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Abstract—E-health is an exciting area of research with immense potential for
benefit of mankind. The research in e-health domain is of such a nature that it
provides an opportunity for researchers from different fields to work together for
collective research benefit. Antenatal care is a critical issue for the health of the
mother and new born. There are multiple complications which can arise during
the pregnancy. The availability of all the relevant data for effective diagnosis and
treatment is very important for every case of antenatal care. In this paper, we
have proposed an efficient Intelligent Electronic Medical Record system for an-
tenatal care and used Case-Based Reasoning to predict diagnosis of the patient in
noisy environment. The experimental results obtained have confirmed the sound-
ness of our approach. These results have also shown that performance of e-health
can be enhanced when system development is a collective effort of various stake-
holders including medical professionals, software developers and researchers.
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1 Introduction

INFORMATION technology (IT) is quite effectively used to provide e-health ser-
vices all over the world. The professionals form health and IT — when working together
— are making a large impact both in research as well as healthcare areas. Electronic
Medical Records (EMR) systems are quite widely adopted to record patient history. US
President Obama promised, “We will make the immediate investments necessary to
ensure that within five years all of America’s medical records are computerized.” The
incentive amount for adopting EMR systems at a hospital is $11 million. The ultimate
goal is “the utilization of a certified electronic health record for each person in the
United States by 2014.” In this context, some serious research efforts have been made
to facilitate the development of techniques and products for clinical decision support
systems (CDSS) [1], medical data mining [2], [3], privacy preserving [4], ownership
protection [5], [6] and transfer of medical data over computer networks [7].

Antenatal care is one of the most important health areas and information and com-
munication (ICT) has been used to help medical practitioners and scientific researchers
to work for better care of the mother and child [8]-[10]. Antenatal care needs some
special care because there are a lot of complications associated during pregnancy for
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the patient. The two main reasons; the medical practitioners have a very busy schedule,
and the missing information about the patient makes it difficult to diagnose the patient
for all the complications simultaneously. So a model has to be developed that facilitates
the doctors and physicians to diagnose a patient while keeping in view all the possible
complications at a time.

An effective IT based solution for antenatal care can play a vital role in making the
lives of the people better. The doctors can better diagnose and treat the patient and
scientific researchers can better employee their skills to make effective e-health pro-
jects. The major problems in such developing such a system are that the complete in-
formation of the patient is not available and also the available information is heteroge-
neous in nature. These problems are severe in developing countries. Another problem
is that in developing countries the patient information is not stored electronically due
to lack of technology development and busy schedule of the doctors. The major bottle-
neck is to transfer the manual records into an electronic form.

The Electronic medical records (EMR) are built specially for transferring the data
from the manual system into a database from it can be retrieved time to time when
required. The EMR developed specifically for antenatal care is different in the sense
that it has to store all the information from patient ID to lab investigation. The infor-
mation collected is very sparse in nature because all the patients not necessarily are
examined for everything. So EMR needs to handle all such information in such a way
that each and everything is noted without putting too much burden on the doctor. Once
such an EMR has been developed then there is a need of such a system which helps the
doctor to diagnose the patient accurately and efficiently. The system should be able to;
work when information is not complete, look for multiple complications at a time, and
once a complication has been detected then the system should provide all the relevant
detail related to that complication e.g. severity of the complication etc.

We have developed an EMR implementing case-based reasoning (CBR) for antena-
tal care with requiring very less typing and involve mostly the selection to facilitate the
doctors to enter the records with ease. Once the record entering process begins the CBR
module starts its working for predicting the diagnosis of the patient. CBR calculates the
similarities (similarity scores) of the new case with the old cases and predicts the output
of the new case based upon the output of previous similar cases. We used CBR for the
prediction of the diagnosis in antenatal care because it has been used quite effectively
especially when a patient has to be examined again and again [11]. Several authors have
employed CBR in different areas of healthcare and have achieved significant success
[11]-[15]. The results achieved were validated by cross validation technique and were
found to be more than 93% accurate. 7% results were found to be false positive, so that
is not a worry because no crucial instance was found to be reported as false negative.
Our system was appreciated by the medical experts and the dataset prepared from dif-
ferent hospitals can also be used by scientific researchers to test their techniques.

The rest of the paper is organized as follows. The Background study has been pre-
sented in Section 2 followed by research methodology in Section 3. The results have
been presented in Section 4 and a detailed discussion on these results is given in Section
5. Finally, Section 6 concludes the paper.
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2 Related work

Case-based reasoning is a problem solving paradigm that in many respects is funda-
mentally different from other major Al approaches in the sense that instead of relying
solely on general knowledge of a problem domain, or making associations along gen-
eralized relationships between problem descriptors and conclusions, CBR is able to
utilize the specific knowledge of previously experienced, concrete problem situations
(cases) [16]. CBR has been quite effectively used in medical domain for knowledge
discovery. In [12] Brown et. al has discussed use of CBR in different medical projects.
In medicine, CBR has mainly been applied for diagnostic and partly for therapeutic
tasks [17]. In [17] Schmidt et. al have presented three solutions for adaptation of CBR.
They suggest that Retrieval-only systems are especially useful for visualization tasks,
because the users wish to see and interpret all specific details themselves [18]. In solv-
ing the adaptation by generalizing the condition holds that: Features get more typical
as the case becomes more abstracted. This means the further down the cases are placed
in the hierarchy, the more specific and less typical are their additional features in order
to adapt by searching top down in a hierarchy of abstracted cases [17]. Another poten-
tial solution is Combining CBR with rule-based components. Some recent works [20],
[21], [22] also used CBR for various medical and healthcare applications. In [23], au-
thors present an optimization based approach, to enhance the quality of the tone-
mapped LDR images using metaheuristics using differential evolution (DE) algorithm.
Recently, an IoT based framework [24] proposed for COVID-19 patient management
also showed the importance of managing the patient records. Similarly, authors in [25],
[26], and [27] also worked on medical data for machine learning and image protection
protection. However, to the best of our knowledge, application of CBR on antenatal
care data is relatively new which presents a unique challenge because antenatal patients
need to visit the physicians for follow-up visits several times during and after their
pregnancy.

3 Methods

3.1 Dataset

The data consisted of real-world patients. The EMR developed for antenatal care
was deployed in different hospitals. The data were carefully selected and entered so
that we should not miss any vital feature. Some of the features were of Boolean type
with values Yes and No, some features were numeric and rest were string type. The
data were very complex because there are so many things which need to be noted and
taken care off during antenatal care. There are also missing values in dataset which are
replaced by using the method presented in [19]. The data also present a challenge to e-
health researchers to check the performance of their proposed techniques.
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3.2 Proposed system

Our proposed system serves two purposes for the medical practitioners and the sci-
entific researchers. First, we have developed an Intelligent Electronic Medical Record
(EMR) system for efficiency enhancement of antenatal care professionals. The EMR
system has been developed keeping in view the fact that medical practitioners need
quick and reliable information but they have very scarce time to interact with computers
for this purpose. The system is designed in such a way that it facilitates doctors in stor-
ing all the relevant information of a patient while not requiring too much of the typing.
We can say that our proposed technique offers the practitioners with flexibility to select
that ask the query.

The second purpose of the system is to use case based reasoning (CBR) to predict
the diagnosis of the patient. When a new case is entered in our system, old cases similar
to new one are fetched from the database and then similarity score is calculated. These
records are ranked according to their similarity score and subsequently, these ranks are
stored in an array R. The top 5 elements of array R are selected and the records against
those ranks are fetched to predict the diagnosis for the new case. The medical practi-
tioner selects the appropriate choice of diagnosis to suggest appropriate treatment for
the patient if it is found that any of those top ranked diagnosis correctly describes the
state of the patient. At the same, the practitioner has the option to establish a new diag-
nosis for the patient if none of the top ranked diagnosis describes the state of patient
correctly in their assessment. One advantage presented in our approach is that it pre-
sents the practitioner with all possible scenarios in the form of historical diagnosis so
that we can make a much better analysis and treatment for mother and child. Secondly,
automation presents doctors with all the factors that need to be considered while in
manual approach, the doctors may overlook some important details due to any factor.

The security and integrity of the system has been assured by assigning only the reg-
istered users the rights to manipulate the data. In the presentation layer once the user
logs in then a Graphical User Interface (GUI) provides the links to different modules
of the system. The users under admin category can — through processing layer — insert
new cases, retrieve old cases and also case based reasoning module helps them to pre-
dict the diagnosis of the patient. Processing layer contains two modules; i) Data entry
system for antenatal care and ii) Case Based Reasoning (CBR) Module. The Data entry
system module contains four sub-modules. The first sub-module collects the basic in-
formation about the patient like Patient ID, name, age, blood groups, education etc. and
the previous treatment details — if any are also collected through this module. In the
second sub-module the past history of the patient is collected. This sub-module includes
past medical history, previous operations, drug history, family history and the data
about previous pregnancies — if any. The third sub-module is the patient examinations
module and includes Patient general examination, present pregnancy, Gynecological
data, contraception details, conditional follow up details, Presenting complaints details,
abdominal examination, per speculum inspection and vaginal examination details.
Fourth sub-module collects the information about routine investigations and specific
lab investigations. The assessment of the patient is also noted to validate the results
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obtained from the CBR module. The CBR calculates the similarities of the new case
with already stored cases. The CBR module works as follows:

//Initialize some variables
SimScore = 0 //Similarity Score
N. = 0 // Number of attributes
Initialize an Array R to store the rank of the records
for all the t tables in the Antenatal database do the
following
Store the newly added record in a dynamic array
N. = Number of Attributes of current table
for i =1 to N¢
Take ith attribute N; of the newly added record
Select ith attribute O; from the corresponding table

from previous records — one at time
if Ny = Oz
SimScore = SimScore + 1/Nc
End if
Update the Rank array accrording to the SimScore
End for
End for

The results obtained through CBR were validated against the actual results specified
by the doctors. The diagrammatic illustration of working of CBR module is illustrated
in Figure 1.

/ Patient Management System \
General

. Lab /E’r____‘“\\
Examination Past History Investigations MR Server

| l |
* >

——» Assessments

Database
Transcation

Patient
Biodata

A

.l.
~ CDSS I
Suglgest

"l Diagnosis \ Antenatal DB /

Case Based

Reasoning/

Fig. 1. System architecture
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4 Results

The results are displayed in the form of a grid on the web form as given in
Figure 2. The CBR module predicts existence of the following eight complica-
tions and their hierarchies — if any.

e Hypertension

- PIH (Pregnancy Induced Hypertension)
- Chronic

- Pre-Eclampsia

- Eclampsia

- Hell Syndrome

e Diabetes
e Obstructed Labor
e Hemorrhage

- Antipartum

- Antipartum Placental Abruption
- Antipartum Placenta Praevia

- Post Partum

e Septicemia

- Puerperal Sepsis
- Septic Shock

o Septic Induced Abortions
e Thrombo Embolis

The CBR system displays the predictions — based upon the calculations by CBR —
for above eight complications and their hierarchies and medical specialists have the
choice to decide treatment for every complication accordingly.

4.1 Performance measure

We used cross validation technique to check the performance of our approach of
prediction of diagnosis for antenatal care. Out of total 1200 records we randomly pick
200 records and calculate the similarity score by the method presented in Section III.
The output predicted by the CBR is then compared to actual output

of the corresponding record. The performance is measured in terms of percentage
accuracy as follows:

For Every complication and its hierarchy do the following steps:

FP
T

% accuracy = (1 - —) %100 (1)

P
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Where, FP is the number of false predictions, TP is the total number of predicted
records. The percentage accuracy was to be 90%. Out of the remaining 10% records,
7% were false positive (FP) results, that is, our system predicted them positive for some
particular disease but those patients were not suffering from that disease — as tested by
doctor. These 7% FP did not harm at all because they were tested by the doctors for any
disease and thus did not need any further treatment. 3% of the records were reported as
false negative (FN) because their attributes were looking normal. The results are de-
picted in Table 1.

Table 1. Diagnosis Prediction for eight different complications

. . Septic_I
Simlarity Hypertension | Diabetes Obstructe Hamorhage | Septicaemia Hamor nduced_ Throm}) 0
Score d_Labour hage Aborti Embolism
ortins
18.34 NO NO NO NO NO NO NO NO
18.23 NO NO NO NO NO NO NO NO
18.17 NO NO NO NO NO NO NO NO
17.82 NO NO NO NO NO NO NO NO
17.81 NO NO NO NO NO NO NO NO

5 Discussion on results

We have used CBR to predict diagnosis in order to assist doctors and scientists dur-
ing different stages of antenatal care. The results obtained by CBR were compared with
the original results. In most of the cases the results were accurate even in the presence
of noise and missing data. In some cases the results were not accurate but most of the
time the reported results were noted to be false positive which did not harm at all be-
cause the patients were reported positive for a complication which they did not had and
their test was conducted as a precautionary measure. There were some cases when top
5 records contained both positive findings and negative findings for a particular disease.
This issue was resolved by taking the majority votes. The medical specialists have the
option to choose from the suggested diagnosis or he/she can ignore all the suggestions
given by CBR as depicted in Figure 2.

Patient Patient o o
Management < >
Assessment
System
% Medical
Top 5 Highest | CBR Specialists and
Ranked Records Scientists

Fig. 2. The Medical Specialists and Scientists have the choice to make the final decision to
choose from among the suggested diagnosis by CBR
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We aggregated the result of all the patients according to mother condition, baby con-
dition and delivery mode which are shown in Tables 2,3, and 4 respectfully. Class labels
for mother condition are alive and dead. Class labels for baby condition are alive, dead
and miscarriage. Finally, class labels for delivery mode are normal virginal delivery
(NVD), lower segment cesarean section (LSCS) and evacuation of retained products of
conception (ERPC). Mother and baby condition after delivery are comparatively shown
in Figure 3. The CBR was found to be very effective while working with very complex
and sparse data of antenatal care. The CBR also help in lowering the maternal mortality
rate (MMR), miscarriage and baby death during pregnancy. The proposed CBR also

helped to know about delivery modes as show in Figure 4.

Table 2. Condition of mother after delivery
Mother Condition Frequency Percentage
Alive 1149 95.75
Dead 51 4.25%
Total 1200 100%
Table 3. Condition of baby after delivery
Mother Condition Frequency Percentage
Alive 1172 97.66%
Miscarriage 3 0.23%
Dead 25 2.1%
Total 1200 100%
Table 4. Delivery mode
Mother Condition Frequency Percentage
NVD 940 78.33%
LSCS 258 21.50%
ERPC 2 0.17%
Total 1200 100%
1400
1200
1000
£00
B Mother Condition
600
M Baby Conditian
400
200 -
0 T T E T 1
Live Expiry Miscarriage

Fig. 3. Mother & baby condition after delivery
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Child delivery modes
0%

22%

78%

NVD =LSCS =ERPC

Fig. 4. Delivery mode

6 Conclusion

The paper presents a way to use ICT in the medical domain to improve health care
specially e-health all over the world. Information technology concepts were applied to
assist the medical practitioners to store the records of their patient in a database using
a secure and easy to use environment and also to diagnose the patient. The Case-Based
Reasoning was used to predict the diagnosis of eight major complications during the
pregnancy for every new coming patient. Case-Based Reasoning was found to be very
effective while working with sparse data like antenatal care where a patient generally
visits the doctor very often to avoid any complication during and after the pregnancy.
Future work will be focused on to select those attributes which actually effect every
single complication. Another future direction may be to assign weights to some im-
portant attributes during the similarity score calculation process.
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