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High quality terminologies are a fundamental
requirement in a range of health care applications.
To ensure high quality terminologies we should
reflect about the understandability, reproducibility
and utility criteria within a terminology. This paper
describes efforts to improve the understandability of
SNOMED. We describe the problem related to the
grammatical conjunctions “and” and “ or” and how
we applied basic semantic rules defined by the
SNOMED Editorial Board. The results show that the
meaning of “and” and “or” in SNOMED can be
made explicit in almost all cases and can be done in
a reasonable, reliable, and reproducible manner.

INTRODUCTION

As we dtart performing more detailed and wide-
ranging types of analysis to quantify the quality of
health care, we must consider whether the
terminologies we use are of sufficiently high quality
to support the intended data analysis. In reviewing
and developing terminologies over the last few years,
we have identified three properties that we apply to
the development and evaluation of terminologies:
understandability, reproducibility, and utility.

The first property, understandability, is a face
validity test. Can you read the term and understand
what it means? For example, if you encounter the
term "relieving suffering” in a terminology, can you
understand the concept that is represented by the
phrase? Second is reproducibility. Will others
(individuals who enter or analyze data) apply the
term in the same way you might based upon their
understanding of what the term means? At the
surface, terms such as "relieving suffering” may
seem to be reproducible, but if you recognize that a
particular terminology may also include the term
"alieving suffering” as a distinct concept,
reproducibly applying the intensional of the terms
based upon simply the phase itself is problematic.
Instances where we have informaly polled
individuals on the difference between aieving and

relieving have demonstrated to us that the phrases
were not sufficiently precise to be reproducible.
Finally, if we were to determine that the phrases are
reproducibly applicable to patient records, do the
distinctions represented by the phrases provide some
utility for some purpose? For example, is the
difference between "relieving® and "aieving" of
interest to a decision support application or some
data analysis application? We think that asking
about the understandability, reproducibility, and
utility of terms within a terminology is a helpful way
to ensure that the terminologies will be of high
quality.

As we have tried to apply the understandability,
reproducibility, and utility criterion to terminology,
we have continually encountered problems with
phrases that include "and" and "or". We believe that
we must answer the  understandability,
reproducibility, and utility questions raised by "and"
and "or" before we can delve into the deeper
semantic issues posed by other terms such as
"relieving" and "alieving."

In the Systematized Nomenclature of Medicine
(SNOMED)?, for example, we can find terms such as
"F-A2080 Sense of position and movement”. Can
you read the term and understand it? Does the term
refer to sense of position and sense of movement
both present at the same time? Or would the
presence of one or the other be sufficient to this term
being used for coding a medical record?

In an effort to improve the understandability of
SNOMED, work is under way to convert SNOMED
terms to a logic-based representation form®*. As part
of this work, the SNOMED Editorial Board has
determined that grammatical conjunctions must
follow basic semantic rules. "And” should be used
when both subjects in the term must be present
(logical and), “and/or” when one or both must be
present (logical inclusive or), and “either_or” when
one or the other, but not both, must be present
(exclusive or).



We have applied these rules to SNOMED in order to
determine if they are sufficient for representing
intended meaning and if they can be applied in a
reproducible way.

METHODOLOGY

SNOMED International version 3.4 contains
150,543 terms of which many contain the
grammatical conjunctions “and” and/or “or”. The
objectives of the study were to identify all
grammatical conjunctions present in the SNOMED
terms and determine their appropriate semantics.

SNOMED is comprised of twelve modules (axes),
each one consisting of chapter headings, preferred
terms, and synonyms. From each axis, four new files
were obtained: (a) preferred terms and synonyms
containing “and”, (b) chapter headings containing
“and”, (c) preferred terms and synonyms containing
“or”, and (d) chapter headings containing “or”. The
chapter headings and preferred terms were analyzed
separately because of our impression that the
meaning and use of conjunctions differs between the
two types.

The files were manualy reviewed to identify the
semantics of each term. We defined the conjunctions
according to the SNOMED Editorial Board's
recommendations.

Two independent reviews were done. The first
review evaluated the entire SNOMED and was done
by two researchers. Initidly, the first researcher
evaluated the terms in the files and suggested
appropriate assignments. The results were presented

to the second researcher who reviewed the
assignments. In cases of disagreement, the terms
were discussed by both to reach afinal agreement.

A second independent review was done in one axis,
Diseases/Diagnoses, by a third researcher. We then
performed a simple comparison of the differences
between this second review and the results for the
Diseases/Diagnoses axis from the first review.

RESULTS

SNOMED has a total of 1,956 terms (including
preferred terms and synonyms) and 953 heading
terms containing the grammatical conjunction
“and”. In addition, it has 1,078 terms (including
preferred terms and synonyms) and 24 heading
terms containing the conjunction “or”. For this
project, eleven axes were reviewed by two
researchers. Tables 1 and 2 present the results,
showing in detail the number of assignments
suggested for each axis. It is important to point out
that some SNOMED terms have more than one
conjunction. The table summarizes the results taking
in account the number of conjunctions, not the
number of terms in each axis. We found a total of
2,971 “ands’ and 1,120 “ors’, including chapter
heading, preferred terms and synonyms.

We judged the heading terms to have an “and/or”
meaning in 93.68% of the cases (948 heading terms,
including terms containing “ands’ and “ors’). The
remainder 6.32% we judged to be “ands’ (59 cases -
5.83%) and “ors’ (5 cases — 0.49%). Figure 1 shows
an example of four heading term interpretations.
Tables 1 and 2 show the detailed assignment of
heading terms.

Figure 1. Application of rulesto SNOMED terms (located at end of article).
A. Heading term containing “and” . B. Preferred term containing “and”.
C. Preferred term containing “or”. D. Preferred term containing “or”.

The preferred terms and synonyms containing the
conjunction “and” were judge to be a logical and in
50.70% (1,006) of the cases, an “and/or” in 46.07%
(914) of the cases, and an exclusive or in 3.23%
(64). Figure 1 illustrates a case where “and” meant
logical and.

The preferred terms and synonyms containing “or”
were judged to be a logica exclusive or in 50.23%
(550), alogical inclusive or in 49.50% (542) and an

“and” in 0.27% (3) of the cases. We judged the
meaning to be an exclusive-or when one of these
patterns was present: (1) “one or the other”, (2)
“with or without”, (3) “not X or Y “(could be “not X
and not Y"), (3) “XY or other Y”, where only one Y
would occur per patient, (4) “X or Y affecting W”,
and (5) “one or more’. Figure 1 shows two
examples where “or” can be defined as an exclusive-
or meaning (“with or without” and “one or the
other”).



The disagreement between the two researchers in the
first review was 1% (35 cases), and these were
resolved readily through discussion.

DISCUSSION

Searches of the medical, medical informatics, and
computer science literature failed to yield any
relevant work on the logica semantics of
conjunctions. We therefore used manual methods to
apply the rules as defined by SNOMED Editorial
Board to make explicit the meaning of 4091 “ands’
and “ors” in SNOMED. From a purely mechanical
standpoint, human reviewer generally found the
rules sufficient to cover the explicit meanings and
that it was to decide which meaning was intended.
Inter-rater disagreement showed however that these
rules are not so readily applied consistently.

We also found that, in general, when an “and”
appears in a heading term, it usually means
“and/or”. However, when it appears in a preferred
term or synonym, half the time it means “and” and
half the time “and/or”. As for the grammatical
conjunction “or”, we found that, in general, when
“or” appears in a heading term, it usually means
“and/or” (inclusive or). However, when it appearsin
a preferred term or synonym, half the time it means
“exclusive or” and half thetime “inclusive or”.

We found that two researchers working together
were able to reach agreement rapidly. However, we
also found that rules were hard to apply with
complete consistency and reproducibility across
different groups. The two groups differed on 16%. In
same instances, general rules about meaning can be
interpreted more than one way, and in these cases,
the Editorial Board must make an arbitrary decision
about the intended meaning of the term.

When we reviewed the discrepancies, we found that
some SNOMED terms were actually ambiguous. For
example, "D8-70200 Disorder relating to short
gestation and unspecified low birthweight". In this
particular case one reviewer interpreted the meaning
as an “exclusive or” and the other one initialy
interpreted as a “logical and”’. In resolving this
discrepancy, the word “unspecified” was dropped
because of the ambiguity it introduces, and the final

The Diseases/Diagnoses axis was independently
evaluated by a third researcher as described above.
The total number of agreements was 1,177. We
disagreed in 236 cases (16.7%). Table 3 shows the
comparison between the first and second review.

intended meaning is designated as “Disorder relating
to short gestation and/or low birthweight”.

This study presents one effort at resolving the
ambiguity of SNOMED terms’. For decades,
SNOMED terms containing “and” and “or” have
been used in casua ways that |eft interpretation up to
individual users. As SNOMED evolves to make such
meanings more explicit, it is our expectation that
understandability will improve. As this occurs, we
expect concomitant improvements in reproducibility
and utility.

We believe that improving understandability,
reproducibility and utility in SNOMED, we would be
able to reduce the disparity between interpretations,
improving the quality of the vocabulary. As
consequence, we expect that SNOMED will better
support data analysis and that coding errors will be
reduced.

CONCLUSION

We found that the meaning of “and” and “or” in
SNOMED could be made explicit in amost all cases
and could be done in a reasonable, reliable, and
reproducible manner. Further work is needed to
clarify how semantic rules should be applied and to
remove ambiguity where it exists in the terms
themselves.
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Supporting terms:
D4-32000 Congenital anomaly of aorta, NOS
D4-32010 Congenital anomaly of aortic arch, NOS

D4-32501 Anomalous origin of coronary artery
the aorta.

B. Original: F-52840 Nausea and vomiting

I nterpretation: Nausea AND vomiting
Supporting terms:

F-52772 Acute vomiting

F-52843 Increased nausea and vomiting

F-52845 Absence of nausea and vomiting

F-52850 Nausea, vomiting and diarrhea

F-0A610 Alteration in bowel elimination: diarrhea

D4-32500 Congenital anomaly of coronary artery, NOS

A. Original: D4-32000 CONGENITAL ANOMALIES OF THE AORTA AND CORONARY ARTERIES
Inter pretation: CONGENITAL ANOMALIES OF THE AORTA AND/OR CORONARY ARTERIES

Explanation: Note that “Anomalous origin of coronary artery” is an anomaly of coronary artery and an anomaly of

Explanation: In this case both symptoms must be present. Otherwise, F-52850 could be used.

C. Original: D1-6024 Subacute osteomyelitis with or without periostitis
I nterpretation: Subacute osteomyelitis with OR without periostitis
Explanation: We believe “exclusive or” isthe only sensible interpretation.

D. Original: D1-21060 L ocalized osteoarthrosis uncertain if primary or secondary
Interpretation: Localized osteoarthrosis uncertain if primary OR secondary
Explanation: In this case or means is related to one or the other, that is, the location is primary or secondary.




Table 1. Assignment of 2,971 “and” termsto logical conjunctions.

New assignments
Preferred + synonyms Heading terms
and or and/or AND OR AND/OR
Topography 70 - 85 - - 75
M or phology 51 - 11 - - 39
Function 36 - 58 - - 187
Living organisms 9 - 5 41
Chemicals, Drugs and Biological 50 2 25 59 - 149
Products
Manufacturers of pharmaceutical - - - - - -
products
Physical agents, forces and 3 - 9 - - 33
activities
Occupations 17 - 307 - - 215
Social context 1 - - - - 14
General linkage/ Modifiers 3 - - - - 4
Diseases/ Diagnoses 766 62 414 - - 171
Total 1,006 | 64 914 59 - 928

Table 2. Assignment of 1120 “or” termsto logical conjunctions.

New assignments
Preferred + synonyms Heading terms
or and and/or OR | AND AND/OR
Topography* 8 2 26 - - -
M or phology 9 - - 3 - -
Function 7 - 31 - - 1
Living organisms - - - - - 2
Chemicals, Drugs and Biological - - 15 - - -
Products
Manufacturers of pharmaceutical - - - - - -
products
Physical agents, forces and 1 - 4 - - -
activities
Occupations - 1 8 - - 1
Social context 1 - 4 - - 1
General linkage/ Modifiers - - 2 - - -
Diseases/ Diagnoses 524 - 452 2 - 15
Procedures
Total 550 3 542 5 - 20

* We assigned one “or “ to “of”.




Table 3. Comparison between reviewers 1,2 and 3.

Reviewers 1 and 2 Reviewer 2 Total

AND AND 732
Agreement

AND/OR AND/OR 438

AND NA* 7

AND/OR AND 147
Disagr eement

AND AND/OR 27

OR AND 61

OR AND/OR 1

* Not applicable: The third reviewer used NA when the components of the phrase do not have meaning on their|
own (e.g., half and half nail syndrome) or when the operator “and” was between two proper names (e.g., Jervell
and Lange-Nielson syndrome).




