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Abstract

Objective: Describe the design and implementation of an electronic medical
record—E-INTMED—customized for Internal Medicine in Dakar, Senegal.
Methodology: This study was carried out in a public teaching hospital in
Dakar Senegal. It entailed collaboration between physicians specialized in
various fields in Internal Medicine and Computer Scientists to carry out the
compilation of data and their electronic transcription to produce a prototype
which met users’ needs. Results: E-INTMED software is structured around
several hierarchical tables allowing users to register and store all relevant pa-
tients’ information. E-INTMED structures patient’s data to provide a clear
overview of their medical history and users’ activity performance. E-INTMED
makes medical users’ life so much easier. Users can generate and send letters
and prescriptions quickly and efficiently using the customized templates which
they can modify or create new ones. In addition to these capabilities, all of the
features expected in an Internal Medicine EHR are handled by E-INTMED,
such as lab orders and results, mechanisms for continuity of care, embedding
and access to images and documents, and so much more. E-INTMED pro-
vides medical students with a number of educational, practical and adminis-
trative advantages. Conclusion: Computerization of medical records has be-
come a necessity today. Crossing the line to Electronic medical records could
help to improve medical practice and medical training.
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1. Introduction

The first known record is Egyptian, but it is not a proper patient record, rather a
written document on papyrus describing surgical treatment of war wounds [1].
The notion of “patient record” appeared during the 14™ century. It allowed the
doctors to remember the story of their patients. Then followed the Greeks with
Hippocrates, the father of medicine, who wrote careful notes of his patients
about symptoms, appearance of the patient, social situation and other parame-
ters to decide on the treatment [2]. The Arabs introduced the concept of hospit-
al. They were the first to keep written records of patients and their medical
treatment, which were later edited by doctors and referenced in future treatment
[3]. Later on, the first formal medical record system was developed in Sweden in
1752 and continuously refined until 1980 [2]. From 1970, nursing records have
been part of medical records. The whole has become a communication and data
transmission tool between healthcare professionals.

To keep, analyze and share information collected on everyday activity, data-
bases are required, which necessarily implies computerization of the patient’s
record [4]. The electronic medical record was created in the 1990s, with the aim
of improving the quality of care. Computing is not only a valuable aid for health
care providers, it is at the heart of modern medicine, a medicine that requires
information sharing between health system stakeholders and the patient in order
to coordinate and sustain continuity of care. Almost all hospitals in developed
countries have electronic databases, including names, addresses, diagnoses and
treatments for all inpatients and outpatients. Investigators can acquire access to
these databases to identify subjects for a study after gaining approval from a
hospital’s ethics committee [5].

Just from a chronological perspective, several decades separate developed coun-
tries to Africa.

Internal Medicine department plays the role of coordinating medical care,
managing difficult diagnoses, systemic diseases and chronic diseases such as di-
abetes. To address these issues, our department, in Aristide Le Dantec teaching
hospital, has completely been renovated in order to provide users with an envi-
ronment that guarantees their comfort, safety and quality of care. On this back-
ground and considering advantages of Electronic medical record systems in
health, the Internal Medicine department has evolved and initiated a compute-
rization of medical records.

This paper describes the process and puts forward ways to maintain sustaina-
bility.

2. Methods

The study was carried out in a public teaching hospital in Dakar Senegal from
January 2018 to December 2019. Aristide Le Dantec Hospital was created in
1912. This benchmark hospital gained acceptance since its set up in the man-

agement of complex medical and surgical health issues and also constitutes a
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learning platform for doctors, nurses and midwives either at undergraduate or
post graduate level. Aristide Le Dantec has been labelled Level III hospital, the
highest level in Senegalese health system with approximately 1200 health care
providers. It hosts several medical and surgical departments including that of
Internal Medicine. The latter plays the role of coordinating medical care, man-
aging difficult diagnoses, systemic diseases and chronic diseases such as diabetes.
The other departments include General surgery, Pediatrics, Cardiology, Obste-
trics and Gynecology, Pathology, Oncology to name a few.

Five physicians specialized in various fields in Internal Medicine and Com-
puter Scientists carried out the compilation of data and their electronic tran-
scription. From January to August 2018, all stakeholders met on a regular basis
at least fortnightly to review the content of each part of the database and agree
on the relevant information to include in it. For each section, care was given to
its electronic format for the sake of shareability and analysis.

As the process was going on, a prototype was generated and reviewed if re-

quired to meet users’ needs until the final agreed database.

3. Results
3.1. Description of E-INTMED

E-INTMED consists of tables that are in relationship via foreign keys to the core
table. It provides a solid foundation for users so that they can interact with the
data stored in the structure. The interface mainly evolves around layouts and
layout objects. E-INTMED interface was designed using web design tools and
takes into account users’ recommendations (physicians). The logic of the solu-
tion automates the tasks of users in order to increase their productivity. Calcula-
tions and scripts are the two main tools FileMaker Pro provides to automate the
logic of the solution. Calculations provide access to complex and calculated data
and require minimal interaction with users. Scripts allow users to perform tasks
quickly and efficiently by automating parts of the process or by guiding users
through the process. Scripts and calculations improve data integrity by standar-
dizing processes. E-INTMED via FileMaker Pro provides tools for generating
step-by-step reports, including attractive graphs to efficiently analyze and sum-
marize data which can be sent by email, to Excel or printed out to PDF format to
share with colleagues. To do this, E-INTMED combines data, an interface and the
logic of a solution. One or more users may be accessing E-INTMED using File-
Maker' s deployment capabilities. Two types of storage are possible with E-INTMED.
E-INTMED can be used as a local storage on a workstation or hosted on File-

Maker Server on a local or remote server (hosting).

3.2. Tables and Layouts

E-INTMED structure is displayed in Figure 1.
* Core table, general information

Regarding the structure, we designed the core of the database to be the
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Figure 1. Structure of E-INTMED.

patient’s General information table providing a primary key which populates re-
lated tables foreign keys. Demographic characteristics are stored within this ta-
ble. The primary key is a 128-bit Universally Unique IDentifier (UUID) auto-
matically generated by the software upon the creation of a new record. The
UUID is unique. In some software packages, the probability that a UUID will be
duplicated is not zero, but close enough to zero to be negligible. In ours, the sys-
tem checks first a similar UUID before committing the new created; thus, the
risk of duplicated UUID is zero.

Are recorded in this core table patient’s name, date of birth, date of admission,
addresses, telephone numbers, email addresses, occupation, marital status and
other general information.

* Medical history and visits tables

Medical history as well as medical visits are recorded in separate related tables.
* Prescribing investigations, certificates, letters and prescriptions

The “Prescribe” table is made up of 4 items: medical prescriptions, investiga-
tion, letters and medical certificates. To help physicians in an easy way to per-
form their job and save writing time, E-INTMED provides them with several
standard prescriptions that can be modified as needed. Others can be generated
and stored.

Physicians can easily prescribe investigations from check boxes or drop drown
menus. Furthermore, button bars are provided to automate prescriptions ac-
cording to standard investigations. Prescriptions can also be sent to the patient
by email. Medical prescriptions and letters follow the same process.

* Hospitalization

The Hospitalization table is an important part of E-INTMED. It comprises the
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dates of admission and discharge. Physical examination of all body systems is
detailed in each matching section. Students, alone or accompanied by a supervi-
sor, can assess the patient by following the guide from the software. Prescrip-
tions are also displayed once ordered in the Nurse’s file. The nurses are respon-
sible for drug administration, which is displayed in a window with indicators of
whether or not the treatment has been administered (Figure 2). If a diagnosis is
made during or at the end of the hospitalization, this is recorded accordingly.
* Gallery table

Any media file (photo, audio, video) can be stored in the Gallery table and
easily displayed, printed or shared with other physicians or with the patient.
* Nurses’ observation charts

Components of a patient’s nursing record include progress notes, medication
charts, laboratory orders and reports, vital signs, observation charts, drug ad-

mission and patient’s assessment forms.

Médicaments
Mercredi Jeudi Vendredi Samedi Dimanche Lundi Mardi Mercredi Jeudi Vendredi
I;IIe_r &l 29/01/2020 30/01/2020 31/01/2020 01/02/2020 02/02/2020 03/02/2020 04/02/2020 05/02/2020 06/02/2020 07/02/2020
oins
J1 J2 Ja Ja J5 Jé J7 J8 J9 J10
ROCEPHlNE ROCEPHINE - 1G IROCEPHINE - 1G IROCEPHINE - 1G IROCEPHINE - 1G ROCEPHINE - 1G ROCEPHINE - 1G IROCEPHINE - 1G IROCEPHINE - 1G
IV - 1g*2/; - VDL IV - 1g*2/j - IVDL IV - 1g*2/j - VDL IV - 1g*2/j - IVDL IV - 1g*2/; - VDL IV - 1g*2/j - VDL IV - 1g*2/j - VDL IV - 1g*2/j - IVDL
len 30 min len 30 min len 30 min len 30 min len 30 min len 30 min len 30 min len 30 min
FLAGYL FLAGYL - 500 mg FLAGYL - 500 mg FLAGYL - 500 mg [FLAGYL - 500 mg [FLAGYL - 500 mg FLAGYL - 500 mg FLAGYL - 500 mg [FLAGYL - 500 mg [FLAGYL - 500 mg [FLAGYL - 500 n
per os - 1 cp*3/J per os - 1 cp*3/J per os - 1 cp*3/J per os - 1 cp*3/J per os - 1 cp*3/J per os - 1 cp*3/J per os - 1 cp*3/J per os - 1 cp*3/J per os - 1 cp*3/J per os - 1 cp*]
Meteospasmyl 7 ™ =
500 mg - peros- | [500mg-peros- | [500mg - per os-
1 cp3/d 1 cp*3/d 1 cp*3/d
Cor‘tancyl [Cortancyl - 2 mg - [Cortancyl - 2 mg - [Cortancyl - 2 mg - [Cortancyl - 2 mg - [Cortancyl - 2 mg - [Cortancyl - 2 mg - [Cortancyl - 2 mg -
lper os - 1 cp le lper os - 1 cple lper os - 1 cp le lper os - 1 cp le lper os - 1 cp le lperos - 1 cple lper os - 1 cp le
Imatin jmatin Imatin Imatin Imatin fmatin Imatin
: ]
Soins Mercredi Jeudi Vendredi Samedi Dimanche Lundi Mardi Mercredi Jeudi Vend
Aller 3 29/01/2020 30/01/2020 31/01/2020 01/02/2020 02/02/2020 03/02/2020 04/02/2020 05/02/2020 06/02/2020 07/02/:
Jedicaments " 52 J3 Ja Js J6 97 8 9 7t
\Voie veineuse lablation-Fait lablation lablation
Tubage gastrique| A 18h-Fait
ISNG [pose-Fait lablation 1
Soins plaie [Eau oxygénée -
Fait
Aspiration [En position
! lcouchée
trachéale
Kinésithérapie REGEESi
Nursing 2 fois par jour-Fait R fois par jour-Fait
Régime [Sans sel-Fait [Semi-salé-Fait
alimentaire

Figure 2. Chart displaying drug administration and nursing.
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3.3. Tools

* Appointments

Appointments are added into the database from any point and by any permit-
ted user (secretaries, nurses, doctors). These can be modified or cancelled. Ap-
pointments are registered along with doctors’ schedules and specialty.

Outputs sorted by doctors can be displayed, printed out or sent by mail in
PDF format to doctors so they can be ready for their next day visits.
* Requests and dynamic reports

One of the main purposes of E-INTMED is to provide activity reports via re-
quests. These allow physicians, board and health authorities to instantly be aware
all the relevant epidemiological data. To go further, E-INTMED offers a real-time
visual of the activity according to the chosen period. Each category allows to go
much further in statistical analysis. Upon request, the whole medical file is easily

displayed in a word (.doc) file which can subsequently be printed out or stowed.

4. Discussion

Several medical data management systems have been developed and are com-
mercially available [6]-[13]. E-INTMED is a client-server electronic medical
record (EMR) system created using FileMaker. FileMaker was chosen because it
was the only application with the necessary set of tools: a client/server applica-
tion that works in a wireless LAN, on Windows or Mac OS laptops, on iOS mo-
bile devices (iPad and iPhone) and a physician who had expertise in FileMaker.
FileMaker is a great, cost-effective tool for making databases. The system itself
provides quick access to all patients’ data, plan screenshots and medical docu-
mentation. Compared with other systems, we have found Filemaker to be easy to
get started, easy to deploy locally, running on both platforms (Mac OS X, Windows,
iOS) with many plugins available to extend functionality. Mobility and scalability
are well taken into account allowing changing field/database/script names. Fi-
nally, it allows for importing excel, csv, tab-formatted sheets.

Additionally, the system allows a quick request on all the patient’s medical
information. Information is at hand during the follow-up examination and is
accessible at any time.

Prospective data collection provides complete, accurate and valid data. The clearly
organized and structured data entry and the continuous control scripts ensure
the quality of data collection. Complex query scripts make it easy to retrieve large
datasets. These datasets are processed for predefined statistical analyzes.

In addition to traditional learning resources such as lectures and textbooks, stu-
dents are increasingly using e-learning tools like commercially available question
banks to supplement their learning. E-INTEMED allows students to put into
practice what they’ve learnt by using a tool that walk them through step by step
patient’s physical assessment. The EHR has changed how medicine is practiced
and student experiences with the EHR early-on are likely to have a long-term

impact. However, medical students along with other users need to be well trained
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to use efficiently the software. Chi ef a/ noted that medical students at their in-
stitution spent 4.42 (3.00 - 6.17) hours per day interacting with their EHR, pri-
marily focused upon chart review rather than documentation or order entry.
They pointed out that, without guidance, the EHR can lead to unintended con-
sequences and students would likely benefit from consistent observation and a
structured curriculum for proper use [14]. Further research is required to eva-
luate the impact of student-centered EHR systems on learning outcomes.

Electronic medical record data represent a rich resource for clinical research.
Several Electronic medical records are, however, collected for the purposes of clin-
ical documentation and billing rather than research. This fact creates obstacles to
their use in scientific investigation. Particular issues include accuracy, completeness,
comparability between settings, ease of extraction, and context of recording [15].
To avert this issue, clinicians and IT worked together during the whole process. To
perform epidemiological studies, data can be imported into Excel or SPSS (Sta-
tistical Package for Social Science) for further statistical analysis.

Despite the growing literature on benefits of various EHR functionalities,
some authors have identified potential disadvantages associated with this tech-
nology. These include financial issues, changes in workflow, temporary loss of
productivity associated with EHR adoption, privacy and security concerns, and

several unintended consequences [16].

5. Conclusions

This platform provides practitioners with a suitable tool with secure access which
enables information to be entered; to ensure a “real time” control of the pre-
scriptions and the management of the lab results.

It also makes available to medical students, during their internship, an inter-
active tool for learning practical semiology and drawing medical observation files.

Above all, it provides a secure computer archiving system for quality of care
and clinical research. This project could be extended to other medical services.

We will continue to improve E-INTMED and work toward simplifying it with
the goal of remaining paperless, streamlining visits, processes, and reducing op-

erating costs for our clients.
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