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The world’s foremost medical literature is written in
English, yet much of the world does not speak
English as a primary language.  This has led to
increasing research interest in cross-language
information retrieval, where textual databases are
queried in languages other than the one in which they
are written.  We describe enhancements to the
SAPHIRE concept-retrieval system, which maps free-
text documents and queries to concepts in the UMLS
Metathesaurus, that allow it to accept text input and
provide Metathesaurus concept output in any of six
languages:  English, German, French, Russian,
Spanish, and Portuguese.  An example of the use of
SAPHIRE International is shown in the CliniWeb
catalogue of clinically-oriented Web pages.  A
formative evaluation of German terms shows that
additional work is required in handling plural and
other suffix variants as well as expanding the breadth
of synonyms in the UMLS Metathesaurus.

Introudction

A growing area of research in the information
retrieval (IR) field concerns cross-language retrieval.
That is, there is increasing interest in the ability to
enter queries in one language and retrieve documents
in another.  In particular, while the majority of the
world does not speak English, most scientific,
especially medical, literature is written in English.
The capability for users to enter queries in their
native language and retrieve documents in English is
an example where cross-language IR might be of
benefit.  In this paper, we describe the
internationalization of the SAPHIRE concept-
matching system, based largely on the multi-lingual
aspects of the Unified Medical Language System
(UMLS) Metathesaurus.

A variety of techniques have been developed to
enable users to query a database in a language
different than that in which its text is written.  Oard
presents a classification of approaches, defining two
broad types of cross-language IR, which are based on
controlled vocabulary and free text (1).  Controlled
vocabulary approaches rely on human-constructed
thesauri, whereas free text methods utilize resources

and algorithms derived from actual texts.  Techniques
based on free text methods can be corpus-based,
where word translations are derived from parallel or
comparable document collections in multiple
languages, or knowledge-based, where translations
are handled by dictionaries or more complex natural
language processing tools.

Many cross-language techniques, particularly those
based on free text, have been utilized outside the
medical domain.  The earliest work in cross-language
IR was performed by Salton, who coupled word-
based thesauri with his general vector-space approach
(2).  One of the advantages of non-linguistic
approaches like Salton’s is that the IR is essentially
language-independent, since the text words are just
“tokens” with no semantic meaning.  A similar
approach undertaken more recently has been the
adaptation of latent semantic indexing techniques on
parallel or similar corpora (3).  The bulk of recent
work, however, has focused on the use of cross-
language dictionaries in the context of the National
Institute for Standard and Technology (NIST) Text
Retrieval Conference (TREC) (4-6).  Most of the
TREC-related work has been evaluated based on the
level of recall and precision that can be achieved with
multi-lingual queries versus mono-lingual queries.  In
general, multi-lingual systems have been able to
achieve 65-75% of the performance of mono-lingual
systems.

We have used a dictionary approach to cross-
language IR in internationalizing the SAPHIRE
system, taking advantage of a widely-available
resource unique to medicine:  the UMLS
Metathesaurus.  In this paper, we first briefly
SAPHIRE and its use of the Metathesaurus.  We then
describe the methods used to internationalize it.  This
is followed by a description of applications that use
multi-lingual SAPHIRE.  Finally, we report a
formative evaluation of German terms that identifies
what additional work will be necessary to improve
the system before undertaking a large-scale
evaluation.



SAPHIRE

The goal of SAPHIRE is to extract concepts in
controlled vocabularies from free text (7, 8).  The text
can be a medical document or user query to a
retrieval system.  SAPHIRE is built to explicitly
utilize the UMLS Metathesaurus, a rich source of
clinical concepts with a great deal of synonym terms
from multiple medical vocabularies (9).  SAPHIRE is
one of several systems that have been developed to
extract concepts, recognized by their varying
synonyms, from free text (10-15).

SAPHIRE uses minimal amounts of syntactic and
semantic information that characterize advanced
natural language processing (NLP) systems.  While
this reduces the complexity of medical phrases that
SAPHIRE can recognize, it minimizes dependence
on part-of-speech taggers, parsers, complex lexicons,
and other linguistic tools, resulting in an algorithm
that is relatively fast and does not require the
complex maintenance usually associated with these
resources.  In fact, the major maintenance required
for the data used by SAPHIRE is done at the National
Library of Medicine (NLM) in maintaining the
Metathesaurus.

Before describing SAPHIRE algorithm, one must
understand the structure of the UMLS Metathesaurus
(9).  The Metathesaurus is organized into concepts,
which have a unique identifier (the CUI).  Each
major synonym form that is not just a simple lexical
variant (i.e., plural or word order change) is a term,
each of which also has a unique identifier (the LUI).
There can be one or more LUI's for each CUI.  Each
lexical variant of each term is a string (with a unique
identifier SUI), and there can be more than one SUI
for each LUI.  As an example, consider the concept
atrial fibrillation, which has terms atrial fibrillation
and auricular fibrillation.  The former term has the
lexical variants fibrillation, atrial and atrial
fibrillations.

The algorithm begins by breaking the input string
(which can be a sentence or phrase from a document
or a user's query) into individual words.  Words are
designated as common if they occur with a frequency
above a specified cut-off in the Metathesaurus.  The
purpose of designating words as common is to reduce
the computational overload for words which are
occasionally important in some terms but occur
frequently in others, such as the word A in Vitamin A
or acute in acute abdomen.  Since the words A and
acute occur commonly in many other terms,
calculating weights for these additional terms adds a
large and unnecessary computational burden.

For each word in the input string, a list of
Metathesaurus terms in which the word occurs is
constructed.  The Metathesaurus term lists for
common words contain only those terms that also
occur in one or more of the non-common words in
the input string.  Using one of the above examples, if
the string were acute abdomen, the common word
acute would only contain the term acute abdomen
and not the term acute leukemia.

Once the term lists for each word are created, a
master term list is created that contains any term
which occurs in one or more individual word lists.
Terms in which less than half of the words occur in
the input string are discarded.  (Thus, a partial match
must have half or more of the words from the term in
the input string.)  The terms are then weighted based
on formula that gives weight to terms that are
longest, have the highest proportion of words from
the term in the string, and have the words of the term
occurring in close proximity to each other.  Terms
that match all the words in the input string exactly are
given additional weight.

Internationalization Of SAPHIRE

The internationalization of SAPHIRE is made
possible by the foreign language terms in the
Metathesaurus.  The unique aspects of this work are
the use of a widely available vocabulary resource and
its integration into a concept-matching system.
SAPHIRE International is not a mere term translator
but actually recognizes many varying expressions of
the same underlying concept.

The 1998 Metathesaurus contains terms in five
languages in addition to English:  German, French,
Russian, Spanish, and Portuguese.  Terms from these
languages are represented as “synonyms” to their
equivalent English concepts.  At the present time, all
of the foreign language terms in the Metathesaurus
derive from translations of the Medical Subject
Headings (MeSH) vocabulary.  (MeSH has actually
been translated into 23 languages, but only five are
present in the 1998 Metathesaurus.)

Before now, SAPHIRE has not used the non-English
terms in the Metathesaurus.  However, since the
SAPHIRE algorithm is based on lexical matching,
internationalization is a straight-forward process.  It
can be based on the original algorithm described
above, with foreign language words comprising the
terms that are derived and weighted in the output.
The major addition required is the means to handle
non-English characters.  Most non-English European



languages use diacritical characters, such as umlauts
and accents, that are not part of the “7-bit” English
ASCII code upon which the Metathesaurus is based.
Many of these characters are represented in the upper
half of “8-bit” ASCII, as designated by an
international standard, the ISO Latin-1 Character Set
(ISO 8879).  A translation table has been added to
SAPHIRE that converts 8-bit ASCII codes into their
7-bit transliterations so they can be used to retrieve
words from the Metathesaurus.

SAPHIRE’s output is return in the 7-bit ASCII
format in which the foreign-language terms have
been transliterated in the Metathesaurus.  An
additional change was necessary in weighting the
output, since some foreign languages, particularly
German, combine multiple word phrases into single
words.  This causes the original algorithm to
inappropriately downweight such terms, since part of
the weighting algorithm is based on the proportion of
words common to the input and matched term.  Some
example queries are shown in Figure 1.

Applications Of SAPHIRE International

SAPHIRE has been used in a variety of applications.
Its initial application was for automated indexing in
IR applications (7).  It has also been used to identify
concepts in electronic medical records (16).  But its
main use recently has been to provide access to index
terms in the CliniWeb catalog of clinically-oriented
pages on the World Wide Web (17).  ClinWeb
catalogs over 10,000 Web pages that are oriented to
health care professionals and students; home pages,
advertisements, and consumer-oriented pages are not
included in its database.  Each page is indexed with
terms from the Medical Subject Headings (MeSH)
disease and anatomy trees.

The main value of SAPHIRE International is to allow
users to enter query terms in multiple language to
find clinical Web pages in CliniWeb.  The benefit is
that users can enter terms in their native language to
retrieve English documents from the Web.  There is
no reason why documents in other languages could
not be retrieved, although there are at present no non-
English documents in the CliniWeb database.  Figure
2 shows the results of a German query entered into
CliniWeb.

SAPHIRE International also enhances another recent
addition to CliniWeb, which is the addition of links
to the PubMed MEDLINE system
(http://www.ncbi.nlm.nih.gov/), a free MEDLINE
search facility on the NLM Web site.  By using
SAPHIRE International, foreign-language entry into

PubMed is facilitated.  CliniWeb provides generic
PubMed searches for all MeSH disease terms.  Four
different searches are available for each term:
reviews, treatment, diagnosis, and the three of these
combined.  Review articles are found using the
MeSH publication type, Review Article, while
diagnosis and therapy articles are retrieved using the
optimal strategies for best evidence developed by
Haynes et al. (18).

Formative Evaluation

There are an increasing number of evaluations of
cross-language retrieval tools, mostly based on how
well documents can be retrieved from “parallel”
document collections that contain nearly identical
documents in more than one language.  For the initial
development of SAPHIRE, such a collection was not
available.  Furthermore, we decided to focus our
initial evaluation on performance of direct language
translation capability.  Our initial efforts were limited
to the German language.  An American librarian
fluent in German and a German medical
documentation specialist were asked to type a variety
of German medical terms they encountered in their
everyday work into the system.

Both subjects entered about two dozen queries each.
A number of generalizations about the system were
observed:
1.  Unlike their English counterparts in the
Metathesaurus, many terms did not have both plural
and singular forms present.  Until the Metathesaurus
increases richness of lexical variants in foreign terms,
a stemming algorithm to handle common suffix
variants will be necessary.
2.  Many German terms in the Metathesaurus are in
their Latin as opposed to German form.  For example,
the Latin Myokardinfarkt is present as opposed to the
German Herzinfarkt.  Clearly an increased number of
synonyms will be necessary as well.
3.  In the German language, individual words that
come together in phrases form single words that are
generally not present in the Metathesaurus, e.g.,
Oesophagusvarizenblutung or esophogeal bleeding.
This may represent a necessary enhancement for
future versions of the Metathesaurus if more
comprehensive foreign-language coverage is desired.

Future Directions

The preliminary version of SAPHIRE International
shows promise as a tool for cross-language IR that
leverages the foreign-language terms in the UMLS
Metathesaurus.  Further research will focus on the
accuracy of its algorithm as well as its optimal use in



actual IR systems.  Improving the accuracy will
require enhancements to the algorithm for stemming
and term weighting as well as increasing the
coverage of foreign-language synonyms in the
Metathesaurus.

SAPHIRE International can be accessed at:
http://www.ohsu.edu/cliniweb/saphint/
Due to vocabulary copyright restrictions, only the
Russian, Spanish, and Portuguese versions are
publicly accessible.  CliniWeb International can be
accessed at:  http://www.ohsu.edu/cliniweb/
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 German to English:  natriumbicarbonat für diabetische ketoazidose
CUI String Vocabularies
C0011880 Diabetic Ketoacidosis MSH97
C0074722 Sodium Bicarbonate MSH97
C0022638 Ketosis DOR27 ICD91 MSH97 MTH

Spanish to English:  la náusea y el vómito
CUI String Vocabularies
C0042963 Vomiting ICD91 LCH90 MSH97 PSY94 RCD95 RCDSY SNM2
C0027497 Nausea DOR27 ICD91 LCH90 MSH97 PSY94 RCD95 SNM2 SNMI95

English to French:  surgery for appendicitis
CUI String Vocabulary
C0038894 CHIRURGIE INS97
C0003615 APPENDICITE INS97

Figure 1:  Cross-lingual queries – results of queries with Metathesaurus concept identifier (CUI),
preferred form string, and vocabularies in which terms occur.

Figure 2:  Results of CliniWeb search on a German query, natriumbicarbonat für diabetische
ketoazidose.  Sodium bicarbonate is not returned since CliniWeb only contains MeSH disease

and anatomy terms.


