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Abstract

Resumo

Text mining as a tool for assessment of informational
quality of electronic mammographic reports*

Uso de mineracdo de texto como ferramenta de avaliacdo da qualidade informacional
em laudos eletrénicos de mamografia

Paulo Roberto Barbosa Serapido’, Katia Mitiko Firmino Suzuki?, Paulo Mazzoncini
de Azevedo Marques®

OBJECTIVE: To investigate the utilization of text mining technique for evaluating the informational quality of
electronic mammographic reports considering adherence to the BI-RADS® lexicon as a quality parameter.
MATERIALS AND METHODS: A total of 22,247 mammography reports of the period between January, 2000
and June, 2006 were collected from the radiology information database of Hospital das Clinicas da Faculdade
de Medicina de Ribeirao Preto, SP, Brazil. Two experiments were undertaken — experiment 1 to evaluate the
accuracy in the adoption of the lexicon terms (text mining method specificity), and experiment 2 to identify
all and any attempt to utilize or refer to the lexicon (text mining method sensitivity). RESULTS: Experiment
1: variation between 11% and 61% in reports including lexicon terms in their conclusion, randomly distributed
over time since 2001. Experiment 2: variation between 44% and 100% in reports that somehow refer to the
lexicon in their conclusion. CONCLUSION: Results indicate a good potential for text mining tool application
for assessing the quality of information included in electronic mammography reports.
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OBJETIVO: Investigacdo do uso da técnica de mineracdo de texto como forma de avaliar a qualidade informa-
cional de laudos eletrénicos de mamografia, tendo como parametro de qualidade a adeséo ao léxico BI-RADS®.
MATERIAIS E METODOS: Foram extraidos 22.247 laudos de mamografia do banco de dados do sistema de
informacd@o em radiologia do Hospital das Clinicas da Faculdade de Medicina de Ribeirdo Preto, no periodo
de janeiro de 2000 até junho de 2006. Foram realizados dois experimentos, um buscando-se verificar a uti-
lizacdo mais correta dos termos do Iéxico — experimento 1 (especificidade do método de mineracéo), e outro
buscando-se verificar toda e qualquer tentativa de uso ou alusdo ao Iéxico — experimento 2 (sensibilidade do
método de mineracdao). RESULTADOS: Experimento 1: variacdo entre 11% e 61% de laudos contendo ter-
mos do Iéxico em sua conclusédo, distribuida de forma aleatéria ao longo do tempo, a partir do ano de 2001.
Experimento 2: variacdo entre 44% e 100% de laudos que se referem de alguma forma ao Iéxico em sua
conclusdo. CONCLUSAO: Os resultados indicam um bom potencial da aplicacdo da ferramenta de minera-
céo de texto para a avaliacdo da qualidade das informacdes contidas em laudos eletronicos de mamografia.
Unitermos: Mamografia; BI-RADS; Teoria da informacao; Informatica médica.

Serapido PRB, Suzuki KMF, Azevedo-Marques PM. Text mining as a tool for assessment of informational quality of elec-
tronic mammographic reports. Radiol Bras. 2010;43(2):103-107.

* Study developed at Hospital das Clinicas da Faculdade de
Medicina de Ribeirdo Preto da Universidade de Sao Paulo
(HCFMRP-USP), Ribeirao Preto, SP, Brazil.

1. Bachelor of Science of Information and Documentation,
Fellow PhD degree, Program of Post-Graduation in Internal
Medicine at Faculdade de Medicina de Ribeirao Preto da Uni-
versidade de Sao Paulo (FMRP-USP), Ribeirao Preto, SP, Brazil.

2. Systems Analyst, Master, Fellow PhD degree, Program of
Post-Graduation in Internal Medicine at Faculdade de Medicina
de Ribeirdo Preto da Universidade de Sao Paulo (FMRP-USP), Ri-
beirao Preto, SP, Brazil.

3. PhD, Electronic Engineer, Professor at Centro de Ciéncias
das Imagens e Fisica Médica (CCIFM) do Departamento de Cli-
nica Médica da Faculdade de Medicina de Ribeirao Preto da Uni-
versidade de Sao Paulo (FMRP-USP), Ribeiréo Preto, SP, Brazil.

Mailing address: Dr. Paulo Mazzoncini de Azevedo Marques.
FMRP-USP, Departamento de Clinica Médica. Avenida dos Ban-
deirantes, 3900. Ribeirao Preto, SP, Brazil, 14049-900. E-mail:
pmarques@fmrp.usp

Received October 1, 2009. Accepted after revision February
24, 2010.

Radiol Bras. 2010 Mar/Abr;43(2):103-107

INTRODUCTION

Radiology isaspeciaty with aclosere-
lationship with other medical specialties.
Thisis aconsequence of the very configu-
ration of its practice, which is aimed at
establishing elements of diagnostic knowl-
edge by means of images, supporting clini-
cal decisionsin other aress. Inthiscontext,
the clinical-radiological report is the basis
of the relationship between the radiologist
and other specidties, the key element ma-
terializing theinterpretation of theradiolo-
gist’sperception regarding agiven study .
Nowadays, with the ever increasing devel-
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opment, implementation and utilization of
electronic information systems in health-
care, the investigation of models and stan-
dardsthat optimizethe process of creation,
recording, storage and retrieva of clinical
information is highlighted in the academic
and scientific communities?. One of the
critical aspectsin this context isrelated to
the need of recording data on symptoms
and clinical diagnostic approaches in a
standardized manner, following alogic that
can be objectively and innumerable times
reproduced by the different players in-
volved in the healthcare process. Such as-
pect is particularly significant as one con-
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sidersthat studies in the literature indicate
that the poor quality of clinical reportsmay
favor the occurrence of medical errors®.
One possible way to achieve the inclu-
sion of data in electronic documentsin an
objective fashion is the utilization of data
standards. By using such standards, it is
possible to model the contents and struc-
ture of data, also taking into account the
specific needs and particularities of the
different areas of knowledge®. Data stan-
dards, widely utilized in medicine, are in
truth knowledge representation models
aimed at organizing the relationships be-
tween data (concepts and terms) of a par-
ticular domain, allowing the effective man-
agement and retrieval of such data. The
following standards are most frequently
utilized: ontologies, taxonomies and the-
sauruses. Basically, the ontol ogiesdescribe
a knowledge domain, containing concep-
tual semantic relationships®. The taxono-
mies, on the other hand, are categoric sys-
tems of organization and representation of
knowledge, as well as systems of things
and beings classification®. The thesau-
ruses, on their turn, are controlled vocabu-
laries whose purpose is improving the ef-
fectiveness of recorded data and its re-
trieval by mean of human and/or automated
(electronic) systems?”). In the context of
mammography, the Breast Imaging Report-
ing and Data System (BI-RADS®) can be
considered as ataxonomy aimed at lexical
organization. It isaset of terms utilized in
the description of evaluation on the pres-
ence of breast cancer and categorization of
appropriate approaches compatible with
the findings diagnosed by the physician,
which simplifies and facilitates the action
of transcribing the patients situation®.
Several studieshave demonstrated the high
BI-RADS accuracy as a system to assist
radiologists in the description of breast le-
sions and in the choice of appropriate ap-
proaches®*¥. The BI-RADS was devel-
oped by the American College of Radiol-
ogy (ACR) and is currently accepted as a
standard by the medical community.
Since 1999, the Hospital dasClinicasda
Faculdade de Medicina de Ribeiréo Preto
da Universidade de S50 Paulo (HCFMRP-
USP) hasaRadiology Information System
(RIS) whichisinuseintheteaching/assis-
tancecycle, allowing the electronic genera-
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tion of freetext clinical reports™®. Over the
last ten years, the RIS HCFMRP has accu-
mulated approximately one million radio-
logical reportsregarding the different types
of imaging studies performed at the Cen-
ter of Radiodiagnosis of the HCFMRP.
However, sincetheimplementation of such
system, theinformational quality of itsdata
base has not been objectively measured.
Under a practical point of view, the qual-
ity of aradiological report may be evalu-
ated by observing the utilization of data
standards, such as BI-RADS, for example.

Studies'®™™ have demonstrated that
text mining is an appropriate technique for
the automated manipulation of great data
volumes, belonging to the field of com-
puter sciences, scientifically connected to
the development of automated data re-
trieval tools. The basic method consists of
exploring and indentifying relevant terms
in text or document groups, as well as de-
fining text standards and devel oping theme
groups based on occurrence frequency in
the domain under analysis®®19. Based on
the text mining results, it is possible to re-
liably identify the terms that are part of a
particular group of reports.

The study herein described had the ob-
jective of investigating the viability of the
use of the text mining technique as a way
of evaluating data quality in electronic
mammographic reports, adopting the ad-
herence to the BI-RADS lexicon as a pa-
rameter.

MATERIALSAND METHODS

A total of 22,247 mammography reports
from the period between January 2000 and
June 2006 were collected in the RIS
HCFMRP database. Such reports were or-
ganized in groups by semester and exported
to worksheets containing, on each line, the
information regarding one report and, for
each report (line) arow containing the re-
port identification number in the RIS (re-
port univocal identifier), a row with the
report date (the date when the report was
revised and saved asdefinitein the RIS), a
row containing the text of the “Descrip-
tion” field, and arow containing the text of
the“Conclusion” field. AstheHCFMRPis
auniversity hospital, the report isinitialy
prepared by aresident and is then revised

by the teachers or contracted radiologists.
Only after this cycle is completed, the re-
port receives the “definite” status. Names
of patients, and any type of identification
of the specialists and/or residents were
excluded from the text mining process. The
study was approved by the Committee for
Ethics in Research of HCFMRP.

The text mining was made by means of
computer tools specifically designed for
this purpose, supplied by ProvalisResearch
(SimStat, WordStat and QDAMiner) and
involved two phasesasfollows: identifica-
tion and count of terms present in the “De-
scription” and “Conclusion” fields of the
reports, and eval uation of keywordsin con-
text, which allowsthe visualization of key-
words in their origina texts and the iden-
tification of their origin, that is, the report
in which the keyword was found. The re-
sult of the first phase allows the visuaiza-
tion of words (terms) present in the reports
as well as establishing their frequency
within the processed sample documents,
without, however associating theterm with
its original text. Also, it is possible to de-
fine a minimum repetition frequency for
accounting of such terms. As the proposal
of this phase was mapping the database
contents, the threshold frequency of 1.0
was defined, as it is the lowest possible
frequency and allowstheretrieval of all the
existing terms. Such termsand their respec-
tive frequencies can be seen in alphabeti-
cal order. Based on the results of the first
phase, a set of keywords was defined, and
such keywords were processed in the sec-
ond phase with the context tool. Such tool
associates each keyword with its original
text, allowing reports contai ning morethan
one keyword or repeated keywords, to be
counted a single time. In other words, it
alows the counting of the number of re-
ports in the database containing one or
more keywords. The text mining was ap-
plied separately for the fields relative to
“Description” and “ Conclusion” of the re-
ports.

Inthe*Description” field, only thefirst
phase of the mining was applied, with the
objective of evaluating the orthographic
uniformity of the utilized terms. Two ex-
periments were performed in the report
database regarding the “ Conclusion” field,
using theresultsfrom the contextualization
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phase: one with the objective of evaluating
the accuracy in the utilization of the lexi-
con, restricting the possibility of ortho-
graphic variation—experiment 1 (using the
specificity of the mining method to detect
the utilization of the standard), and another
with the objective of observing each and
every attempt to use or allude to the lexi-
con words — experiment 2 (using the sen-
sitivity of the mining method to detect the
use of the standard). In experiment 1 exclu-
sively the BI-RADStermwas utilized, with
their possible written variances with capi-
tal or minuscule letters, as the software
does not differentiate between both. In
experiment 2, alarger set of keywordswas
utilized, with the objective of exemplify-
ing possible terms and variations associ-
ated with the lexicon in free text. The key-
words utilized in experiment 2, selected
from the results obtained in the phase 1 of
mining were the following: BI, BIR, BI-
RADA, BIRADAS, BIRADS, BIRARDS,
BIRAS, BIRDAS, BIRDS, BIRRADAS,
BIRRADS, BRADS, CAT, CATEG,
CATEGIRA, CATEGORA, CATEGO-
RAIA, CATEGORIA, CATEGORIAI,
CATEGOTIA CATEORIA, CATERIA,
CATERORIA, RADAS, RADES, RADS.

RESULTS

Text mining demonstrated that in the
text of the descriptions of the 22,247 re-
ports, 4,435 terms were utilized. Among
theseterms, astatistically significant num-
ber presented spelling errors (21%; n =
934). Therefore, the number of correctly
written termsin the description of mammo-
grams was 3,501. Among the descriptive
medical terms, those with the highest num-

ber of spelling errorsin the analyzed data
were: microcalcificagdo (microcalcifi-
cation), lipossubstituido (fat containing),
monomarfica (monomorphic), multiductal
(multiductdl), nédulo (mass), pleomorfica
(pleomorphic), Bi-Rads (BI-RADS), pa-
rénquima (parenchyma), puntiforme
(punctate), linfonodo (lymph node) and
assimétrico (asymmetric). Theterm micro-
calcificagéo (microcal cification) presented
the highest number of errors, with a total
of 36 different spelling forms in the stud-
ied database.

Inthe“Conclusion” field, the results of
experiment 1 (specificity) demonstrated a
variation between 11% and 61% of reports
containing terms of the lexicon in their
conclusions, starting in the year of 2001.
Such variation was apparently random,
presenting oscillationsin relation to adher-
ence or not to the lexicon over time, as
observed on Table 1. The results of the

experiment 2 (sensitivity) demonstrated a
variation between 44% and 100% of re-
portsthat refer to the lexicon in some way
in their conclusions, with evident increase
inusage starting in 2001 (Table 1). Figures
1 and 2 show charts with rates of the utili-
zation of BI-RADS, corresponding to the
results of text mining in experiments 1 and
2, respectively. Figure 3 shows a compari-
son between the results of experiments 1
and 2, with respect to the percentage of
reportsthat utilized BI-RADS in their con-
clusions over time.

DISCUSSION

The results obtained by text mining in
the “Description” field demonstrate a sig-
nificant variation in spelling (orthographic
errors) of the descriptivetermsincluded in
the BI-RADS. However alater evaluation
of such errors by means of the keyword in

Table 1 Text mining results in absolute values and in percentage of reports using BI-RADS categories

in the conclusion, for experiments 1 and 2.

Total number
of reports by

Number of reports with
BI-RADS conclusions

Experiment 1 Experiment 2
Number of reports with

BI-RADS conclusions

Period semester (% of reports) (% of reports)
January-June — 2000 1437 0 (0%) 0 (0%)
July-December — 2000 1564 1 (< 1%) 1 (< 1%)
January-June — 2001 1409 604 (42%) 621 (44%)
July-December — 2001 1686 1034 (61%) 1391 (83%)
January-June — 2002 1714 816 (47%) 1403 (82%)
July-December — 2002 2012 1097 (55%) 1631 (84%)
January-June — 2003 1746 1115 (53%) 1667 (95%)
July-December — 2003 1942 925 (58%) 1801 (93%)
January-June — 2004 1560 550 (31%) 1391 (89%)
July-December — 2004 2064 411 (17%) 2052 (99%)
January-June — 2005 2033 358 (18%) 2033 (100%)
July-December — 2005 1585 377 (21%) 1568 (99%)
January-June — 2006 1495 160 (11%) 1390 (93%)

Experimento 1 (%)

Exparimento 2 (%)
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Figure 1. Bar chart showing the adoption of BI-RADS over time at the
Radiodiagnosis Service of the HCFMRP, considering mining based on the BI-

RADS terms (experiment 1).
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Figure 2. Bar chart showing the adoption of BI-RADS over time at the
Radiodiagnosis Service of the HCFMRP, considering mining based on the ex-

tended list of keywords (experiment 2).
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Figure 3. Line chart showing the comparison between results of experiments 1 and 2.

context algorithm demonstrated the effec-
tive possibility of understanding of the
“Description” field text. So, it is possible
to conclude that probably there is a low
possibility of confusioninrelation to diag-
nostic interpretation due to the presence of
such variances.

The results obtained by text mining on
the “Conclusion” field in experiment 2
demonstrated a progressive adherence to
thelexicon usage at the radiodiagnosis ser-
vice aong the years. However, a compari-
sonwith the results obtained in experiment
1 makesit clear that some effort is still re-
quired toimprovethe uniformity in orthog-
raphy and syntax in the writing of clinical
reports’ conclusions. Based on the com-
parison of such resultsit ispossibleto con-
cludethat apparently, from theyear of 2001
thereisaclear tendency towards the adop-
tion of BI-RADS in the Radiodiagnosis
Service, and that initialy the radiologists
must have been more careful with the or-
thography and syntax of the lexicon. Also,
astheyearswent by, therewas an effective
adoption of the standard, but with a de-
crease in care with orthography, particu-
larly from the second half of 2003. In the
same manner asin the“Description” field,
such orthography and syntax variations
should not negatively affect the patients
assistanceroutinein termsof diagnosisand
approach. Under such a point o view, the
understanding of the reports contents by
specialists, within the context of the area
of knowledge, tends to minimize, or even
eliminate possible confusionsthat might be
generated by a non-uniform usage of Bl-
RADS in what concerns orthography and
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syntax. For example, aconclusion contain-
ing “Category” leaves no doubt that it re-
fers to a benign finding. However, under
the point of view of epidemiology and
management in health, the presence of a
great variation in orthography and syntax
usage may significantly impair the acqui-
sition of correct information for planning
and decision making processes. Addition-
aly, in what concerns the education of
human resources, striving for the ideal is
aways recommendable.

Besides comprising a vocabulary, Bl-
RADS is aso an instrument for informa-
tional standardization of mammography
reports. The BI-RADS appropriateness in
the daily practice has been considered by
other studies as being limited in the same
aspects presented in this article®?V, A
possible solution for such problem would
be the development of structured electronic
documents, using the lexicon as a concep-
tual map and, eventually, enhanced with
elements from the local/institutional prac-
tice. Thetext mining technique, inthiscase,
might prove to be very useful, as the rate
of frequency of terms utilized in reports
may serve as a basis for the establishment
of an initial structure, allowing the con-
struction of vocabularies and development
of data standards even in imaging studies
that are not supported by a lexicon.

CONCLUSION

Theresultsof the present study indicate
agood potential for the application of the
text mining tool in the evaluation of the
quality of information contained in elec-

tronic mammography reports. Particularly
in the case described in the present study,
text mining demonstrated aclear adherence
to the use of BI-RADS over time in the
Radiodiagnosis Service of theHCFMRP. A
great variation in orthography and syntax
in the usage of the lexicon was also ob-
served, probably asaresult of the fact that
the RIS uses free text in the radiological
reports, and that the distribution of such
variation along time seems to be random.
Based on the comparison of results
achieved with the text mining tool, it is
possibletoidentify the most frequent varia-
tions, thus allowing the implementation of
corrective action towards the optimized
usage of the lexicon.
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