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Abstract

Background: Madagascar’s maternal health mortality ratio in 2013 was 478 deaths per 100,000 live births. Most deaths are

related to direct complications during pregnancy and childbirth and could be reduced by providing comprehensive antenatal

care (ANC).

Objective: The objective of the study was to assess the usability and feasibility of a mobile health system (mHealth) to provide

high-quality ANC, according to World Health Organization (WHO) recommendations.

Methods: PANDA (Pregnancy And Newborn Diagnostic Assessment) is an easy-to-use mHealth system that uses affordable

communications technology to support diagnosis and health care worker decision-making regarding ANC. From January to

March 2015, a cross-sectional pilot study was conducted in Ambanja District, Madagascar, in which ANC using PANDA was

provided to 100 pregnant women. The collected data were transmitted to a database in the referral hospital to create individual

electronic patient records. Accuracy and completeness of the data were closely controlled. The PANDA software was assessed

and the number of abnormal results, treatments performed, and participants requiring referral to health care facilities were

monitored.

Results: The PANDA system facilitated creation of individual electronic patient records that included socio-demographic and

medical data for 100 participants. Duration of ANC visits averaged 29.6 min. Health care providers were able to collect all

variables (100%) describing personal and medical data. No major technical problems were encountered and no data were lost.

During 17 ANC visits (17%), an alert function was generated to highlight abnormal clinical results requiring therapy or referral

to an affiliated hospital. Participants’ acceptability of the system was very high.

Conclusion: This pilot study proved the usability and feasibility of the PANDA mHealth system to conduct complete and

standardised ANC visits according to WHO guidelines, thus providing a promising solution to increase access to high-quality

and standardised ANC for pregnant women in remote areas.
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Introduction

Maternal mortality continues to be a burden in low- and
middle-income countries. According to the World Health
Organization (WHO), 289,000 women died worldwide in
2013 from complications during pregnancy or childbirth,
and 62% of those maternal deaths occurred in sub-
Saharan Africa.1 In Madagascar, maternal mortality con-
tinues to be high, with an adjusted maternal mortality rate
of 478 per 100,000 live births in 2013.2

The majority of maternal deaths are directly related to
complications during pregnancy such as severe haemor-
rhage, eclampsia, or puerperal sepsis. These deaths could

be avoided by providing skilled delivery care and access to
emergency obstetric care.3,4 According to national data
for 2010, only 35% of women in Madagascar gave birth
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in health facilities, and only 44% of deliveries were
assisted by skilled health workers.5 Furthermore, even in
cases where women had at least one antenatal care (ANC)
visit during their last pregnancy (86.2%), few received the
four ANC visits recommended by the WHO.6 Evidence
suggests that ANC can improve maternal and child health
(MCH) by providing health education and creating a link
between women, their families, and the health care system.
ANC is also important to prevent, detect, and treat com-
municable diseases or maternal morbidities.7,8

According to WHO guidelines, comprehensive ANC
requires quality medical services, including availability
of screening tests and treatments, as well as provision of
comprehensive education.7 These conditions are often dif-
ficult to achieve in low-income countries where trained
and qualified health staff are in short supply. In recent
years, a growing body of literature has reported that
mobile health technologies (mHealth) can facilitate qual-
ity data collection. Studies suggest that mobile technolo-
gies can improve MCH by providing information and
education to pregnant women, increasing the use of
health facilities, and facilitating access to emergency
obstetric care.9-13

The PANDA (Pregnancy And Newborn Diagnosis
Assessment) system is an easy-to-use mHealth system cre-
ated to support community health care workers in educa-
tion, screening, diagnosis, and management decisions with
respect to ANC. The purpose of this pilot study was to
assess the usability and feasibility of the PANDA
mHealth system in the provision of comprehensive and
standardised ANC in Ambanja District. A pilot study
was launched in Ambanja, Madagascar in January 2015
to provide standardised high-quality ANC and to map
pregnancies, including maternal risk factors. This article
describes the first experience of ANC provided by the
PANDA system.

Methods

The cross-sectional PANDA study received ethics
approval from local health authorities in Ambanja,
Madagascar, as well as from the Ethical Cantonal Board
of Geneva, Switzerland (CER 14-217). The Ambanja
District in northwest Madagascar is a mainly rural area
with a population of 125,056 inhabitants.14 The project
was based at the Saint Damian Health Centre, a private
non-profit clinic founded in 1988, which collaborates with
the Ministry of Health to provide ANC at 13 health dis-
pensaries in rural areas. Dispensaries are small, peripheral
health posts in rural areas that are staffed with a nurse or
midwife who can manage basic health problems and refer
more serious problems to the next level, in this case the
hospital. A public hospital provides ANC for women
living in the city of Ambanja.

From January to March 2015, 100 pregnant women
were invited to participate in a pilot study to collect
data on the usability, feasibility, and acceptability of
the PANDA mHealth system. Pregnant women were

recruited by the principal investigator (CB), the
co-investigator (GS), and local health staff. Both investi-
gators are trained medical doctors, and the local staff
comprised medical doctors, midwives, and nurses. The
ANC visits took place at either the Saint Damian
Health Centre or one of the affiliated dispensaries.
Health dispensaries were selected based on their proximity
to paved roads in the area, to ensure access during the
rainy season both by health providers and patients.
Local staff received a half-day training session followed
by on-the-job training and continuous supervision. After
having provided informed consent, both on paper and
electronically, the 100 women were each invited to partici-
pate in a one-on-one interview using the PANDA mobile
phone device. The inclusion criteria were pregnancy,
regardless of age, stage of pregnancy, ethnicity, or reli-
gion. The recruitment plan was to include 100 consecutive
patients. The only exclusion criterion was inability to
understand and act; no further criteria were applied. No
woman refused study participation. After completion of
the ANC visit using the PANDA mHealth system, the
women received the PANDA Pregnancy Logbook con-
taining a summary of the visit, illustrated instruction
regarding preparation for childbirth and newborn care,
and a personalised patient card (NFC card). This NFC
card was tagged by the PANDA application at the first
visit and given to the woman to allow the retrieval of
encrypted patient data during the subsequent visits.

Technical details

PANDA is a telemedicine system based on mobile tech-
nology that incorporates the WHO recommendations for
ANC.9 The telemedicine system consists of three linked
components (Figure 1).

PANDA Phone

The system includes a smartphone with an Android icon-
based application that enables health personnel to collect
patient information including medical and obstetric his-
tory, to support clinical screening and provide a guide for
dispensing health education. The interviews were con-
ducted on a one-on-one basis, mainly in the local language
Sakalava, more rarely in French. Each interview contains
four parts:

1. Personal data collection
2. Medical, surgical and obstetric history
3. Screening to detect obesity/malnutrition, hyperten-

sion/eclampsia, anaemia, HIV, syphilis, malaria, dia-
betes, infections other conditions

4. Health education with a focus on birth preparedness

The interview was conducted using the PANDA
mHealth application, which is icon based to ensure com-
prehensiveness by literate and illiterate patients. Illiterate
patients represented 13% of the study sample and were
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able to follow the PANDA mHealth interview without
any problems. Figure 2 shows information collected by
the PANDA Phone, which is also available from the
PANDA medical unit. In addition, the system provides
information on duration of the ANC visit, verification
of dates, and further information on activities carried
out by the health workers.

PANDA point of care

This component is a solar backpack with photovoltaic
power that contains diagnostic devices to test for blood
pressure, fever, or to take measurements such as maternal
height and weight as well as uterine fundal height.
Furthermore, the ForaDuo combined test is used to
screen for diabetes; SD Bioline diagnostic tests screen
for HIV, syphilis, and malaria; and the Bi-Trumed
device is used to detect anaemia.

PANDA medical unit

A Java-based software system is hosted in the referral
hospital, allowing doctors to check the data, create a clin-
ical chart with individual patient characteristics, and
assign a pregnancy risk level to each patient.

The PANDA mHealth system guides the health worker
through a comprehensive ANC visit according to WHO
guidelines. Alert functions are integrated into the PANDA
Phone application to notify the user of abnormal clinical
results, technical problems, or missing patient informa-
tion, thereby assuring a full assessment.

Technical performance of the Android application and
Java database was assessed using the Redmine online pro-
ject management application (www.redmine.org), an open
source web application with a ticket tracking system.
Tickets are messages that are automatically created in
the event of bugs, defects, or system failure. In addition,

some tickets (mock objects) were created by the developer
to reproduce system bugs or errors. Discussion and ana-
lysis of these tickets were carried out by the PANDA team
during weekly meetings. Furthermore, all patient data
were collected on an analogue paper version, to verify
correctness of the PANDA Phone data and precise trans-
mission to the medical unit. Evaluation of patient accept-
ability was carried out using binary visual responses (good
or bad) on a six-item icon-based questionnaire that
included satisfaction with the visit duration, evaluation
of the patient learning experience, willingness to recom-
mend the visit, and overall satisfaction with the visit.

Cell phone connection and electricity in Ambanja/
Madagascar

In 2015 the three main operators existed in Madagascar:
Airtel, Orange, and Telma. Penetration rate of mobile
phones is 40%, below the African average. However,
penetration is growing fast since 2009 with the arrival of
the first submarine fibre optic cables, which brought down
costs and furthermore made internet and cell phones
access available to a wider part of the population.

Electricity, internet and cell phones services are available
at the CMC hospital. However, power failures occurred on
a daily or weekly basis during the study period. In the
dispensaries electricity is not available, but there was suffi-
cient cell phone network to ensure the transmission of data
by the PANDA mHealth application.

Statistical analysis

Stata Statistical Software Release 13 (StataCorp., College
Station, TX, USA) was used to describe the study popula-
tion. Because the primary objective of this pilot study was
to describe the technical feasibility of the PANDAmHealth
system, no further statistical analysis was performed.

Figure 1. PANDA System.
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Results

Demographic information of participants

Ambanja district is a mainly rural area, which is sub-divided
into 21 municipalities, with an estimated 200,000 inhabitants,

30,000 of whom live in the capital Ambanja. Taking into
account the rural/urban ratio, we recruited 69 women of the
pilot sample size of 100 participants during their ANC at rural
dispensaries. The remaining women were recruited at the
CMC hospital, to ensure the representativeness of our sample.

PERSONAL 
INFORMATION

OBSTETRIC 
HISTORY

ACTUAL 
PREGNANCY

MEDICAL 
HISTORY

SCREENING

Name No. of previous 
pregnancies 

Month of pregnancy Smoking Height 

Consent For each pregnancy  Last menstrual period Alcohol use Previous weight  

ID card photo Photo previous obstet. 
clinical chart 

Expected Delivery 
Date 

Use of drugs Actual weight  

Participant 
photo 

If miscarriage ==> date Foetal movements  HIV status Uterine fundus 

Age If no miscarriage Recent fever ARV treatment Foetal 
movements  

Language Date and place of the birth  Urinary burning 
sensation 

TB history Haemoglobin 

Address Who attended the birth Vaginal discharge Breathing problems > 
3 weeks 

Blood pressure  

Village Duration of labour Vulvar itching  Chest pain Pulse  

Visit location Vaginal/vacuum/ 
forceps/caesarean 

Partner urinary 
problems 

Blood in sputum Temperature 

Marital status If caesarean => check the 
scar 

Iron supplement Anti TB treatment  HIV test result  

Telephone 3° tear, OF, convulsion, 
bleeding 

Mebendazol 
prophylaxis 

Anti TB injection 
treatment 

Syphilis test 
result 

Education Single or multiple 
pregnancy 

Antimalarial 
prophylaxis 

History of surgery Malaria test 
result 

Running water at 
home 

Alive or stillbirth Tetanus 
immunization 

History of disease Photo rapid tests 

Work Healthy/unhealthy newborn  Insecticide-treated 
bed net  

Tetanus immunization  Glucose level 

Plans to give birth  < 28 days / < 5 years 
mortality 

Plans to deliver at 
home or health 
facility 

Female genital 
mutilation  

Domestic violence  Preterm or full term Previous use of 
family planning  

thgiewnrobweN

Breastfeeding 

Figure 2. 22.
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Themedian age of the 100 pregnant womenwas 22 years
(interquartile range (IQR) 19–27.5 years). Three-quarters
of the participants were married or living with a partner.
The majority spoke Sakalava (83%) and had a primary
school level education or less (61%). The main occupation
was farm worker (44.4%), followed by housewife (39%).
Only a third of participants provided a telephone number
(32%), and availability of running water in the home was
low (8%). Table 1 summarises the demographic and
obstetric characteristics of the 100 participants.

The PANDA system collected information on at least
64 variables concerning participants’ medical history, past
and current obstetric history, and clinical screening data.
Table 2 summarises some of the clinical characteristics
regarding current obstetric history of participants. At
the time of inclusion, the majority of the women were in
their second (52%) or third trimester (46%) of pregnancy;
41% were expecting their first child. Multiparous women
(59%) had given birth to between 1 and 10 children, with
a median of two children (IQR 1–3 children); more than
half of them (54.2%) had given birth in a health facility
for their last pregnancy.

Over half of the women (62.7%) reported that their
delivery was attended by a skilled birth attendant
(doctor or midwife), and 94.9% had been assisted by
either a skilled birth attendant or a traditional midwife
during delivery. More than three-quarters of participants

Table 1. Sociodemographic and obstetric character-

istics of participants.

N (%)

Age

Mean 23.74

Range 13–40

Marital status

Single 24 (24%)

Married or cohabitation 75 (75%)

Widow 1 (1%)

Education

No school 13(13%)

Primary school 48 (48%)

Secondary school 36 (36%)

University 3 (3%)

Work

Housewife 39 (39%)

Farm worker 44 (44%)

Salesperson 9 (9%)

Other 8 (8%)

Language

Sakalava 83 (83%)

French 14 (14%)

Phone availability 32 (32%)

Running water 8 (8%)

Table 2. Participant characteristics regarding past and current

pregnancy.

Obstetric history N (%)

Gestity

1 32 (32%)

2–4 53 (53%)

>4 15 (15%)

Median (IQR) 2 (1–2)

Parity

0 41 (41%)

1 25 (25%)

2–4 25 (25%)

>4 9 (9%)

Median (IQR) 1 (0–2)

Last childbirth N¼59

Less than 2 years 14 (23.7%)

More than 2 years 43 (72.9%)

Unknown 2 (3.4%)

Place

Health facility 32 (54.2%)

Home 27 (45.8%)

Assisted by

Doctor/midwife 37 (62.7%)

Traditional birth attendant 19 (32.2%)

Unknown 3 (5.1%)

Pregnancy* (Trimester)

1 2 (2%)

2 52 (52%)

3 46 (46%)

Preference for future birth

Health facility 85 (85%)

Home 12 (12%)

Unknown 3 (3%)

Prophylaxis received by pregnant

women prior to PANDA ANC visit

Iron 68 (68%)

Mebendazole 49 (49%)

Sulfadoxine-pyrimethamine 66 (66%)

Treated bed net 92 (92%)

Screening received by pregnant women

prior to PANDA ANC visit

HIV 0

Syphilis 6 (6%)

Malaria 4 (4%)

Anaemia (g/ml)

Normal (>109 g/ml) 46 (46%)

Mild (100–109 g/ml) 31 (31%)

Moderate anaemia (70–99 g/ml) 23 (23%)

Glucose (mg/dl)

Mean 82.9

Range (Normal 40–190 mg/dl) 41–155

Note: *Corresponds to the time of enrolment.
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(85%) expressed a desire to give birth in a health facility
for their current pregnancy. Clinical screening revealed six
women who were positive for syphilis, and three were
positive for malaria. No one included in the pilot study
had a positive HIV test result. This result is in accordance
to the low prevalence of HIV in Madagascar, which at
0.3% is the lowest rate in sub-Saharan Africa.15

Over half of the participants had mild to moderate anae-
mia (54%).

During the pilot study, 17 alert messages were automat-
ically created by the PANDA mHealth system, highlight-
ing abnormal clinical results. As a result of these alerts, six
women were referred to the hospital for syphilis treat-
ment. The remaining 11 alerts were for treatment of mod-
erate anaemia (six cases), malnutrition (two cases), and
treatment of malaria (three cases). Participants’ accept-
ance of the PANDA mHealth system was very high. All
women expressed a 100% level of satisfaction regarding
their ANC visit using the PANDA mHealth system. They
appreciated the illustrations provided (100%), and 98% of
participants indicated that they had acquired new know-
ledge. Thirteen percent of women indicated that the dur-
ation of the visit was too long. Utilisation of the PANDA
system permitted creation of individual electronic
patient records that included a large amount of socio-de-
mographic and medical data, with an average of 153 items
per participant. The duration of ANC visits varied
between 20 and 46min, with a mean of 29.6min.

Technical results

The Redmine application registered 580 tickets, of which
576 (99.3%) were mock objects or non-fatal errors and
were automatically solved by the PANDA software. The
majority of non-fatal errors (56.2%) were explained by
connection errors, 42.6% were due to mock objects
created by the application developer team to reproduce
previous errors and verify system operation, and three
non-fatal errors (0.5%) were caused by a software instal-
lation problem or an error during voice recording. Four
fatal errors (0.7%) required intervention of the software
developer. On one occasion, the system crashed when the
health provider clicked on the back command to modify
data during the visit; the remaining three occasions were
attributed to database access errors. Furthermore, the
paper recording system identified two major problems in
relation to test result transmission. First, haemoglobin
results were sent to the PANDA Phone in only 30% of
cases. This was owing to a multi-part transmission process
(using the Raspberry device via Bluetooth from the
PANDA Phone), which was only successfully completed
once health care providers had acquired more experience
toward the end of the pilot study. In case of a failure in
transmission, the system creates an alarm that is directly
visible to the health care provider, thereby allowing them
to manually enter the remaining haemoglobin results. The
second identified problem, which occurred in one case,
was that the blood pressure monitor failed to send the

result to the PANDA Phone. In both cases, no data
were lost because the alert function permitted manual
data entry.

This pilot study revealed a patient identification prob-
lem when using the NFC card, which was ascribed to a
PANDA application error and has been solved. The tech-
nical team has worked to ensure smooth identification of
each patient via the NFC card in the future and is cur-
rently resolving the remaining technical issued described.

Other technical difficulties concerned registration and
transcription of the patient code on the NFC card, which
worked successfully in only 40%of visits. Furthermore, the
rapid test timer did not function properly on three occa-
sions, and body temperature measurement had to be
repeated on two occasions, as did glucose measurement.

Discussion

This pilot study supports the usability and feasibility of
the PANDA mHealth system to conduct a complete and
standardised ANC visit according to WHO guidelines.
The system proved an effective way to collect large
amounts of digital patient information and to create clin-
ical files for each patient. However, it is important to rec-
ognise several factors that have been described, such as the
suboptimal quality of transmission owing to locations far
from a cellular tower, interference, large network volume,
as well as variations in network technology and cellular
devices. These factors must be considered, especially when
mHealth systems are to be used in remote rural settings.16

Despite these limitations, the PANDA mHealth system
permits immediate identification of transmission problems
thanks to its generated alerts, thereby allowing manual
data entry to ensure that all data are correctly transmitted.

Besides the technical challenges, a limitation of the
PANDA mHealth system concerns the length of the first
ANC visit, which was perceived by 13% of the study par-
ticipants as being too long. Because the first PANDA visit
involves collecting a comprehensive patient history
(including personal information and medical and obstetric
histories) as well as providing screening and education,
this visit lasted on average more than twice the currently
provided ANC visit. However, it should be noted that the
average duration of PANDA ANC visits (29.6min)
remains at the lower end of the WHO recommended dur-
ation for a first ANC visit.17 To shorten the visit duration,
we have organised group educational sessions covering
topics of personal hygiene, nutritional recommendations
during pregnancy, warning signs of the onset of labour,
and danger signs during delivery and regarding newborn
health. In addition, we expect that by conducting ongoing
PANDA ANC visits, the capacity of health workers will
increase and the duration of these visits will decrease.
Furthermore, we consider a longer visit duration to be
acceptable if the system enables health staff to provide
high-quality, standardised ANC care to pregnant women.

An important strength of the PANDA mHealth system
is that during the pilot study, individual electronic patients
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charts were created for every participant. The primary
descriptive data analysis showed similarity with the coun-
try data reported in the last Demographic Health Survey
(2010), thus suggesting the representativeness of our study
population. Furthermore, health care workers and preg-
nant women participating in the PANDA mHealth ANC
visits expressed their satisfaction with the system, which is
important for future implementation. This is in accord-
ance with previous studies that have reported good
acceptability of mHealth interventions by patients in dif-
ferent African countries.13,14 Furthermore, Watterson and
colleagues12 noted that mHealth interventions have a
positive impact on patient and health worker behaviour.
Among other findings, they reported a 10% increase in the
number of participants attending at least four ANC visits
in the intervention arms of a randomised controlled study.
However, because the studies included in their review were
very diverse and only 2 of 10 were randomised controlled
trials, further research is needed to evaluate if mHealth
indeed improves the quality of ANC.13

Other strengths of the PANDA system include the
comprehensive and interactive approach in which
patients, health providers, and the technical team
exchange data collected during a standardised visit. The
icon-based and intuitive application facilitates compre-
hension by patients and handling by less trained health
workers, without diminishing the quality of data collec-
tion. Another important strength is that the system gen-
erates risk-flagging alerts for immediate intervention and
further follow-up. Furthermore, the clinical charts created
through the digital network enable distance monitoring
and supervision as well as mapping of high-risk pregnan-
cies and communicable diseases, such as syphilis or HIV,
for better care management; this also facilitates follow-up
during consecutive pregnancies. The latter is especially
important because the shortage of skilled health workers
in low-resource settings might increase in the future. This
will require that tasks will be shifted to less skilled health
personnel. Distance supervision will ensure the high qual-
ity of ANC in these settings.

Of the studies cited in the introduction, none had the
same impact and approach, although some used similar
mHealth technologies. The application of WHO guide-
lines to an application’s icon, to improve the quality and
the completeness of the ANC, and to facilitate the health-
care providers’ role, is unique to our study.18 A systematic
review of the literature showed evidence that mHealth
interventions can make changes in the behaviour of
health providers and improve access to MCH services.

In 2012 a mobile case management and decision sup-
port mobile application was implemented in 20 primary
health centres in northern Nigeria. The study suggests that
the application can improve the quality of services pro-
vided by community health workers. Future research
should be done to measure effects in the long term and
the outcomes.19

A recent article published by the WHO, UNICEF,
Johns Hopkins, and Frog, built consensus around a

framework that makes mHealth projects a real innovation
in the reproductive, maternal, newborn, and child health
field.20 The PANDA system meets many of the points
illustrated by the authors in targeting specific health
system constraints.

In conclusion, this pilot study indicates that the
PANDA system is feasible and provides an effective way
to collect large amounts of patient information in digital
form. However, despite the encouraging initial results,
there is a need for further studies to evaluate the benefits
of the PANDA system for maternal health at a larger
scale. Furthermore, to verify improvement in the quality
of ANC, the PANDA mHealth system should be com-
pared with the standard ANC, including acceptability by
health care providers and patients. Lastly, the effective-
ness of the mHealth system must be proved when used
by less skilled health workers, and it should be carefully
evaluated via a cost-benefit analysis before it can be more
widely implemented.
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