MEDICAL TERMINOLOGY

FEver think there are too many
medical vocabularies? These authors
offer a system for automatic
translation from one to another.
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he abundance of standard
medical vocabularies, such
as the National Library of
Medicine’s medical subject
headings (MeSH terms),
the International Classifi-
cation of Diseases, ninth
revision (ICD-9), Current
Procedural Terminology, fourth
edition (CPT-4), and the System-
atized Nomenclature of Medicine
(SNOMED) [1-3], has produced a

tower of Babel, with no one vocab-
ulary proving adequate for all pur-
poses [4-6]. It is clear that the
production of a universal medical
language is an elusive goal and
that such a language would be un-
likely to find rapid acceptance
among the speakers of each of the
current medical tongues. Yet the
development of a common lan-
guage would be desirable. Comput-
erized clinical record systems, for
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Automatic translation of medical
terms from one controlled vocabu-
lary into another is essential to the
integration of diverse medical in-
Jormatics systems. We have devel-
oped a strategy in which medical
terms are represented in a stan-
dard format that provides semantic
deseription of the terms. We demon-
strate the representational power
of our method by showing that a
subset of medical terms (proce-

dures) from diverse vocabularies
can be described in this manner.
We assess the potential usefulness
of our approach for facilitating au-
tomatic translation by finding the
closest match for MeSH cardiovas-
cular procedures with ICD-9 proce-
dures.
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example, could convert loecal termi-
nologies to a standard vocabulary
for automatic medical record cod-
ing (for billing) or for searches of
the mediecal literature.

Much work has been done to
provide a way to translate free
text into controlled vocabularies; a
common application is found in the
user interfaces of several pro-
grams that assist in medical diag-
nosis. RECONSIDER, for exam-
ple, uses synonyms to match the
clinician’s input with terms used
in deseriptions of diseases [7]. The
QMR program uses a word-stem
algorithm to identify terms for dis-
eases and manifestations [8], and
DXplain uses word stems, a spell-
ing checker, and synonyms for the
same purpose [9]. Attention has
also been focused on ways to con-
vert free text into MeSH terms.
MeSH itself contains tens of thou-
sands of “entry terms” that, when
entered by a user searching the
MEDLINE database, serve to
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identify the appropriate MeSH
terms. The PaperChase system for
bibliographic retrieval uses the
frequencies with which words in
the titles of articles are associated
with MeSH indexing terms to
matech user input to MeSH terms
[10]. MicroMeSH, a program de-
signed to convert user terms into
MeSH terms, uses MeSH entry
terms, word stemming, a spelling
checker, and term and keyword
synonyms [11]. It is also worth not-
ing that Wingert has applied a
technique called morphemic anal-
ysis to the translation of free text
into SNOMED [12].

Each of the above applications
operates in an interactive way: the
user enters a free-text term and
immediately sees the controlled
terms presented by the system.
One or more may be correct, but if
none are correct, the user can im-
mediately recognize this and try
again. Until natural-language pro-
cessing methods are improved, the
conversion of free text into con-
trolled terms will always require
some interaction. However, for
conversion of terms from one con-
trolled vocabulary to another, it
would be preferable to have a fully
automated process. Although lexi-
cal [13] and morphosemantic [14]
methods of automated translation
have been studied, the results
have been mixed and it appears
that better methods are needed.

The National Library of Medi-
cine initiated the Unified Medical
Language System (UMLS) project
in 1986 to develop methods to facil-
itate conversion of terms from one
vocabulary to another. The UMLS
is not intended to serve as a stan-
dard vocabulary, but rather as a
means of mapping between exist-
ing vocabularies. Many problems
and possible solutions have been
studied during the first few years
of research. Considerable effort
has been directed toward the cre-
ation of a semantic network into
which terms from disparate vocab-
ularies can be mapped. It has been
proposed that the meaning of each
term can be represented through
semantic features that are univer-
sal, and that these features can
provide a way of comparing vocab-
ularies [15,16].

If this premise is correct, auto-
matic translation could be accom-

R e S B e P e R A e S ]
RATHER THAN CHOOSING AN ARBITRARY

STRING OF CHARACTERS, WE APPLY A SET
OF RULES TO CONSTRUCT A FORMAL
REPRESENTATION OF THE TERM.

plished through a procedure that
identified the closest match, not by
comparing the words that make up
the terms, but by comparing the
semantic descriptions of those
terms. Translation could then be
accomplished without human in-
teraction.

This paper describes initial
work on the creation of a semantic
network for mapping a subset of
medical terminology, the terms for
medical and surgical procedures.
Terms from MeSH, ICD-9, CPT-4,
and SNOMED were manually
mapped into this network, and the
feasibility of automated transla-
tion was explored. Other workers
on the UMLS have used this ap-
proach in different medical do-
mains [17-19].

METHODS

Baclkground
We have developed a standard way
of representing medical terms.
Rather than choosing an arbitrary
string of characters, we apply a set
of rules to construct a formal rep-
resentation of the term. The repre-
sentation chosen is that of the
frame, in which each high-level
concept is represented by a name
and a collection of properties, or
slots, that denote semantic fea-
tures of the term. Each property
may contain a value that conveys
specific information about the
term. Each frame represents a
class of objects or concepts (in this
case, medical terms), and classes
are arranged hierarchically, with
superclasses at the top. A class
derives its properties from its su-
perclasses but may also have prop-
erties of its own. The class may
also be related to subordinate
classes, called subclasses. The
class acts as a superclass in rela-
tion to these subclasses, passing
properties on to them.

For example, we might have a
class called “diseases” that has

the property ‘“host organisms.”
Two subclasses of “diseases”
might be ‘“treatable diseases”
(which has the property “thera-
peutic agents”) and “infectious
diseases” (which has the two prop-
erties “infectious agents” and
“vector”). By adding these proper-
ties to the class “diseases,” we cre-
ate the subclasses. In addition to
their unique properties, the two
subclasses have properties they
have inherited from their super-
class, “diseases” (such as “host or-
ganisms”). Some restrictions are
imposed on the values that may be
assigned to a property. For exam-
ple, the property “infectious
agents” would be restricted to
members of the class “organisms.”

We can create more specific
classes (subclasses) in two other
ways. One way is to restrict the
values of a property further. For
example, “parasitic diseases” is a
subclass of “infectious diseases” in
which the property “infectious
agents” is further restricted to
“parasites” (a subclass of “orga-
nisms”). Another way is to repre-
sent the intersections of one or
more classes. The class “treatable
parasitic diseases,” for example,
inherits all its properties from
“parasitic diseases” and “treat-
able diseases.”

Creating a set of rules for the
representation of a term involves
establishing it as an instance of a
class [20]. The instance takes on
the properties (slots) of the class;
the values for the class may be its
default values or more specific val-
ues. For example, the term “ma-
laria” could be used as an instance
of “treatable parasitic diseases”;
the various properties of “malar-
ia” would be assigned values based
on the restrictions imposed by the
class from which the properties
were inherited (the “host orga-
nism” is “human being” and the
“vector” is “anopheles mosquito”).

It should be noted that the
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MEDICAL TERMINOLOGY

SIXTEEN MeSH TERMS AND THE CLOSEST
MATCH FOUND IN ICD-9*

Table 1

MeSH
Aortography
Cerebral angiography

Portography

Fluorescein angiography
Heart function tests
Echocardiography

Electrocardiography
Vectorcardiography
Polarcardiology
Exercise test

Phonocardiography
Plethysmography
Myocardial revascularization

Aortocoronary bypass
Internal mammary-coronary

artery anastomosis
Splenorenal shunt, surgical

which no better ICD-9 term exists.

*Most of the matehes are virtually exact; an asterisk indicates a term for

ICD-9

Contrast aortogram (88.42)

Contrast cerebral arteriogram
(88.41)

Portal contrast phlebogram
(88.64)

Eye flourescein angiography
(95.12)*

Other cardiac function test
(89.5)

Diagnostic ultrasound—heart
(88.72)

Electrocardiogram (85.92)
Vectorcardiogram (89.53)
Vectorcardiogram (89.53)

Cardiac stress test not
elsewhere classified (89.44)

Phonocardiogram (89.55)
Plethysmogram (89.58)

Coronary vessel aneurysm
repair (36.91)

Aortocoronary bypass not
otherwise specified (36.10)

Single internal mammary-
coronary artery bypass (36.15)

Intra-abdominal venous shunt
(39.1)*

values used in the properties of
descriptions of medical terms may
themselves be medical terms and
may, in turn, be defined as instanc-
es of classes. By using instances
and classes as values for proper-
ties, we are in effect creating non-
hierarchical links between con-
cepts of different types. These
links are bidirectional, so that
“malaria” points to “chloroquine”
through the property “therapeutic
use’”’ and ‘“chloroquine’” points
back to “malaria” through the
property “therapeutic use.” This

arrangement, known as a seman-
tic network, is in our opinion a
powerful and flexible representa-
tion for use in inferencing systems
[20-22].

Developing the Semantic Network
To study the terminology for med-
ical and surgical procedures, we
began by using terms in ICD-9 (be-
cause of its broad scope and ac-
ceptance) to identify classes and
properties that could be used in a
semantic network. The properties
were found to occur in distinct pat-

terns, which suggested classes by
which the terms could be catego-
rized. The entire vocabulary was
reviewed to detect all classes that
would be required for the deserip-
tion of all ICD-9 procedures.

Validation of the Semantic
Definitions Format

We tested the representational
power of our class description by
manually creating instances of
formal definitions for procedure
terms from each of the major ter-
minologies: 1CD-9, MeSH, CPT-4,
and SNOMED. We expected the
ICD-9 terms to be well-repre-
sented by the classification
scheme we had developed, because
it served as an initial guide to the
delineation of the classes. We were
therefore fairly exhaustive in val-
idating the classes against 1CD-9,
including all medical and surgical
procedures involving the cardio-
vascular system. For the remain-
ing three vocabularies, we re-
stricted our validation to cardio-
vascular procedures. The formal
descriptions of procedures from
the four vocabularies were orga-
nized into a MUMPS global strue-
ture and loaded into a program
[23] written in DataTree Mumps
and run on a Hewlett-Packard
Vectra (an AT-compatible person-
al computer).

Testing Automatic Translation

We examined the ability of the se-
mantic representation to facilitate
automatic translation by compar-
ing each of the MeSH terms for
cardiovascular procedures with
each of the ICD-9 terms. The com-
parison algorithm (see below) pro-
duces an integer that is a measure
of similarity between any two pro-
cedures being compared. The re-
sult is the best match (or matches,
in the case of a tie) for each of the
MeSH terms.

The Comparison Algorithm

The difference between the seman-
tic definitions of two procedures
can be measured by the differ-
ences in class memberships and
the differences in values for prop-
erties when the descriptions have
the same properties. The classes
provide a simple way to compare
terms: the number of classes that
two terms have in common
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strengthens their similarity,
whereas the number by which
they differ weakens it. When two
procedures have the same proper-
ty (because they are in the same
class), the values for the proper-
ties also serve as a basis for com-
parison. Identical values (includ-
ing the null value) provide the
strongest possible similarity. In
general, two terms will be similar
if one is a descendant of the other,
with the degree of similarity rela-
tive to their “generation gap”—
the number of levels between the
two terms. For example, a proce-
dure with “left heart ventricle” as
the site is closer to a procedure
with “heart ventricle” as the site
than it is to a procedure with
“right heart ventricle” as the site.

The comparison algorithm we
used adds points for each super-
class in which both terms are
members, subtracts points for
each superclass in which only one
term is a member, and then sub-
tracts the distance between values
for each property that both terms
have in common. The resulting
score reflects the degree of similar-
ity between the two terms and
serves as a basis for ranking terms
in the target vocabulary when
they are compared with the source
term.

RESULTS

Developing the Semantic Network
A review of the procedures in ICD-
9 quickly revealed that terms can
be described by two main features:
the method applied (e.g., insertion,
excision, destruction, replace-
ment, or radiography) and the part
of the body to which the method is
applied. Under this general
scheme, procedures were easily
classified according to the meth-
ods used. For example, members of
the class “insertion procedures”
have the properties “insertion
method” (e.g., intubation, cannula-
tion, or implantation), “insertion
site” (an anatomic loeation), and
“material inserted” (a catheter or
pacemaker). In all, our classifica-
tion of ICD-9 procedures produced
27 subclasses.

In describing ICD-9 proce-
dures, we used 13 general “meth-
ods” with 364 specific methods. Be-
sides “methods,” other types of

terms needed to describe proce-
dures included “anatomic sites,”
“body processes” (“blood pres-
sure’), “chemicals,” “diseases,”
“donors” (“autologous donor”),
“materials,” “organisms,” “pa-
tient characteristics” (““new-
born’’), and ‘“time desecriptors”
(*continuous™).

Validation of the Semantic
Definitions Format
The ICD-9 procedures are present-
ed in 16 chapters; the first 15 deal
with operative procedures of vari-
ous organ systems, and the last
deals with all other procedures
(e.g., diagnostic tests, examina-
tions, and consultations). In order
to feel confident that our method
could be applied to all procedures,
we manually created formal defi-
nitions of all procedures in the
chapters “Operative Procedures of
the Cardiovascular System” (272
procedures) and ‘“Miscellaneous
Procedures” (845 procedures). We
then applied our methods to the
terms for cardiovascular proce-
dure in MeSH (56 procedures),
CPT-4 (400 procedures) and
SNOMED (280 procedures). This
process, though tedious, was not
complicated. Each procedure was
easily categorized into 1 of the 27
subclasses, thus showing that the
semantic definition format can be
used for deseribing procedures.
During the creation of formal
definitions, many other vocabu-
lary terms were required. There
was no attempt to describe the
terms semantically; they were
simply arranged in a hierarchy.
The generation of instances re-
sulted in 390 anatomic sites, 110
body processes, 71 chemicals, 93
diseases, 6 donors, 157 materials, 2
organisms, 8 patient characteris-
tics, and 9 time descriptors.

Testing Automatic Translation

We evaluated the ability of our rep-
resentation of procedures to facil-
itate automated translation by ap-
plying the comparison algorithm
to each of the 56 MeSH cardiovas-
cular terms and each of the 1117
ICD-9 cardiovascular terms
(62,552 pairwise comparisons). For
each MeSH term, the most closely
matching ICD-9 term (or terms in
the case of a tie) was selected as
the best translation. Sixteen dif-

ferent MeSH procedures were
found to match closely to a single
ICD-9 procedure (Table 1).

Another nine MeSH proce-
dures matched to more than one
ICD-9 procedure for which the
ICD-9 terms are specific forms of
the MeSH term and no general
ICD-9 term exists. The MeSH term
“heart catheterization” matched
equally well to the ICD-9 terms
“left heart catheterization” and
“right heart catheterization’;
there is no ICD-9 term for unspec-
ified catheterization. In some cas-
es, two or more ICD-9 terms have
such similar meanings that the se-
mantic definitions are indistin-
guishable. For example, the MeSH
term “phlebography’” matched the
ICD-9 terms ‘‘phlebography
(88.6),” “contrast phlebogram not
otherwise specified (88.60),” and
“contrast phlebogram not else-
where classified (88.67).” The re-
maining seven cases were similar
in that no one match could be con-
sidered truly superior to another.

The other 31 MeSH terms
were relatively specific medical
terms for which no similarly spe-
cifiec ICD-9 term exists and were
therefore matched to one or more
nonspecific ICD-9 terms. For ex-
ample, there is no ICD-9 term
equivalent to the MeSH term
“blood circulation time”’; the com-
parison algorithm matched it to
the ICD-9 term ‘“non-operative
cardiovascular examination not
elsewhere classified.” Similarly,
the MeSH term “diagnosis, cardio-
vascular” was matched to a total
of 17 ICD-9 terms, ranging from
“diagnostic radiology (87)” to “mi-
croscopic examination not other-
wise specified (91.99).” This situa-
tion was due to the fact that ICD-9
terms for therapeutic procedures
tend to be organ-specific, whereas
those for diagnostic procedures
are more method-specific and or-
gan-independent. The remaining
29 cases in this category showed
similar types of matches.

DISCUSSION

The compilation of semantic defi-
nitions of medical terms offers a
method of translation that differs
from the standard approach of as-
signing a specific translation for
each term. We have described an
approach to semantic representa-
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MEDICAL TERMINOLOGY

SIXTEEN DIFFERENT MeSH PROCEDURES
WERE FOUND TO MATCH CLOSELY TO A
SINGLE ICD-9 PROCEDURE.

tion and a prototype system for
translating terms from various vo-
cabularies, selected from a re-
stricted domain. Several issues
must be worked out before our ap-
proach can be widely applied.

The method of creating se-
mantic descriptions must be stan-
dardized so that consistent assign-
ments can be made by workers
who are expert at different vocab-
ularies. Standardization will re-
quire ‘“component vocabularies”
(such as terms for anatomic loca-
tions) on which there is general
agreement.

The comparison algorithm
must be fully developed. At pre-
sent there is no attempt to assign
weights to the various semantie
classes in making a comparison.
For example, a technique that in-
cludes both manipulation and in-
sertion might be considered more
similar to other insertion proce-
dures than to other manipulation
procedures. Similarly, it is neces-
sary to assign weights to values
for properties. In an insertion pro-
cedure, for example, the material
being inserted may be more rele-
vant to comparisons than the site
of the insertion.

Despite these obstacles, the
prototype indicates that our ap-
proach has merit. When matches
appeared to be good (45% of the
time), it was not the result of some
morphologic match or the use of
synonyms. For example, “aortog-
raphy” was paired with “contrast
aortogram’ because both were de-
seribed as diagnostic procedures
involving a “radiographic method”
of the “aorta.” Similarly, “echocar-
diography” and “diagnostic ultra-
sound—heart” were paired be-
cause both are diagnostic proce-
dures and they use the same data-
collection method on the same
organ.

We have not attempted to de-
termine whether our method
yields the best match, but it seems
likely that when a match was sub-
optimal (656% of the time), the rea-

son was that the ICD-9 contained
no appropriate term. For a true
evaluation of our methods, we will
need a “gold standard” for trans-
lation, so that we can determine
when our system finds the correct
match, when it fails, and when no
correct match exists.

The exhaustive approach to
translation between voecabularies
(manual assignment of equiva-
lence) requires an amount of work
that increases geometrically with
the number of vocabularies in-
volved. For example, to provide for
bidirectional translation among 10
vocabularies of 1000 terms each
would require 90,000 translations,
performed by translators who
were familiar with multiple vocab-
ularies. Our approach would re-
quire 10,000 formal definitions of
terms, each assigned by a transla-
tor with knowledge of only one vo-
cabulary. Maintenance of the
manual assignments becomes
problematic when dynamiec voeab-
ularies (such as MeSH) are includ-
ed: Adding a new term to a vocab-
ulary requires translating it to
each of the other vocabularies and
determining whether each of the
new terms is a better match than
previous terms. With our ap-
proach, when a change oceurs in a
vocabulary, only the affected se-
mantic description must be added,
deleted, or modified; there are no
hard-coded, predetermined links
to be maintained.

Further efforts are needed to
expand our semantic network to
include other classes of medical
terms, to standardize the methods
used in creating formal defini-
tions, and to improve the compari-
son algorithm. However, our limit-
ed study shows that the semantic
deseription of medical terms can
offer a method of automated trans-
lation among disparate medical
vocabularies.
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