to the IT-based morbidity im-
plementations for instance for Casemix-based healthcare funding and man-
aging systems. This higher level of granularity is worldwide spread under the
umbrella of several national modifications named ICD10 XM. These devel-
opments have met the increased use of the International Clinical Reference
Terminology named SNOMED. When the updating of WHO ICD10 to WHO
ICD11 was decided a merging was envisaged and a WHO SNOMED CT
common work proposed a methodology to create a common formal ontology
between the 11th version of the WHO International Classification of Diseases
and Health Problems (ICD) and the most used in the world clinical termi-
nology named Systematized Nomenclature of Human and Veterinary Medi-
cine Clinical Terms (SCT). The present work follows this unachieved work
and aims to develop a SNOMED-based formal ontology for ICD11 chapter 1
using the textual definitions of ICD11 codes which is a completely new char-
acter of ICD and the ontology tools provided by SCT in the publicly available
SNOMED Browser. There are two key results: the lexical alignment is com-
plete and the ontology alignment is incomplete with the validated SNOMED
concept model can be completed with not yet validated attributes and values
of the SNOMED Compositional Grammar. The work opens a new era for the
seamless use of both international terminologies for morbidity for instance
for DRG/Casemix and clinical management use. The main limitation is that it
is restricted to 1 out of 26 chapters of ICD11.

Keywords

Lexical Alignment, Semantic Interoperability, Ontology, SNOMED Concept
Model, ICD-11, SNOMED CT

DOI: 10.4236/jbm.2024.128028 Aug. 27, 2024

357 Journal of Biosciences and Medicines


https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2024.128028
https://www.scirp.org/
https://doi.org/10.4236/jbm.2024.128028
http://creativecommons.org/licenses/by/4.0/

J. M. Rodrigues et al.

1. Introduction

In recent years, information systems have achieved the ability to communicate,
exchange data, this is known as functional interoperability. This has been made
possible by the use in more developed countries hospitals and healthcare systems
of several technologies, including application programming interfaces (APIs)
and standardized communications norms and protocols such as TCP/IP, HTTP,
FTP, etc.

Semantic interoperability between terminologies, defined as the ability to
match the meanings of similar or equivalent terms between different terminolo-
gies, to enable clear and precise communication and understanding of infor-
mation exchanged between IT systems, is still a challenge due to the lack of se-
mantic standards [1] [2].

Each terminology has been designed to meet a particular need, and a particu-
lar use (structuring Clinical Terminology of the medical record, coding infor-
mation, indexing documents, representing entities in expert systems, input for
management and funding. When they claim to represent an invariant concept, it
is often untrue whenever information entered for one purpose is reused for an-
other [3].

There are several lexical-based alignments between the WHO International
Classification of Diseases and Health Problems (ICD-10) and the most used in
the world clinical terminology named Systematized Nomenclature of Human
and Veterinary Medicine—Clinical Terms (SNOMED CT). The most well-known
are from SNOMED CT to ICD-10 [4] [5]. In 2010, SNOMED International, for-
merly known as the International Health Terminology Standards Development
Organization (IHTSDO?®), signed an institutional agreement with the World
Health Organization (WHO). This collaboration aimed to establish a priority set
of cross-matches from SNOMED CT to the ICD-10 using a heuristic method to
meet the epidemiological, statistical, and administrative needs of SNOMED In-
ternational members, WHO collaborating centers, and other interested parties.
These alignments are available in the SNOMED CT browser under the “refset”
tab for certain SNOMED CT concepts [6].

Several methods exist for implementing semantic interoperability. We can
group them into lexical-based. and semantic-based alignment methods. Among
these methods, those based on semantics can be distinguished between those
that model without using formal logic [7] [8] and more recent methods that use
the representation of logical definitions, through the use of standardized formal
logic, particularly in the semantic web; this is known as applied ontology [9].

Under the umbrella of the WHO SNOMED/IHTSDO 2010 agreement a com-
mon work WHO IHTSDO has proposed the development of a formal common
ontology ICD-11 SCT [10] [11].

Following these recent developments, we propose an approach for building a
formal ontological representation of ICD-11 [12] using first a lexical mapping
with UMLS MetaMap between ICD-11 and SNOMED CT codes labels [13] and
in a second time a SNOMED formal ontology representation with the SNOMED
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concept model [14].

2. Methods

The ICD, now in its 11th version, came into effect in January 2022 for mortality
statistics and contains 17,000 unique codes and 120,000 codable terms that can
be consulted in the ICD-11 browser [15]. It consists of 26 chapters and two addi-
tional sections: 1) an additional section for the assessment of functioning and 2)
a section for extension codes.

The WHO provides a table (Excel file) with correspondence between ICD-11
codes and titles and those of ICD-10 (Version of 01/2024) which is still pre-
dominantly used in health information systems, whereas ICD-11, the subject of
our work, has not yet been adopted by all countries for morbidity [16]. Its im-
plementation will follow a timetable specific to each country.

Our work is on ICD-11 and the method we propose cannot be applied to
ICD-10.

We have studied only Chapter 01 (Certain infectious or parasitic diseases).
This chapter includes certain conditions caused by pathogenic organisms or mi-
cro-organisms such as bacteria, viruses, parasites, or fungi.

It excludes:

* Infections of the fetus or newborn child are classified in Chapter 19;

* Human prion diseases are classified in Chapter 8;

* CA40 Pneumonia is classified in Chapter 12;

* Infections resulting from a device, implant, or graft, not elsewhere classified
(NE83.1) classified in Chapter 22.

It is subdivided into 22 sub-chapters and a title code for infection without
precision (IHO0Z).

From the Excel file described above, we extracted 1027 codes and titles corre-
sponding to chapter 01 of the ICD-11. We then filtered it by eliminating titles
containing the words “other” and “unspecified”, ie., codes ending in “Y” and
“Z”. We finally obtained 651 lines of codes and titles, of which 474 have detailed
textual descriptions and 177 do not and have only the label description.

SCT is a medical terminology for healthcare containing 350,000 concepts or-
ganized into 19 hierarchies [5]. It is both a reference terminology based on a
poly-hierarchical structure of the type and, for certain hierarchies, a formal on-
tology representation. This formal representation is implemented using a Con-
cept Model [17] and Compositional Grammar rules [18] based on the Ontology
Web Language (OWL) of the Semantic Web [19].

The SCT concept model specifies how to define SCT expressions through se-
mantic categories, definition attributes, and expression constraints according to
rules validated in the Machine Readable Concept Model (MRCM) [20].

Compositional Grammar is a lightweight syntax based on the OWL2 EL logic
profile [21]. This syntax allows more representations expressions than the ones
validated today in the SCT browser in a way that is both human-readable and
machine-readable.
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The proposed method consists of two stages:
* Lexical stage: Alignment of ICD-11 titles and Fully Specified Name (FSN) or
synonyms in SCT.
* Ontological stage: Validate the formal ontological representation of the
ICD-11 Chapter 1 textual descriptions or, if absent, of the ICD-11 codes titles
by the formal ontology of SCT (Concept Model and Compositional Gram-

mar).

2.1. Lexical Stage

This step was to map the ICD-11 titles to the Fully Specified Name (FSN) or

synonyms of SCT.

Two tools were used in this lexical step, MetaMap [13] for automatic align-
ment and the SNOMED browser [6] for manual validation.

MetaMap implements processing based on linguistic and algorithmic princi-
ples.

It maps any terminology entered as input to any terminology included in the
UMLS Metathesaurus. SCT is one of the terminologies included in the Metathe-
saurus.

* MetaMap proposes an option to activate the processing of conjunctions dur-
ing the analysis of the input terminology; in our work, ICD-11 codes titles or
labels.

* MetaMap provides two types of alignment results. Either an alignment with
an expression corresponding to a single concept, known as a pre-coordinated
concept, or an alignment with an expression corresponding to several con-
cepts, known as post-coordinated concepts.

After this automatic alignment phase using MetaMap, all post-coordinated
alignments were manually validated in the SCT browser and showed more

pre-coordinated alignment.

2.2. Ontology Stage

It is defined as the analysis of the representation of ICD-11 textual definitions or
descriptions by the ontology representations of the SCT concepts aligned lexi-
cally in the previous step.

It is important to say that these textual definitions or descriptions are an im-
portant try to consider not only the lexical expression of the code labels but also
their meaning. This was done by international experts nominated by WHO and
based on consensus between them. This explains that it has not been done for all
the Chapter 1 codes.

The analysis method compares 2 different artifacts:

On one hand, a text in English describes the health problem by its main char-
acteristics: clinical signs, anatomy localization, transmission and etiology, proof
by biological tests identifying the cause which in Chapter 1 is mainly an infec-
tious agent: bacteria, virus, parasite, etc.

On the other hand, a SNOMED concept model representation [14] in EL lan-
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guage and by colored diagram available on SCT browser as for example

“111839008|Intestinal infection caused by Escherichia coli (disorder)” Figure 1.

111839008

Intestinal Infection caused by Escherichia coli (disorder)

L»@—Q-D

71057007
Infection caused by Escherichia coli (disorder)

>

414530001
Intestinal Infectious disease caused by Gram-negative bacteria (disorder)

363698007 113276009
’O"’@nding site (attribute) )) > Intestinal structure (body structure)

| 5 370135005 441862004
Pathologic process (attribute) Infectious process (qualifier value)

L > 246075003 112283007
Caused by (attribute) Escherichia coli (organism)

Figure 1. SNOMED CT definition by the SNOMED CT concept axiom diagram “111839008|Intestinal infection caused by Esche-

richia coli (disorder)”.

To be fully defined in ontology the representation of a SNOMED concept
shall contain all the characteristics necessary and sufficient to represent the code.

This decision is taken by the SNOMED editorial board.

In the case of SCT concepts, there are no textual definitions so if all the char-
acteristics edited in the coded specified name or synonyms are present it is fully
defined (necessary and sufficient).

The difficulty of our work is that the ICD-11 textual definition is more de-
tailed than a name and we have had to decide what was necessary and what was
sufficient.

For the necessary condition, we have considered that if all the characteristics
edited in the ICD-11 code label are present in the conceptual model of the SCT
codes lexically aligned with the ICD-11 code the necessary condition was ful-
filled

For the sufficient condition, we have decided to consider that the criteria were
to assess if these ICD-11 textual definitions characteristics were ALWAYS pre-
sent.

If Yes these characteristics shall be considered in an ontology representation.

If not for example the characteristics following words as often, sometimes, is
possible, MAY BE present, they are not to be considered in an ontology repre-
sentation.

If the 2 conditions are fulfilled, we consider that the representation of ICD-11

textual definitions or descriptions by the ontological representations of the SCT
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concepts aligned lexically in the previous step is COMPLETE

If only the necessary condition is fulfilled, we consider that the representa-
tion of ICD-11 textual definitions or descriptions by the ontological repre-

sentations of the SCT concepts aligned lexically in the previous step is

INCOMPLETE.

Firstly, we analyze the ICD-11 textual definitions and colored the words indi-

cating a characteristic always present Figure 2.

Attributes

Color codes

363698007
Finding site (attribute)

116676008
Associate morphology (attribute)

308489006
Pathological process (qualifier value)

246075003
Causative agent (attribute)

363705008
Has definitional manifestation (attribute)

)

363713009
Has interpretation (attribute)

363714003
Interprets (attribute)

42752001
Due to (attribute)

255234002
After (attribute)

263502005
Clinical course (attribute)

Figure 2. SNOMED CT attributes and textual descriptions color codes.
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Secondly, we compare these ICD-11 colored textual definitions words to the
concept model of the SNOMED concept lexically aligned in the previous step to
check if all the colored characteristics are represented in the SNOMED concept
model.

Thirdly, we propose to complete the ontological representation of these
ICD-11 codes with the attributes and values needed to represent them according
to the SNOMED information model and the SNOMED compositional grammar
authorized or not.

These three steps are described in detail in the following.

2.2.1. Identification of Characteristics Always Present in ICD-11 Textual
Descriptions

We have decided to color the characteristics words in accordance with SNOMED
CT attributes as such.

2.2.2. Comparing ICD-11 Colored Textual Definitions to the Concept
Model of the SNOMED Concept Lexically Aligned in the Previous
Step

The example is an incomplete ontology representation of an ICD-11 code and
textual definition by the concept model of a SCT concept lexically aligned in the
previous stage.

The ICD-11 code and title “1E50.4 Acute hepatitis E” has the textual defini-
tion “Liver disease caused by acute infection with the hepatitis E virus. This dis-
ease is characterized by nausea. Transmission is generally via the fecal-oral
route. Confirmation is by detection of anti-hepatitis E virus IgM antibodies in
an individual’s serum” is lexically aligned to the concept “SCT 235867002 Acute
hepatitis E (disorder)|”.

Some ICD-11 textual definition characteristics are present in the fully defined
concept model of the SCT concept lexically aligned: liver, acute, infection and
hepatitis E virus.

Other are missing: Nausea, Transmission Confirmation is by detection of an-
ti-hepatitis E virus IgM antibodies as shown in Figure 3.

There is an incomplete ontology representation of the ICD11 code and textual
definition by the fully defined concept model of the SCT concept lexically
aligned with the ICD 11 code (see Chapter 2.2.3).

2.2.3. How to Complete an Ontology Representation of ICD-11 Codes
When the SCT Concept Model of the SCT Concept Lexically Aligned
Is Not Sufficient

There are 2 situations:

1) It is possible to represent the missing characteristics with the authorized at-
tributes and values.

2) It is not possible but possible with unauthorized attributes and values
available on the SNOMED browser Information Model and Compositional

Grammar.
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265867002
Acute hepatitis E (disorder)

L 57412004
Acute viral

hepatitis (disorder)

—>

7111000119109
Viral hepatitis type E (disorder

»Q»..
>( e

>

(263502005 S\ [424124008
Chmcal course (attrlbut Sudden onset AND/OR short duration (qualifier value)

/363698007 3\ > 10200004
@ndlng site (attrlbut)' Liver structure (body structure

7116676008 N 4532008

\Assomated morphology (attrlbutgl ’ Acute inflammation (morphologic abnormality)

//370135005 3\ ) 441862004
\Pathologlc process (attribute) )) Infectious process (qualifier valud

(246075003 o[ 78475006 .
Causative agent (attrlbute Hepeatitis E virus (organis

Figure 3. SNOMED CT definition by SNOMED CT concept model “235867002| Acute hepatitis E (disorder)|”.

The appropriate attributes are first searched among the fifty attributes found
in the conceptual model for clinical findings [17] and if not present, in the group
of the so-called non-approved attributes (about 1000) [22]. Those are attributes
that can be used to model definitions of SCT concepts or expressions, but that
have not yet been authorized to model SCT concepts in the SNOMED Concept
Model.
Result of the search for attributes and values in the example E50.4 Acute hep-
atitis E: Figure 4.
We have drawn a blue arrow between the attributes and values authorized by
the SNOMED CT concept model today browser (over the blue arrow) and the
attributes and values authorized or not authorized by the SNOMED CT concept
model rules and not used in the present version of the SNOMED browser (under
the blue arrow). We have isolated by a dotted line the attribute and value neither
authorized nor validated by the present version of the SNOMED browser.
Step 1 authorized attributes and values
- For the symptom nausea, the attribute relation 363705008|Has definitional
manifestation|does exist and is authorized with the concept value 422587007|
Nausea (finding)|.

- The notion of confirmation is by detection of anti-hepatitis E virus IgM an-
tibodies

Can be represented by the attribute-value pairs (authorized): Attribute: Inter-
pret 363714003|Value: 710654003|Immunoglobulin M antibody to Hepatitis E
virus (substance)|; Attribute: 363713009|Has interpretation (attribute)|Value:
260373001 |Detected (qualifier value)|.
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Acute hepatitis E (disorder)
| > 57412004
Acute viral hepatitis (disorder)
7111000119109
Viral hepatitis type E (disorder
. o> 263502005 ) 424124008 . .
Clinical course (attribute Sudden onset AND/OR short duration (qualifier value)
e &> 363698007 ] 10200004
Finding site (attribute Liver structure (body structure)
(116676008 ) |4532008 . . . |
Associated morphology (attribute Acute inflammation (morphologic abnormality)
| 5. (370135005 ' 441862004 ] )I .
Pathologic process (attribute) Infectious process (qualifier value
| (246075003 . 78475006 _ -
Causative agent (attribute Hepatitis E virus (organism)
z >__> 363705008 422587007
> .’ as definitional manifestation (attribute, Nausea (finding) | -
> 63714003 710654003
Interprets (attribute) Immunoglobulin M antibody to Hepatitis E virus (substance)
363713009 260373001
Has interpretation (attribute) Detected (qualifier value)

N g 1

S .,G01170003 ) > |4l7403003 o .
| ransmitted by (attribute Fecal-oral transmission (qualifier value)

I 265867002 H

Figure 4. Represents the complete ontology representation of the ICD-11 code textual definition 1E50.4 Acute hepatitis E.

Step 2 unauthorized attributes
- The notion of transmission by the fecal-oral way is materialized by the at-
tribute 60117003|Transmitted by|(not authorized) with the concept value

417403003|Fecal-oral transmission (qualifier value).

3. Results
3.1. Lexical Stage

The final results are shown in Table 1. The alignment is total.

Table 1. ICD-11 SNOMED CT lexical alignment.

Lexical Alignments Number %
Pre-coordinated SCT concepts 615 94
Post-coordinated SCT Concepts 36 6
Total 651 100
3.2. Ontological Stage

Table 2 and Table 3 present the results of the ontological analysis. When the
SNOMED concept model is Not Fully Defined (FD) the ontological representa-
tion of ICD-11 codes and textual description is always incomplete but can be

completed with validated or unvalidated attributes and values.
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Table 2. Ontology representation of ICD11 codes by SCT FD concepts models.

Ontology Representation Number %
Complete with validated attributes and values 260 53
Incomplete and complete with validated
_ ; 231 47
or unvalidated attributes and values
Incomplete 0 0
Total 491 100

Table 3. Ontology representation of ICD11 codes by SCT Not FD concepts models.

Ontology Representation Number %
Complete with validated attributes and values 0 0
Incomplete and complete with validated
. . 160 100
or unvalidated attributes and values
Incomplete 0 0
Total 160 100

4. Discussion

The method proposed in this work involves lexical alignment with MetaMap
[13] and ontological representation with SNOMED concept model representa-
tion [17].

First, we found a 100% lexical match between ICD-11 titles and fully specified
names or synonyms of SCT concepts, 94% for a pre-coordinated concept, and
6% for post-coordinated concepts. This result is not surprising given that most
healthcare terminologies on a specific subject and in the same language share a
large number of terms. During the development of ICD11 SCT was one healthcare
terminology taken into account.

The second so-called ontology representation showed a reduced correspond-
ence (53% for SCT concepts FD and 260/651 around 40% for the total) between
ICD-11 textual definition or description and SCT concept model for SCT con-
cepts lexically aligned with ICD-11 labels.

This result has two main consequences for the future:

1) It explains the limitations of the mapping between labels or fully defined
names of different healthcare terminologies. It is an argument for developing
rather a common ontology between them as for ICD11 and SNOMED CT.

2) It shows that the SCT ontology based on an information model and a com-
positional grammar easily available on the SNOMED browser is under-utilized to-
day for the SCT concept model.

Our work has some limitations:

- Some ICD-11 titles do not yet have a description. We have considered that
the ICD-11 code label took its place.

- This work focuses on only Chapter 1 of ICD-11 and shall be tested on the
whole ICD-11.
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- We excluded from our work the ICD-11 codes “other” and “unspecified”
which cannot have any formal logical meaning and needs queries to be rep-
resented which limit the possibility to re-use aggregative data as ICD 11 out-
side mortality statistics. This is important for Epidemiology and Economic

re-use as input for example in DRG/Casemix financing system.

5. Conclusions

1) We have shown in this work that a formal ontological representation of a
health terminology proposing a detailed textual description of its titles as
ICD-11 is possible by using the lexical alignment and ontology representation
tools of other terminology systems (UMLS and SCT).

2) The work measures the gap between a lexical alignment and a meaning
alignment between different health terminologies.

- In this example, the ICD11 textual definition is either fully represented by or
sometimes more precise than the SNOMED concept model representation.

- As a consequence, there is a need to extend the use and validation of
SNOMED attributes and values presently not authorized by SNOMED for
the SNOMED codes concept model.

- The work opens the way to a SNOMED concept model-like formal Ontology
of ICD-11 critical point before a joint development of a Common Ontology
between ICD-11 and SNOMED CTs final goal for a seamless connection be-

tween the 2 worldwide health terminology systems and their multiple reuse.
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