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Summary

Objectives: The increasing amount of elec-
tronically available documents in biblio-
graphic databases and the clinical documen-
tation requires user-friendly techniques for
content retrieval.

Methods: A domain-specific approach on
semantic text indexing for document retrieval
is presented. It is based on a subword thesau-
rus and maps the content of texts in different
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1. Introduction

Today more than half of all information
produced worldwide is digitally available
[1]. This is also true for the health domain
with vast amounts of machine-readable
texts in clinical information systems and
e-publications. This is one of the reasons
that justify the development of tailored in-
formation retrieval (IR) systems. Many re-

European languages to a common interlin-
gual representation, which supports the
search across multilingual document collec-
tions.

Results: Three use cases are presented where
the semantic retrieval method has been im-
plemented: a bibliographic database, a de-
partment EHR system, and a consumer-
oriented Web portal.

Conclusions: It could be shown that a se-
mantic indexing and retrieval approach, the
performance of which had already been em-
pirically assessed in prior studies, proved use-
ful in different prototypical and routine sce-
narios and was well accepted by several user
groups.
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search groups have been engaged in the
adaptation of such systems to the health
care domain [2, 3].

A complicating factor is that, especially
in the Germanic languages, medical terms
are often characterized by complex forms
of composition, derivation and inflection,
as well as by the constant generation of new
acronyms, abbreviations and proper
names. Moreover, spelling and syntax rules

are not always respected. Due to these
peculiarities, current information retrieval
approaches that are usually based on
simple comparison of entire words are in-
appropriate because they produce results
that are incomplete, inaccurate, or outside

the desired scope [4].

Considering the need of information re-
covery from documents other than clinical
narratives, such as health-related articles,
manuals and guidelines, the importance of
English as source language should be taken
into account. Non-native speakers, how-
ever, often have difficulties in formulating
appropriate English queries in a document
retrieval context [5]. This highlights the im-
portance of multi- and cross-language IR
techniques where the query language is dif-
ferent from the language of the documents.

For cross-language document retrieval,
three main strategies may be distinguished
[6,7]:

« Query translation: only the query terms
are translated, so the information used
in the document indexes does not need
to be modified when new languages are
incorporated to the system. The com-
putational load of this technique is the
lowest [8].

- Document translation: May outper-
form the query translation as one term
often occurs with morphological vari-
ations and synonyms in the same docu-
ment. Its biggest drawback is the need to
translate the totality of the documents
[9].

- In interlingua techniques both docu-
ments and queries are translated to a
common representation. This requires a
lexicon of language-independent iden-
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tifiers with mappings from all languages
to be supported.

In the following, we present an interlingua-
based retrieval system called Morpho-
Saurus?, that takes into account the pe-
culiarities of various Germanic languages
and allows both intra- and cross-language
search in biomedical data. In Section 3,
two real-world applications based on the
MorphoSaurus system are described.

2. The MorphoSaurus
System

2.1 Subwords as Atomic Meaning
Identifiers

The MorphoSaurus system [4, 5, 10, 11]
maps the content of domain-specific texts
to a concept-like interlingua. This entails a
simplification and standardization of doc-
ument source and user queries in order to
facilitate the retrieval of documents in
multilingual collections.

MorphoSaurus uses subwords as lexical
units. A subword is defined as a minimum
lexical unit for a meaningful term in a do-
main. This premise sets that the meaning
cannot be anymore split. Thus, we can con-
sider the term “hepat + itis” as a composi-
tion of two subwords, “hepat” and “itis” be-
cause its meaning results from the meaning
of its constituents. A counterexample is

* The MorphoSaurus system is commercially avail-
able as “Averbis Search Platform”, cf. www.averbis.
de

“hypophysis”, the meaning of which can
definitively not be derived from “hypo” +
“physis”. Subwords therefore tend to be less
granular than linguistic morphemes, but
shorter than words.

In MorphoSaurus each subword entry
has attributes such as language (currently
English (en), German (de), French (fr),
Spanish (es), Portuguese (pt), Swedish (se),
and [talian (it)) and type (stem (ST), prefix
(PF), suffix (SF), invariant (IV)). Subwords
are contained in language-specific subword
lexicons.

2.2 Thesaurus Structure

The semantic layer of MorphoSaurus is

represented by equivalence classes, iden-

tified by so-called MIDs (MorphoSaurus
identifiers). Each lexical entry is associated
with exactly one equivalence class. Equival-
ence classes group lexical variants, syno-
nyms, and translations. All MIDs together
form the language-independent thesaurus.

The MorphoSaurus thesaurus uses two
types of relations for linking equiva-
lence classes, viz. “has_word_part” and

“has_sense” (cf. »Fig. 1).

» The syntagmatic relation “has_word_
part” links one MID to at least two other
MIDs in order to “hide” semantic com-
positions. It is generally used for com-
ponent terms that cannot be properly
split by the segmentation routine, e.g.
due to missing characters (e.g. in the
word “urinalysis”);

- The paradigmatic relation “has_sense”
relates ambiguous MID to at least two

other MIDs. This type of relationship is
used to relate it to its possible meanings.

2.3 Peculiarities of MorphoSaurus’
Lexical Resources

Lexicon builders’ decisions of subword de-
limitation are driven not only by formal
linguistic criteria, but also by the proper
function of segmentation. This is especially
relevant with long and composed words
where different valid segmentations are
possible. For example, “nephrotomy” may
be segmented into nephr(*>S'! (#kidney) +
olenssppIN + tomylenPS (#incision), but also
in nephrl®ST + otol"ST (#ear) + myleIsT
(#muscle). Only costly knowledge and lan-
guage processing routines (which are not
available, in general) would be expected to
ensure that not the second (erroneous)
segmentation is preferred. A pragmatic sol-
ution is to include additional synonymous
lexeme variants. In our example, that
means that the sense #kidney is not only
represented by nephr®ST but also by
nephrol®ST (as well as by nefr*PST and
nefrolspptlST),

The delineation of subwords and se-
mantic classes (MIDs) is a task that requires
considerable knowledge of the domain ter-
minology and can therefore not be fully
automated [4]. For the lexica and thesaurus
construction we have invested (Nov/2008)
seven years of work, initially focusing on
English and German and then adding Por-
tuguese, Spanish, Swedish, and French. In
this process we capitalized on the fact that
there were substantial similarities between

MID 501395

MID 2546

head (stem, english)

myalg (stem, english)

myalg (stem, german )
mialgi (stem, portuguese )

mialgi (stem, spanish)

MID 6919
caput (stem, english)
cabez (stem, spanish)
kopf (stem, german )
cabec (stem, portuguese )

MID 14053
chief (stem, english)
chef (stem, portuguese )
haeupt (stem, german }

MID 121
pain {stem, english)
dor {invariant, portuguese )
algia (sulffix, portuguese )

MID 2533
muscle {stem, english)
muskel (stem, german )
muscul (stem, portuguese )

Fig. 1
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Semantic relations supported by the MorphoSaurus thesaurus
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medical terms in different languages, so-
called cognates. We developed a semi-auto-
mated approach to acquire lexical entries of
anew language thus optimizing the lexicon
acquisition process [4]. This procedure is
based on manually acquired string substi-
tution rules (»Table 1). Applying these
rules, many translation candidates were
generated that were then checked against
lists of words in the target language for
validation. The subsequent exploration of
parallel corpora further enriched the raw
vocabulary in the target language.

2.4 The MorphoSaurus
Architecture

The architecture of the MorphoSaurus
system is depicted in »>Figure 2. First, the
orthographic normalization step removes
insignificant words and character substi-
tutions are applied (e.g., elimination of
capitalization, accents). A morphosyntatic
parser then splits each remaining word into
subwords. A high-performance extraction
of subwords from large amounts of text is
best achieved by the use of finite-state tech-
niques for lexicon-based decomposition,
derivation and deflection such as described
in [4]. In the semantic normalization step
these units are finally linked to a language-
independent MID representation.

Queries are processed in an analogous
way, thus allowing multilingual search.
> Table 2 shows the main stages of this pro-
cess, with English, German and Portuguese
examples.

Lexical ambiguity is treated after the
normalization process. For example, in one

Table 1 Some string substitution rules and examples
44 Rules: Portuguese  Spanish 7 Rules: English Swedish
S — S fracass fracas c—k cramp kramp
h—j mulher mujer ph—f phosphor Fosfor
+ca — za cabeca cabeza e—s iceland island

context the Portuguese word lobo®" can de-
note an animal (wolf), in another case a
part of human brain (lobe). MorphoSaurus
uses a lexical sense disambiguation routine,
trained by multilingual corpora. It has been
proven that disambiguation substantially
increases the overall performance of the
system [12].

3. Applications

We present two application scenarios in
which the MorphoSaurus technology has
been employed. Whereas the first one fo-
cuses on the multi-language retrieval in
published literature, the second one dem-
onstrates how clinical users can benefit
from the semantic retrieval approach for
performing cross-patient searches in the
electronic health record.

3.1 Optimizing and Evaluating
a Medical Search Engine

The German National Library of Medicine
(ZB MED), Europe’s largest medical li-
brary, maintains numerous bibliographic
databases, which are accessible online via
the MEDPILOT-Portal®, a joint develop-

ment between ZB MED® and German Insti-
tute of Medical Documentation and Infor-
mation (DIMDI)Y. With a single request,
users of MEDPILOT can simultaneously
research a wide range of medical sources
and databases by a meta-search system.

Using the MorphoSaurus indexing
strategy we are providing a semantic intra-
and cross-language retrieval system to
MEDPILOT. Three different bibliographic
resources have been made searchable with
the new technology: the 2007 version of
Medline, Current Contents Medicine
(CCMED), and the online public access
catalog (OPAC) of the German National
Library of Medicine, totaling 15.7 million
bibliographic items and covering all major
European languages.

A major objective is to analyze the
searchers’ needs in order to customize the
new search engine, and to provide a gold
standard for enabling a benchmark for
measuring MEDPILOT’s performance be-
fore and after the integration of the new
search technology.

http://www.medpilot.de

¢ German National Library of Medicine (ZB MED):
http://www.zbmed.de

German Institute of Medical Documentation and
Information (DIMDI): http://www.dimdi.de

Search Engine

Query
Guery 1, MIDs
Stop Morpho -
Words P Semantic
Filtering Normalization
Documents
Documents 'y MIDs

_—==enr e
Orthografic Subwords
Rules Thesaurus

Fig. 2 The MorphoSaurus architecture
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Table 2 Morpho-semantic indexing pipeline

Orthographic Normalization
Normalization Rules

Morphosyntactic Parser
Subword Lexicon

Semantic Normalization

Subword Thesaurus

High TSH values suggest the
diagnosis of primary hyper-
thyroidism

Erhohte TSH-Werte erlauben die

Diagnose einer primaren Hypo-
thyreose

A presenca de valores elevados
de TSH sugere o diagndstico de
hipotireoidismo primario

— high tsh values suggest the

diagnosis of primary hyper-
thyroidism ism

erhoehte tsh-werte erlauben die —
diagnose einer primaeren hypo-
thyreose

a presenca de valores elevados  —
de tsh sugere o diagnostico de
hipotireoidismo primario

er hoeh te tsh wert e erlauben  —
die diagnose e einer primae ren
hypo thyre ose

a presenc a de valor es elevad os —
de tsh suger e o diagnost ico de
hipo tireoid ismo primary o

— high tsh values suggest the diag- —  #up tsh #value #suggest
nos is of primar y hyper thyroid

#diagnost #first #small
#thyre

#up tsh #value #permit
#diagnost #first #small
#thyre

#current tsh #value #up tsh
#suggest #diagnost #small
#thyre #first

The evaluation process comprised three
stages:

- acontent analysis of user queries to ex-
plore the user’s information needs and
to discover the scope of special contents
as acronyms, linguistic variations, the
use of classical chemical terms, phar-
maceutical trade names or brands;

- development and evaluation of a set of
test collections to compare the old and
the new search system regarding the
relevance of hits [13];

- optimizing the usability of the search
engine user interface. Usability plays an
important role for satisfaction and users
trust on a website [14, 15].

For the content analysis we analyzed the
logs of MEDPILOT queries in detail such as
done in [16]. To this end we extracted
queries covering seven months (142,922
queries) and draw a random sample of
10,000 queries. Afterwards, we developed a
category system with 24 classes which was
constructed by interplay of deductive and
inductive procedures [17]. On the one hand,
it is based upon what is known about medi-
cal information seeking [18], and on the
other the content of the material was ana-
lyzed. A validation of the category-system
was done by two raters who evaluated 150 of
the queries. For this task, an intercoder reli-
ability of 88% was achieved which can be
seen as a sufficient correlation [19]. Then,
each of the 10,000 queries was assigned to
one or more categories by a domain expert.
The content analysis was carried out
having the following questions in mind:
- What kind of content users of MED-
PILOT are interested in?

Methods Inf Med 2/2010

- How complex are the search queries?
How many words are used for searching
medical content?

- To what extend Boolean operators or
field search were used?

- To what extend medical acronyms/
abbreviations were used in queries?

- What were the typical misspellings and
how many errors were made?

- To what extent users search for classical
chemistry, biochemical content, drugs
or brands?

The evaluation was performed by domain
experts familiar with both medical and bio-
logical terminology. Due to the fact that an
exact recall calculation is impossible for
huge document sets as Medline, we had to
choose a pragmatic way to evaluate our data.
For this purpose, two indicators of the per-
formance of information retrieval systems
have been evaluated: the quantity and the
quality (precision) of hits. Each test collec-
tion that has been used to compare the out-
put of the old with the new system consisted
of 50 queries and reflected special linguis-
tic aspects we examined, such as, amongst
others, misspellings, acronyms/abbrevia-
tions, synonyms, single word compounds,
translations, layman/expert queries.

We have compared the quantity (num-
ber of hits) and quality (number of rele-
vant hits out of the first 20) of results
after querying the databases Medline and
CCMED, each within the old MEDPILOT
search engine and the new semantic re-
trieval system. In the future we will con-
struct one test collection we can use as a
representative sample for a wide range of
linguistic phenomena.

The MEDPILOT evaluation produced
the following preliminary results. About a
third (35.9%) of the search queries in
MEDPILOT consists of one single word.
Other 30% of the queries contain only two
words, 16% of the queries consist of three
terms and 6.6% comprise four words. Five
words were still used in 3.7% of the search
queries and 7.8% of the queries contain
more than five words. Summarized, one-
and two-word queries are the most fre-
quent strategies for searching medical con-
tent (nearly 2/3 of the queries). The exam-
ination of the log files revealed that field
searching and Boolean operators — others
than AND — were rarely used. Acronyms/
abbreviations were used in 5.4% of the
queries. Misspellings have been discovered
in 4.6% of the queries.

Analyzing the type of medical content
users of MEDPILOT are searching for, the
top categories are “diseases, syndromes,
symptoms” (30.9%), “methods of treat-
ment, therapy and diagnostics” (28.5%),
and content about “social medicine, sta-
tistics, studies, and epidemiology” (15.6%).
One reason for carrying out a content
analysis was to investigate to what extent the
queries contained classical chemistry con-
cepts. When looking at the results, we no-
ticed that only 2.1% of the queries were
classical chemistry terms. The other infor-
mation needs in category 4 affects biochem-
istry, drugs, pharmaceutics and brands.

Preliminary results indicate that the
MorphoSaurus technology has remarkable
advantages both in quantity and quality of
the results. A first estimation for the data-
bases Medline and CCMED revealed that
in the old system the average number of

© Schattauer 2010
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hits is 13.5 times smaller than in the new
one. At the same time, when comparing the
quality of hits (precision for the top 20 re-
sults) users can expect an average of
20-30% more relevant hits through the
new system. In average, 60% of the hits of
the top 20 results were relevant. At first
sight, improvements can still be achieved
by better recognizing misspellings and
acronyms/abbreviations.

3.2 Biomedical Data and Text
Mining in an EHR System

The MorphoSaurus system was used in a
second scenario to search within a database
which stores the electronic health records
(EHR) of the dermatology department at
the University Medical Center in Freiburg,
Germany. Information and document re-
trieval occupies a significant part of phy-
sicians’ work [20], which are often dis-
satisfied with software tools that should —
in theory — give them fast access to both
patient-centered and scientific informa-
tion. Meta-search solutions where users
can easily browse through different data
sources using a single intuitive interface
(“Google for doctors”) are a high de-
mand. Traditional hospital information
systems (HIS) usually focus on patient-
centered, “intra-patient” issues, like storage
of laboratory results, medical reports,
discharge letters, coded diagnoses and

tscarch - Mozilla Firefox

Arztbrief-Recherche Hautklinik Freiburg - sui

procedures, and other clinical documents.
The EHR, “a computer-stored collection of
health information about one person
linked by a person identifier” [21-22]
should also fulfill the requirement of being
“a secure, real-time, point-of-care, patient-
centric information resource for clini-
cians”, according to HIMSS [23]. The EHR
also supports the collection of data for uses
other than direct clinical care, such as bil-
ling, quality management, outcomes re-
porting, resource planning, and public
health disease surveillance and reporting.
According to those definitions, access to the
medical information contained in current
hospital information systems is mostly
horizontal, i.e. patient-centered: by open-
ing a patient’s electronic record the doc-
tor gets all information about this patient.
The HIMSS definition suggests additional
scenarios that aggregate information in a
vertical view across large numbers of EHRs.
As long as the scope is limited to struc-
tured entries like billing information,
coded diagnoses and procedures, struc-
tured laboratory or microbiology results, it
easily can be selected using appropriate and
well-known database and data warehouse
technologies. However unstructured nar-
rative sources like discharge letters and
finding reports, are of the same relevance
for patient care: the more information the
HIS stores, the more interesting are its
vertical, i.e. interpatient interdependen-
cies.
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Some questions the doctor could pose:

- “What patients did I treat that had the
same disease?”

- “What were the outcomes/adverse ef-
fects of that treatment?”

- “Did I have patients with disease X and
symptoms Y?”

- “What was the name of the patient with
symptoms Y I treated three weeks ago?”

Although several promising technologies
like the Clinical Document Architecture
[24, 25] and medical terminologies have
been developed in order to standardize and
structure clinical information, there is still
a gap between this clinical need and today’s
practice.

In our study we extracted almost 30,000
clinical documents from the HIS database
of the dermatology department system at
the University Medical Center in Freiburg,
Germany. These were mainly discharge
letters, but also surgical reports, immu-
nodermatological findings and different
other kinds of finding reports. Using our
semantic retrieval approach, all data were
made available to the clinicians in a
Google-like search interface. In order to
evaluate its clinical impact, an evaluation
scenario was set up. Users were inter-
mittently encouraged to assess the benefit
they perceived of the system and rate its
potential for their work. The following
topics have been examined in the evalu-
ation:

Fig. 3 Web-based user interface and image retrieval
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- How shall text mining be presented to
the physicians?

- What features are important for clinical
routine?

- What additional data can enhance doc-
tors’ compliance to this system?

- How useful is text mining for clinical
routine as well as for scientific or edu-
cational purposes?

Since patient photographic images play an
important role in dermatological record
keeping and training [26], a large image re-
pository, consisting of 90,000 photographs,
had been patient-specifically linked to the
web interface, in order to enhance the over-
all benefit of the system.

The main design principles for the web-
based application interface were combin-
ing ease of use with specific search options
according to clinical needs (cf. »Fig. 3).

An edit box allows free-text search in all
documents. Results can be ranked by rel-
evance, date, patient name and date. In the
results section, the relevant part of the
underlying document is shown depending
on the search terms. Search words or their
derivations are highlighted. Information
about the patient, the author and creation
date of the document is shown in the re-
spective context. The original document
can be viewed as a PDF file that is linked to
the record.

Another link opens the image library of
the respective patient (»Fig. 3), where all
images are shown together with localiza-
tion and creation date. This is particularly
helpful for dermatologists, so they can ana-
lyze the images in the context of the under-
lying documents. Further linking, e.g. to
laboratory results, are currently due.

Our evaluation showed that users” ac-
ceptance was remarkably high and enthusi-
astic from the very beginning: For the first
time, they had access to thousands of docu-
ments and images independently of single
patient-centered view. Time savings were
attested for the whole clinical documen-
tation process. Furthermore the system fa-
cilitated the targeted retrieval of case re-
ports for clinical/epidemiological studies.

In our questionnaires, 82% of the users
stated that the system could enhance their
clinical performance. Almost 89% thought
that this kind of biomedical data mining

Methods Inf Med 2/2010

and the integration of narrative text with
dermatological images have a very positive
impact on their scientific work. The impact
on dermatologic education has been less
estimated: 52% of the users saw a potential
benefit. Users generally wished the inte-
gration of more clinical data, like radiology
images and reports, laboratory results and
other clinical findings. The integration of
standardized vocabularies (e.g. SNOMED,
MeSH) would dramatically enhance the
clinical value. Patient data could be cross-
linked to external information sources as
Medline or the Cochrane Database [27].
This was not the focus of the presented
work but will be a major cornerstone in the
future.

3.3 Facilitating Access to
Consumer Health Information

The “Weisse Liste” (white list) platform
[28] is a joint effort of the German Bertels-
mann Foundation and the umbrella associ-
ation of major patient and consumer or-
ganizations. It is centered around a free,
non-commercial Internet portal that sup-
ports patients, their families and patient
counselors in their search for a suitable
health care provider. In its first phase the
portal offers information about the services
and quality of around 2000 hospitals in
Germany. In the future other health care
providers such as inpatient care facilities
will be integrated.

The portal allows the user to formulate
queries according to their prior knowledge
and their own wishes. The centerpiece —an
interactive search assistant for specific ill-
nesses — guides users step-by-step to a cus-
tomized result. It provides them with easy-
to-understand explanations so they can
interpret the sometimes complex infor-
mation on the structural and performance-
related qualities of the health care institu-
tions.

The information about the hospitals is
obtained by “Structured Quality Reports”
(SQB), a compulsory report following
nationwide uniform specification for Ger-
man hospitals. These specifications are to
ensure that all hospitals will regularly pub-
lish comparable details on quality-relevant
aspects of their services.

The SQB has two parts — a basic section
containing service and organization data of
the hospital concerned, and a system sec-
tion which shall give a systematic overview
of the active involvement in quality man-
agement processes. Hospital quality indi-
cators include diagnoses and procedure
statistics using the German Modification of
the International Classification of Diseases
(ICD-10-GM) and the German procedure
classification OPS [29].

One of the main challenges of the con-
sumer portal described is to give medical
laypersons user-friendly access to the SQB
data. To this end, the “Weisse Liste” uses an
adaptation of the MorphoSaurus system,
combined with a large synonym and hypo-
nym list including about 200,000 expert
and laypersons’ terms. It enables patients
and the interested public to use their own
words for querying 4000 ICD-10-GM and
OPS codes.

The portal is independent of the inter-
ests of health insurance companies and ser-
vice providers. Its initiators want to use the
portal as a way to provide patients and their
families with assistance in making decisions
and to support the work of patient counsel-
ors and physicians. The easy-to-understand
and well-organized presentation of the in-
formation about quality, which previously
was often only available to industry profes-
sionals, is intended to enable patients to
conduct a dialog with patient counselors
and physicians and actively participate in
selecting health care providers.

4. Conclusions

In this paper, we presented an interlingua-
based retrieval system called Morpho-
Saurus, that takes into account the pecu-
liarities of various Germanic languages and
allows both intra- and cross-language
search in biomedical data. Three real-world
applications based on this system were
described.

The MorphoSaurus system is based on a
thesaurus using subwords as lexical units
and a semantic layer in which subwords are
mapped to language-independent seman-
tic identifiers. The usefulness of this ap-
proach that had previously been shown in
different scenarios such as terminology
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mapping, intralingua and cross-language
document retrieval could now be demon-
strated in large-scale settings and assessed
by real users. The library use case showed
that a language-independent, semantic
document retrieval is useful for exploring a
heterogeneous collection of bibliographic
items in the biomedical field. The EHR
experience has shown that horizontal re-
trieval across many cases addresses the
user’s needs and opens the way to new data
analysis scenarios. Finally the health portal
use case demonstrated that semantic in-
dexing approach facilitates the access to
health service quality information using
medical terminology by laypersons using
their own expressions.
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