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Abstract. Information extraction technology, as defined and developed through
the U.S. DARPA Message Understanding Conferences (MUCSs), has proved suc-
cessful at extracting information primarily from newswire texts and in domains
concerned with human activity. This paper presents an Information Extraction
(IE) system, intended to extract structured information from medical reports writ-
ten in Portuguese. A first evaluation is performed and the results are discussed.

1 Introduction

Information Extraction (IE)is a technology dedicated to the extraction of structured
information from texts to fill pre-defined templates [1]. IE still suffers a number of
limitations that prevent its dissemination through general public presentations. Among
these limitations, we can consider the fact that systems are not really portable from one
domain to another.

Textual reports of patient are a vast source of clinical information, but information
in textual form is not useful for automated clinical applications, and even if electron-
ically available, the information remains locked up within the text. Text is difficult to
access because it is extremely diverse and the meanings of words vary depending on the
context. |[E systems offer potential solutions because they not only extract individual but
also represent well-defined relations among words.

In this paper we describe the first steps toward the development of an IE system
from medical reports written in Portuguese. The following section describes, briefly, IE
technology, section 3 describes the principal processing stages and techniques of our
system and section 4 describes the evaluation methodology. The analysis of the results
and its discussion ends the paper.

While this system isn’t yet complete, indications are that IE can indeed be success-
fully applied to the task of extracting information from medical reports.

2 Information Extraction Technology

The most recent MUC evaluation (MUC-7)[2] specified five separate component tasks,
which illustrate the main functional capabilities of current IE systems:
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1. Named Entity RecognitiofNER) finds and classifies named entities such as orga-
nizations, persons, locations, dates and monetary amounts

2. Coreference ResolutiofCO) identifies identity relations between entities in $ext
These include variant forms of name expression, definitoumrphrases and their
antecedents, and pronouns and their antecedents.

3. Template Element constructiqiE) adds descriptive information to NE results
(using CO).

4. Template Relation fillingTR) finds relations between TE entities.

5. Scenario Template fillinglentifies relations between template elements as partic-
ipants in a particular type of event, or scenario, and thesttoation of an object-
oriented structure recording the entities and variousildetithe relation.

State-of-the-art (MUC-7) results for these five tasks aréodews (in the form
recall/precision): named entity - 92/95; coreference 696template element - 86/87;
template relation - 67/86; scenario template - 42/65.

3 A Brief Description of the System

The past few years have withessed a growing interest in aqgpNLP techniques to
process and understand biological and medical texts. There been created many
resources and processing tools which facilitate accesssioed! information.

We are currently investigating the use of IE to provide a falized description of
Portuguese neurological reports reported at Hospitall@er&anto Anbnio (HGSA),
Porto, Portugal.

The utility of an IE system for health professionals and doties on the ability
to obtain sequences of neurological activity that wouldydrg accessible by several
searches over the documentation generated after eachreatami

The IE system developed to carry out this task is derived f@GATE [4]. GATE
is an infrastructure for developing and deploying softwesenponents that process
human language. GATE has been in development at the UntiyexfsSheffield since
1995 and has been used in a wide variety of research and gevet projects [5].

The architecture consists of a pipeline of processing megsuvhich run in series.
Many of these processing resources are language and damlajpendent (e.g. Tok-
enizer and Sentence Splitter). However, the main proogssairied out by a gazetteer
and by a set of grammar rules, had to be enriched with langaadelomain-specific
parameters. This process is described in the followingesitmmns.

VMP Tagger. We have chosen to substitute the POS tagger available in GétTahe
developed by Valentina Muiz and available atttp://sourceforge.net/projects/
vmptagger The VMP tagger needs as input 4 lists: a lexicon, a lexichd fie, a
context-rules file and a bigram list. The lists used in outeysare from a POS tagger
developed at the University of Minho [6], availabletdtp://natura.di.uminho.pt/
download/sources/EMS/

Gazetteer.The original names in the lists were in English and repressknt particular
domain. Unfortunately, we have no access to a Portuguestai& medical lexicon,
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however, we translated some concepts and included bioaldditns (e.g. names of
medical examinations) in order to reuse this processimres.

Grammar Rules. GATE’s |E system is rule-based and requires a developer tauaily
create rules, so it is not totally dynamic. The grammar rdiegeloped are written in
JAPE (Java Annotations Pattern Language)[7]. The rulesadgust match instances
from the Gazetteer with their occurrences in the text, ks §hd new instances in the
text which do not exist in the Gazetteer, through use of can& patterns, part-of-
speech tags and other indicators.

4 Evaluation Methodology

Our evaluation focused, for now, on the identification arassification of atomic ele-
ments in text into predefined categories such as the propeesianames of diseases,
time expressions, etc. in the text, that is, on Named Entigdgnition (NER).

The elaboration of the system resources was a constructieegs: we first, man-
ually, extracted a set of relevant expressions of the doifgagn name of diseases and
examinations performed), and later these expressionsdes@ibed in a grammar that
was applied on a larger corpus.

The next sections present the corpus used to evaluate tieersgad the annotations
used to classify the predefined categories.

Corpus. The IE system for Portuguese medical reports was run on aptré corpus
mentioned before. All the text came from the Neurologicahlase from the HGSA,
and have been reported between 1992 and 2001. The full cisrposiposed from more
than 11 000 texts, containing more than 1 104 677 words. ABOueports have been
processed to elaborate the system. The evaluation was ma2i@0onew texts (about
2575 entities) from the corpus. These texts have not beahdiséng the elaboration
of the extraction patterns.

Annotations. The entities to be identified for this task include person esugin this
case the names of the doctors responsible for the examipatiime expressions, con-
ditions of the patients, substances, numeric expressiotd®toers that do not fit the
previous categories.

The set of annotations defined to extract the desired infoomsis described in
table 1. These annotations are based on the ones set fordhe@fwon Contest of Named
Entity Recognition Systems for Portuguese (HAREM) [8].

5 Results

Evaluation metrics mathematically define how to measuresylstem’s performance
against human-annotated gold standard. Traditional IZagiated in terms oPreci-
sionandRecall[9]. These are metrics used to measure the system perfoeniratitis
paper.
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Table 1.NER Annotation Set (in brackets the annotations in English).
Category Type
PESSOAPERSON) INDIVIDUAL (INDIVIDUAL)
TEMPO(TIME) DATA (DATE)
HORA(HOUR)
ABSTRACCAQABSTRACTION) ESTADO(STATUS)
COISA(THING) SUBSTANCIASUBSTANCE)
VALOR(VALUE) CLASSIFICACACCLASSIFICATION)
QUANTIDADE(QUANTITY)

VARIADO(VARIED)

File Options Teols Help

@ GATE 3.0 build 1846 g@@

¥ & & @ @ @ =
B, oaTe | Messages || ® Carpus Fipeline_00028| =] RELZTO |
= @B Applications |annoration Sets | | Annorations| Co-refarence Editor | Text|
¥ Corpus Pipeline_000! —
= Twpe  Set Start Encl Features -
= [E) Lenguage Resources pessoal | SZE‘ESZ‘{T\PO:\ND\VIDUAL}' [ Loakup
=] corpus I
FEssoA| | 883|808 [(TIPO=INDIVIDDAL| FESSOA
B|reL270
= g Processing Resources B
Registo de vigilia, cem actividade de base alfa a 8 Hz, irzegular, [ SpaceTaken
“\ ANNIE English Tokeni |fsingtrica e reactiva, com amplitude média a 3§ miczov. e
& NE Inscrigac de frequentes surtos e sequéncias generalizadas de poliponta, O Basen
& e ot |[ponta onda e actividade lenta delta o 3 He, com maior expressas em [ WALOR.
azetteer . : o = v
= anterior bilateral, em vigilia, & hiperpneia e apds esta prova, com
[ WARIABO]

[E5) YMP Tagger 00022
5 ANNIE Sentence Spli

duragao méwima de 307" e com manifestagoes clinicas (pestaneio] em
apenas mm episddio. Registam-se também surtos de actividade lenta teta

P Original markups

@ 4-5 Hz e onda abrupta onda lenta em anterior bilateral com predominio
fronto temporal esquerdo.
Sem alteragoes especificas & ELI.

(5] Document Reset PR

({5 Data stores

CONCLUSAD: Abundante actividade paroxistica gemeralizada, com padrac
Grafico de poliponta onds, por vezes com uaicr
xpressao =m anterior bilateral ow Cocal s CEORTo
cteuporal esquerdo.
< >
MimeType ~ e
a3
Nurnber of seneences |1
Mumber of tokens v |15
docNewlineType v |CR
ats SourcaURL ~ i
w [ wew
5 51 || Document Editar [nftialization Parameters

Corpus Pipeline 00025 run in 0.867 seconds

Fig. 1. Example of the result retrieved by the system.

Named Entity Recognition. An example of the result retrieved by the system can be
analyzed in Figure 1 where is possible to see the annotafidheoentity PESSOA
(PERSON).

Named entity recognition results are summarized in Tabl€h2. lines show the
number of entities correctly matched by the system, the pagglly correct, the num-
ber of entities the system was not able to identify and the timeg were falsely matched.
Results in terms of recall, precision and F-measure arecibbdfitom lines of the table.
Table 2 shows results for each annotation type, while Talgee8ents the overall re-
sults.

Template Element filling. Currently, whenever a scientist wants to find a report with a
specific type of characteristics he has to perform seveaathes through large volumes
of indexed text. The elaboration of a summary (templateg&ah report would greatly
benefit this kind of searches.
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Table 2. Evaluation Results for the several entities.

ABSTRACCAO COISA TEMPO PESSOA VALOR VARIADO
(ABSTRACTION) (THING) (TIME) (PERSON) (VALUE) (VARIED
Correct matches 332 86 211 278 1046 498
Partially Correct matches 1 0 10 9 12 0
Missing 5 2 14 8 2 3
False Positives 3 0 0 0 55 0
Recall 0,9822 0,9773 0,8979 0,9424 0,9868  0,9940
Precision 0,9881 1,0000 0,9548 0,9686 0,9398  1,0000
F - measure 0,9852 0,9885 0,9254 0,9553 0,9627  0,9970

Table 3.Overall Named Entity Recognition Results.

Correct Matches 2451
Partially Correct matches 32
Missing 34
False Positives 58
Recall 0,9738
Precision 0,9646
F - measure 0,9692

In this particular case scientists and health professiohale an ongoing interest
in the type of wave and activity revealed by the patient'<Etencephalogram (EEG).
Thus, and to demonstrate the interest of this type of appraee have designed a tem-
plate to capture the main information from the results poediby the system described
above. The template filling was done through the manipuiatifothe XML document
retrieved by the system with the help of a XSL stylesheet. tljkesheet determines
how the information existing in the XML document, returngd®ATE, should be pre-
sented.

The template definitions for this experiment include threenplate Elements: ac-
tivity (ACTIVIDADB), type of wave Tipo de ONDA and the doctor responsible for
the examinationNlédico(a) Respordwe)). An example of a result can be analyzed in
Figure 2.

6 Information Extraction Used in Information Retrieval

Another experiment that demonstrates the interest of ypis 6f approach is the use of
the results obtained with |IE techniques to perform InfoioraRetrieval (IR).

Figure 3 presents a table with some of the results from tipe@ment. This table
lists the reports in which is described some type of actigityl resumes the type of
activity described for each one of these (in terms of Type\éide). About 30 reports
were used to perform this experience.

This type of approach allows the accomplishment of more dexngearches, such
as, for example, find the report that contains an activithWitpel="LENTA, Type2
= 'DELTA and Value>= "2 Hz'. In this case the result is the retrieval of report 270.

No formal evaluation of the IR results were performed yet.
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Resumo Relatorio270

Tipo de ONDA
onda lenta

ponta onda

onda

onda abrupta
ACTIVIDADE
LENTA deltaa 3Hz
BASE alfaa8Hz

LENTAtetaa4 - 5Hz

Medico(s) Responsavel: Dr F 4 Madico(a) R

avel: Dr. A M

Summary Relatorio270
Type of WAVE

onda lenta

ponta onda

onda

onda abrupta

ACTIVITY

LENTA deltaa 3 He

BASEalfaa 8Hz

LENTA tetaa - 5Hz

Daoctor Responsible: Dr F 4 Doctor Responsible: Dr . 4 I

Fig. 2. Example Template: report 270 summary (original on the left, manuatgiased at right).

Reports summarized by ACTIVITY

Report | Type 1 | Type 2 Value (Hz)

250
250
250
251
253
253
253
254
254
270
270
270

lenta
lenta
rapida
fundeo
base

lenta

delta -
deltateta |2

beta -
alfa 10
alfa ]
alfa 10
beta 22
delta 3
teta 4-5
alfa 8

Fig. 3. Reports summarized by activity (in bold the result of the search desddaritibe text).
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7 Discussion

This paper presents the first steps given to develop an IEemysttended to extract
structured information from medical reports written in ®guese. Our first evaluation
focused on NER. This evaluation is described, the resudtalaalyzed and some experi-
ences that demonstrate the potential of this kind of teclesre presented. However,
it should be noticed that the evaluation results are prakimy and we expect to improve
with further development.

The results presented and the progress so far providesnoimyigrounds for be-
lieving that IE techniques will deliver effective ways fdret extraction of information
from unstructured text sources, in particular, in the maldiomain.
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