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Abstract
In Madagascar, sickle cell patients are found in almost every region. Many of them are lost to sight. In addition, high-prevalence ar-

eas are remote and almost inaccessible, which hampers exchanges between health care providers in charge of these patients. The ob-
jective of this study is to promote access to care for patients and sickle cell families in Madagascar by the innovations brought by ICTs.

Keywords: Anemia; Sickle Cell; Medical Records Systems; mHealth; Telemedicine

 The study is based on the use of the DrépanoMRS© digital platform. With its functionalities, it makes it possible to open up doc-
tors and patients. The research towards this is a study in progress. A new facial recognition device is currently under study for this 
application that continues to evolve. These solutions have been used to lower the frequency of the loss of sight in patients. Thanks to 
its synchronization function, the application can be used offline during medical consultations. This project can be used as a model for 
other health programs in Madagascar as well as in other developing countries.

Background

Health promotion and disease prevention are the main challenges of global health programs [1,2]. In Madagascar, sickle cell disease 
is one of the real public health problems and it affects 18% of the population, including 7% of children. Many of them are lost to sight. In 
addition, some areas are remote and almost inaccessible, therefore, care and monitoring of these patients is hampered. The establishment 
of a digital system [3] to monitor sickle cell patients wherever they are and to have a means to ensure a recall and ongoing communication 
with patients is essential [4]. 

Objective of the Study 

The objective of this study is to promote access to care for patients and sickle cell families in Madagascar through the innovations 
brought by ICTs. Also, this application is used as a panel to determine the best method of remote medical data reporting [5].

Method

The combination of digital and mobile phone for the healthcare and health network [6] in Madagascar requires a topology consisting 
of an application server, database management systems and an SMS gateway. This gateway is used for communication with patients while 
the exchanges between doctors and health personnel are generally done through the Internet.
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The study is based on the use of the DrépanoMRS© open-source digital platform [7] which is a medical patient management applica-
tion, initially created by the NGO LCDM SOLIMAD and LARTIC, with the aim of having patient files accessible remotely and offering an easy 
storage, centralization and exploitation of data [8] for the program to fight sickle cell disease in Madagascar. Updates have been made to 
its old version. Essentially, it consists of creating a new web module to send standard or personalized SMS to all homozygous sickle cell 
patients subject to systematic monthly follow-up consultations to ensure automatic recall of their medical appointments.

For material resources, the NGO’s Doctors are equipped with a desktop computer. For the hosting of the application, we used a local 
Web server using a Cloud Computing [9,10] with CPU Intel core i7, 16GB DDR3, 2x HDD SATA 2TB Enterprise Class Soft RAID for unlim-
ited traffic at 100Mbps bandwidth, which has a link interface with an SMSC central USB modem that will serve as a gateway for automatic 
consultation SMS reminder SMS sends [11]. This server is connected to an ADSL Modem Router where any external entry in the database 
is blocked for security reasons.

Results

Due to promptness and completeness of the data collected, the Sickle cell disease program has reliable and realistic data for the analy-
sis and control of activities related to the care and follow-up of patients and families with sickle cell disease in the country.

Generally, sickle cell patients must have at least one meeting a month with their doctors. Many of them do not attend their medical 
check-up. Thus, the appointment reminder module is created to remind these patients, via an SMS, their check-up with a doctor. This 
module is also created to give an overview of the medical visits of patients who are supported by the Health Program.

In the updated version of the application, the “Send Messages” menu presents a web interface for sending a particular message to pa-
tients. It provides administrators of the application a way to send messages to one or more patients, especially in case of urgent reminders.

The “Set reminders” menu is the main menu of the Reminder module. It allows the monitoring of the active visits to the application, 
in order to send the respective reminders messages automatically and at the agreed time. These instructions are executed by the simple 
click of a button.

Research done has brought new features to the DrépanoMRS© application. Through this project, we have added to the Health and Care 
Network of the Sickle Cell Disease Program: 1) an SMS service via Gateway Kannel, 2) a file sharing module, 3) a data synchronization 
module, for centralized backups of data, 4) a reminder module for medical appointments, (an agenda for doctors, an SMS for patients).

The only thing remaining is the step necessary for the strengthening of the security of the entire system to ensure the confidentiality 
of information exchanged. 

This project has also confirmed the value of medical informatics, especially in developing countries [12]. From the analysis to the 
realization of the project, we became familiar with the most used software in the field of telemedicine. To migrate to the digitization of 
patient care records, it is essential to train managers (referring physicians and specialists) on the different functions of the application.

Knowing that the confirmation of the diagnosis and screening results is often based on Laboratory examinations, our idea is to set up 
a tele-diagnostic tool in the network. Moreover, biological analysis can be carried out remotely by only using a PC digital microscope and 
a computer application, allowing the remote expert team to access the data captured by the microscope during the observation. 

The study is a study in progress. We are about to test a new device for facial recognition of patients [13] in order to 1) avoid any risk of 
overlap or duplicate medical record 2) decrease the study of the doctor at the time of creation of his medical folder, this which allows him 
to save any time 3) conduct a research which focuses on the automatic analysis of the facial expression [14] that could show a sign of pain 
that can immediately alert the doctor without even asking the patient. Very effective for children who do not speak much. 
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Discussion

The network has initially been installed in 10 cities of high prevalence where a problem of access and internet connection has been 
encountered. Opening the application is time-consuming and it is impossible to retain the patient. Moreover, some data redundancy and 
security deficiencies were identified. Our research has focused on these areas for improvement. Data synchronization helps avoid prob-
lems with internet [15,16] and the new experimentation of a facial recognition system avoids duplication and overlap of patient record. 
These factors indicate that it is necessary to install a local application including all EMR services and SMS modules to better facilitate its 
use and make it more efficient and secure. The facial recognition device has a dual role of securing the file against overlap and is also 
usable for the assessment of the pain scale, an ideal paediatric tool. The challenge is to operate at a lower cost for a maximum service.

Conclusion

The proposed solutions have allowed a presence of new features to the DrépanoMRS© platform. They were used to decrease the 
frequency of lost views in patients. Moreover, due to its synchronization function, DrépanoMRS© can currently be used in offline mode 
during medical consultations. This project can be used as a model for other health programs in Madagascar as well as in other developing 
countries. The facial recognition study will be completed within six months. 

Acknowledgements

In collaboration with WHO Geneva, the University of Geneva and the University of Antananarivo, This study was initiated jointly by the 
NGO LCDM Solimad and LARTIC. Partially supported by Pierre Fabre Foundation (2012) and Probitas Foundation (since 2018). 

Bibliography

1.	 Jack Leonard. “PCD Disseminates Public Health Interventions Addressing Chronic Disease Prevention and Health Promotion”. Pre-
venting Chronic Disease 16 (2019): E58.

2.	 Minkovitz Cynthia S., et al. “Newborn Screening Programs and Sickle Cell Disease”. American Journal of Preventive Medicine 51.1 
(2016): S39‑S47. 

3.	 The Lancet Digital Health. “A Digital (r)Evolution: Introducing The Lancet Digital Health”. The Lancet Digital Health 1.1 (2019): e1. 

4.	 Diniz Katy Karoline Santos., et al. “Knowledge of Professional Healthcare Providers about Sickle Cell Disease: Impact of a Distance 
Education Course”. Hematology, Transfusion and Cell Therapy 41.1 (2019): 62‑68. 

5.	 Ashar Raj., et al. “Applying Information and Communications Technologies to Collect Health Data from Remote Settings: A Systematic 
Assessment of Current Technologies”. Journal of Biomedical Informatics 43.2 (2010): 332‑341. 

6.	 Anstey Watkins., et al. “Mobile Phone Use among Patients and Health Workers to Enhance Primary Healthcare: A Qualitative Study in 
Rural South Africa”. Social Science and Medicine 198 (2018): 139‑147. 

7.	 Zaidan AA., et al. “Evaluation and Selection of Open-Source EMR Software Packages Based on Integrated AHP and TOPSIS”. Journal of 
Biomedical Informatics 53 (2015): 390‑404. 

8.	 Pan Jeng-Jong., et al. “A Centralized Informatics Infrastructure for the National Institute on Drug Abuse Clinical Trials Network”. Clini-
cal Trials: Journal of the Society for Clinical Trials 6.1 (2009): 67‑75. 

9.	 De Filippi Primavera and Smari Mccarthy. “Cloud Computing: Centralization and Data Sovereignty”. European Journal for Law and 
Technology 3.2 (2012): 22.

10.	 Rosenthal Arnon., et al. “Cloud Computing: A New Business Paradigm for Biomedical Information Sharing”. Journal of Biomedical 
Informatics 43.2 (2010): 342‑353. 

11.	 Bediang Georges., et al. “SMS Reminders to Improve the Tuberculosis Cure Rate in Developing Countries (TB-SMS Cameroon): A Pro-
tocol of a Randomised Control Study”. Trials 15.1 (2014): 35. 

https://www.ncbi.nlm.nih.gov/pubmed/31074714
https://www.ncbi.nlm.nih.gov/pubmed/31074714
https://www.ncbi.nlm.nih.gov/pubmed/27320464
https://www.ncbi.nlm.nih.gov/pubmed/27320464
https://www.thelancet.com/journals/landig/article/PIIS2589-7500(19)30010-X/fulltext
https://www.sciencedirect.com/science/article/pii/S2531137918301044
https://www.sciencedirect.com/science/article/pii/S2531137918301044
https://www.ncbi.nlm.nih.gov/pubmed/19961957
https://www.ncbi.nlm.nih.gov/pubmed/19961957
https://www.ncbi.nlm.nih.gov/pubmed/29335160
https://www.ncbi.nlm.nih.gov/pubmed/29335160
https://www.ncbi.nlm.nih.gov/pubmed/25483886
https://www.ncbi.nlm.nih.gov/pubmed/25483886
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2962616/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2962616/
http://ejlt.org/article/view/101/234
http://ejlt.org/article/view/101/234
https://www.ncbi.nlm.nih.gov/pubmed/19715773
https://www.ncbi.nlm.nih.gov/pubmed/19715773
https://www.ncbi.nlm.nih.gov/pubmed/24460827
https://www.ncbi.nlm.nih.gov/pubmed/24460827


Citation: Andriambololoniaina Faly Herizo.., et al “DREPANOMRS©, A Combination of E-Health and M-Health for Sickle Cell Disease in 
Madagascar”. EC Paediatrics 8.7 (2019): 574-577.

DREPANOMRS©, A Combination of E-Health and M-Health for Sickle Cell Disease in Madagascar

577

12.	 Luna Daniel., et al. “Health Informatics in Developing Countries: Going beyond Pilot Practices to Sustainable Implementations: A Re-
view of the Current Challenges”. Healthcare Informatics Research 20.1 (2014): 3-10. 

13.	 Maheshkar Vikas., et al. “Face Recognition Using Geometric Measurements, Directional Edges and Directional Multiresolution Infor-
mation”. Procedia Technology 6 (2012): 939‑946. 

14.	 Ghimire Deepak and Joonwhoan Lee. “Geometric Feature-Based Facial Expression Recognition in Image Sequences Using Multi-Class 
AdaBoost and Support Vector Machines”. Sensors 13.6 (2013): 7714‑7734. 

15.	 Hossain M Shamim., et al. “Automated and User Involved Data Synchronization in Collaborative E-Health Environments”. Computers 
in Human Behavior 30 (2014): 485‑490. 

16.	 Maes K., et al. “Offline Synchronization of Data Acquisition Systems Using System Identification”. Journal of Sound and Vibration 381 
(2016): 264‑272.

Volume 8 Issue 7 July 2019
©All rights reserved by Andriambololoniaina Faly Herizo., et al.

https://www.ncbi.nlm.nih.gov/pubmed/24627813
https://www.ncbi.nlm.nih.gov/pubmed/24627813
https://www.sciencedirect.com/science/article/pii/S2212017312006597
https://www.sciencedirect.com/science/article/pii/S2212017312006597
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.310.71
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.310.71
https://www.sciencedirect.com/science/article/pii/S0747563213002112
https://www.sciencedirect.com/science/article/pii/S0747563213002112
https://www.sciencedirect.com/science/article/pii/S0022460X16302371
https://www.sciencedirect.com/science/article/pii/S0022460X16302371

	ZOTERO_BREF_RwO2kffmT0TT
	ZOTERO_BREF_1djabprGVTII
	ZOTERO_BREF_jszMYIUdxva5
	ZOTERO_BREF_iq1IHRd5NoVV
	ZOTERO_BREF_kc2U0QJ5ldCe
	ZOTERO_BREF_mzdWB25i5vEc
	_GoBack

