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Introduction
Annually, approximately 120 million pregnancies 

occur worldwide, but half a million results in women death 
because of complications during pregnancy or childbirth. 
According to Supriyanti et al. (2015), 60% to 80% of all 
maternal deaths are caused by hemorrhages during labor, 
diabetes, hypertension in pregnancy and complications 
of unsafe abortion. Almost all these deaths occurred in 
low-resource locations and could have been avoided 
with proper orientation from health professionals 
(Aditya et al., 2014). Besides, studies show that more than 
50 million women suffer serious illnesses or disabilities 
related to pregnancy (Say et al., 2014).

A pregnancy that is going well can become risky at 
any time during pregnancy or during labor (Brasil, 2012). 
Apart from that, gestational risk factors can be readily 
identified during prenatal care when health professionals 
are aware of all stages of the anamnesis, general physical 
examinations and gynecological-obstetrical examinations.

One of the prenatal care protocols aimed at minimizing 
morbidity and mortality is called high-risk pregnancy 
referral. Such a protocol is normally done manually, 
which makes the control and referral process less efficient 
which results in high costs and overcrowded hospitals 
(Araújo, 2015). In other words, the manual procedure 
favors the depreciation of the service and hampers the 
care of women with a high-risk pregnancy. As one of 
the consequences of such depreciation some women 
are erroneously referred as high-risk pregnant which 
means they go to the referral hospital and come back 
to the basic health unit (Araújo, 2015).

Although more than 95% of all pregnant women 
attend prenatal care in many regions of Brazil, maternal 
morbidity and mortality rates remain high, which 
confirms significant deficiencies in the provision of 
care (Peixoto, 2014). These facts highlight the need for 
continued engagement of the whole health team and the 
scientific community to improve prenatal care. In this 
sense, the development of solutions aimed at supporting 
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health professionals in the fulfillment of prenatal care 
protocols is really important to help them in the search 
for better conditions for the mother and the fetus.

As a result, some computational solutions have been 
developed to optimize the referral process and high-risk 
pregnancy classification. Many of these solutions use 
Telehealth platforms which take advantage of information 
and communication technologies for remote activities 
related to health at their various levels (primary, secondary 
and tertiary). They enable interaction between health 
professionals or between them and their patients, as 
well as remote access to diagnostic support resources 
(Brasil, 2013).

Among such systems, we can highlight the work of 
Jalil et al. (2014), who developed a Telehealth platform 
for prenatal management called integrated and remote 
prenatal monitoring. Its objective was to exchange 
information between midwives in rural areas and medical 
specialists at long distances to reduce maternal mortality 
rate in rural areas.

Aditya et al. (2014) developed a prenatal kit to assist 
midwives on high-risk pregnancies triage assessment 
in rural areas. For that purpose, a Telehealth platform 
was used to communicate with medical specialists. 
Supriyanti et al. (2015) developed an intelligent system 
to aid in high-risk pregnancy triage assessment in rural 
areas. The Analytic Hierarchy Process (AHP) method 
was used during the decision-making process in the 
high-risk pregnancy diagnosis.

The work of Lam et al. (2015) proposed a new system 
architecture to support the clinical decision of high-risk 
pregnancy using ontology. Okpor (2015) used fuzzy 
logic to aid medical diagnosis in gestational diabetes to 
eliminate the uncertainty and inaccuracy associated to 
diagnose gestational diabetes. Umoh and Nyoho (2015) 
developed a framework using computational intelligence 
to health care diagnostics and monitor risk factors in 
pregnant women.

About the referral protocol, the work of Ferreira et al. 
(2006) analyzed the most prevalent causes of pregnant 
women referral through two sources of information: the 
diagnosis in the health booklet and the diagnosis made 
in the high-risk prenatal clinic at the secondary care unit.

Silva et al. (2014) and Carvalho and Silva (2014), 
conducted an exploratory study of referrals from 
BHU (Basic Health Units) to the Maternity Hospital 
Januário Cicco (MEJC). The physicians performed a 
triage assessment in women who presented a high-risk 
pregnancy associated to cardiovascular diseases, 
preeclampsia and the Acquired Immune Deficiency 
Syndrome (AIDS). It was observed that a reference 
and counter-reference system is needed as well as a 
competent and qualified interdisciplinary team for early 

diagnosis and to follow-up women with cardiovascular 
risk, through health education, during the cycle.

Considering the works presented, we can observe 
that some of the systems available use a telehealth 
platform to exchange information among health 
professionals. From the perspective of diagnosis aid, 
the papers analyzed developed expert systems applied 
to aid medical diagnosis using artificial intelligence 
techniques to perform pre-diagnosis related to gestational 
risk factors. Some works address the referral protocol by 
identifying the most prevalent causes and conducting a 
triage assessment for some specific diagnoses.

Thereby, this work presents the integration of an 
expert system with telehealth and the referral process to 
give a quick and easy support to healthcare professionals 
in prenatal care protocols in the Brazilian government 
health system. We proposed an expert system based 
on rules to aid diagnosis with a gestational risk 
classification, integrated into a telehealth platform to 
exchange information among health professionals in 
prenatal care referral protocols. The validation of the 
architecture was carried out through a case study in the 
Maternity Hospital Januário Cicco (MEJC).

Methods
To develop the architecture, we interviewed resident 

physicians of the Medical Residency Program in 
Obstetrics and Gynecology of the Federal University of 
Rio Grande do Norte and the Maternity Hospital Januário 
Cicco. That multi-professional team was distributed as: 
a medical specialist, a professor of the Tocogynecology 
department, a nurse, a social worker, a nutritionist and 
information technology professionals who assisted in 
the architecture development.

To validate the architecture, we used referral forms 
of pregnant women sent to the Clinic of High Risk 
Prenatal (PNAR) at MEJC, from May 2015 to May 
2016. A total amount of 1380 referral forms of pregnant 
women were used. The reasons for the referrals were 
classified as: i) high risk with referral, ii) high risk without 
referral and iii) usual risk. These classifications are the 
ones adopted by the Ministry of Health (Brasil, 2012).

Activity stream overview
A flow of activities of pregnant women referral 

process adopted by the Brazilian Ministry of Health 
(Brasil, 2012) was initially defined to develop the 
architecture (Figure 1).

According to Figure 1, pregnant women need to 
have regular appointments also known as prenatal 
care. These appointments are intended to monitor the 
development of pregnancy and allow the delivery of 
a healthy newborn with no impact on maternal health 
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(Rodrigues et al., 2011). Prenatal appointments will 
take place in the Basic Health Units (BHU). In these 
appointments, if the pregnant woman presents a serious 
pathological condition or significant changes in the tests 
the doctor or nurse in charge must fill out a referral form 
and urgently conduct the mother to the referral hospital 
(Araújo, 2015).

Once conducted, a Preceptor or Resident at the 
hospital performs a triage assessment to confirm whether 
the pregnancy is evaluated as high-risk or not. When a 
high-risk pregnancy is confirmed the patient is assisted 
and some procedures will be carried out. Otherwise, the 
patient will return to the BHU via the counter-referral 
form. All this referral process can be seen in Figure 1.

The pregnant women are referred from the BHU to 
the hospital in different ways: i) through prescription 
sheets; ii) through Unified Health System (Sistema 
Único de Saúde - SUS, in Portuguese) reference sheets; 
iii) due to other reasons; iv) several times, the pregnant 
women referred are not at high-risk. As a result of the 
last situation, hospitals often operate beyond their 
capacity of staff and physical structure, which makes 
it difficult to follow the correct time interval to the 
medical appointment return, as recommended by the 
protocols (Cornetta 2015). This fact hampers the quality 
of healthcare and increases its cost due to the transport 
of these patients (Simons, 2008).

In the study of Cornetta (2015) we can observe that 
about 30% of the referrals are not risk pregnancies and 
18% of them present illegible handwriting so it was not 

possible to understand the referral form. Araújo’s (2015) 
work  analyzed that 36.5% of patients are erroneously 
referred as high-risk pregnancies.

The proposed solution to automate the referral 
process and, consequently, to avoid the displacement of 
pregnant women can be seen in Figure 2. Thus, health 
professionals who are in charge of prenatal care at BHU 
would enter the data of the pregnant woman in the 
system, such as: personal data, previous pathological 
history, both family and personal gynecological and 
obstetrical data, laboratory tests, physical tests and 
ultrasound examinations.

Then the expert system analyzes and classifies the 
data that will aid physicians to define the gestational 
risk. Only when the high-risk pregnancy is confirmed 
by medical experts, using a telehealth platform, the 
pregnant woman will be referred.

The classification of referrals cases is categorized 
as follows:

● High risk with referral: the pregnant woman is 
classified with a high-risk pregnancy that requires 
specialized care in the high-risk prenatal;

● High risk without referral: the pregnant woman 
is classified with a high-risk pregnancy; however, 
she has no previous pathological history that 
justifies specialized care and can be assisted in 
primary care;

● Usual risk: The pregnant woman receives prenatal 
assistance in primary care by a doctor or nurse.

Figure 1. Referral from BHU to Reference Hospital: traditional way.

Figure 2. Referral from BHU to Reference Hospital: proposed architecture.
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Proposed architecture
Based on Figure 2, the proposed architecture 

presented in Figure 3 consists of three components: data 
acquisition component, data processing component 
(expert system) and the post-processing component. 
Each of them interacts collaboratively to consistently 
perform the referral of the pregnant woman during the 
prenatal period and to allow the communication between 
health professionals about detailed information of the 
pregnant woman’s health.

The data acquisition component is used at the Basic 
Health Units by health professionals. Only registered 
users can enter the system and access information of 
pregnant women through an authentication system based 
on user name and password. The data is inserted in a 
digital form that receives the following information from 
patients: medical history (previous pathological history), 
current data (laboratory tests, physical examination, 
ultrasound image and observations) and a description 
of the health status of the mother. Then, the data is sent 
to a Web server, which can be later accessed by the 
reference hospital, as shown in Figure 4.

The processing component is the architecture main 
nucleus and responsible to process the pregnant woman 
data and classify (pre-diagnosis) the gestational risk (usual 
risk, high risk without referral, high risk with referral), 

as shown in Figure 5. This component is flexible and 
allows to couple varied intelligent mechanisms (expert 
systems) to analyze the data, providing: acquisition 
of specialist knowledge, rules database generation, 
automation of the process and greater precision of the 
pre-diagnosis (Lakshmi et al, 2015; Pereira et al., 2015).

Afterwards, an index table that shows some clinical 
criteria, socioeconomic and pathological factors (personal 
and obstetrical) is created. These factors are identified 
by a score that has different values according to the 
meaning of each factor as shown in Table 1. The index 
table is based on meetings with medical experts, on 
the High-Risk Pregnancy Handbook (Brasil, 2012) 
and on the Prenatal Care Handbook (Peixoto, 2014). 
The interrelated factors are carefully reviewed by the 
specialist team.

The classifications were defined as gestational risk 
according to the factors scores to prepare the rules. 
The score is calculated by the sum of scores, according 
to equation (1), with the information of pregnant women 
shown in Table 1, as follows:

= + + + + +score fa fw fms ffi fe fpa   (1)

where: fa, fw, fms, ffi, fe, fpa are factors related to age, 
weight, marital status, family income, education and 
pathologies, respectively.

Figure 3. Overview of the architecture.

Figure 4. Data acquisition component.
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According to that, the rule base was created with 
the following structure:

• Rule 1: If score> = 10 then High Risk With 
Referral (HRWR);

• Rule 2: If score <10 and score> = 5 then High 
Risk Without Referral (HRWOR);

• Rule 3: If score <= 4 then Usual Risk (UR).
For example, some rules for the architecture were 

defined using three factors and three situations with risk 
classification. That is, if age corresponds to teenage years 
and weight is low and pathology is uterine fibroids, then 
HRWOR. If age corresponds to a young woman and 
weight is normal and pathology is ABO incompatibility 

then UR. On the other hand, if age corresponds to an adult 
woman, weight is high and pathology is hypertension 
then HRWR.

At this stage, it is important that the defined rules can 
cover all possible combinations of inputs and outputs of 
the proposed problem. Based on this, the consistency 
of these rules was analyzed to avoid contradictions.

The post-processing component provides the results 
(pre-diagnosis) that are presented to medical specialists 
and analyzed with the core of specialists (residents) 
to confirm the diagnosis. Then, the final/partial result 
of the diagnosis is sent to the BHU via Web server, as 
shown in Figure 6.

Figure 5. Expert component.

Table 1. Scores of risk factors.

Risk factor Age Score Risk factor Pathologies Score
Teenage: no more than 15 years old 1 Uterine fibroids 1
Young: from 15 to 34 years old 0 ABO incompatibility 1
Adult: +35 years old 1 Threatened abortion 5

Weight Syphilis in pregnancy 5
Low: < 45 kg 5 Placenta previa 5
Regular: >45 a 75 kg 0 Psychiatric illness 5
High: >75 kg 5 Current fetal malformation 10

Marital Status Hemolytic disease 10
Married 0 Isoimmunization 10
Single 1 Polyhydramnios/Oligohydramnios 10
Stable union 0 Delayed uterine growth 10
Divorced 1 NICI-II-III 10

Education Hypertension 10
No education 1 Diabetes 10
Middle school 0.5 Twin pregnancy 10
Incomplete middle school 0.5 Cervical incompetence 10
High school 0 Heart diseases 10
Incomplete high school 0.5 varicose veins marks 10
Superior 0 Autoimmune disease 10

Familiar Income Maternal cancer 10
Less than 1 minimum wage 1 Severe kidney disease 10
1 minimum wage 1 Epilepsy 10
Over 1 minimum wage 0 AIDS/HIV 10
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Implementation
To develop and validate the architecture proposed 

in this article, the following technologies were used: 
Python Programming Language, Django framework, 
HTTPS (Hyper Text Transfer Protocol Secure), JMeter 
and expert systems.

Django is a framework for web development that 
uses the Python programming language (Elman and 
Lavin, 2015). The Python programming language was 
chosen because it is classified as high-level, interpreted, 
imperative, object-oriented with dynamic and strong 
typing (Ramanho, 2015). Django’s architecture, known 
as MTV, is divided into three layers: Model, Template 
and View.

In the Model layer the classes that designate the 
tables in the database are written. These tables are 
handled through the ORM (object relational mapping) 
of Django that supports multiple database management 
systems, such as MySQL, PostgreSQL and SQLite. 
During the development of the architecture we opted 
for the PostgreSQL database since it is an open source 
object-relational database management system and 
presents native programming interfaces for Python. 
The View layer contains the business logic and rules 
to present the system. The Template layer defines the 
form in which data sent from the View layer is presented 
(Elman and Lavin, 2015).

The security protocol used in the architecture is the 
HTTPS (Kurose and Ross, 2006). It allows data to be 
transmitted over an encrypted connection that is necessary 
to protect patient’s data, and verifies the authenticity of 
the server and the client by means of digital certificates.

JMeter was used for the architecture performance 
tests. This tool is developed in Java and is part of the 
Jakarta project of the Apache Software Foundation 
(2015). The load that the architecture can support was 
measured with JMeter, obtaining values   such as: number 
of supported concurrent connections and response time.

Finally, we decided to use expert systems to develop 
the algorithm based on rules since it brings greater benefits 
to the architecture such as: acquisition of specialist 
knowledge, generation of a rule base, process automation 
and greater precision on pre-diagnosis (Kamat et al., 
2015; Mehta et al., 2016; Pereira et al., 2015).

Tests and validation

To validate the architecture, a case study was carried 
out in the Maternity Hospital Januário Cicco (MEJC). 
We opted for the MEJC, because it is a SUS reference 
hospital in Women’s Health and monitoring women 
with high-risk pregnancy.

For data acquisition purposes, we carried out a 
documentary analysis of the information contained 
in the pre-consultation forms adopted in High Risk 
Prenatal (PNAR) sector at MEJC. Thus, all referral 
forms of pregnant women for PNAR service at MEJC 
were recorded.

The database was generated between May 2015 and 
May 2016 with a total of 1380 referrals. The institution 
allowed the research on patients’ data through the 
institutional authorization term for the use of patient 
documents.

The data contained in the referral forms passed 
through a filtering process to remove some inconsistent 
data such as misspelling and empty fields, as well as 
some redundant information.

The environment used for validation tests consisted of 
a server with an Intel Xeon E5-2650L processor, 1,8GHz, 
8 cores, 16 GB of RAM, Ubuntu 16.04 LTS, connected 
to a 1 Gbps network.

Three tests were conducted to measure the feasibility 
of the proposed architecture: an acceptance test, a system 
accuracy test based on rules and a performance test. 
According to Sommerville (2011), the acceptance test 
is performed on a system before making it available. 
Thus, its function is to check the system in relation to the 
original requirements and the current needs of the user.

Figure 6. Post-processing component.
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This way, iterations and increments of the architecture 
were performed during 7 meetings over a period of 
12 months and the test results were assessed and validated 
for each iteration. The purpose of the meetings was to 
identify problems that interfere in the system development 
and usability. At the meetings, the following people were 
present: the information technology professional, who 
counts with a master’s degree applied to health and is 
responsible for the e-health unit at MEJC; a physician, 
responsible for the Management of Education and 
Research at MEJC; a physician responsible for the 
PNAR at MEJC and a medical resident in gynecology 
and obstetrics.

During the acceptance tests, a questionnaire was 
prepared relating the acceptance criteria of the architecture 
based in ISO9126 (UsabilityNet, 2006). The Likert scale 
was used to categorize the responses in which values 
from 1 to 2 determine the answer “strongly disagree”; 
2.1 to 3 “disagree”; 3.1 to 4 “agree”; and 4.1 to 5 “totally agree”.

Real situations were simulated to verify the precision 
tests of the rules-based system and validate the architecture.

The goal of the performance test was to analyze the 
architecture efficiency regarding the access of the system 
to requests from BHU. For this purpose, we created three 
user groups: coordinators, physicians and nurses. It should 
be emphasized that the inclusion criterion for the users 
was to participate in the entire referral process between 
the UBS and the MEJC. Each group contained 167 virtual 
users sending 10 requests for each user and 10 repetitions 
of access, that is 50,100 requests of access. Among the 
requests, the users performed the authentication in the 

system, searches, information recording, data listing, 
among other actions. The 167 users were chosen due 
to the capacity of health facilities in Rio Grande do 
Norte, the state where MEJC is located, according to the 
National Register of Establishments Health (Cadastro 
Nacional de Estabelecimento de Saúde , 2016).

Results
In Table 2 we can see the questions applied in the 

questionnaires and their respective results with values 
related to the acceptance criteria of the architecture. 
The mean acceptance value obtained was 4.3. After 
the tests, evaluative criteria were discussed and it was 
possible to assess the concrete results for the system 
improvement that directly impact the acceptance of 
the system.

In the evaluations of usage, content and interface 
that make the acceptance criteria, ILITIA obtained 
overall average of 4.48, 4.21 and 4.37, reaching a 
value higher than the target average, set as 4 for the 
study, characterized as “Totally Agree” in the opinion 
of health professionals. About standard deviation, the 
evaluation criteria of use, content and interface obtained 
0.02, 0.09 and 0.17, respectively. Thus, the results 
obtained in this study showed that the assessment 
criteria were met positively by health professionals.

For ILITIA processing, testing and validation a 
gold standard database was used (data from the PNAR 
referrals, reviewed and classified by medical experts), 

Table 2. Questions used in the questionnaires and respective values obtained.

System evaluation criteria Evaluated values

System usage Min Max AVG SD
ILITIA will be useful in my daily work. 4 5 4.47 0.51
I’m satisfying using the system. 4 5 4.47 0.51
Using the system will help me optimize my tasks with pregnant women. 4 5 4.52 0.51

General average 4.48
Standard deviation 0.02

System contents
It was easy to use the system, so I can refer a pregnant woman using the proposed instructions. 1 5 4.11 0.92
The system provides error messages informing how to fix some problem. 1 5 4.29 0.98
The information on the system is adequately organized and contemplates pregnant woman 
classification, thus the user felt comfortable using the system. 1 5 4.23 0.97

General average 4.21
Standard deviation 0.09

System Interface
The interface of the system is nice. 4 5 4.52 0.51
The system presents all functions the user expected. 4 5 4.17 0.39
Satisfied with the system. 4 5 4.29 0.46
The organization and disposition of information on the screen are clear and objective. 4 5 4.52 0.51

General average 4.37
Standard deviation 0.17

AVG: Average; SD: Standard deviation.
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i.e. actual data with a diagnosis already confirmed. 
ILITIA was evaluated and discussed with the medical 
experts (a doctor responsible for the management of 
teaching and research of MEJC; a doctor responsible 
for the MEJC PNAR and a resident in Obstetrics and 
Gynecology), with a result of 96% with similar referrals 
ratings and 4% different. After discussing the results, 
some questions have been conducted and it was found 
that 4% of different diagnoses occurred due to data entry 
errors and not because of an incorrect interpretation of 
the algorithm.

The performance test results showed that 88% of 
access requests were met, that is, successfully handled. 
Figure 7 shows the tests (x-axis) during runtime and 
the average response time (y axis) for each request in 
milliseconds. This test showed an average response time 
of 5.38 milliseconds.

Figure 8 shows the time of all requests per second 
in the (x - axis), and the average response time in 
milliseconds in the (y - axis).

The experiment showed other information concerning 
the requests assessed by JMeter (Apache Software 
Foundation, 2015), as follows:

● The average time of all requests (Average): 5377 
milliseconds;

● The request that occurred in the shortest time 
(Min) 138 milliseconds;

● The request that took the longest amount of 
time - (Max): 1209 milliseconds;

● The standard deviation: 79.98 milliseconds;
● The number of requests that were not met (Error 

%): 12% which are all related to the connection 
to the server, and not to access or operation of 
the architecture;

● The flow rate, representing the number of requests 
per minute (flow rate): 4.7.

According to the results of the performance tests, it 
can be observed that the requests time of transmission 
and the architecture processing were in order of 
milliseconds. In this way, it assists medical experts in 
a more quickly and accurately decision, especially in 
the case of high-risk pregnant women.

Figure 7. Time response results. X-axis represents running time and Y-axis represents average response time for every request.

Figure 8. Global number of requests.
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Discussion
This work presented an architecture called ILITIA 

that aims to aid the risk of pregnancy level diagnosis. 
It uses a rule-based expert system able to process and 
classify data extracted from information taken during 
the appointments recorded at PNAR service. ILITIA 
met the requirements for diagnostic aid related to 
gestational risk, carried out from the analysis of actual 
data and contact with medical experts. There are also 
other contributions i) identification of factors relevant 
to the diagnostic aid in the risk of pregnancy; ii) use of 
intelligent systems techniques, specifically rule-based 
expert system to classify the gestational risk; iii) use of 
Telehealth platform for remote discussion among health 
professionals; and iv) architecture use and validation.

Thus, through ILITIA, the objective is to involve 
the professionals of basic prenatal care using Telehealth 
and contribute to an effective training for a proper 
attention during the referral process. However, the 
aim is to reduce the frequent needs of inappropriate 
referrals and increase the basic attention resolution 
that may result in an impact on the quality of health 
care offered to pregnant women and may decrease 
transportation costs and the inconvenience of pregnant 
women displacement, providing them with comfort and 
well-being during pregnancy.

Given this scenario, and comparing with the works 
mentioned in the introduction we can say that ILITIA 
is an appropriate tool to solve the problem of improper 
pregnancy classification that occurs at prenatal health 
services.

The works of Jalil et al. (2014) and Aditya et al. 
(2014) mention Telehealth platforms for antenatal 
management, without worrying about the referral and 
do not use intelligent systems. On the other hand, 
Supriyanti et al. (2015) use an analytic hierarchy process 
for triage assessment of high-risk pregnant women only 
in rural areas. The use of a component with intelligent 
systems and Telehealth platform allows ILITIA to 
classify the types of pregnancy with better accuracy 
and make correct referrals from the health services in 
a larger scope, since the platform is national.

Lam et al. (2015), Okpor (2015) and Umoh and Nyoho 
(2015) deal only with diagnosis and clinical decision in 
cases of high-risk pregnancy while Ferreira et al. (2006), 
Silva et al. (2014) and Carvalho and Silva (2014) focus 
only on the referrals reasons of pregnant women and 
carry out just theoretical studies. ILITIA architecture was 
developed and validated through practical testing with 
real data and its goal is to classify, and, consequently, 
referring only high-risk pregnant women, without a 
focus on clinical decision.

Possible future works related to the architecture 
developed can be: i) a priority scheduler integrated to 
ILITIA so that the most serious cases identified in BHU 
can be analyzed with greater priority and speed by the 
system; ii) a module in the architecture to generate 
statistical information about its use to aid public managers 
decision-making about investments and interventions 
aimed at prenatal care; iii) ILITIA mobile version for 
mobile devices.

Acknowledgements
The authors thank the Laboratory for Technological 

Innovation in Healthcare (LAIS) of the University Hospital 
Onofre Lopes (HUOL) of the Federal University of Rio 
Grande do Norte (UFRN), which offered infrastructure 
for the development of the research.

References
Aditya NY, Pahl C, Supriyanto E. Review and design of a 
midwife prenatal kit for examinations in developing regions. 
In: Proceedings of the International Conference on Biomedical 
Engineering and Sciences (IECBES 2014); 2014 Dec 8-10; 
Miri, Sarawak. Malaysia: IEEE; 2014. p. 780-5. http://dx.doi.
org/10.1109/iecbes.2014.7047616

Apache Software Foundation. Apache JMeterTM [internet]. 
2015 [cited 2015 July 15]. Available from: http://jakarta.
apache.org/jmeter/

Araújo GT. Análise do perfil de encaminhamento da atenção 
primária para pré-natal de alto-risco: desafios para o ensino 
de competências em saúde Materno-Infantil [dissertation]. 
Natal: Universidade Federal do Rio Grande do Norte; 2015.

Brasil. Ministério da Saúde. Secretaria de Atenção à Saúde. 
Departamento de Ações Programáticas Estratégicas. Gestação 
de alto risco: manual técnico. 5th ed. Brasília: Ministério da 
Saúde; 2012.

Brasil. Ministério da Saúde. Manual de telessaúde para atenção 
básica: atenção primaria a saúde: protocolo de solicitação de 
teleconsultorias. 1st ed. Brasília: Ministério da Saúde; 2013.

Cadastro Nacional de Estabelecimento de Saúde. DATASUS: 
Departamento de Informática do SUS [internet]. 2016 [cited 
2016 May 20]. Available from: http://cnes.datasus.gov.br

Carvalho CFS, Silva RAR. Perfil sociodemográfico e de 
saúde de mulheres soropositivas em um pré-natal de alto 
risco. Cogitare Enfermagem. 2014; 19(2):292-8. http://dx.doi.
org/10.5380/ce.v19i2.36981. 

Cornetta MCM. Compartilhando espaços entre ensino e assistência 
na Maternidade Escola Januário Cicco [specialization] São 
Paulo: Instituto Sírio Libanês de Ensino e Pesquisa; 2015. p. 19.

Elman J, Lavin M. Django essencial. 1st ed. São Paulo: 
Novatec; 2015.

Ferreira J, Capp E, Buchabqui AJ. Adequação dos encaminhamentos 
de gestações de alto-risco na rede básica de atenção à saúde 
de Porto Alegre, Rio Grande do Sul, Brasil. Revista Brasileira 

http://dx.doi.org/10.5380/ce.v19i2.36981
http://dx.doi.org/10.5380/ce.v19i2.36981


Fernandes YYMP, Araújo GT, Araújo BG, Dantas MCR, Carvalho DR, Valentim RAM 246Res. Biomed. Eng. 2017 September; 33(3): 237-246

de Saú de Materno Infantil. 2006; 6(1):23-9. http://dx.doi.
org/10.1590/S1519-38292006000100003. 

Jalil N, Pahl C, Kadiman S, Supriyanto E. Design and implementation 
of a telehealth platform for prenatal management in rural and 
remote areas. In: Proceedings of the IEEE Conference on 
Biomedical Engineering and Sciences (IECBES 2014); 2014 
Dec 8-10; Kuala Lumpur, Malaysia. USA: IEEE; 2014. p. 
889-94. https://doi.org/10.1109/iecbes.2014.7047640.

Kamat A, Oswal V, Datar M. Implementation of classification 
algorithms to predict mode of delivery. International Journal 
of Computer Science and Information Technologies. 2015; 
6(5):4531-4.

Kurose JF, Ross KW. Redes de computadores e a internet: 
uma abordagem top-down. 3th ed. São Paulo: Pearson; 2006.

Lakshmi BN, Indumathi TS, Ravi N. A comparative study of 
classification algorithms for risk prediction in pregnancy. In: 
Proceedings of the 10th International Conference Academic-
Research-Industrial Collaboration; 2015 Nov. 1-4; Macau. 
China. USA: IEEE; 2015. p. 1-6. https://doi.org/10.1109/
tencon.2015.7373161.

Lam J, Abdullah SM, Supriyanto E. Architeture for clinical 
decision support system using high-risk pregnancy ontology. 
ARPN Journal of Engineering and Applied Sciences. 2015; 
10(3):1229-37.

Mehta R, Bhatt N, Ganatra A. A survey on data mining 
technologies for decision support system of maternal care 
domain. International Journal of Computers and Applications. 
2016; 138(10):20-4. http://dx.doi.org/10.5120/ijca2016908965. 

Okpor MD. Prognostic diagnosis of gestacional diabetes 
utilizing fuzzy classifier. International Journal of Computer 
Science and Network Security. 2015; 15(6):44-8.

Peixoto S. Manual de assistência pré-natal. 2th ed. São Paulo: 
FEBRASGO; 2014.

Pereira S, Portela F, Santos MF, Machado J, Abelha A. 
Predicting type of delivery by identification of obstetric risk 

factors through data mining. Procedia Computer Science. 
2015; 64:601-9. http://dx.doi.org/10.1016/j.procs.2015.08.573. 

Ramanho L. Pyton fluente: programação clara, concisa e 
eficiente. 1st ed. São Paulo: Novatec; 2015.

Rodrigues EM, Nascimento RG, Araújo A. Protocolo na 
assistência pré-natal: ações, facilidades e dificuldades dos 
enfermeiros da estratégia de saúde da família. Revista da Escola 
de Enfermagem da USP. 2011; 45(5):1041-7. PMid:22031361. 
http://dx.doi.org/10.1590/S0080-62342011000500002. 

Say L, Chou D, Gemmill A, Tunçalp Ö, Moller AB, Daniels 
J, Gülmezoglu AM, Temmerman M, Alkema L. Global causes 
of maternal death: A WHO systematic analysis. The Lancet: 
Global Health. 2014; 2(6):323-33. PMid:25103301. http://
dx.doi.org/10.1016/S2214-109X(14)70227-X. 

Silva MLC, Galvão ACAA, Souza NL, Azevedo GD, Jerônimo 
SMB, Araújo ACPF. Mulheres com risco cardiovascular após 
pré-eclâmpsia: Há seguimento no Sistema Único de Saúde? 
Revista Latino-Americana de Enfermagem. 2014; 22(1):1-7. 
http://dx.doi.org/10.1590/0104-1169.3197.2389. PMid:24553696.

Simons DA. Avaliação do perfil da demanda na unidade de 
emergência em Alagoas a partir da municipalização da saúde 
e do programa saúde da família [thesis]. Recife: Fundação 
Oswaldo Cruz; 2008.

Sommerville I. Engenharia de Software. 9th ed. São Paulo: 
Pearson; 2011.

Supriyanti R, Fariz A, Septiana T, Murdyantoro E, Ramadhani 
Y, Widodo HB. Simple screening for high-risk pregnancies 
in rural areas based on expert system. Telkomnika. 2015; 
13(2):661-9. http://dx.doi.org/10.12928/telkomnika.v13i2.988. 

Umoh U, Nyoho E. A fuzzy intelligente framework for healthcare 
diagnosis and monitoring of pregnancy risk factor in women. 
Journal of Health. Medicine and Nursing. 2015; 18:97-112.

UsabilityNet. International standards for HCI and usability 
[internet]. 2006 [cited 2015 June 5]. Available from: http://
www.usabilitynet.org/tools/r_international.htm#9126-1

http://dx.doi.org/10.1590/S1519-38292006000100003
http://dx.doi.org/10.1590/S1519-38292006000100003
http://dx.doi.org/10.5120/ijca2016908965
http://dx.doi.org/10.1016/j.procs.2015.08.573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22031361&dopt=Abstract
http://dx.doi.org/10.1590/S0080-62342011000500002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25103301&dopt=Abstract
http://dx.doi.org/10.1016/S2214-109X(14)70227-X
http://dx.doi.org/10.1016/S2214-109X(14)70227-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24553696&dopt=Abstract
http://dx.doi.org/10.12928/telkomnika.v13i2.988

