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Abstract

Background: Reliable detection of maternal deaths is an essential prerequisite for successful diagnosis of barriers to
care and formulation of relevant targeted interventions. In a community-level case study, the use of household-level
surveillance in Senegal unveiled an apparent increase in maternal deaths, which triggered a rapid-cycle collaborative
response to implement a multipronged set of quick-win and sustained interventions intended to improve quality care.

Methods: Part of a multi-country effort, the Millennium Villages Project is implementing a routine community-level
information system in Senegal, able to detect maternal deaths in real-time and uncover clinical and social factors
contributing to mortality. Within this geographically demarcated area of approximately 32 000 inhabitants, with a
well-structured health system with patient referral services, deaths were registered and notified by community health
workers, followed by timely verbal and social autopsies. Using the Pathway to Survival conceptual framework, case
analysis and mortality reviews were conducted for evaluation and quality improvement purposes.

Results: The estimated maternal mortality rates rose from 67/100000 births in 2009 (1 death), to 202/100000 births
in 2010 (3 deaths) and 392/100000 births (5 deaths) in 2011. Although absolute numbers of maternal deaths
remained too small for robust statistical analysis, following verbal autopsy analyses in 2011, it became evident that
an unexpectedly high proportion of maternal deaths were occurring at the referral hospital, mostly post-Caesarian
section. Inadequate case management of post-partum haemorrhage at the referral hospital was the most frequently
identified probable cause of death. A joint task team systematically identified several layers of inefficiencies, with a
potential negative impact on a larger catchment area than the study community.

Conclusions: In this study, routine community-based surveillance identified inefficiencies at a tertiary level of care.
Community-level surveillance systems that include pregnancy, birth and death tracking through household visits by
community health workers , combined with verbal and social autopsy can identify barriers within the continuum of
maternal care. Use of mHealth data collection tools sensitive enough to detect small changes in community-level
mortality trends in real-time, can facilitate rapid-cycle quality improvement interventions, particularly when associated
with social accountability structures of mortality reviews.
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Background
Pregnancy can be a risky undertaking, particularly the
occurrence of maternal complications during childbirth.
In 2010, an estimated 1700 maternal deaths occurred in
Senegal, with a country-wide maternal mortality ratio
(MMR) of 320 deaths per 100,000 live births [1]. The
lifetime risk of death from pregnancy-related causes for
a woman in Senegal was reported as 1 in 60 in 2010,
with a sixth of all deaths of women aged 15–49 thought
to be related to pregnancy [1]. Furthermore, Senegal is
among many countries in sub-Saharan Africa declared
unlikely to meet the Millennium Development Goal Five
(MDG5) target of a three-quarter reduction in maternal
mortality between 1990 and 2015 [2,3]. Tracking pro-
gress in MDG5 is hindered by the limited reliability of
data regarding maternal deaths, including weaknesses in
detection and classification of maternal deaths [1,4,5].
Reducing maternal mortality requires understanding of
who, where, when and how maternal deaths occur [6],
which relies on accurate vital statistics data. Unfortu-
nately, vital events registration is often poor in areas of
highest maternal mortality, including Senegal, where only
an estimated 55% of births were recorded in 2008 [6].
Every case of maternal death offers a unique oppor-

tunity to understand and mitigate weaknesses in the
continuum of care, encouraging interventions that are
better tailored to local circumstances, and targeted at
the most critical parts of the health system [7,8]. Not-
ably, perinatal mortality reviews have been instrumental
in highlighting the poor quality of care within the formal
health system, a major factor contributing to high mor-
tality rates in low and middle-income countries, includ-
ing Senegal [8-10]. Procedurally, maternal death reviews
are typically conducted using health facility-based re-
cords [11], and therefore largely detect barriers to care
only for those patients who successfully reach the facility
[9,10]. Community-based mortality reviews allow for a
more comprehensive and participatory assessment of
perinatal deaths than facility-based reviews [9]. Verbal
autopsies (VA) have been used effectively at both facility
and population level for the identification of maternal
deaths, and the causes thereof. Verbal autopsies use a
structured, standardised questionnaire to determine prob-
able cause of death [12].
Historically, VA had to be independently reviewed by

two physicians, which was a time-consuming and expen-
sive process, and as result, VA use was restricted largely
to research and demographic surveillance sites [13]. Cur-
rently, there are growing efforts to position VA as part
of routine surveillance. The World Health Organisation
(WHO) has recently simplified its VA standards to in-
crease utility, cost-effectiveness and suitability for use
with software that incorporates automated ascertainment
of death algorithms (13). There has also been progressive
adoption of social autopsy, which extends emphasis from
the biomedical causes of death to include social, economic,
cultural, and health system factors. These shifts have given
way to community-based mortality reviews, which allow
for a more comprehensive and participatory assessment of
perinatal deaths [9]. As a result, integrated verbal and so-
cial autopsy (VASA) tools have proven particularly useful
at a community level given their comprehensive scope, able
to highlight social barriers in the pathways of care in
addition to medical factors [14].
Conceptually, the Three Phases of Delay [15], a) Seeking

care, b) Reaching facility and c) Receiving appropriate
treatment, is the predominant approach used for maternal
death reviews in obstetric care. The Three Phases of Delay
are used to map out barriers occurring before and after ar-
rival in the health facility, with a particular emphasis on de-
lays often identified through maternal death reviews using
facility-based records. An alternative, but similar frame-
work is the Pathway to Survival [16], which incorporates
the key steps of, a) Recognizing illness or health prob-
lem, b) Seeking assistance, c) Referring appropriately,
and d) Receiving adequate treatment. These frameworks
take a holistic view of health care, which includes house-
holds, community, referral systems and health care facil-
ities. The Pathway to Survival Framework was developed
for child survival [17], but remains equally relevant in
the documentation of maternal survival along the con-
tinuum of care. Most importantly, the Pathway to Sur-
vival is a framework originally designed, and therefore
better-suited, to support community participation and
empowerment [14].
In this paper, we present a case study describing a

series of five maternal deaths in north-western Senegal
in 2011. The case study was undertaken as part of mor-
tality tracking and response activities conducted across
all MVP sites. These activities are integrated into routine
quality improvement processes, and designed to strengthen
health care delivery systems through a better understand-
ing of who, where, when, how and why deaths occur [7],
using the Pathway to Survival Framework. The nested case
study was conducted as part of the Millennium Villages
Project (MVP), an integrated rural development project de-
signed to achieve the Millennium Development Goals
(MDGs) in varied low-income rural African settings by the
year 2015. The ten-year project operates at more than a
dozen rural sites in countries throughout sub-Saharan
Africa, including core sites in ten countries. The MVP
strategy, described in detail elsewhere [18,19], involves
simultaneous and integrated investments in the five key
sectors of health, agriculture and environment, educa-
tion, infrastructure, and business development.
Data collection on births and deaths at MVP sites is

embedded within routine activities, such as Community
Health Worker (CHW) household visits and routine care
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of pregnant women, with comprehensive VASA conducted
for deaths of women of reproductive age. Reproductive age
mortality studies (RAMOS) attempt to reduce misclassifi-
cation by identifying and characterising causes of death for
all women of reproductive age, not just those known to be
pregnant [6,20]. Mobile Health (mHealth) applications
were utilised to support CHW household level activities
and VASA data collection. Increasingly, mHealth applica-
tions are being successfully utilized in rural African settings
[21,22]. Such tools may improve timeliness and consistency
of documentation at a community level, including mortal-
ity tracking [20,23]. In addition, we used a quality improve-
ment rapid cycle change model to respond to findings of
health care inefficiencies [24]. Using a rapid cycle change
model in health care involves a response to a given medical
problem through (1) team formation; (2) study of the prob-
lem; (3) development and roll-out of an intervention plan;
and (4) evaluation of the intervention.

Methods
Study design
The Senegal MVP case study, involving a case-series ana-
lysis and subsequent intervention for maternal deaths,
was prompted by an apparent increase in maternal mor-
tality trends and the findings of integrated VASA. The
case-series included all recorded maternal deaths from
2011, and can be considered opportunistic in that it was
nested within routine data collection and feedback activ-
ities conducted by CHWs as part of the much broader
ten-year MVP study. Routine vital statistics tracking and
VASA began prior to the study period and continued be-
yond. Maternal mortality trends are presented as num-
bers of recorded maternal deaths from the start of 2007
to the end of 2012.
Cases of maternal death were identified via active

household-level surveillance of pregnancies, births and
Figure 1 Modified rapid cycle change model for quality improvement
deaths, using mHealth platform Childcare+. A standard-
ized VASA questionnaire was used to collect descriptive
case data retrospectively following the death of any
women aged 12–49 who lived within the geographical
study area. Maternal deaths were defined as deaths of
women while pregnant or within 42 days post-delivery,
regardless of cause of death. Cases were assessed indi-
vidually with VASA, and then collectively as part of a
case-series analysis. The Pathway to Survival framework
was used to identify areas of failure within the care con-
tinuum, and a rapid cycle change model (Figure 1) was
used as a conceptual framework to guide quality im-
provement discussions and interventions.

Study setting and participants
The study was conducted in a geographically demar-
cated area in northwestern Senegal, at one of the core
MVP study sites. The densely-populated study area con-
sists of a cluster of coastal villages and is home to ap-
proximately 32,000 individuals. The entire community
received the complete integrated package of MVP inter-
ventions. When MVP was initiated in the cluster in
2006, there were 16 health posts (case de santé) and one
primary health care clinic (PHC) (poste de santé). Work-
ing with government health bodies at local and regional
levels, four other PHC clinics were added by 2010, stra-
tegically located throughout the cluster, to strengthen
the local health system infrastructure and allow geo-
graphic access. Van Lerberghe et al. argue in a recent
Lancet series that expanding coverage of health facilities
is the first step to strengthening health systems for ma-
ternal survival, which is followed by scaling up human
resources [25].
PHC clinics were staffed by a minimum of one nurse

(Infirmière) and one midwife (Sage-femme), and designed
to provide a comprehensive package of services, including
.
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facility-based deliveries supported by a midwife. The
smaller health posts were designed to offer more basic
health services under the auspices of a nurse or lay CHW
minimally-trained in obstetric care. An extensive referral
network, intended to achieve a continuum of care, was set-
up. This involved basic ambulances to link households and
health posts to PHCs, and an equipped ambulance service
to link PHCs to the nearest hospital, located approximately
seven kilometers away from the MVP site, outside of the
study area boundary. All households were covered by rou-
tine CHW program activities including pregnancy, birth
and death tracking at the household level.
The main caregivers of women who died within child-

bearing age were approached and invited to participate
in VASA. Once consent was obtained, a trained field-
worker conducted the VASA interview. There were five
identified pregnancy-related deaths during 2011, with
ages ranging from 15–39. Clinical staff members caring
for women whose deaths occurred at the hospital were
not formally interviewed as part of the VASA process.
Some of these staff may have later participated in hos-
pital quality review sessions and subsequent quality im-
provement efforts. CHWs, local MVP site team health
staff, community members, hospital staff, government
health staff, West Africa Regional MVP staff, and New
Yorkbased MVP staff were all involved at various levels
of analysis within the rapid cycle of change review process.

Data collection
Within the MVP area, CHWs are each assigned approxi-
mately 120 households, for which they provide basic and
preventative household-level healthcare. Initially using
paper-based data collection and management tools,
CHWs transitioned to mHealth platform Childcount + in
2010. ChildCount + was developed by MVP to empower
communities to improve child and maternal survival [26].
The platform uses SMS text messages or smartphone ap-
plications to facilitate and coordinate the activities of
CHWs. Childcount +modules can be used for screening
and treating common conditions of diarrhoeal disease, fe-
brile illness and acute malnutrition, as well as vital statis-
tics data collection, and monitoring of CHW workload
and performance. The database includes built-in re-
minders, allowing CHWs to track antenatal and postnatal
care visits, growth monitoring and immunization coverage
within their households [27]. CHW managers monitored
Childcount + data across the site with support from the
wider health team and regional MVP staff. Periodic retrain-
ing of CHWs was conducted to optimize accuracy of data
collection. All households within the study site were regis-
tered with Childcount+, allowing reliable tracking of preg-
nancies, births and deaths.
Death notification was done by CHWs immediately

after identifying a death. For all deaths of children under
five and women of aged 12-49 yo, a fieldworker trained
to handle the sensitive nature of death and mourning in
a culturally appropriate manner visited the household
approximately one to two weeks after a death to meet
with a family member or primary caregiver. If the care-
giver gave consent, the fieldworker conducted a detailed
interview using the MVP standardized VASA tool. The
MVP VASA tool is based on the WHO verbal autopsy
questionnaire, referred to by Leitao et al. [13], but with
some modifications that include an expanded section ex-
ploring social contributors to mortality such as access to
transport. Information collected included demographic
profile of the pregnant woman and interviewee, experi-
ences of the woman during pregnancy such as health
events and healthcare sought and used, and social cir-
cumstances around the death. During 2011, the site was
transitioning from paper to mHealth collection of VASA
so data were collected either by hand or using a mobile
device. Regardless of collection method, data was subse-
quently uploaded to a central database. Once data had
been uploaded, a pre-set algorithm was used to deter-
mine probable cause of death and contributing social
factors. Clinical and project staff were able to access the
completed questionnaire via the database at any time for
clarification or further detailed analysis including age,
place of death, gestation and parity.

Data analysis
As part of the MVP quality improvement efforts, site
teams are encouraged to review routinely collected
health data, and to conduct monthly morbidity and
mortality meetings in which de-identified VASA findings
are discussed alongside other routine health indicators
such as childhood growth monitoring. Input from com-
munity members is sought at these meetings. Trends of
maternal deaths over time are collated on an annual and
semi-annual basis, and outcomes across multiple sites
reviewed by regional MVP staff. Through these routine
processes, it was noted in mid-2011 there seemed to be an
increase in maternal deaths in our study site. Health team
staff revisited the cases and reviewed the circumstances
around these deaths in more detail.
The dual system of paper and electronic versions of

VASA and algorithm results were crosschecked and veri-
fied by clinicians for plausibility and accuracy. Clarifica-
tion was sought from CHWs, clinic staff or household
members if required. Each case of maternal death was
summarized and tabulated to examine patterns. Once it
was determined that preventable factors may have been
involved in several maternal deaths, a comprehensive re-
port was put together. Identifiers were removed to en-
sure anonymity of the presented data, given the sensitive
nature of this case study. This report was then presented
to target audiences on the basis of need and relevance,
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largely involving individuals or groups most likely to re-
dress problems, such as the regional medical director,
hospital director and hospital clinical manager. Other
members of the multidisciplinary MVP intervention
team were also provided with summary results for input.
Feedback from these meetings was captured as part of
the quality improvement cycle, and for future reference
and utilization. The process was deliberately reiterative,
with multiple cycles of review and analysis, and new data
added as it became available.

Ethics
Ethical approval for data collection using Childcount + and
VASA tools was granted by the National Ethics Committee
for Health Research in Senegal (Senegal Comite National
d’Ethique pour la Recherche en Sante – NERS). Permis-
sion for the study was also obtained from the Ministry of
Health (Direction de la Sante) in Senegal. Written in-
formed consent was sought from all VASA interviewees
prior to data collection. However, consent for publication
of raw data was not obtained from caregivers of women
tracked following maternal deaths, because data was col-
lected as part of routine care. Furthermore, publication of
the dataset presents minimal risk to confidentiality of
study participants because the dataset has been rendered
anonymous.

Results
The results section of the study is presented in two
parts: firstly, case analysis of all maternal deaths in the
MVP cluster, and secondly, interventions followed in re-
sponse to a rise in maternal mortality.

Case analysis
The number of maternal deaths in the MVP cluster located
in Senegal was monitored since 2007. There were two or
less recorded maternal deaths per year in 2007–2009, ris-
ing to three in 2010 and five in 2011 (See Figure 2). The
deaths in 2011 led to an intensified approach to the ana-
lysis of factors leading to mortality, and a series of meetings
were held to address the problems flagged. In 2012, only
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Figure 2 Trends in the number of maternal deaths from 2007
to 2012.
two maternal death cases occurred, as shown in Figure 2.
Table 1 presents a summary of the cases of maternal
deaths in 2011. The Pathway to Survival framework was
applied to identify points of weakness in the continuum of
care. The case analysis below contains further descriptions
on each case in the form of case summaries.

Case summaries
Case 1 A 39-year old female at full-term, with a history
of an attempt to hide her pregnancy, delivered vaginally
at home with the help of a traditional birth attendant
early in 2011. She walked to the clinic after delivery, but
was immediately evacuated in an ambulance due to vagi-
nal bleeding. She died at the hospital. The most probable
cause of death was post-partum haemorrhage.

Case 2 A woman of 35 years of age was evacuated from
the MVP cluster for an obstetric emergency to the hos-
pital at five months of gestation. She received an emer-
gency Caesarian section (C/S), but died at the hospital
along with her baby in mid-2011. She died most likely
due to post-partum haemorrhage following extensive
bleeding.

Case 3 A 32-year old was evacuated in mid-2011 from
her local clinic to the hospital for emergency obstetric
care, but died from excessive bleeding during a C/S at
full term of pregnancy. Her baby also died during the
course of the delivery.

Case 4 A 15-year old young woman with a history of
convulsions died in the latter part of 2011 at nine
months of pregnancy, following referral from the cluster
to the hospital. She was also operated on for C/S, and
died after an episode of post-partum haemorrhage.

Case 5 A woman of 20 years of age from the MVP clus-
ter died during normal birth in late 2011 at the referral
hospital, most probably as a result of Eclampsia. She was
only five months pregnant, had previously received trad-
itional medicines, and later referred to the hospital by
the local clinic.

All five cases of maternal deaths occurred in the hos-
pital. Four of the deaths occurred as a result of haemor-
rhage, three of which followed a surgically assisted C/S.
Notably, two of the women succumbed at only five
months of pregnancy. Furthermore, case two and three,
both of which took place in the same month, were asso-
ciated with foetal or neonatal deaths, as was case five.
Case one was a home birth, but death occurred in the
hospital, and case five was due to a cause other than ex-
cessive bleeding. Therefore, the initial steps in the path-
way to survival, such as home deliveries, care in the



Table 1 Case by case analysis of maternal deaths occurring in 2011 (n = 5)

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5

Age of Mother (Years) 39 35 32 15 20

Gestational Age (Months) 9 5 9 9 5

Place of Childbirth Home Hospital Hospital Hospital Hospital

Place of Death Hospital Hospital Hospital Hospital Hospital

Cause of Death PPH PPH PPH PPH Eclampsia

Pathway to Survival# Level 1 Level 4 Level 4 Level 4 Level 4

Level 2
#Weaknesses in the Continuum of care using the Pathway to Survival Framework: Level 1 – Recognizing Illness or need for care; Level 2 – Seeking Assistance;
Level 3 – Referring appropriately; Level 4 – Receiving adequate treatment.
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clinic and emergency evacuation, were less of a problem
compared to the quality of care at the hospital.

Interventions
The MVP team in Senegal observed in mid-2011 that two
deaths occurred in the hospital. A meeting was requested
with the hospital authorities to highlight the deaths. A con-
fidential mortality audit was instituted, and a government
delegation visited the hospital to further investigate the
deaths. A meeting was therefore held with the regional
medical director, who cited the problems in the hospital to
be logistical and incidental, but regrettable. Following the
deaths later in the year, a meeting was held between the cli-
nicians from MVP and the hospital. The increasing mortal-
ity trend from the community-level mortality reviews was
presented to the hospital, rising from an estimated 67/
100000 in 2009, 202/100000 in 2010 and 392/100000 in
2011, albeit numbers too small for a robust statistical ana-
lysis. The VASA cases were used as a demonstration to lo-
cate the problem, which was largely in the hospital.
The joint team adopted a systematic process to identify

bottlenecks and opportunities for quality improvement in
the hospital, following another death from post-partum
haemorrhage of a 20-year old woman who arrived with a
full-term pregnancy at the hospital in early 2012 for
emergency obstetric care. Problems were identified along
with proposed interventions. These problems were largely
related to resource shortage to support surgical care, in-
cluding inadequate surgical packs and related obstetric
emergency drugs, human resources to support post-
operative care, technically skilled staff for surgery, lack of
a blood bank and blood donors when needed, and other
patient monitoring equipment. Some of the quick-win
solutions implemented were provision of surgical packs,
equipment and drugs by MVP, reshuffling, training and
supervision of the surgical team by the hospital, and a
combined effort to track, avail and prepare blood donors
for obstetric emergency care.
Soon after these interventions were agreed upon, an-

other death took place in the hospital, after a C/S. A
wider meeting was held between the hospital, including
administrative heads, and the MVP team, including re-
gional representatives of MVP. The agreement was to
move forward rapidly on the implementation of achiev-
able resolutions in the short-term, and a discussion
about sustainable solutions broke out as it was clear that
much more than quick wins was needed to preserve the
lives of women delivering in the hospital, particularly in
relation to surgical care.
The more sustainable solutions agreed upon included

quarterly mortality reviews, the overhaul of the hospital
infrastructure by an international donor in 2013, the
scale up of MVP services beyond the intervention zone,
and outreach services by the hospital staff to support
clinic-based midwives. Notably, as Figure 2 shows, one
more death occurred in 2012, a woman who died at
home after a clinic-based nurse inappropriately sent her
back home – a failure in the second level of the Pathway
to Survival. The death served to escalate a sense of ur-
gency to existing problems, as a reminder that much
more is needed to reduce maternal deaths, and the need
for further sustainable solutions. The overall death rate
in 2012 showed trends of decline when compared to
2010 and 2011, although the reduction could not be
attributed exclusively to the quick win interventions
employed.

Discussion
In order to reduce maternal mortality, we first need to
understand who, where, when, how, and why deaths
occur within a community [7]. Accurate mortality data
capture at the community level is the initial step in this
process, and health system innovators in sub-Saharan
Africa are attempting to build community-level vital
registration systems [28]. In our study site, mortality
tracking methodology evolved over time. Strategies used
to ensure accuracy of mortality data included CHW
coverage and registration of all households in the cluster,
routine tracking of pregnancies and births, VASA for
deaths of all women of reproductive age and utilisation
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of mHealth tools. Investigations of maternal deaths using
a verbal autopsy tool that included social and environ-
mental contributors facilitated an in-depth exploration of
contributors to mortality. The combination of community-
wide accurate mortality tracking and in-depth exploration
of deaths gives a representative indication of contributors
to maternal mortality within the study community. Al-
though the circumstances of this case study were specific
to a Senegal experience, the findings demonstrate five key
lessons for the reduction of maternal deaths in resource-
poor settings that may be widely applicable.
Firstly, understanding the full continuum of maternal

care incorporated in the Pathway to Survival is useful
for identification of potential health care inefficiencies
and subsequent targeting of interventions. Secondly,
routine household visits by CHWs create a platform for
community-level surveillance of maternal health through
pregnancy, birth and death tracking. Embedding tools
for systematic data collection into these forms of routine
care is achievable, even with only a small number of data
points. Thirdly, use of mobile devices and electronic da-
tabases can enhance the timeliness of data collection
and analysis, allowing rapid-cycle change to occur in
real-time, and with input from a greater number of col-
laborators. Fourthly, when a problem is identified, or a
source thereof, cooperation and pooling of resources be-
tween various actors in the health system can serve to
foster multifaceted interventions needed to timely miti-
gate against such problems as an acute rise in maternal
deaths. Closing the feedback loop is essential and regu-
larly scheduled feedback meetings can encourage timely
turnaround action. Finally, a sudden appearance of a
problem may not necessarily occur as a result of a cause
that is amenable to a quick solution as shown in this case
study, but a combination of short- and long-term interven-
tions may be necessary to remedy such a situation.
Maternal deaths occur at home or at the hospital, but

they may also occur at the clinic or en route to a referral
facility, as previously demonstrated in the Pathways to
Survival framework [14]. While many of these deaths
may result from obstructed labour or puerperal sepsis,
post-partum haemorrhage (PPH) is still a leading cause
of maternal deaths despite advances in management, as
was demonstrated in our study [29,30]. Normally, the
higher one ascends in the health system hierarchy and
continuum of care, the better the resource capability
to manage such complications as PPH [31]. Therefore,
lower levels of the health system, including households
for patients delivering in their homes, are generally ill
equipped to manage obstetric complications. Hence, a
well-structured patient referral network is critical to suc-
cessful management of obstetric emergencies, largely by
avoiding delays [32]. However, a challenge arises when this
system is not optimized, for example, a referral hospital
that is poorly equipped to manage surgical emergency
obstetric care [33], and thereby hamper the natural pro-
gression of care in the pathways of survival. Such cir-
cumstances may increase rates of mortality as well as
patient dissatisfaction and distrust, which may encour-
age under-utilization of the health system, potentially
leading to increased home deliveries. Furthermore, sys-
tem failures like these may necessitate measures such
as usage of drugs ideally reserved for higher levels of
the health system, for example misoprostol for preven-
tion of PPH, to be used in the lower levels of care, such
as households [34].
Routine surveillance at a household level is emerging

as a priority to improve health conditions, particularly in
resource-limited settings [35]. Household surveillance,
demonstrated here in the form of pregnancy, birth and
death notification by CHWs using both paper and
mobile devices, can potentially create a platform for
real-time monitoring, trigger early response to obstetric
emergencies, and facilitate early evacuation of compli-
cated deliveries. However, such community-based pro-
grams require optimal support from well-functioning
clinic and hospital services, as well as proper referral net-
works and facilities [36]. When these community-based
programs are equipped with VASA, they can potentially
promote community participation in mitigating maternal
death events through increased awareness and mortality
reviews, thereby confronting both obstetric and social
factors contributing to the risk of death [14]. Further-
more, VASA tools can be used for community-level public
health diagnosis, which can in turn be used to mobilize the
necessary resources, and as was done in this case study, to
rapidly advocate for prioritization of health problems in an
evidence-informed manner.

Conclusions
The problem identified in this case study, a rise in mater-
nal deaths, necessitated a collaborative multi-stakeholder
effort for redress, leveraging on the short-term quick wins
to alleviate severity, but also long-term sustainable initia-
tives. Joint planning between governmental and non-
governmental authorities and providers through a rapid
cycle change model enabled successful implementation of
quick wins, which appear to have limited the number of
hospital-associated maternal deaths in the subsequent 12-
month period. As to whether these combined efforts will
be sustained to achieve long-term benefits or fall through
the cracks following the initial success, still remains to be
seen. Additional work is still needed to strengthen the
continuum of care, maximize the benefits of community-
based surveillance of deaths supported with VASA, and
further reduce the risk and impact of maternal deaths.
With the small numbers of death reported in this study,
calculating maternal mortality rate reliably remains a
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challenge. However, the observed trends are suitable for
the purposes of rapid cycle change model required for
quality improvement. The routine nature of data collec-
tion, without rigorous verification, cannot exclude un-
detected cases of maternal deaths, particularly early
pregnancy states. Within the constraints of small numbers
in this study and a resource-poor environment, we can
conclude that VASA is a suitable model for rapid identifi-
cation and analysis of potential problems, as well as en-
gaging with stakeholders. In this study, VASA results
served to trigger action and sensitize both practitioners
and decision-makers in an effort to achieve an early re-
sponse to maternal deaths, and potentially contribute to
reduction in the rate of maternal mortality.
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