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ABSTRACT: Objective: To develop a prototype system to manage data on coloproctology surgery, aiming at Data Quality (DQ) and
the adoption of a DQ monitoring process, which is nonexistent in most biomedical systems. Methods: The construction of the proto-
type was separated into five steps: analysis of an existing system (legacy), the analysis of requirements and specifications for the new
prototype, the development of the model, definition of technologies and the development of a prototype. Results: The analysis of the
legacy system revealed several limitations and inconsistencies, which can result in problems concerning the DQ. Therefore, actions
to prevent these problems are already being executed at the step of developing the prototype, such as the creation of interactive and
more elaborate interfaces, the use of validation mechanisms on data fields and the proposal of a process to monitor inconsistencies and
incompleteness in patients’ data. Conclusion: The adoption of DQ mechanisms on system development results in building a reliable
and consistent database, to assist tasks such as management, scientific research and future intelligent data analysis methods. Future
work includes subjective evaluations of DQ indicating the adequacy of the prototype for the users’ needs.
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INTRODUCTION which is the main raw material for scientific research,
besides being essential for decision making.

Technology has been increasingly contributing by According to this point of view, in the health field
assisting the different activities in various fields, push- it is necessary to manage information on different as-
ing the development of human knowledge. Among pects of a patients for the performance of a surgical
the different technological contributions, information procedure; more specifically, in coloproctology, this
systems have an important role concerning data man- specialty comprises various diseases that can be treat-
agement, since they feed databases with information, ed with surgery, such as cancer, adenomatous polypo-
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sis, Chron’s disease, among others!®. Thus, an infor-

mation system may significantly contribute with the

management of data concerning surgery, that is, pre-,
inter and postoperative periods, enabling the construc-
tion of a solid and organized database.

In order to assist in a more complete analysis of
the great volume of data created by the information
systems, computer processes such as Data Mining
(DM) can be used, since they aim to discover knowl-
edge or interesting standards, which are not difficult
to obtain when conducted by the non-automatic data
analysis’. However, so that these data can be used,
both for decision making and for the application of
DM processes, it is important that the data that are
present in the information systems be a faithful repre-
sentative of the facts®. Low-quality data can harm any
process that uses them, and the adoption of corrective
measurements leads to high costs for the institutions’.

Problems with data quality are not only character-
ized by data inconsistency, but also by how useful the
information is®V. Therefore, Data Quality (DQ) can be
defined as the information that has less inconsistencies
and that is adequate to the purposes of the users'.

The variety of possible DQ problems is huge.
However, the problems have characteristics that allow
their classification as to perspective, user and data, and
to the depending or not on the context'’, according to
the following requirements:

*  Data perspective/regardless of the context: prob-
lems that may be present in any database, such as
spelling mistakes, duplicated data and incorrect
values;

*  Data perspective/depending on the context: prob-
lems that violate the specifications of the business,
that is, rights and restrictions of a specific domain
that define the norms of the system;

*  User perspective/depending on the context: prob-
lems concerning data processing, such as inac-
cessible, insecure data and those that are difficult
to recover;

*  User perspective/regardless of the context: prob-
lems that indicate that data are not adequate to
the purposes of the user, such as incomplete data,

!In this study, the terms data and information are indistinctively used.
2 http://office.microsoft.com/

Prototipo de um sistema para gerenciamento de dados de cirurgia coloproctologica
Huei Diana Lee et al.

352

Vol. 31
N°4

those that are irrelevant to the activities and dif-
ficult to understand.

In order to assist the evaluation of DQ, there are
different dimensions in literature to represent the char-
acteristics of data!!"'>. Among the most cited dimensions,
the accuracy characterizes the faithful representation of
real world facts by data obtained by the information sys-
tems. Completeness, on the other hand, characterizes
the complete representation of the states of an entity in
the real world, which are necessary for the user’s needs.
There is also the consistency dimension, which shows
the presence of redundant data or the consistency be-
tween two related elements, such as address and postal
code. Concerning data timing, the punctuality dimen-
sion shows the data that are up-to-date and available to
meet the users’ needs at a proper time. As to the level of
credibility and truth of the facts, it is characterized by
the credibility and the relevance dimension, which char-
acterize the level of applicability and assistance that the
data can offer to meet the users’ needs.

Thus, the evaluation of DQ uses the existing di-
mensions associated with metrics, which represents
the problems with DQ to quantify the level of quality
of the specific characteristics of data.

Nowadays, the Coloproctology service at the
School of Medical Sciences (FCM) of Universidade
Estadual de Campinas (UNICAMP) uses a system de-
veloped with Microsoft Acess® to register the surgeries
performed in this service. However, this system, which
was later called the legacy system, presents limitations
and inconsistencies, thus not meeting all the users’ needs,
which impacts directly on the quality of the stored data.

The objective of this study is to present the de-
velopment of a prototype to manage data on coloproc-
togy surgery that offers a proper structure to the pro-
cesses that use it; it also aims to create a vast data base
with DQ. Thus, these data can be used for the adminis-
trative control and also for academic research; the lat-
ter is performed by the use of DM processes by health
professionals, together with informatics profession-
als. It is interesting to point out that the proposal of
this system includes a process to monitor DQ, which
is still uncommon in biomedical systems, which aim
to minimize the presence of wrong information in da-
tabases, thus performing the validation of fields in the
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interface and the emission of alerts and reports on in-
consistencies and lack of patients’ data'®,

This study is part of the project of Intelligent Data
Analysis, which is developed in a partnership between
the Bioinformatics Laboratory (LABI) and Universi-
dade Estadual do Oeste do Parana (UNIOESTE), Foz
do Iguagu, the Coloproctology Service of FCM, in
UNICAMP, The Laboratory of Computer Intelligence
(LABIC), of Universidade de Sao Paulo (USP), Sao
Carlos, and the Interdisciplinary Group in Data Min-
ing and Applications (GIMDA), of Universidade Fed-
eral do ABC (UFABC), Sao Paulo.

METHODS

In order to develop the prototype, consolidated
methods of software engineering, such as prototype
and the incremental development!”!%,

The prototype model, as represented in Figure
1, enables the development of a system with the con-
struction of prototypes in continuous interactions with
users, thus obtaining the complete system!”.

The incremental model also adopts the inter-
active philosophy of prototype. A set of functions is
added to each version of the system, which are called
increments, starting with the essential elements until
the system is complete, that is, after the performance
of all increments!8.

The project of this system was organized in five
main steps:

1.  Analysis of the legacy system;
2. The gathering of requirements for the prototype;
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Development of models and prototype screens;
Definition of Technologies to be used;
5.  Development of the prototype.

>

In step (1), the legacy system was analyzed, thus
mapping the structure of the system to identify the set
of previously collected information, the existing limi-
tations and the possible flaws that can have a negative
interference in DQ. Figure 2 represents a high level
vision of the legacy system. In this figure, it is pos-
sible to observe that the item patient is related with the
other items of the legacy system. However, one of the
limitations in the system of is that it accepts the reg-
istration of only one surgery and a set of preoperative
examinations per patient.

Based on the analysis of step (1), step (2) was
characterized by the definition, concluded by experts
in the medical and informatics fields, of the basic nec-
essary requirements for the new system:

*  Control of access to the system: only authorized
people can access the patients’ data;

e Organization of the information: the system
should have a friendly interface and provide in-
formation according to the classic elements of
medical propaedeutics!?;

*  Mobility and easy access: the system should pro-
vide mobility to the health professionals, so that
the access does not depend on the geographic po-
sition or on the computer that is being used;

*  Data quality: the system should have mecha-
nisms to assist the monitoring of the quality of
data inserted into it.

Review’s list

User’s
review

Prototype’s
review

Review’s list RS

Review’s list

Prototype Prototype
| requirements project
System’s
requirements

Figure 1. Prototype Model" et from 17,
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Hospital
Evolution

Pathology

Figure 2. Model of high level data in the legacy system.

Besides the presented requirements, additional
items were defined that were not present in the legacy
system. The proposed prototype is composed of ap-
proximately 446 items (Figure 3) in comparison with
the 108 items of the legacy system (Figure 2).

On step (3), the models were created to represent the
entities of the new system and its relations, as demonstrated
in Figure 3, providing a high level view of the prototype.

In this step, the screen prototype was developed,
which enabled the previous definition of the structure
of the system, its functions and the distribution of infor-
mation. This step consisted of continuous interactions
among experts in the medical and informatics field, so
that all the requirements of the prototypes could be met.

Thus, the information concerning the patients
that is managed by the prototype is organized into
three sections:

*  Identifying the patient;
. Occurrence;
*  Family history.

The identification section of the patient is comprised
of data that allow the identification of a patient, as well as
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other information concerning his or her origin (national-
ity), religion and data on blood type and RH factor. After-
wards, the occurrence section is comprised of data related
to one surgery, so it is possible to register as many occur-
rences as necessary for each patient. The data in this sec-
tion are organized in different subsections, such as:

*  Personal history: data on diseases, such as diabe-
tes mellitus, hypertension and neoplasm, social
and eating habits of the patient;

»  Diagnosis: data on coloproctological disease;

*  Preoperative examinations: data on laboratory,
imaging and clinical examinations in the preop-
erative period;

. Surgery: data on performed surgical procedures;

*  Postoperative: data on hospital and outpatient
follow-up related to the respective occurrence.
As mentioned, it is possible to register many oc-

currences for each patient, and each of them can be

identified by date and time by the responsible doctor.

Finally, the Family history section consists of
data that identify the family characteristics of the per-
son, such as the number of brothers, children, if there
is has a twin sibling or if the person is adopted.
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Figure 3. Model of high level data of the prototype.

In step (4), the technologies used to develop the
project and to make th prototype work were defined.
These opensource technologies were:

1. Implementation: The Ruby programming
language®®, which is a programming language
focused on simplicity and productivity, and the
framework for web development Ruby on Rails®,
provides the fast development of applications;
Application server: Apache application server®,
widely used for web applications, together with
the plugin Passenger®, which allows the installa-
tion of Ruby applications in Apache servers.
Database: system to manage the database (SGBD)
PostgreSQ™”, which guarantees the integrity of
the stored data.

In step (5), the prototype was developed with the
help of Technologies presented in step (4) according to the

3 http://'www.ruby-lang.org/

* http://rubyonrails.org/

’ http://'www.apache.org/

® http://'www.modrails.com/

7 http://www.postgresql.org/
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75 items

Postoperative

17 items

Sugery

73 items

Diagnosis

131 items

Preoperative
Examinations

models established in step (3). The development of the pro-
totype was followed-up by experts in the medical field.

RESULTS

This paper led to study the viability of adopting
DQ measurements during the development of a bio-
medical system, which is not so common in existing
systems and significantly contributes with the creation
and the maintenance of a quality database*-22.

From a previous bibliographic analysis, it was
possible to define characteristics that contribute with
the DQ, and also that helps to put them into practice
during the process to develop a prototype to manage
data on coloproctological surgery.

The system modelling was conducted by experts
in the medical and informatics fields, resulting in the
structure of the system represented in Figure 3; this
enables the organized and loyal representation of the
processes and information concerning the patients and
their occurrences. In Figures 4, 5, 6 and 7, examples of
prototype screens developed according to the require-
ments and models defined in steps (2) and (3).
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Acesso ao Sistema

Médicos
. Bem-vindo ao Protocolo de Cirurgia Coloproctolégica
Pacientes
Usuario |
Senha |

@OLABI
|

Figure 4. Screen to access the system.

Nova Ocorréncia - Paciente: Ana Carolina Fagundes Ola, wilsonjung | Sair? | Alterar dados de usuario

Médicos
. Ocorréncia
Pacientes

* Médico Joao da Silva X
Data da ocorréncia (10 ¥ | Junho v||2011 v

Hora da ocorréncia (14 v : |07 ¥

Caracteristicas Antropométricas

Peso (Kg) [57,5 S

Altura (m) [1,71 B

Contato
Telefone residencial [5555-5555
Telefone celular [9999-9999
Telefone comercial [444474444
Email |ana@provedor.com
Endereco

Logradouro |Avenida Brasil

Namero []000

Complemento |Apartamento 10| @OLABI

Figure 5. Screen for the initial registration of data.
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Ocorréncia - Paciente: Ana Carolina Fagundes Usudrio: Enfermaria | Sair do Sistema | Alterar dados de usuério

Médicos
. Ocorréncia
Pacientes

Paciente: Ana Carolina Fagundes

Data e hora da ocorréncia: 10/06/2011 as 14h07
Médico: Joao da Silva

Peso: 57,5 Kg

Altura: 1,71 m

+ Endereco

Dados de Contato

Telefone residencial: 5555-5555
Telefone celular: 9999-9999
Telefone comercial: 4444-4444
Email: ana@provedor.com

» OQutras informacoes

Alterar | Voltar

» Antecedentes Pessoais
+ Diagnoéstico

+ Exames Pré-Operatorios
+ Cirurgia

+ Pos-Operatério

@oLABI
|

Figure 6. Screen to consult patients’ data.

Cirurgia indicada E

Hemorroidectomia classica

Esfincterotomia

Esfincterotomia subcutanea lateral

Fissurectomia posterior classica

Retopexia, operacao de Delorme

Colectomia direita

Retossigmoidectomia (operagdo de Dixon)

Resseccao abdomino-perineal do reto (cirurgia de Milles)
Colectomia subtotal

Colectomia total

Cadastrar nova cirurgia

Figure 7. List of possible values for the field “cirurgia indicada” (Indicated surgery).

Figure 4 shows the result of the implementation es given to his account by the administrator, by the fields
of mechanisms to control the access, so that the system showing on the left side of the screen. For example, in
can only be accessed by authorized people, thus assur- Figure 5, the screen to register the information concern-
ing the privacy of the patients’ data. The users can only ing the occurrences of one patient is presented. It is im-
be registered by people with administrative privileges. portant to say that these data are fictitious, used only to

After registering in the system, the user can access show the functions of the system. The style adopted for
the list of patients and doctors, according to the privileg- this screen is also used in the other sectios of the system.
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After finishing the registration, it can be con-
sulted in the screen represented in Figure 6, which is
similar to the registration screens; however, its only
purpose is to show the information.

In the fields in which predefined values can be in-
serted, as represented in Figure 7, there are mechanisms
that enable the user to select the value or to register a
new value, in case the wanted item is not listed.

DISCUSSION

The analysis of the legacy system conducted in
step (1) showed many limitations and inconsistencies
that can lead to problems in DQ. The mentioned sys-
tem was developed as an emergency solution to reg-
ister data concerning the performed coloproctological
surgeries. Thus, its modeling does not properly reflects
the needs of the clinical and surgical processes repre-
sented by the data in the patients’ medical records.

The data model of the legacy system, presented
in Figure 2, enables to verify the relationship between
the entities in this system. In this model, a patient can
be only submitted to one surgery, and only one set of
preoperative examinations can be registered. The item
Reoperation registers patients’ recurrences, but it does
not allow the registration of results of preoperative ex-
aminations related to the recurrence. Much important in-
formation that characterize the clinical picture of the pa-
tients do not have specific fields for registration, thus, it
is necessary that professionals register these data in the
observation fields. The data in these observation fields
are in natural language, which is easy to understand;
however, it is more difficult to apply the processes of
analysis, like DM, besides being more prone to typos.
Also, the legacy system does not have a friendly inter-
face or security mechanisms that prevent non authorized
people from accessing data; its structure is not adequate
to store a great volume of data, and does not provide the
possibility for the remote access to the system.

Figure 3 represents the relation of the items in the
proposed prototype, and it is possible to observe that, un-
like the legacy system, the information on a surgery is
gathered in the item Occurrence, which is also related to
a doctor. Besides, the additional items enable a complete
representation of the characteristics and conditions asso-
ciated with the occurrences of patients, and also contrib-
ute with future applications of processes, such as DM.
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It is also important to point out that DQ positive-
ly influences the application of the DM process®, re-
sulting in more reliable models and reducing the time
of the data preprocessing step, which is the most dif-
ficult in the process’.

Because of the presented issues and the impor-
tance of DQ for the processes that use them, steps (2)
and (3) resulted in the project of a prototype to manage
data on coloproctological surgery. As a guide to properly
build this prototype, the Electronic Health Records Cer-
tificate (Manual de Certificagdo para Sistemas de Reg-
istro Eletronico em Saude), approved by the resolution
1821/07 of the Federal Council of Medicine*, presents
several guidelines for the development of the project.

Initially, it was defined that the prototype would
be a web system, in order to make update and mainte-
nance of the system easier, since they would be cen-
tralized in the server. Another advantage of choosing a
web system is the mobility for the health professional,
since he or she can access the system regardless of
their geographical location or computer — only a web
navigator would be necessary. The development of a
prototype was also accompanied by medical experts,
who suggested some improvements in the implement-
ed functions, characterizing the interaction process
that occurs with the prototype and the incremental de-
velopment used as software process models.

The programming language used to develop the
prototype, as described in step (4), is the Ruby lan-
guage, accompanied by the framework for the web
development of Ruby on Rails. A programming lan-
guage that allows the logic of the program to be de-
veloped in an understandable way, that would be later
translated into computer instructions. A framework,
on the other hand, can be defined as a set of library
codes and mechanisms to enable the development of
activities they are destined to®.

The Ruby on Rails framework particularly allows
the automation of different tasks during creation, instal-
lation and maintenance projects of a web system, en-
abling the fast development of applications®. It was built
to solve 80% of the problems that are present in the web
development, considering that the other 20% depend on
the context of the application®. Another characteristic
of this framework is the presence of mechanisms that
assist the validation of graphic interface fields, estab-
lishing standards for the data to be inserted by the us-
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ers®. Besides, this framework provides mechanisms to
develop test routines to assess the proper implementa-
tion of the functions of the system.

Another important aspect of the project is the
concern about DA in the step of prototype develop-
ment [step (5)]. Thus, the functions offered by the
Ruby on Rails framework also contribute with this pur-
pose. In literature, a great part of the solutions for DQ
problems are addressed to corrective methods. These
methods are important because they imply high costs
to the institutions. Thus, it is better to reach balance
between preventive and corrective measurements’.

As apreventive measurement of DQ, the project of
the system also aims the implementation of processes to
support the constant monitoring of the quality level of
the system’s data, thus enabling the adoption of correc-
tive measurements, if necessary, before the problems
are spread and result in serious conflicts?*. The moni-
toring process also aims to help the health professional
to identify data inconsistencies, indicating records with
problems. Thus, the professional can count on more re-
liability for decision making based on data.

Another impact factor for DQ is the presence of
pleasant and organized graphic interfaces in the sys-
tem, so the users can easily access the system. Poor
graphic interfaces may result in frustrating experi-
ences for the users, who may leave blank or incorrect
fields?’. Because of this, the information will be hi-
erarchically organized in the new system, providing
an environment that is more structured to insert data.
Also, mechanisms that allow to hide non used data
were adopted, resulting in a cleaner and more pleas-
ant interface, and also making the location of specific
information easier.

The prototype presented in this study was de-
signed to get a larger volume of structured informa-
tion to represent the patients’ characteristics. When
the set of values for the fields is known, mechanisms
that present the relation of possible values for that field
were used, thus allowing the user to choose the proper
value, as presented in Figure 7. Such mechanisms help
to reduce inconsistencies and typos, contributing with
DQ. If the desired value is not in the presented list, it
is possible to register a new value, that will be later
included in the list.

It is important to say that the proposed prototype
presents some special functions, aiming to facilitate
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and stimulate the use of the system. For instance, we
could cite the assistance of the semiautomatic filling,
with the confirmation of personal history by a health
professional after the first occurrence. These data are
recovered from the base of previous occurrences, so
the user does not need to reinsert the information that
is already in the system — it is only necessary to update
the information in case there is any change.

To complement the DQ solution, another impor-
tant function is the registration of operations in the
system by a determined user, thus helping to identify
the cause of problems, if they occur.

CONCLUSION

Considering the impact that DQ problems can
cause, the adoption of measurements that help to
prevent these problems is very relevant, since it in-
creases the reliability of the system and has a posi-
tive impact on the processes that use it. Despite the
careful planning to develop the new system and its
characteristics, the users also need to be aware and
carefully insert the data.

It is important to point out that the process of DQ
monitoring enables the adoption of corrective measure-
ments that are necessary in a proper time, before any
problems can be spread, thus avoiding the origin of seri-
ous conflicts. This differential does not exist in most bio-
medical systems, helping to build a structured data base
that can be used for simple consultations and for scientific
research; for example, methods for an intelligent analysis
in DM, as well as statistical analysis, can be used.

In the next step, the prototype will be improved,
and the data of the legacy system will migrate and be
adjusted to the new system, thus minimizing the im-
pact and becoming more pleasant to the users. After-
wards, a subjective DQ assessment of the built pro-
totype will be performed, leading to the analysis of
adapting to the needs of the users, as well as making
adjustments, if necessary.
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RESUMO: Objetivo: Desenvolvimento de um protétipo para gerenciamento de dados de cirurgia coloproctolégica, visando a Quali-
dade de Dados (QD), e a adoc¢io de um processo de monitoramento da QD, inexistente na maioria dos sistemas biomédicos. Métodos:
A construciio do protétipo foi dividida em cinco etapas: analise de um sistema existente (legado), levantamento dos requisitos para o
novo protétipo, elaboracio de modelos, definicio das tecnologias e desenvolvimento do protétipo. Resultados: A analise do sistema
legado revelou diversas limitacdes e inconsisténcias que podem resultar em problemas de QD. Sendo assim, medidas para prevenir
esses problemas estio sendo adotadas, ja na etapa do desenvolvimento do protdtipo, como a criaciio de interfaces mais elaboradas e
interativas, a utilizacdo de mecanismos de valida¢ao dos campos de dados e a proposta de um processo para monitoramento das incon-
sisténcias e incompletudes dos dados dos pacientes. Conclusido: A ado¢io de medidas de QD no desenvolvimento de sistemas resulta na
construciio de uma base de dados confiavel e consistente, contribuindo com as tarefas de gerenciamento, pesquisas cientificas e futuras
aplicacoes de métodos de analise inteligente de dados. Trabalhos futuros incluem avalia¢des subjetivas de QD que indiquem o nivel de
adequacio do protétipo as necessidades dos usuarios.

Palavras-chave: cirurgia colorretal; coleta de dados; analise de dados; sistemas de informagao; mineragdo de dados.
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