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Why Do It the Hard Way? The Case for an Expressive
Description Logic for SNOMED
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A b s t r a c t  There has been major progress both in description logics and ontology design since SNOMED
was originally developed. The emergence of the standard Web Ontology language in its latest revision, OWL 1.1
is leading to a rapid proliferation of tools. Combined with the increase in computing power in the past two
decades, these developments mean that many of the restrictions that limited SNOMED’s original formulation no
longer need apply. We argue that many of the difficulties identified in SNOMED could be more easily dealt with
using a more expressive language than that in which SNOMED was originally, and still is, formulated. The use of
a more expressive language would bring major benefits including a uniform structure for context and negation.
The result would be easier to use and would simplify developing software and formulating queries.
� J Am Med Inform Assoc. 2008;15:744–751. DOI 10.1197/jamia.M2797.
Introduction
Since its first release in 2002, several countries around the
world have embraced SNOMED-CT (SNOMED for short) as
a reference terminology for their national health care insti-
tutions. Apart from changes and extensions to content,
however, neither the structure of SNOMED nor the expressive-
ness of the underlying formalism—Ontylog—has changed
significantly since their initial development in the early to mid
1990s.

Since then, there have been significant developments in both
logic-based formalisms and ontology design. Researchers
have reviewed SNOMED in the light of these advances, and
several proposals for improvements have been made. For
example, Bodenreider1 examined the specialization hierar-
chy of SNOMED classes and suggested that thousands of
classes are apparently defined at variance with basic onto-
logical principles. Schulz2 discussed ‘relationship groups,’ a
construct unique to SNOMED’s representation language. He
suggests that relationship groups can be replaced by mereo-
logical relations using syntactic constructs available in all
modern ontology languages, including Ontylog, and that
this would significantly improve the clarity of the defini-
tions. In a separate publication by Schulz and his col-
leagues,3 a broad range of ontological problems in SNOMED
are identified and a comprehensive set of remedies are
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proposed, affecting not only the definitions of classes but
also the relations used in SNOMED. In that paper, the
authors advocate a modest extension of the logical formal-
ism underlying SNOMED, arguing that it would permit
simpler and clearer definitions of classes and, especially, of
the relations that modify and link classes.

In this paper we review these problems in general but focus
in particular on three issues: SNOMED’s “context model”
and the notion of “Situations involving specific context,” the
representation of part-whole relations, and the problems of
determining semantic equivalence between findings and
observables. Following on from the theoretical arguments in
previous papers,4,5 we argue for a schema that integrates
context with other concepts, so that all related concepts appear
in the same hierarchy rather than (as currently) potentially in
two parallel hierarchies, one for the concepts themselves, and
one for the concepts occurring in situations. Such an integrated
schema would require extending SNOMED’s logical formal-
ism further than proposed by Schulz, to one that includes
negation, disjunction, and “general concept inclusion axi-
oms (GCIs)”; the obvious candidate for such a formalism is
the W3C standard Web Ontology Language (OWL 1.1).
Although in the past the scale of SNOMED has been a
barrier to the use of OWL and related formalisms, this is no
longer the case for the existing schema, and it seems likely
that a reformulation using more expressive schemas would
likewise prove tractable. At the same time, these proposals
seem likely to improve SNOMED’s “cognitive scaling”—the
cognitive load facing authors dealing with a very large
corpus. Given the potential advantages, it is important to
test the hypothesis that the more expressive schemas pro-
posed here will prove scalable.

We argue that reformulation using such a schema and a
more expressive language would have major advantages:

• A uniform, clear, and understandable schema for all
concepts used in clinical records including negation and

context.
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• Elimination of the need for special mechanisms to deal
with context, partonomy, and role groups.

• More effective leveraging of the underlying logical rep-
resentation to organize and quality assure the SNOMED
hierarchies.

• Improved ability to recognize semantic equivalence be-
tween post-coordinated and pre-coordinated expressions
and between “observables” with “values” and the corre-
sponding “findings.”

• Improved ability to modularize and segment SNOMED
for specific purposes.

• Access to the tools and techniques being developed by
the wider Semantic Web and OWL communities.

The overall result is that SNOMED would be more regular,
uniform, and have a better defined and more consistent
semantics. This in turn would make it easier to use, query,
quality assure, and use as the basis for software.

In outline, the proposals are:

• To represent all concepts used in clinical records (find-
ings, observables, and procedures) uniformly as fully
defined “situations” that include any context required
and that deal with negation explicitly and formally.

• To represent all anatomical sites and lesions so that it is
explicit whether the structure is intended to include only
the entity in its entirety or whether it is to include the
parts of the entity as well—e.g., whether the class of
procedures “removal of lung” is to include only removal
of an entire lung or if it is intended to include as well
removals of lobes and segments of lungs.

• To define observables and related findings in such a way
that the classifier can be used to recognize the equiva-
lence between an observable with a given value and the
corresponding finding of the observable with that value—
e.g., between an observable of “blood pressure” qualified
by “increased” and a finding of “increased blood pressure.”

• To organize SNOMED as a set of modules that can be
easily separated for specific applications.

In the following section, we begin by highlighting features
of SNOMED that might benefit from reformulation using
established OWL modelling patterns. Then, in the discus-
sion, we discuss the feasibility of adopting the proposed
changes to SNOMED, their potential benefits, and unre-
solved issues.

SNOMED from an OWL Perspective
The OWL 1.1a is strictly more expressive than Ontylog, and
tools exist to load Ontylog directly into OWL 1.1b. For unifor-
mity, therefore, we present both existing SNOMED definitions
and proposed extensions in OWL 1.1 using the Manchester
syntax for readability.6 Moreover, since SNOMED “Concepts”
are equivalent to OWL “Classes” we use the two terms
interchangeably.

Situations with Explicit Context
Within SNOMED, findings and conditions can either appear
as plain subconcepts of clinical finding, condition, etc., or
can be embedded within a construct previously called

ahttp://www.webont.org/owl/1.1/.

bProtege4 available from http://protégé.stanford.edu.
“context dependent concept”, now renamed “situation with
explicit context.” “Situations with explicit context” can be
used to specify additional information relating to:

• The presence or absence of the phenomena under con-
sideration;

• “Modalities” such as “risk”, etc.;
• “Temporal” positioning such as “past,” “present actual,”

etc.;
• “Subject of care,” such as “subject of record,” “fetus,” etc.

For instance, history of vertebral fracture is defined in
SNOMED as shown in Figure 1.

The class does not merely define vertebral fracture, but a
fracture known to have been present in the bone structure of
the spine of the subject of the record in the past. The way
these situations are defined in SNOMED has three major
drawbacks.

Firstly, a finding of interest can either occur on its own, e.g.,

195826005|Nasalobstruction,

or as a situation:

267100006|Nasal obstruction present (situation).

This means that any query for the notion of nasal obstruc-
tion must look in both places and that the distinctions
between the two hierarchies are often unclear.

Secondly, because the Ontylog formalism does not support
negation, negation is expressed by qualifiers for “presence”
and “absence” that require special procedures for querying
and classification. This makes it difficult to be certain of the
intended meaning or to verify that situations involving
negation are classified correctly.

Thirdly, some of the additional qualifiers available for the
definition of situations conflate categories that would be
better dealt with separately—e.g., “presence/absence” and
“history of.” The result is that there are many special cases
and the model has become over-complex, as indicated, for
example, by the scale of the detailed documentation re-
quired for the use of SNOMED in HL7.7

Moreover, a careful review suggests that no situation with
explicit context defined in SNOMED includes the absence
or presence of more than one proper clinical finding.
Apparent exceptions are cases where the associated find-
ing also carries temporal information or is altogether
redundant. For instance, 407553003|History of glandular
fever has the associated findings 40733004|Infectious
disease (disorder) and 307294006|Personal history find-
ing, the latter rather addressing the temporal context. In
161496006|History of chronic ear infection, the findings
associated are 129127001|Infection of ear and 118236001|Ear

F i g u r e 1. Definition of history of vertebral fracture in
SNOMED.
and auditory finding, the latter being redundant due to the
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definition of the former. Without clear formal semantics, clar-
ifying such issues is, at best, difficult.

Given the flexibility of class definitions in OWL, the above
drawbacks are straightforward to overcome. Firstly, the
distinction between findings within and without situa-
tions can be removed by separating concepts into “kernel
concepts” that represent the entity itself and “recordable
concepts” for situations in which the entity either is, or is
not, present. Kernel concepts would then be purely inter-
nal. Only recordable concepts would correspond to codes
used as statements in Electronic Health Records (EHRs).

Each recordable code would represent a class expression for
a “Clinical situation,” at its simplest, the skeleton schema is
shown in Figure 2a and examples shown in Figure 2b.
Presence or absence is dealt with by the choice of either
“includes” or “NOT includes”. Unlike the current formula-
tion in Ontylog, “NOT includes” is a formal logical construct
and is dealt with automatically by the classifier without
further special treatment.

Qualifiers such as “risk” or “family history” that, in
SNOMED parlance, “modify the axis” would be in the
modelled situation differently from other qualifiers, as “pre-
fixes,” e.g., as in Figure 2c.

Family history, risks, etc. can be either included or not
included—i.e., be stated explicitly to be either present or
absent just as for kernel concepts. Because of their placement
as “prefixes,” all danger of confusion of axes is eliminated.

Using a related mechanism, subjects other than the patient
can be dealt with by nesting situations, e.g., by nesting a
situation about the fetus within a situation about the mother

F i g u r e 2. A. Proposed skeleton of the schema for a
Situation in OWL. B. Examples of situations representing the
presence and absence of “Type 2 Diabetes”. C. Example of
situation representing “Family history of type 2 diabetes”.
D. Example of situations representing “Fetal heart rate of
120”.
as shown in Figure 2d.
Classes and Their Definitions
Although ontology languages such as Ontylog and OWL
can be used merely to construct hierarchies of classes
manually, the true strength and purpose of such logic-based
languages is that they allow classes to be defined by complex
class expressions built recursively from previously defined
classes and properties using constructors provided by the
ontology language. The benefits of this approach are that (1)
the meanings behind the classes are made explicit, (2) the
actual hierarchy of classes can be computed automatically on
the basis of their definitions in the ontology, and (3) multiple
hierarchies can coexist or be extracted for different use cases.

In the 2008 SNOMED release, only 16% of the classes are fully
defined. Furthermore, the vast majority of the remaining
“primitive” classes have only ‘trivial’ information asserted
about them.1 The information is usually insufficient even to
permit consistency checking, let alone automatic classification.

One reason for the limited use of fully defined classes in
SNOMED is that, in Ontylog, once a class is fully defined, it
cannot be further qualified. This limits the use of fully
defined classes to those which need not be further qualified.

More technically, in Ontylog, fully defined classes are intro-
duced by expressions using the Keyword “defconcept” and
specify set of necessary and sufficient conditions. Expres-
sions using “defconcept” correspond to OWL “equivalent-
Classes” axioms (demoted in the Manchester OWL syntax by
“EquivalentTo” and abbreviated in this paper to ‘¢¡’).
Primitive classes are introduced by expressions using the
keyword “defprimclass” and introduce a set of necessary but
not sufficient conditions. Expressions introduced by “def-
primconcept” correspond to OWL “subclassOf” axioms (de-
noted in the Manchester OWL syntax by “subclassOf” and
abbreviated in this paper to ‘¡’). In Ontylog, the same class
cannot be the subject (left-hand side) of both a defconcept
statement (equivalentClasses axiom) and a defprimconcept
statement (subclassOf axiom). In OWL, there is no such
limitation. The result is that, in OWL, additional information
can be added to fully defined classes. In fact, this is just a
special case of OWL’s support for what are termed “general
inclusion axioms”—i.e., axioms that allow any class, primi-
tive or defined, to be asserted to be a subclass of any other
class, including the “restrictions” that correspond to
SNOMED qualifiers.c

Since in our proposed schemas, all “recordable concepts”
correspond to fully defined classes, OWL’s support for
“general inclusion axioms” is essential. Given general inclu-
sion axioms, the proposed schema leads straightforwardly
to a unified classification hierarchy in which all codes that
include the presence of a given concept occur together. The
need to search in two parallel hierarchies for every concept
is eliminated and, furthermore, alternative classifications—
e.g., of all terms involving the family history, past history, or
current diabetes—can be produced simply using automatic
classification.

cTechnically, qualifiers in SNOMED correspond to “restrictions” in
OWL. A “restriction” in OWL is just a special kind of class, the class

of all those entities that satisfy the restriction.
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Representing Parts and Wholes
Any clinical representation needs to support the pattern
that, in general but not always, a disorder of the part is a
disorder of the whole. For example, a disorder of a heart
valve is a disorder of the heart; a fracture of the neck of the
femur is a fracture of the femur; a procedure on a lobe of the
lung is a procedure on the lung; etc. The SNOMED origi-
nally dealt with this issue using “right identities,” a special
type of axiom for properties. For example, the right-identity
statement “site o is_part_of ¡ site” expresses the rule that it
is always the case that anything that has a site that is a part
of a whole also has the whole as a site. Right-identities are
equivalent to the construct that GALEN called “refine-
ment”8 and can be expressed in OWL 1.1 by a more general
construct called “property chains.” (There is an extensive
literature on parts, wholes, and sites. For discussions of the
issues from different points of view see the reference cita-
tions 9–12.)9–12

Using property chains (or SNOMED’s more limited “right
identities”) to represent this pattern, however, requires great
care. For instance, the valves are part of the heart, yet failure
of a heart valve does not imply heart failure, although it may
lead to it. Similarly, although we may want the notion of
“Lung operation” to include “removal of a lobe of the lung,”
we would not want “pulmonectomy” (removal of the lung)
to include “removal of a lobe of the lung.” These problems
originate because our language often relies on “common
sense” to make these distinctions, so that a literal represen-
tation of the language may not give the desired result.

Recent versions of SNOMED have experimented with an
approach suggested in Schulz and Hahn, 200113 involving
so-called SEP-Triples—triples of the thing in its entirety (E),
its parts (P), and the disjunction of the thing and its parts (S).
This approach was found cumbersome when implemented
literally because it necessitated enumerating three nodes for
every anatomical structure.d

As OWL supports disjunctions, the distinction between
whether a property applies to just the thing itself, just its
parts, or both is easy to express. See Figure 3 for an example.

The first class expression includes all operations on a lung as
a whole or any of its parts; the second expression includes
the removal of a lung as a whole; the third expression
represents the removal of a lobe of a lung which, since it is
a part of a lung, will be classified under the first expression
automatically. The same mechanism deals naturally with
“partial” and “total,” e.g., “Removal THAT site SOME
Kidney” represents a total nephrectomy; “Removal THAT
site SOME (is_part_of SOME Kidney)” represents a partial
nephrectomy. The disjunction—Removal THAT site SOME
(Kidney OR is_part_of SOME Kidney)—includes both total
and partial nephrectomies. This achieves the same distinc-
tions as possible with SEP triples but without having to
create the additional nodes explicitly.

dSNOMED CT January 2008 content contains exactly one right-
identity statement and this is unrelated to procedures or anatomy.
It states that the active ingredient of a direct substance is an active

ingredient of the whole.
Observables and Findings
One of the persistent issues in clinical information systems is
the distinction between observables and findings. Although
there exists no universal consensus on the distinction, the term
“observable” generally refers to an aspect of the patient that
can be quantified or qualified, e.g., “blood pressure,” “skin
color,” “body-mass index,” etc. A “finding,” on the other hand,
usually refers to something which is either present or absent,
possibly with additional qualification, e.g., “diabetes,” “frac-
tures,” etc., or to the state of some observable such as “in-
creased blood pressure” which likewise may be present or
absent.

In SNOMED, distinctions are made between the classes
“finding” and “observable entity” but the relationship be-
tween them is not always easy to understand. As an exam-
ple, consider the finding of increased blood pressure defined
in SNOMED as shown in Figure 4a. Hence, the finding of
increased blood pressure implies a finding of “abnormal
blood pressure” that interprets the observable entity “blood
pressure.” The fact that a finding of an “increased blood
pressure” qualifies the blood pressure as abnormally high as
opposed to abnormally low is not reflected at all in the
expression. This is a common phenomenon. In many cases,
most of the intended meaning behind concepts such as
finding of increased blood pressure remains in the term
name and is not reflected in a definition. This is even more
obvious when comparing SNOMED’s (primitive) definition
of a decreased blood pressure as shown in Figure 4b.

A comparison shows that there is no distinction between the
definition of increased and decreased blood pressure with
respect to the actual blood pressure value observed. Instead
the definitions are different because a Finding of increased
blood pressure implies an abnormal blood pressure whereas
a Finding of decreased blood pressure does not. (Whether or
not this is intentional cannot be determined from the infor-
mation available.)

Furthermore, in many models of the medical record, it is
possible to express “increased blood pressure” by the combi-
nation of the code for “blood pressure” and a code for
“increased” or some equivalent, which in SNOMED might be
a qualifier such as 75540009|high|or 260399008|raised|.
However, because no such qualifier is present in the SNOMED
definition of “increased blood pressure,” it is not possible to
recognize the equivalence between the two formulations.

Using GCIs available in OWL ontologies, it is easy to represent
the relation between observables and findings more faithfully.
If the definition of the kernel concept for increased blood
pressure finding were to be as shown in Figure 5a.

Then whether or not the named finding were used, the
underlying meaning in the logic representation for the
recordable code would be the same as shown in Figure 5b.

Hence, we have a unified representation in which the
finding corresponds to a qualified observable and vice
versa.e The finding can be coded either as the code “blood

eNote that the relation, hasJudgedLevel, indicates that the assigned
qualifier is a qualitative clinical judgement as opposed to a simple
quantitative value reading. The issue of representing and reasoning
over absolute quantitative values and normative thresholds belongs

to another paper.
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pressure” (an observable) plus the qualifier “increased” or, if
used frequently, as a single code for “increased blood
pressure”.

The notion of “finding” and “observable”, properly under-
stood, are “meta” to the ontology proper. “Findings” are
things whose mere presence carries information; “observ-
ables” are things that must be qualified or given a value to
convey information. There are large sections of SNOMED’s
ontology where the distinction between findings and ob-
servables follows the natural hierarchies. For example, dis-
orders are generally findings and laboratory tests (or, rather,
the physiological parameters underlying them) typically
observables. However, there are cases where the distinction
corresponds less well to natural clinical categories. For
example, by these definitions, some physical signs are “find-
ings”—e.g., the “presence of a lump”—others are “observ-
ables”—e.g., “pulse rate” or “body temperature.”

Modularization
The national versions of SNOMED comprise an interna-
tional core and national extension. Nevertheless, as an
ontology it is currently classified and managed as a whole.

Ontologies in OWL have an import mechanism by virtue of
which it is easy to create ontologies comprising several
modules. Although most tools present OWL entities as if
they were unitary objects, in fact an OWL ontology consists
simply of a set of axioms about those entities. Logic is
“monotonic,” additional axioms can lead to additional infer-
ences, but they cannot annul previous inferences. (The
inference that a class is inconsistent—“unsatisfiable” —is
simply one more inference, although it generally indicates
an error.) Hence, as well as adding new entities, OWL
modules can add to the definitions of existing entities by
adding new axioms about them. The result is a powerful
method for composition and localization. Modern ontology
editors, such as Protégé, support the user in the maintenance
of modular ontology structures and automatically infer and

F i g u r e 3. Representation of operations on Lung and/or
Parts of Lung.

F i g u r e 4. A. SNOMED Representation for increased
blood pressure. B. SNOMED Representation for decreased

blood pressure.
resolve “import graph” indirections when editing or reason-
ing over the ontology as a whole.

The reasons for breaking up the contents of an ontology into
modules are numerous. Firstly, just as with chapters in
books, or packages and modules in software, OWL modules
allow the contents of an ontology to be partitioned into
sub-units that are easier to maintain and exchange than
would be a monolithic ontology.

Secondly, the modules mechanism of OWL affords a natural
way to import content, particularly metadata, from other
sources—e.g., specialized vocabularies for different realms
or termsets for alternative languages.

Thirdly, modules can be used so that only the relevant
portions of the ontology needed to be loaded for any given
application. Statistical records published by The Health
Improvement Networkf of the use of the READ codes in the
UK show that only one thousand (or 1.1%) of all READ
codes then available accounted for 81% of all coded infor-
mation recorded by UK primary care practitioners between
June 1st 2006 and May 31st 2007—and 10,000 codes (11%)
accounted for 99% of it. These figures suggest that the vast
majority of actual coding usage within a particular clinical
subspecialty will be restricted to a tiny subset of the avail-
able coding content. There is little reason to expect the
results to be radically different for SNOMED-CT, and pre-
liminary evidence such as the well-publicized Kaiser Perma-
nente/VA subsetg suggest similar results—that, for most
applications, it should be possible to identify relatively small
subsets of SNOMED that satisfy 95% or more of the require-
ments for a given use case or application. Such subsets could
provide significant performance improvements if systems
using SNOMED were first able to work primarily with a
small subset but be able to load additional modules as
necessary. This is particularly relevant for contexts in which
post-coordination and, therefore, classification is required.
(Note that techniques have been developed to support
’incremental classification’ of additional modules that are
loaded on an as needed basis.)14

Fourthly, national, local and specialized extensions of
SNOMED could be formulated as add-on modules consist-
ing primarily of definitions built from a core SNOMED
vocabulary. Such so-called “pre-post-coordinated” exten-
sions offer the advantage of limiting the number of concepts

fTHIN: http://www.thin-uk.com/.
ghttp://www.nlm.nih.gov/research/umls/Snomed/snomed_

F i g u r e 5. A. OWL Definition of Finding of increased
blood pressure. B. Representation of the Recordable Concept
for both the “Finding of increased blood pressure” and the
observable “Blood pressure” qualified by “increased”.
problem_list.html.
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that have to be enumerated and named in advance while
still tailoring the system to the needs of particular circum-
stances.

For example, it is neither practical nor necessary to enumer-
ate named concepts for the family history of all possible
diseases. In the modern world of “‘omics” and translational
medicine, the family history of many more conditions is
becoming relevant, so that the number of “pre-post-coordi-
nated” concepts required is likely to grow rapidly. A special
module of such named “pre-post-coordinated” family his-
tory concepts appropriate to a given genomics clinic or
project could speed coding without affecting the logical
content of the overall coding system.

Discussion
How Much OWL is Required?
The previous sections have suggested various extensions to
the SNOMED schemas that are possible using OWL and
would address identified weaknesses within SNOMED’s
current representation. Features of OWL required include
conjunction, disjunction, full negation, existential restric-
tions, property chains, and general inclusion axioms. In
addition, it is suggested that the ease with which OWL can
be broken into modules would greatly simplify managing
SNOMED’s international and national extensions or subsets,
and their subsequent localization. Note that we are not
advocating the use of numerous other constructs in OWL. In
particular, the proposed schemas limit the use of universal
and maximum cardinality restrictions, which are known to
reduce performance.

Schulz3 suggested using a fragment of OWL with attractive
computational properties, EL��15 to achieve many of the
reformulations suggested here. EL�� meets the above
requirements with the exception of full negation and dis-
junction. However, we argue that these features are needed
to address context and partonomy cleanly. While we recog-
nize that a move to EL�� would allow important steps
forward, we argue that the absence of negation and disjunc-
tion are serious disadvantages.

Is OWL Ready for SNOMED?
The main argument for using a less expressive representa-
tion such as EL�� is performance and scaling. The key issue
is, therefore, whether it is plausible that a more radical
reformulation using a larger subset of OWL would be
practical. Do the reasoners and tools available for OWL 1.1
have the computational power and maturity to deal with an
ontology of about 434,000 classes and more than a million
relationships between them?

SNOMED can be loaded into Protégé4h, the standard editor
for OWL ontologies, and classified by FaCT��i without any
extraordinary hardware requirements, provided a 64bit Java
implementation is available. On a machine with a 2Ghz dual
core CPU and 2 GB memory, classification takes 30 minutes;
on a larger quad-core machine with 16GB memory some-
thing less than half this.

hAvailable from protégé.stanford.edu.

iPersonal communication, Dmitry Tarkov, 2008.
This situation is likely to improve rapidly due to new
developments in three directions: faster reasoners, module-
aware reasoners, and incremental reasoners. Hermit,16 a
novel hypertableaux-reasoner, supports the required expres-
sivity and shows promise to deliver significantly more
performance than FaCT�� today. IBM’s SHER projectj has
produced a modularization strategy for the OWL-reasoner
Pellet that allows it to classify all of SNOMED-CT effec-
tively, and to classify several million individuals against the
classified ontology in an acceptable time.17 In addition,
incremental classifiers are being developed for both FaCT��
and Pellet, so that the need to reclassify the ontology from
scratch can be minimized.

Note also that many uses of SNOMED for post coordination
require only querying against a fixed classified ontology
rather than reclassification, or even incremental classifica-
tion. Such queries, which do not persist in the knowledge
base, are much faster than classifications, which do persist.

Finally, as noted earlier, there exist relatively small subsets
of SNOMED that are likely to satisfy the vast majority of
uses cases.

In summary, we have established that the existing schemas
can be classified using reasoners for more expressive de-
scription logics. Initial indications are that the more expres-
sive schemas proposed in this paper will also scale using
these same reasoners, but this remains to be tested. A
feasibility study to answer this question should be a priority
for the SNOMED community.

Is SNOMED Ready for OWL?
The need for significant quality assurance and development
of SNOMED is widely accepted. The issues are increasingly
well documented, and the complexity of using SNOMED in
practice with HL77 or Archetypes18 are increasingly well
appreciated, although the methods to address them are not
yet satisfactory. The main barrier to wholesale migration of
SNOMED content to an OWL environment is likely to be the
many errors and irregularities in the existing SNOMED
content, a difficulty compounded by the sheer size of
SNOMED. More manageable initial experiments in migra-
tion and curation of SNOMED CT content within native
OWL representation and tooling may be possible if re-
stricted to high value subsets.

Migration and Legacy
The pragmatics of migration of any large software artefact
should not be under-estimated. In the case of SNOMED, it
includes not only the ontology itself, but also the applica-
tions and metadata already based on, and in some cases
erroneously embedded within, its current structure. One
important but currently open question is how any migration
of the SNOMED ontology to an OWL environment should
treat that part of SNOMED’s content that is derived from external
classifications, such as ICD, for example: “172915004|Functional
endoscopic sinus surgery—diagnostic endoscopy of nose or sinus
NOS]”, or “371906007|Thrombolytic agent administered between 6
hours and 7 days before percutaneous coronary intervention (proce-
dure)|” or “47198001|Cortex laceration with open intracranial
wound AND prolonged loss of consciousness (more than 24 hours)

jhttp://domino.research.ibm.com/comm/research_projects.nsf/

pages/iaa.index.html.
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AND return to pre-existing conscious level (disorder)|”. The use
cases and requirements need to be examined carefully to
determine how much, if indeed any, of the content of such
expressions should be modelled or whether they are rather
best treated as instructions to coders and represented in
some other way.

The issue of representing terms from external classifications
aside, from the perspective of health-care institutions or
third-party software developers, changes could be mini-
mized. The basic set of codes, class names, and the delivery
file structures for the pre-coordinated terms would remain
largely unchanged. Hence, the changes might be comparable
to a regular update, although perhaps larger in scope.

Outside the context dependent branch of the hierarchies, the
changes advocated in the section on “Situations with explicit
context” can be accomplished by ‘wrapping’ the relevant
definitions into the expression “Situation that includes . . .”,
an operation that can be automated easily. The changes to
the handling of partonomy would have little effect on
applications and end users, although they would greatly
simplify the work of developers.

The changes we propose to the context dependent branch
are significant: many concepts would need to be redefined to
the extent that a new code was felt to be required, and the
guidelines for using context dependent codes would have to
be revised. However, despite recent less radical efforts to
improve SNOMED’s context dependent codes, they are
known to remain problematic. Further, they are modest in
number. A thorough revision that produced a uniform
structure integrated with the rest of the SNOMED structure
rather than a piecemeal revision with multiple variants
should be attractive.

The exact costs of implementing all the recommendations
expressed in the present paper cannot be determined with
precision because of the irregularities of SNOMED. Where
the structure of SNOMED is sound and regular, it could
be done largely via scripting. Where the structure is
flawed, formal classification by the OWL reasoner of a
scripted transform would make those flaws more obvious,
but manual detection and revision would still be required.
Where the naming is regular, this work can be aided by
lexical techniques.19 However, other results18,20 suggest
that lexical methods are far from reliable as do experi-
ments with inter-rater variability amongst SNOMED cod-
ers.19 Furthermore, having to depend on lexical tech-
niques rather than verifiable models and logical inference
to support software interoperability and critical clinical
systems calls into question SNOMED’s claim to be a
“reference terminology.”

Summary
In this paper we argue the case for reformulating the
definitions of classes in SNOMED’s stated form so as to
utilize constructors available in the ontology standard OWL
1.1, a considerable extension of SNOMED’s current under-
lying formalism Ontylog. The main advantages of this
reformulation are: (1) a simpler, uniform representation of
situations with explicit context, (2) a more flexible way of
handling definitions of classes, (3) a simple and uniform way
to specify partonomic information for procedures and find-

ings, (4) a clearer and more principled relation between
observable entities and findings, and (5) the chance to
modularize SNOMED. The overall result would, almost
certainly, be a representation that scaled better cognitively—
i.e., that was easier to use, easier to maintain, simpler to
query, and easier to use in the development of associated
software.

The relationship between codes and EHR models such as the
HL7 RIM, Archetypes, and CEN 13606 has been discussed in
a previous paper.4 A cleaner formulation as advocated here
would likewise facilitate better specification of the binding
between terminology and information models for messages
and EHRs. These patterns also integrate much more easily
with the OBO family of ontologies and other ontologies
being used in molecular biology than do SNOMED’s current
schemas.

The price to pay for this reformulation is three-fold. Firstly,
the syntax would need to be transformed to OWL 1.1; this is
an entirely automatic process already catered for by existing
tools. More significantly, to take full advantage of the
proposed schemas, the explicit content of SNOMED’s defi-
nitions would need to be reviewed and extended. However,
that could be done progressively. Thirdly, different tools
and classifiers would need to be used. This would require
some re-engineering of tools to cope with the scale of
SNOMED, and the classification time would inevitably
increase somewhat. Current indications, however, are that
the effort on tools and the increase in classification time
could both be kept modest. However, but this remains to be
proven.

Indeed, all of these assertions need to be tested by a
feasibility study on a limited subset of SNOMED. A
number of modest sized— on the order of 25,000 con-
cept—subsets of SNOMED exist that could be used for
feasibility tests. The transfer of responsibility to an inter-
national standards body (the IHTSDO) provides a natural
point to consider new developments. Although increas-
ing, use of SNOMED is still in its early stages, even in the
United Kingdom. Changes made now will be much easier
to implement than changes made in the future when the
legacy is greater. The result of the suggested changes
would be a simpler and clearer representation. Why do it
the hard way? At a minimum, the feasibility of alternative
schemas should be tested.
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